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INTRODUCTION

The chicken thyroid gland is a bi-lobed endocring gland
loceted at the base of the néck and lies in close proxinity to
the 3ub~alavian'ana commen carctid arteries. The two lobes are
comoletely seperatai :nd hove = ricl blood supply from the carotid
arterizs. Facn lobe ccusists of & colleciian'offéloseé vesicles
which are lined wifh epitﬁelium and ure filleﬁ ﬁith'ééllcid.
Anmong the veslcles is connective tiséue which conntains the many

small blood vessels. The metabolites of the thyroid glend

i

re
feleaseﬂ into ;he blood df the jugulﬁr veln from which they are
carried to &ll narts cf the body.

The thyroid gland has & cleose relationship with the
anterior piltuitary glend, the so-called fmzster! gland of the
body‘ The anierior»pituitary glan@ secretes thyrotroshin, other-
wise known as ihyreié stimuléting hormone or TSH, which has @
stimulatory &ct%bn upon thevghyroiﬁ,gland, -The thyroid gland in
tarﬂpréducéé & hormene c@;ieﬁﬁthyféxiﬁe whichjiﬁfiu;nces the
méﬁabol&sm of body tissues. The relationship between the
anterior niﬁuitafﬁ élani ané:thefthyroiﬂ gland is'éimilar té that
between a tnermostat snd &'furnace{‘ If the lavel ofothyrexinél
in the blood {alls below the level required by the enterior
gituitary.gland, additicnel TSH is produced whieh stimulatashﬁhe
thyroid gland to increesse its production of thyroxine. L

It is now well known that the feeding of thiouraéil 'a f;@



innitits the normal Hroducticon of thyroxine by tie tuyrold

sland. The apnterler »ituitery ¢l:ad than oroducazs cdditional
thyrobtrohic hormene vnich ceusss the thyroid glond to

inerz: ze in velirht., Ceonciderable veriction in trne magnitude
of the ras once to thiourwcil his besen cbozrved. Presumably,

the indiviZacl veristions in ros onse wre due to fZilffersnces

1

i "he szmount oi thyrotrce hkiec hceormone releared by the
snterior ~ituitary glond, sndfor a differsunce in the abilit:
of the thyreid gland to res ond te thyrotro:hic hormene.

If eicher ol these gpctions is genetically controlled it

nould be

ta

.t

possible to develon strains of wnimels differing
in thelr res»onse toc thicuracil.

Lings of chickens exhiviting diiferencas in thyroidisl
sctivity would be valuable, not only to further tne study of
the inhsritance of this choracteristic, but alzo teo furnish
axnsrimental material for the study of other chiracterizties
gnown to te influsnced by thyroidsael zwetivity. Such linss
weuld be useful in studying verizticns in rates of growth,

featrering, reproducticn, diszuse resistunce, wud othe
t

i

)

factors.
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VIZL OF LITE ATORE

Inharite .ce of Thyroild Hes.conse to Thicuracil

nyrcoid 2land of the fowl becomes
gri.rged winen thicur:cil is Jdmindetered i: well w@nown.
This snenomsnon wos observed by fAstwood, Bissell, «nd Hughes

neke, «nd Turner (1944), Schultze znd

,,.u

(1944), Hixner, bei
Turne: (1945), indress ond Schnetzler (1946), znd later
by mony others. Thne enlargement of the thyreid gland was
snevn to be the result of an increase in production of
grhvrotroohic hermene folloving the cessation of thyroxiane
areduction brousht about by the action of thicurscil unon
the bhyrold zlond. Moximam sulargesent wes shovn to occur
when thicaracil was given s 2.1 rcercest of ti: feed by
welshit, =znd »r ctically ine same resonse .8 cbtained «ith
Jed pDerceat thiicour cil., Toxicity . s uroduced yith high
levelsz of thiour.cil ovut nct at the 0.2 puz:cent level,
frzousney distributions ol tayroia zland welghits have

bren observed to follow « positive skewed patiern. Hollender
ad Biddle (1946) osresented this type of distributicn for
& nemulaticon of nigeons in  hicn ;citer was cormmen. 4

lor distrivution wes renortsed by Mulllg.n wnd Fr oucis
(1951) in & nenulction of normul male dogs. El-Ibiary and
heffner (1951) recorted tvo positive skewed distributicns
for thyreid weirhus of New Hamnenire chickens. For one

Ydstribution “he chiclks had hDeen ed thiourscil ss 0.2



rercent of the ration from hatering time until 10 wesks of

o8

egs, vhile the other distribution wus 1er 10 wesk old
contrels, The distributicn for tihe thlcurwcil fed olrds

W% SKewed To & omuch

ster degree then tnet for the

o

controels.

The varlieoility oif tanyrcli weliznt w

&

snown te be _uite

o

nigh by Junn ond Mitchell (1929) who now=zd thot the thyroid

gland welegnts of Hrown Leghorns were more variable than

i
o
e
<
oS
D
i
i
¥
(i
d
)
s

welchits of the brain, kiduneys, snleen,
nyooohysis, :nd nerathyroids. snerle oud Landiusr (1935)
comouted trnyrold weight &s & pnercentapge of bedy welcsht in

Y

dey old ¥hite Lesghorn ond Prizzle chicks. The ceoefficients
Li22 nercent ror males tnd 31.5 %

of variztiocn vere 32.2%

1.21 percent for femzles. Lergawn wnd Turnzr (1939)

observed concidercble veristion in the thiyreid weizhts of

Wolte Legzhorn cihicks. Tioe coefificient of varisticn of

thayroild z1:nds of normal wule dogs cowputed frem the data

o

of Mulligan ~nd Froncis (1951) was 38.95 4 4.66 perceut.
Juhn cnd Kitenell (1929) resorted that tie left lobe

i

of ine tnyrolid glend of adult Brown Leghorn chickens hod «

..‘

tendsncy toward grestoer developmeznt thun tne righ

(D

The relation of tie toyrola gland Lo sex has heen
examined by numsrous workers, and utne wmajorlty of reorts
indicute Trat tihe fenwle tnyroid is lorger than the male
zland, particularly 1i exawmined on & hody weizlhit Losis.

Latimer (1924) rescrted no sosarent sex differesce in



thyreii waights of ®¥hite Leghorns on a nermel diet excert

in the lerger chieckens, in -hich csse the wale:s were superior,
Juhn end ditchell (1929) fournd the tuyroid: of male adult
Brown nghcrna were larger than fcmﬁlﬁhglaaﬁa, both aﬁ £ 43
setual welrht and & r&igtiwa velght buels, BEBreneman (l@&i}
renorted the thyroid glands of 30~4ay-s0ld ¥hite Leghorn
m:le chilcks sere larger than those of females, sheress
El-Iniary snd Shaffner (1951 found the male thyroids of

10 week old Bew Humoshires te be slightly larger than fem:le
glards, On ti:e other hand, female thyroid glands were found
to be lurger than msle glanis b Aberle znd Landsusr (1935)
iz ®White Leghorns and Frigzzlss; Bergman and Turner (1939)

ﬁn %hi%ﬁiﬁﬁghqrﬁsj Crile and Guiring (1940) in ¥hite Leghorns;
Breneman” (1941) in Rhode Island Reds; Munrc, Kosin, and
HeCartney (1943) in ¥hite Leghorns, Kew Hampshires, Light
Sussex, White Plymcouth Hocks, and White %yundoites; ﬁnﬁréwa
snd Schnetzler {1946) in Barred Plymouth Roeks; Bl-Iblary
snd Shaffner (1951) in Hew Hamphires; snd Hoffwmann, Shaffner,
and Comstock {1953) in New Homphires, White Plymouth Hocks,
Enode Islend Reds, Columblans, and Crocsbreds from Shite
?i?@mutn BErck x Rhode Islaend Red matings.

Chaudhuri {1928) examined the lodine centent of thyroid
glants frem 014 BEnglish Game birds, The percentege icdine
sap gland was higher in females than in maeles, but only
3uven Lirds of sach sex were examinsd and the difference wus

not slgnificants



Bergmen znd Turner (1939), and Munro, Kosing and
HcCartney (1942) found thset Sha fomale thyroid gi&nﬁ‘resyaﬁﬁnﬁ
nore t&&n the nxle gl&h%,%& the sdminiatration of thyrotrophic
hormons., A

Hutt (193@) raported that femsles were better shles to
withstand lrrge doees of dezicested thyroid thmn maimﬂs

Theeler snd Hoffmann (L ?ﬁ@b} reported thad femnle enicks
had significantly lurger thyreid glande than male chicks
&t hatehing ti%e, wﬁan their dase were fed 10 grans of thyro-
rrotein par 100 ﬁaﬁhﬁs of fesd from the day they were hatched,

Altrouph thyroid welght response to tﬁimuraci& ferding
vns ereater in males then in females, gccarﬁigg,%@ Andrews
rnd Tehnetzler (1946), o grester response of females over
meles was cbiained by Hixner, Reineke, and Turner (1944),
Scrultze and Turner (194%5), Glazener wnd Jull (19462), end
El-Iblsry end Sheffuner (1951). ,
| ﬁltﬁewgh-ﬁllﬁ@ and Luthermen (l?éﬁ) found no wffect on “i;
thfrﬁiﬁ wgiqht of ﬁhifa Lagharn gullass %y subjeatimﬁ thes i %&
’ta a8 ﬁéﬁp“?&ﬁﬁ?ﬁ of 6“ ﬂ¢-for mora thaa 100 Q&y%,-&nﬁiwatiua \
ef environaantal afreetm on thyrniﬁ rﬁi*%t were r&wérﬁﬁﬁ
by Cruickshank (mm), smd f‘mmkg isnk (1930) shen zhe noted
nerked sessonnl ﬂ*ffﬂr@ ca&:ﬂrﬂ&@?&&d mwxwﬂta of leying

fe@algﬁ; The thyroild was 315 pertent smeller from April teo

July than from Jsmuary to March, Galpin (1938) slso noted the




N

hens vere lerge in winter wnd Jecersuase

tnyreitis of layinrs
ize un to midsummer, «fter which tney incressed agoin in
sire. Beinexs «nd Tarner (1945) cheed tnat thyroxine secret:
of Yhite "lymouth Hock c¢hicks @85 hieh-=t in October sud
Novamber -.°% wves low from March to sugust. Turnsr (1948a)

found tuant th thyrexine secreticn rate ol tue yeur

from November to Meurch and had declined

Ay oo
olil nens . 8

halfner {(1954)

92}

£t leest 15 »nercent by May. Hoiffmann cnd
feuand woat zeven wmeex old Hev Hawosshlire cockerels wlith a
450 Fo eovircnmental temoerature for taree or four weegks
head larser thyroid glonds than siwmiler birds neld at 809 F,
ior lixe n»ericis.

The gre.t varlability in thyrold wedlghts led dverle and

i

Laendouer (1935) to suggest that .8 factors res onsible for

EY

thls voarianility "are to e loocwed for in the eccmnositlion of

the Trow which (ney hatehaed as well a3 in renetic

“

factors I fecting thyreid zize®, s of dnterest ot thnis

It i
n0int that Schorrer =nad 8chronp (1932) were able te inc

-

&)

Lae

the i1cdine content of 2g8gs more then 100 times that contuirved .
ding vvo milligre.s of iodine duily

to tio=ir &h;te Leghorn hens for wove tivn & yeer., Aszundson,

£lm alist, uﬁﬁ Klose (1936) ncied that the ioiine contant

of the ezg vﬁri@i according to tie scurce ci the icdine in

tiie nentle “iet. Andr=2«s «nd Schnetzler (1945) nroduced

zvide ce tnet thiiourscil i1ed te leying hens was truunsmitted



ba tbsig tggs anﬁ t%at goi*grsnﬁ c&icks ware gradu@ea there-

’_23 8

frmmi
The hﬁritability ef tnyroii weight in domestic fowl
apparently has been reoartad cnly by El-Ibiary and Shaffner
(1951), The heritability of thyrei‘i welghts in 10 week
0ld New Hampshires on s normal ration was 62.7 percent in
females and 43.8 pereent in males as astimated f?am the
effects of sires and dams combined., The estimate from sires
‘alone was 13.9 percent for females and 8.1 percent for males.
In similar birds fed a diet aont§ining 0.2 percent thioura-
€il the heritability estimatas'based on sires and dams
combined were 0.61 percent in females and 0.71 percent in

males, while the estimates based only on sires was zero

for both sexes,

Apparently, the only preéiaus selection experiments
iﬁvclving the thyrcid gland in birds were conducted by
Riddle and his assoclates with pigeons and doves and
summarized by Riddle (l?éﬁ; and by El-Ibiary and Shaffner
(1950) with Hew Hampshire chickens. Riddle (1947) was
sble tc select races of pilgeons and doves differing in the
walghts of untreated thyreid gzlands. However, goiter
becawe fairly commen in most of his doves and practically
511 his pigeons., It was concluded that ong or more genes

were involved in the susce tibility to goiter. El-Ibiary



and Chaffner (1950) were a.le to select tuo linss of New
Hemonshire chickens shich, «lter one generatio. of selection,
difrere? degairicazntly 1n tn=ir thyrolil welsht rel onze to
tie feeding of thicuracil s 0.2 oercent of tae raticn
from one day of zge to 10 weeus of «=ge.

Evidence for a Zifferzntial thyreld zctivity of birds
cod meomals waes presanteﬁiﬁfphagibu%(l928) who rencrted that
tne avarags nercentage icuaine content of tnyreid glanis
in ducks and fowls was significantly bigher tonan that in dogs,
goats snd rabblits

Genetic variations in welilght of the untreated thyroid
#lurd vere resorted indirectly by Landzusr (1929) and by
dovhew =nd Upn (1932), Upp (1932) «nd Upp (193 4) Lendouer
(1929) re-or

ot
Y

ad u tyne of duzrfism in Fnode Iz l'fi Feds

{}Q

cciated with abnormal, enlarged thyroid glands. Moyhew

&
f

e’
pa

Uno (1932), Usp (1932), =nd Upp (19324) resorted the

occurrence of a ty»ne of dwariism iue to an ~utoscmal

[

recengive Zene, They did not reort zon sxaminztion of the
thyrcliis but they coucluded itnelr cases of dwarfism were the
same ty-e as that of Landauer (1929).

Cruickshenk (1930) reoorted & difference in aversage

welght of untresated thyroids of Br un Leghorns «nd Bhite

r

Leghornsg, although the thyroid weignt ser wilogram of body

[

weirht wes the ssme. Munro, Kosin, and McCurtney (1943)

found ne significent differences in thyrold sland weights



among white Laghcrn,f&ei;ﬂémpsn:ta, LigﬁtESaﬁéax, Enlite
Plymouth Reck and White Wyandotte Chicks at 18 days of age;
but Averle and Landauer (1935) und Lenlsuer wnd Aberle
(1935) . found the thyroid zlauais of Frizzle fowl were
signifiaantly larger than those of Leghorns. Hoffmunn,
Shalfner, snd Comstock (1953) found highly signifiecart
breed 1iffersnces smong the thyrold weights of 12 week old
broilers of New Hampshires, Rhodse Isl&nd‘ﬁaﬁa, White
?lymouth RBocks, Columbians, and White Plymouth Foek x
ﬁhaﬁ@ Island Red crossbreds,

punforth (1933) sroducei evidence that the nature of the
resconse of the plumege of any perticular breed of fowl %o
thyroxine 4epenis, primerily, noet on the hormonsg itzell,
put on 6 genetic nature of tus breed in guestion.

Thyrotroshin was found by Bates, Riddle snd Lanr (1941)
to elicit » murkedly different thyrcii response in two
stralns of Wnite Leghorn cockerels, Caicks from cone source
re wired four times a3 muan thyroetrophin as thega from the
Dihar source to pfc&ace an egulvlent thyreoid weight increase.
¥unre, Kosin, aad McCartney (1943) found significant
difierences among Wnite Leghorn, Res Hampshire, Light Sussex,
rhite Plymouth Rock snd Jnlte Bysndoitte chiaxé in theiy
thyrold response to injections of an antarior pivultery

axtroot containing thyrotroshice fractions,
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Anidrews J)y Boone, Davidscn, and heinexe (1952), .ad
Bl-Ivisry snd “haffaner (1950).,
The Crossing of Hirh end Low Linss

tverle ani Lendeuer (1935) and Landausr «nd ifuerle

that t.‘.S’ roid
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ere pructically the same size

ddle (1947) reasorted thne
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In general,
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T_{'l I'Qi:t "hei;fjf{‘j_t ﬁﬂd FunCtion

Trie weignt of the tnhnyroild zlend nas been shown by
“melser (1937), -nd by Sergmun <nd Turner (1939) to vary in
sroportion to thg amount or exogenocus thyrotrephine. It
gould seen that the thyreld glands enlurged in tols menner
would nave grecster functlion than smaller gloands, but scme
controversy has cccurred ccenecerning this problem,

Gelpin (1938) found that t e chick emiryo seesmsd te have

+ PRI oy o
at the {ime that

metabolic rate in the sun

tiat

thyroid sive in the hen was smallzste
tion was inversely »roportionsl te its nmuss,
an o inicn shared oy Hutt snd Cowe (1948). However, the

oulk of svidence in e literacure favore the view tinot

normally the silize of tias tnyrold szland 1s pronertional to

its function. Vincuaoster (1940) revorted t.at tue thyrotrcohic

3,

normon< c¢o. tent of nenst nltuitaries was hisnest during
tive month of Februwry, znd that heat sroduction was
maxinudm in Tebruery or March and wes ot 1ts low peint in
latse susmer. HReineke wnd Turner (1945) observed that the
thyroxine secreticn rate of ¥hite Plymcuth Hock cnicks

wes hichest in October and Hovenber wod was low from March
te August, ind greatery thyreid welgnts have been observed
ter than in summsr in laying hens by Cruickshank

(1929) @rnd Cruicksnenk (19390), Guloin (1938), 2nd Turner



(19432). It wouldl seenm that srsater densnds would be nluced

-

on the thayroid slonds in the wintey menths than in summer
for “tody heot srolucticn and greater act . vity.

Absrle wi.d Lendeuer (1935) found thet Friz fowls had

L.L
9]

lerper thyroia zlan thien Vhite Leghorns., Frizzle fowls

heve «n abncrmal ifeatiher structure and were found by

b

Landsusr wand Aberle (1935) tc have a nighsr loss of body

:34

eat and hicvher metabolic rates than normal chicksns at

low environmental temneratures. Munrce, Kosin, znd McCartney
(1943) not2d that, in general, he ‘reed with the larzeut
thyroid g¢lznds under normal coniditions exhibvited ihe greatest
thyrold weiant resoconse to antericr situitary extract and vice
varsa. Tnis 414 net cccur in all cases, however, Schultze

zad Turner (1945) cbserved that the thyrcid weight increased

ﬂ

in about the ssoe orcsorticn as thyroxine secrstion rate
in zrowing fowl, and Hansboroush and Xahn (1951) noted

tre same trend in chick embryos from the eleventh day of
incutation to hatching time. Although Allee and Lutherman
(1940) found no eifect on thyroid weight of White Leghorn
oullete whon subjected to temperatures of 6° C, for more
than 100 days, Hoffmunn end Shaffner (1950) found larger

thyroids in New Hampshire cockerels exposed teo environ-

.‘»

mentzl temper.tures of 459 F. for three or four weeks than \

lar birds held at 809 F. for like n=riods, 2

w.

n =im

s
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Iteletdi nshin to Feoneomic Chuaracteristics

Cneudhuri (1928) founi thut the icdine contant of

tayroid glands frox sexually dmmeture ¥hite Viyandotte

ceckerels was lower then in thoeze of the sexually mature.

‘»a

Craw ond Huxley (1923) found no noticeable differarnce
in sexu=l maturity petwsen controels znd exoserimentsl birds

tvo grams of desiccated thyreid per bird

L

which were fe
dailly from three months of zge until seven months oi age.
Hovever, desiccated thyrciid was reported by Turnsr, Irwvin
znd Reineke (1944) «nd Clazensr cnd Jull (19.6) to decrease
the testis welght of males,

Scharrer and Schrovp (1932) fed z wroyimately tvo

1y 1

millicrams of i1odine daily to Wiite Legl sl neoved

s
:,j‘
2'3
4]

crn he

thet "hreeding tendency ! occurred carilsry then in controls.
Thyvronroteln has had variavle resulits on sexusl maturity.

"hesler :n? Hoffmurm (194%a2) re.sorted thot the feeding of

tiyroprotein zs 10 grame ner 100 nounzis of feed during the

srowing poriot to Rhede Isleand Hed pullets retarded the

cnset ol egg oroduction from the 20th to the 25th week

wheress McC: rtney and Shaffner (1950) recorded & significant

iricreass in comb area of New Hampshire pullets fed =

similar level of thyroprotein, Wheeler, Hoffmann, and

graham (1948) fed 10 grams of thyroprotein szr 100 paunds

ef feed to ERhode Islend Red chicks from one dey of age to

12 weeks of age «nd founad the contrel males had vdopted




M"eocky ! behavior vhereas the teested males hed not, he
testes of itrsated melss were cnly | s heavy «s thoese of
countrols. On the otrner hend, Humaran ond Turner (1949)
found o slipnt otimulation ¢i speruatogenslis in Wwhnlte

‘3

Piymouth Rock cockerals fed 0,03 percent thayrosrotein in

YeCartney wnd Snafiner (1950J) fed thiocurwcil “s J.l

A7

naercent ol L2 ration to dew Humpsidre puilets wund found &

i'
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Scaultze .ni Turaer {1945) notsd no sigoificunt chionge in
tre welghv of toe tastes of 15 weeks old Barred Plymouth

Boclt cocikarels fod ~ilth U.1l percent thiourscil for tne

last thres weess, vut in 1< weeks c¢ld Vhite Leghorn cockerels

fed with 0.1 percent thiouracil Ior the last two weeks th
testes decreased signilicantly in weight. Decreased

develonuent of combs or t=sstes or veth in male chicks of

verious breeds wnd varieties were noted by Astweced, Eissell,

and Yughes (1944), Glezener and Jull (1946a), Zriggs and
Lillie (1946), indrews and Schnetzler (194%), Shaffnor wnd
tnirews (1948), Jaavp (1948), and Kumaran wnd Turncr (1949.
Thyreidectemy of Brown Leghorn cockesrels was renorted
by Greemwood  und Chu (1939) to cause & marked regression
of comb and testis develonment, Hovever, thyrcidsctomized
~ullets were not affected as to age of sexusl masturity on

tihie busig of
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Davis (1949) recrted the struction of thyroid zlands

[
oS
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of New Hompshire nullets with redicsctive iodinz, znd the
a~e of first egeg was not :dversely affected when thyreoild

vl

renslscement thera~y was used.

923) reported thst coultry in geolter districts

cenaned to nzve normzl 2gg producticn, even theugh
the thyrold was Treguently as learzge ¢z the thumb. Wilgus,
Gassner, Patton, and Hershfieold (1948) rerorted the experi-
mzntal nroluction of gelter Ly icdi
egg nrodjuction was not improved by the aiiition of lcdine to
the raticn.

The thyreid weicht cf odult Temule Vhite Leghorns was

renorted by Cruickshank (1929), =nd Cruickshank (1930) to

be meximum immediately oricr toc the zeriod of maximum egg
production. Cruickshank (1929) =nd Galnin (1938) found that
the weight of the thyroid glund of luying fowls decrocesed
fellovineg tre periocd of maxiwmum 2gg orocducticn. Crulckshank

(1929) revoried tha
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c. tine tayrceid
glend sugrestad g - tate of reloctive inectivity in laying
birds compared to that of growing Lirds, and Galosin (1938)
gugzented that an inverse relaticnshin sunisted Letween
thyreld size und renroductive activity in the fowl.

)

Bookar sand Sturkie (1952) found that "hite Leghorn pullets

.

laying four esgg cvelss secrzted more thyrozine than thoss
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1» ine in tuo 2g¢ ereloy, nlosu gestad vriet toe rete

A7 rhyrorins secretion may oluy s rele in wne detsraulination

DT net the interval Tetwsen cycl=s.

5iine hes oecnslionelly resulied in an
increese 1n egg ~reduction, althoush this has net cleays
besn Lrue. Forbes, Xains, Decndel, Willizme, Kdth,

sllenbvecr, «nd dur-hy (1932), ond Johnson, Pilkey, aznd

3!
b
in
<
s
—
F—J
O
a2
\

) observed no consistent resultis from the feeding
of iotine; but Simoson znd Strand (1930) obvserved greater

egg nroduction than exozcted of thedr tro and three year old
hens, Fellowing the feeding of iodine incresses in egg
nrofuction of 2.5 vercent were nobtad by Scharrer and Schroop
(1932), 25 nercent by Klein (1933), .nd 12 nercent by
7o jtey (Znitschek) (1934).

Desicentel thyroll hos given verlalle results hen

el oto leying fowls, nrovably vegeause ol difierent dosages

3 5 P - H 4 - S .1 R e P
i 2ifferernces in luyiny ceondition o the uwirds, €

(1325) reosorted « marxed ~timul tion of egg projuction in

-

1 females fed large deoses of desiccoted thyreid, but no

effect oo epg vrovaction of herns was obzzrved by Cole and
Hutt (1927). FEgg sreoiuction was only sli.ntly reduced

by large deses of dssiceated thyreld according to Crew and
Ruxley (1923), wherews egg orcauction was greatly reduced

or =ven stoopned by lerge comounts of desiccated thyroid as

o



1ally te New

Hompsuire callets from Aupust to Feuruwry w..s reported oy

Clezener .ad Jull (1946h) to hive no efi=ct cn ezg producticn

The feeding of thyroorotein, usuaclly «t the rate of
10 grams per 100 opcun<s of feed, has received much trzat

ment in the litersture in regoard to egg sreiucticn.

“yocticnlly 11 the

d
4
D

corvts of incrseced eoyp nrocuction

}Q

have orviginsted a2t the Yizscuri fericulturel Exnerimsnt
Station in the naners of Schultze snd Turner (L945), Turner,
Ir-in, -nd Iesineke (1945), Turner, Kempster, Hzll :nd
rein=zkxe (1945), Turner, Kemnsier, -nd Hzll (1946), Heineke
(1944), Turner snd Kemnster (1247), Turner (1948c), Turner
“nd Komnster (1948), .nd Turner «nd Kempster (1949).
arnrently The only excestions to tine chove stutement wre
the vetorts of De dMan .nd Bos (1946) who revorted that t e
fegding of 20 grems of iodinated cosein ser 100 kilograns of
mngh reised the egg oroduction by <0 percent in Rhode Isleand
heds, thie stimulation being obtuined in soite of < .e lact
that crticicial lizshts had tlresdy brought egg sroduction to
g migher level then ncormaly nd of idoore :nd He~s (19.8)

ehe fed 10 grams of 1lciized cusein »ner 100 »ounds of feed

t® lzying Rhode Islind Fed yuearling hens ond re.orted thot
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uverage agg vroluction was 25.4 percent higher than that of
controls. Ro effect of thyroprotein on egg production was
noted by Gutteridge snd Pratt (l?é&), Gﬁtteriége end Kovikoeff
(1947), ¥ecCartney and Shaffner (1950), Savage, Turnsr,
Kemnster, and Hogan (1952), and Lilﬁi@, Sigemeore, Milligan,
snd Bird (1952). ®ilscn (194%9) found thst the feading of
ictinated cusein 414 not prevent the decline in egg production
of ¥hite Laghorn, Rhode Islind Fed «nd Hew ﬂ&&?ahixerpull@tﬁ
ﬁﬁ%é%ﬁ%@ﬁ ta high ambhient temperatures. On tﬁe cther hand,
iacraases in egg 7r¢ uctian in res-onse to thyroprotein
feeding were recorded by Iamgmrﬁan znd Dudley (1947), Hutt
and Gewe (19&8), Hoffmann snd Wheeler (1948), Berg .nd Becrse
(1943), Goiirgy (1949) , «nd Eerg «nd Bearse (l?ﬁl).v Booker
ond Sturkie (1950) noted that the égg sreduction of the
eentrol birds uzed by the Missourl group wes rather low
comnsred to that of aantrélkbirﬁsiuaeﬁ by Hutt snd Gowe (1948),
for exam»nle, ind suggested thut lodinated cuseln misht incrense
egg ovroduction of low »roducing hens but huve no effzct on
high nroduelinsyg hens,

The feeding of thiourucil w».s8 ohserved to proiuce no
effect on wgg orojuction by Anirews and Schnetzler (1945),
snd Glarener and Jull (1946b). MeCartney and Shaffner (1950)
observed no effect on ¢gg sroluction when thiocurscil was
D«1 norceut of the retion but when the Jdosare waAszs increased
te D.,3 narcent, egg »roducticn decreased, Decreaies in
erg production in r@s;ﬁnﬁa_te thicuracil f&aﬂing were alszo

neted by Herg soi Learse (1948), und Berg s«nd Bourse (1951).
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Thyroidectonmy wons renorted uy Wincnester (1939), ond
inchester (1940) to reduce trhe egg -rciucticn from 3.77 &
0.39 eggs ner hen ner wee2k to U.42 £ 0.18 eggs, Injections
of twyroxine brousht the egg sroduction huckk up to 40 to
60 n=reent of that of contrels. HEgg »roduction declined
when er¥cess thyrexine ses odministered. Touyler «ng

mamaster (1940) rerorted thot thyroidectomy reduced e

m
i

g
sreduction by 272 to 2/4, while proiaction cof incomnletely

thyreidectomized birids was reduced by 1/2. They wvers unable

Aifierent from those of Winehester (1939) =2nd Vinchester
(1940) . ‘vinchizstar, Comar znd Davis (1949) renorted the
destructicon of tnyrolids of Hew Humpshire chicks br
radionctive icdine und notsel no adverse effects on ogg
roducticn of the few femasles which reached maturity.

rertility

Crow (1925) found thet senile fem:.l2s uere markedly
stivuluted te ezg proiucticn bWy larve dosss of desiccated
thyroid, znd the arped ceocks in the pen were able to
fertilire these egges by naturel metings.

Potzgium iodide woes fed to White Leghorns by Johnson,
Pilkey, snd Bdson (1935) o«nd no consistent effects on

fertility were found.



Toyroxine .as fed by Huys (1948) to Hacde Islund Fed
mules varyine in arve from L wontins to 48 months ¢ sge, Lut
there vere ne sivnificunt difierencae in fertility. Howavar
the thyroxine treatma#t srevented o ceascnosl decline in
ty exoerizneed by the contrel males, Gose nd

i
Howss (1351) nided thyroxine to semen samnles - od noted &
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Shnuirnar (1943) revortad that the feeding of thyro-

srotein Lo Plymeuth Fockmales redfuced the Tartill.ine
conzoelty of snerm, but no effects of thyrooroteln on {fertile
ity wnre by theeler snd Dolfrnuenn (1343%)

4 Hoffmonn (1948¢), Huasten

Q
3), ot HeCortney ud Shofrus
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{1953) .  Shalfner ond inires fed thiour-ell 5 1.2

a4 Je% sarcsnt of the raticn to Darred hcek molss nd
reacrited o sloniflicant reduction in weotucl mele fertility

£t roth levels. However, Kumorcn ond Turner (1949)

thicuractil to vhite Plymouth kock ceockerels from cong day of

sre and noted orsocecious develoomant of o
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TYRATOEAYE sig »

a?lt .“"»:{ “n ”"‘Qg‘?“ ii ‘T"i:’ L&q 3, x.'. tif}ﬂ ‘t“("r 'F

A A I F S T ey - e L
ol waturity of thhe gonoermatios b e

21l



O]
B3
.

the tubules of the tastes, and to the reduction in the

secretion of male 3x hormone,

The feeding of ioline sunplecents to ¥hite Leghorn
nen: was renorted to improve hatchability eight to 12
nercent by Scharrer znd Schropy (1932), and 13 to 14
parcent by Zajtey (Zaitschek) (1934). However, no sffect
»as noted by Johnson, Pilkey, snd Edson (193%), Asmundson,
Almquist, and Klose (1936), Pheeler and Hoffmun (1949a);
and %¥ilgus, Gassnar, Patton, and Harshfield (1948) resorted
that hatehebility was unfavorably «ffected by large amounts
of 1odine in the hen's <dl=t,

Althoush the sddition of thyroprotein to the diet was
recorted by Gutteridre and Kovikoff (1947) to increase
hatehability, no effaat wag nctﬁl y~?hneiar snd Hoffmann
(19:8c), Goifrey (1949), Huston und Wheeler (1949),
¥hesler. and ﬁaffmana (l@&?a% EQCartﬁﬁy &nd Shaffu@r (1993),
nd Lillie, aizmﬂ.re, ¥illigan, snd Birds (3.?52). |

Hunan (1928a), and E&uﬁa (19&3@) raparteﬁ reduced
hatehability in &ggs in which lﬁtge dosesn af thyrcxine
wore introiuced into the air ¢sll on the seventh dsy of
incubation.

'xhzmur&cil in thé ration hud no effect on hatchability
when fed by Andrews and Schneteler (1945) to White Leghorn
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nens ©8 0.2 sarecent of the ratica. Similarly, no effect
was noted by KeCartney and Shelfner (1950)

shen the 2rug was fei at the 0.1 percent level to New Hampnshir

P

=
O

nullats, but when the dose wus 0,3 oercent, hatchability was
Tecraaszd about 25 vercent, Vhen the femsles on the 0,3 »ar-
ce~t ration were pluced on & J.1 pasrce-t ration, hotehability
inceres=ed to =within 10 »zresent of that obtained during the

nretranimsnt neriod. In order to obtiin maximum hatchabillity,

- reen o A iy
20y T Keen The 2808

in the incubsvor for twe oxtra days.

Incubation Period

Vhesler and Heof monn (1949a), cnd Yheeler and Hoffmenn

(1943b) corcluded from usoublished duta of Brcoke and vheeler
oot The Ceeding of desicceuted thyreid te hens falled to alier

L.

Yo g 2 PR S | o . o el e 4 ¥ P 15} .2 B 1, PR |
the incuvation tine of thesir eges. Thelr cwn dzta showed &

3

dglsy In the hatehine tinme of chilicks from hens ifed potassium

The feeding of tnyronrotein to hens resulted in & delayed
incubation nericd accerding te the reoorts ol bthesler ang
Hoffrenn (19484), Theeler mnd Hoffuenn (13948b), Whesler and
Faffmunn (1948¢), Vheels: cnd Hoffminn (19484), Vheeler =nd
Tofrarnn (1949:), McCartney and Shuffner (1949z), HcCartney znd
Shavfner (1949b), «nd Savage, Turvner, Kempster, and Homan (1952).

tenan (1928a), wnd McCartney and  Shaffner (1949b) revorted
Lrat the dajzetion of thyroxine into the iy cell 414 not

noreciebly moiifly the diuncubation pericd. However, Heyer

(1952) iajeocted thyrorine into Darred @olunhisn eggs
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oprior to incubation and noted a decrease in the incubation
period of from one to one and a half days.

The feeding of thiouracil delayeﬁ the incubatian
period of eggs according to xenorts of ﬁeCartnay and
Shaffner (19&9&), McCartney and Shaffner (1949b), Rcmijn,_
Fung, and Leﬁhorst (1%52), dnd Adams &nﬁ Buss (1952);

Delays in hatching time by the odministr&tion of
thiourea were reported hy‘Grassomicﬁ {1946), and Adeams
and Buss (1952). | '

Hoffmann and Shaffner (1950) modified the incubation
temperature and found that chicks hatched from eggs incubated
at 96,89 F, had markedly heavier thyroid glands and recuired
four more days te hateh than chicks from eggs incubated

at 102,2° F,

Much has been written about the relaticnshin of the
thyroid gland to growth and body welght., Positive corre-
lations between thyraid weight and body welght have been
reported by Latimer (1924), Cruickshznk (1929), Brody and
Kibler (1941), Schultze and Turner (1945), and Fl-Ibiary
and Shaffner (1951). A negative correlation between
thyroid weight and body weight was inferred in the case of
dwarfism renorted by Landauer (1929), in which 1érga thfroid
glands were found. 7This case was guite abnormal, however.,

wWillier (1924) successfully implanted small pileces of
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thyroid giand of the fowl on the chorio-allantoic membrane
of tbe develoning chick a2t seven tc ten &ayﬁ of incubsticn,
When examined at 17 teo 18 days of incubation the bDedy of
the chick was emacliated snd small, and the segments of the
wings and legs shortened,

Tne administration of. desiccated thyroid to fowls hus
nroduced vafieus reéults; uéuékly f@ﬂucing growth und body
wolght, denending upon the dosage of thyrcid materisl and
the age of the hird, ;@éle and Hﬁtﬁ (192%} sand Upp (1932)
observed no effect cn hcdy welght when ﬁesiéca@e& thyroid
was fed wheress Crew and Huxley (1923) recorded & decreased
growth rate which was of doubtful significsnce, Hewever,
‘reduced growth or body welghts were revorted from the feeding
of desiccated thyroid by Gilacomini (1924), Sainton and
Peynet (1926), Martin (1929), Hutt (1930), Asmundson (1931),
Asmundson and Pinsky (1935), Asmundson, Almcuist znd Klose
(1936), and Taylor and Burmester (1940),

Someshat diverse results were obtained by the use of
thyroxine., Hansn (1928b) reported thaut growth of chilck
embryos was not affected in hen eggs injected in the sir
ceell with small deses of thyroxine on the zeventh day of
incubation, wheraas Beyer (1952) injected thyroxine into
the eggs »rior to 1ncubatiqn.and noted un incresse in
welght of treated embryocs over tis contrels, Markowitzr and
Yater {1932) studisd the effect of thyroxine on cultures of

pulsating fragments of hesart muscle removed from tuo-iday



old chidck embryos wni resorted an Incerscase in Ireguancy

ct

of n»ulsaticns of from 150 permninuts to 226 ner minute,

thus demonstrating the fact thut therA;A onsrat e directly

?

upon tissues without the 211 of nerves, which ere ztszsnt
frem chick heasrt tissue (t thet zarly rge. Donfeorth

(1933) obzerved thet the

X5

sdministrotion of thyroxine to
fowls of wvarious genotyoes was followed by < slight loss

in veicht, but this vas culcxly regained. Ko effect on

varren (1938) folloving

the Injection of thyroxine into the necicral nmusclss of

Variable results vere wlzso obktained when lodine or
iodides were administered., Forbes, Xurns, Bechdel, Willicums

wnd Huroshy (1932) observed no certasin
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effect on <the zrovth cof Single Comb White Leghorn pullets
fed lodine ot & rate of 50 milligrams per 100 vounds live
welsnt from hatcehing time until 22 weeks of wge, Zzjtay
(7zitschek) (1934) rensorted slightly greater body welghts
of 110 Leghorn hens fed small cusntities of »otassium lodide
for 365 days than of contrels, whersas As smundson, Almouist,
and Klose (1936) revorted & loss of body weight zmeng Phite
Leghorn hens recsiving large amounts of scdium icdide,

Yhen thyrooretein or icdinzted casein vas fed tc young
growing chickens in small or moderate amounts, increased
growth rate wag ususlly ottoined. arker (1943), Irwin,

P
I

bosia

nexe, -nd Turner (1943), theseloer, Hoffmonn, ond Grahom
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Y



27.

(1948), Guisenberry :nd Kreuszer (1948), Glezener . nd Shaffuer
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Tameran :nd Turner (1349) were cmonyg those ho
re~cried srovth increcsas., Mo effects were ncoled by Focne,
Dovidson, wnt Reineske (1950), or by ickorson, Berchers, Temner,

dussenhl (1950), vheoress,reductions in zrowth rate vere

S

.

re~or et by Tarner, Irwsin, and Feineke (1944), Glazener, &haeffner,
cnd Jull (1949), «nd by Boone, Davidson, «ud Feineke {(1950) who
noed very Lich levels of thyreoroiein.
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chickens, Lne raosualt s mere often bthat ol reduction in body
veiocot, orovably from the metabollsm of storsz of rat in the

bedy,. fmcens the “orzers ho rescrted decresses 1n welghts of

dalt birds fed thyroorotein cor leodinetsd cisein vere Turner,

Irwin, and Feineze (1945), Turaer, Kempster, =nd Hull (1946),
Boone, FHeineke, 'nd Duvidseon (1947), Hoffwanu cnd Vhesler (1948),
Shzffner (1948), Berg cnd Bearse (1948), Turner (1948c), Turner
nd Kemnster (1949), McCartney :nid Sheffner (1952), berg =znd
Benrse (1951), fevage, Turner, XKeapster, .nid Horecn (1952), wnd
Lillie, Siremore, Milliran, snd Bird (1952). No effects were

observed by Temnerton =und Dudley (1947), Hutt =nd Gowe (1948),
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cer (1948), ¢ on (1949), Xumcran snd Turner
(1949), =n1 Goifrey (1949); whers.s Turner, Xempster, Hall, and
Feinake (1945), Turner and Kemoster (1947), ond Husteon ond Vheeler
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Wheeler .nd Hoffmann (1948b) fed
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thyroonrotein to hens znd noved that ehicks hotcehed frox their
eggs had enlorged thyreid glends, but ne “ifferences in post-
hatching growth were noted hen comn.red ith coentrels.

The feedinz of thiocurzacil hos invariszble Zecrasssed the
growth rate of growing chickens as rerorted by Aotoood, Hissell,
and Huehes (1944), Mixner, keineke, und Turner (1944),

Schultze =2nd Turnsr (1945), Kempster ond Turner (1945) iAndrews
:nd fernetzler (1946), Glazener end Jull (1946a), Briggs :nd
Lillie (1946), inirews znd Bohren (1947), ioreng and Shaffner
(19.8), Morengand Shuffner (1949), XKumaran =nd Turner {(1949),
and Fl-Ibiery anid Shaffner (1951). The injection oi thiouracil
into ¥hite Plywmouth Rock chick embryos retarded growth within
seven days zccording to adams .nd Buss (1952).

On the cther hend, tne feeding of thiour.cil to sdult
birds usuelly resulted in increased body weight. HNo effsct
was ncted by Glazener snd Jull (1946b), but increszses in
body weight cere recorded by Mixner, Tewer, znd Upp (1946),
Shaffner and Andrews (1948), McCartney and Shaffner (1950),
=nd Rerg and Bearse (1951).

Partisl or comnlete thyroidectomy was rencrted by
winchaster (1940) =nd Morris (1951) to reduce body vweisht.
vinchester (1940) found that the effect of thyroxine
edminizstration on body welizht in throli-sectemized nsns wes

4 function of the “oscge. Winchostor, Comur wnd Davis (1949)



e Uinchoster nd pevis (1952) rejcrted thot Kew He
chickens with thelr thyrol's destroyed by railonctive

iedine coull e maintolned ot near normal growth rates by

The effect cof the thyrcid zland on rate of feathering

nog bgen examined by numerous investigators. An abnormal case

bty

"thyrogenous dwarfism® in & six month ol” Rhode Island
Fed nullet wess descrived by Lantouer (1929). The toyroid
gland of this dwarf w s much lorger than nermel =nd a general

retardation in [esather recenceration vas noted., Schultre nd

&
o

'v\s

Turner (1945) resorted that Vhite Leghorns have hizher

*
=

tiyrold secreticn rate and wre more ranid feathering than

“nite Plymouth BEocks, Hewvsver, Boone, Eeins
3 2

N/
@
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Dsviscon

.
.

(1947), contrzry to ex:ectaticns, found ne significant

=
1431

f.tﬁ
,,)

difference In tha thyreld secretion rate of fazt and slow
fezthering strains of Rnhode Isiand heds,

The administration of desiccated thyrold generally resulted
in scerelerated feather growth, altbough this vas not inveriably
true, Horning and Torrey (1923a), «nd Horning «nd Torrey
(1923b) re-orted & delayed [eather growth, while Cre. and
Huxley (1923) found no effesct from feeding desiccated thyroid.

Btimulation of feather growth from feeding desiccated thyreid
was noted by Cole and Reid (1924), Torrey and Horning (1925z),
Torrey «nd Herning (1925b) &nd Cole and Hutt (1927).

Featrar growitn v s also stimulated
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by feedinc fresh thyroi zcecording to Giacomini (1924),

~nd Cole -nd Hutt (1927), zlthourh the latter workers

stated thet fresh thyroi? cus not as affective s dezsiceated
thyreld of aonoroximetely eouasl thyroil asctivity.

The injacticon of thyroxine was renorted Ly Frans

(193%) to incroase the fre uency of biarb formation in the

93

brek end sadlille feathers of ithe drovn Leghorn capon, «nd

P

cnd Yarren (19338) renortsd ean incre.se in the feathering

cks <1th thyroxine from three
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te weven weesks of zge. winchester, Comar cand Duvis (1949)
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iestroyed the tnyreld glends of New Hamoshire chicks .ith

-«

radic-active 1o'ine, wnd Blivaiss (1951) tonyroidsctomized
Brown Leghorn hens and noted that leather Zevelopnsnt wes
uickly resumed after the initiction of thyroxine thsrsny in
thease birds.

The feeding cf icdine znd its corumpounds to adult mule
Brown Lechorn foul ves resorted by Cole and Eeid (1924) to
nreiuce no effect on f@athér grovth. Eadi and VYarren
(1938) feﬁort@ﬁ & slight Incraoese in rate of feathering in

Ehode I=laend EBed chicks by the feeding of wotassiun icdide.

t*rz

Tryvreosrotein feeding has resulted in increazsed rate of
fexthering cccording go the revsorts of Parker (1943), Irwin,
einexe, and Turner (1943), Turner, Irwin, znd Reineke
(1944), Turnsr, Irwin, and heineke (1945), Boone, Leineke,
tad Devidson (1947), vhesler, Hoffmann, =nd Graham (1948),

(uissnverry and Kreuger (1948), Gluzener, Shaffner, and Jull
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{1249), snd Boone, Duvidson, wund Feineke (1950).

The feeding of thiourceil, on the other hand, has oro-

-

“ucel = decreccved rete of {fezthsring s resorted by ifstwood,

S

s211l, .3 Hughes (1944), wnd Driggs znd Lillie (1946).

¥ortality

weleh (1928) noted that goiter was very common in poultry
in #zolterous ar=sas, but no bud effect cn the health of these
fowls was obssrved.

The addition of icdine tc the ration had no effect on
the mortality of chickens sccording to Forwve:s, Karns, Bechdal,

EEas

e

liams, Xeith, Callenbach, and Mur-hy (1932), Klein (1923),
dcharrer snd Schrono (1932), and Wilgus, Gassner, P:tten, rnd
Harshfield (1948). Simpsen &nd Strard (1930) stated that two
ont three year old White Leghorn hens fed potassius iodide
amneared to be healthisr then exsected of hens of thet ave,
bat Johnszon, Pilksy, wud Edsen (1935) fed pctessium icdiie to
Single Comb Thite Lesghorns wund concluled there vere no difrer-
2rnces in mortality ccmpasred to the centroel zroup.

Gutt (1930) fed large doses of four milligrons of thyroid
iodine per 1,000 and 2,000 graas of wvody weight to Black
Mlnorca nullets ¢nd cockerels und found thot this dosage
nroved lethal toc voth sexes,

Irwin, Reineke wund Turner (1943) found severe mortelity

resulted from the feedins of thyronsrotein at high levels to

-~

~tedn in the

{

“mite KReock chicks. lHovever, low levels of thyrony

diet nrcduced no effect on mortality wccording toTurner,lrwin
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=nd Faineke (1945), Turner =nd Kemnster (1947), Temnerton
and pudlsy (1947), Hutt #ni Gowe (1948), Moore :ud Less
(1948), ‘neeler, Hoffmenn, und Grzham (1948), vheeler aund
Hoffmann (1948a), Turner :ud Kempster (1949), Savage,
Turnar, Kemoster, wnd Hogan (1952), =znd Lillle, Sigzemore,
“illigen, ond Bird (1952).

Thicurzeil feedins, on the cuner hand, vas reported by
CeCurtney -nd Shaffner (1950) to incrosse tie embryonic

1

mortallity in ezgs laild by hens fed thiouracil s 0.3 wercent

Parhon «nd Parhon (1914) fed tnyrcid powder to fowls
and ncted dncreased resist:ince tc fowl cheleraz. Tvo out of
five trested birds survived the cutbre. .k while cnly one cut

of nine non-tre:sted birds =survived.

by

“heeler, Hoffuann, =nd Grahzm (1948) renorted an ocut-
bre: X of coryza in which higher mortality cccurred zmong o
sronus of Fhede Island Heds receiving thyrosretein than cmong
centrels.  Morene and Shaffner (1950) sltered the metabolism
of New Hampshires with thicuracil, thyrovrotein, or thyrcxine
befere inoculatine the Lirds with the fowl cholera orgsnissm,
and concluded that thyroid aseiivity had little or no influonce
on resistarnce to fowl chelers. Mayhasw and Uonp (1932) reoscrted

g Tyse oif dverfism in Single Ceomb Rihcde Isl.unid Beds which



poultry. They concluded their dwerfis were the same type &s
that reported by Landauer (1929) which was characterized by
a large abnormel tyrecid gland., However, the relationship of
disensze resistance to th%raiﬂ activity is quite indirect and
quéétiau&ble in this case,

#heelar and ﬁcffmﬁnn (1948¢) reported that mortality

following outbrenks of "eolds® was much lsssg among birds fed

thyreorotelin than among controls, and suggested the possibility

that tnyroorotein may incraase resistance to colds. ¥hecler,
Hoffmenn, end Barber (1948), and Todd, Culton, Kelley, and
Hanses (1949) reported that the rate of gain of growing
~chicks Infected with coceldiosls was greater in groups fed
tryroprotein than in groups fed control rations, Todd (1948)
reported that the rate of gain of chicks infected with round-
worms wasgreater when fed thyroprotein than im infected
controls. Shaffnsr sod andrews (1948) reportsd that Barrved
Rock males fed thiouracil appeasred to be more suscejtible
than controls to common poultry diseases such es reapliratory
41 sturbances and Newcestle dilseaze, Froncle snd Kish (1952)

reported that chickens ol different genetic consiitutions

reactad differentliy to Newecastle diseuse., They sugge:sied that

fsome other inharsnt fautor controlled by heredity may be
pracsent thsat has o functicen in cauasing the time at +hich the

birds die alter challenge.”

33.
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Vzrious matings of New Hsmnashire chickerset the

University of Maryland poultry fsrm prciduced the cnicks

v
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sed in this investigetion. HNo peiligree recoras cof the
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srrents vere ecvailaple, ond the amount i inbreeding in tne
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Experiment Stution chick stzsiing mash zxcent that 1t contained
thicurscil ns U.< percent of the diet by welsht, Thicuracil
»8 Ql percent of the ration hes been shown by fstwood,Bissell,

cnd Fughes(1944), Wixaer, Reineke, w«nd Turnsr (1944), Schult:e

fuce maximum thyroid enlercement. Hovever, toxicity wis notb
nreduced vhen the level -8 =28 histh ¢s 0.2 nercent. The hizher
level wrs used in trese axnerizents In oxder to roiuce
wrebzbility thot some chiclls micht B2 able to rasist the effsct
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At four QLK e aiye . th »ca1¢k$ @wra welghed on & Telsido
seale te the nssrest grawr\ai merﬁ~*a=rificﬁﬁ by &lﬁl@ﬁatiﬁg
h@@'twrmi¢a¢ vwrtgbr&e in t?W'iﬂgi@ﬂ oy »nﬁ stles &nd epistro- .

h&us. ﬁu% e “the lerge: nnmter of ehioks in each @Kyerimeht,
it &8 necessary to grasarve thew by fraaziﬁg, émull groups
were then thawed nut uﬁﬁ tm@ ﬁbyraiﬁ glends remcved, care

teing token to trid susy mll fat ¥ et sﬁrplua tissues The
glznds were then weighed immesdlately with & Roller-Emith
torsiorn balence to the nearwst tenth of 2 aillligrim. Each lche
of the zlund was welrhed separately. Chicks treated in this
manner until four weeks of age will hersafter bve referred to

ag "thieurzcil trected" chiecks.

?xeent for such nstural 3elact$an factore as egg sroduction,
fertility, hztchability snd viﬁbzliﬁy, the sole basias for
zeleoction was the sverzge thyreoid weights-af fullw=sib
families., Since It was necassary to sacrifice chicks te
obtain ths thyrold welghts, sdditiconal hatches vwere obitained
for btraeding osursoszes from the matings which produced
axtrem=s In thyroid welght, The femilies shose &EVeTrige
thyreld weights were largest were designated zs the high line.
A low lins was @stahliﬂﬁ@d with the familiss whore thyrecid
weights were smellest. The chicks to be used for breeding
were réared in brooder houses in :hich & rediant hesting
system wa3 used. At approximeotely 10 wesks of age the

chlrk” wvere placed en range, «nd vere moved te bresding pens
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at approximately 20 weeks of age. Matings uithin lines were
mede on & rctation system designed to keep inbreeding zt &
minimum.

The analyslis of §ar£anca fé?fpérééﬂ%ageﬁ bused on une.,ual
numbers as deseribed by:Cochran_(l@AS) wius used as an aid to
1ater9rgtiﬁg_diééﬁse:resisiaﬁpe‘dgtg,J?ES§i§at§s af'hﬁr;t;
abilitﬁAwere mede by Qﬁe of technisues descf @ea.by Luéh
(1940), Lush (1945)5 Lush (1949), and Lerncr (1950). Other
methois of asalysis %efe bgsed on technigﬁéé &@scribed by
Snedecor (1946).

In Juns 1950 a plan was initiated designed tc proijuce
two lines of chickens, one with z high &nd one «lth a low
thyroldal resoonse to the feeding of thiocuracil. Ouly 21
birds werse available from the high and low response groups
described by Bl-Iblary and Shaffner (1950). They consisted
of four cockerels and seven pullets from the high response

group and four cockerels sand six pullets from the _low response

ZTOUP. Matings within esach line were made by artifithe,
insemination, and a limited nuwmber of offspring was obtained.
211 éffspring %are raised fgr breeding purposes, und none
were used for determining thyroidel response to thlourseil.
Thus, one generaticn was produced without selection. However,
becaucse of the small number of breeding stock available

and becsuse of the inbreeding which would have resulted

from mating thecse individuals, 1t was decided to



reinitiate the work znd establish newv fumilies from the
New Hampshire flock maintaineﬁ %t the University of Marylend,

In November 1950 six breeding pens were set up at the
University of Maryland Poultry Fara. 81ix sires were mated to
eight dams each, Three hatches were fed a mash containing
0.2 percent thiourscil to four weeks of age, at which time

the chicks were sacrificed and their thyroil glanis weighed,

Two additionzl hatches fed normsl dists were raised to maturity
and high and low families based om the thyrcid weights of
their full sibs were retained for breeding stock,

Lzter in the hatching season the six sires were rejleced

by six other @ires, four of thea being unzelected progeny of

the original twa liaes tescribed by El-Ibiary and Shaffner
(1950). Two of thase four sires were from the high thyroid
famiiien, the athar tﬁ@ rram low thyreia familiea,_ﬂ

In tone fall of 1?51 six mating ‘pens were m:le ap feor
the high and low line matings selected from the University
of Marylend New Bampshire floekkth@,prﬁceding saLson, Males
for ezch pen were selected in such 2 manner that inbreeding
was keot as low as possible, Later, four wdditicnal pens
were male av&ilable=for the birds whose pedigrees contained
ancestors selected by El-Iblary and Shaffner (1950)., These
miles sere aléa distributed s¢ thut inbreeding wis keot low.
Thus & total of 10 breeding pens were available for the project
during this season.

During the spring of 1952 z=n oppertunity te study the
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relationship of thyroid rasponse to thicuracil «nd resistance
to Hewcastle disease presented itself ﬁgunfﬁné Oniversity of
Haryland poultry flock was accidently axpésaﬁ to thi# sy -1 1551 W
Twe hatches of ﬁwlectéd'réplﬁﬁgmant'¢h1cks from the high snd
low thyroid resnonsze lines were two and four wesks of uge,
respectively, vhen the dissuse outbre:-¥ occurred. The usual
aymptoms of Hewcsstle dlsecase were noted such a2 the unave

of mortulity, naralysis, ete, Purihermore, veveral of the
chicks which szuccumbed to the iiseagse were exemined by the
patheloglcsl service of the University, und the csuszative
agent of Newceztle disesse wes found to be present,.

Ten bpreeding pens vwere made savailavle for this project
in the fall of 1952, Breeding birds selected from the
previous generation were housed in August, Hales ware placed
in the pens in zuch & wanuer that the chicks sroduced wsre
crosses between high and low lines, One large hateh of
crossbred chicks was cbtained snd given the usual thiourseil
tre:tment, Then the males wers moved to'oth@r pens so that
the selection for high and low lines was continued, ﬁatings
Cagain were made so thast inbreading was ka?tAlcw, Pue to the
large nusber of chicks produced 1# each hatch & varisticn
ffcg the usual srocedure was followed in brooding and
gsacrificing the chicks for assaye 4ll chicks for 8388y were
r=arad on the floor In & typical bdreoiler house until four
weske of age. The feed was prepzred in the ususl wmey 20 that

1t cont ined thiour«ecil as 0.2 percent by welght. Thaz chicks



were sacrificed by administering overdoses of ether rather
than by dislocating the cervical vertebrae, DBody weights

were taken at the time the thyroid glends were weighed,



RESULTS AND DISCUSSION

Ihnaritanee_cf Thyroid Response to Thiocuracil

The frequency distribution of thyroid gland weighte from
472 chicks from an unselected papmlation of New Hampshire
chickens fed thiouracil as 0,2 percent of the ration until
four weeks of age is given in Figure 1, The figure was pre-
pared by arbitrarily grouping the thyroid gland weights intoe
groups of 20 milligrame each, It will be noticed that the
distribution is asymetrical or skewed, with the majority of
cbservations to the left of the mean snd toward the small
slzed gland, This type of distribution is known as & positive
skewed distribution and seems characteristic of thyroid
w@ighgs in chickens and other animals. Similsr distributions
were shown by Hollander and Riddle (1946) in pigeons,
Mulligan and Franeis (1951) in rnormal male mongrel dogs, and
El-Iblary and Shaffner (1951) in 10 week old New Hampshire
chickens, In the latter report distributions were given for
chicks on a normal dlet, and on the same diet comtaining |
thiouracil as 0.2 percent of the ration. The authors stated
that the distribution én the eénfraivratieﬂ ves normal, but N
a critical @xaninutian @hews an mbvieus, altheubh slight,
%@ai%lﬁ@ gkéwneas.r ﬁaﬁav¢n,ftﬁ@ $kewness ﬁ&ﬁ muah mwra

extreme in tha thiouracil fed birﬂs than in the normal birdﬁ&

\
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Figure 1. Frequency distribution of thyroid gland weights of the unselected population of
thiouracil treated chicks.
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TMRLF 1, Thyroid gland weisghtes, coefficients of veristicns,
and standard errors of sire families of thicur-cil

trected chicks in the unselscted nopulation.

2
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the coefficiesnts of variation. The coefficient of variation

v

for the entire nopulation w.s 52.4 ¢ 1.7 nercent. This is
somevhat higher than the 32,2 £ 1.23 percent for males wnd
31.5 & 1.21 percent for femacles renorted by Aberle .nd
Lindcuer (1935). However, thelr chicks were killed at

heztehing time, were nct fed thiouracil, and the thvroid
> } ]

(=0

walghts vere consiiered zs percentages of toly vweight.
Considercble variation in chicken thyrold welghts vas also
notedl by Juhn snd ¥itchell (1929), .ni lergmzn ond Turner
(1939).

An rnalysis of varilence of the main effects of the
unselscted nsooulaticon considering the individucl lobe as the
spellest unit of measurement is given in Table 2, Only the
m:in effscts vere considered in ctnis cnclysis. In order to

~" 3 1

astimnte 21l the intercctions accurutely it would h-ve been

na:cassary for e-ch dam to nave pregeny of cach ssx reodyrassented
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TABRLF 2., Anslysis of varionce cof thyroid gland weights
of thiour:cil tre ted chicks in the unselected

nonlation.,.

Sourca of Wm"r'@* of Hean
veriction raeedon SCuLTe

L
>

G B O B b

& BBQ"?*
- Moy A

Dugovond
& P E39w%
5 Z17w

15,57 3%
T 141500

999

4
>

NAAVS

fe

in svery battery tier in eech hoteh. The chicks were not
spmet ot bPotebhius Lioe oo tods rogulrecent wes net met.
Therercre, it was impossible to estimate the effects of
interecticne accuraztely, :nd =11 interacticns vere included
in the sxnerimentsl error.

The rignt lobes of the thyreid glarnds zver:sged 65

willipr=ms wnile the laft lobess veiched 70 milliesrams., The

23 e P - i - . P o 4 4 [ . i 4
1T Terones wLe nisnly sicnlolecnt ed Tnis

e ete f o e pe e A L e b P T T . N R T e
ol agnly Bl nalloant S8 Siiiel il wad OOUEL L5,

i g A e N T, B g S T - T e oy g i g o
e Temsle thyrold storns veispding 140 2illizgraws coupered
ST B oy I T tm oy P foam A wp man m ae ae A2 R S T
¥ S 3 mrlid woms for the melass, ANCI2NE UG Uit Tess?

-~ - * o
(1946) found a grasger thyroia rofiense to thicucr=cil dn

(o]

malas than in females, tut results more in sccordance with

theose revoried nere vere found by Mixner, Heineke, and

turnaer (1944), Cchult:e unag Turnser (1945), Sletensr
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Jull (1946:), ri El-Ibiary end &Sheffner (1951).

Thet the welghit ¢f the thyreild zlend i: susily influsuce

v voaricus envircommentsal conditicns wes evidenced by the

Mirhly siegnificant vearicticns

tisrrs, Th=re were no consistent trends in thyroid vweignts of
St i rrent hatchaesg, he 1 s hsing 126, 144, wnd 131

g Tor Lhe irst, eoecond, vd third nstehesg, resoectively.
for was oogre o resl Lrend in szttery tiers since the aveor . yes

controlled in <helr exerimentzl designs, espsciclly vhen

A3 5 ey e T S WP S P S S
GliLieYTéun reoms wiid fer aiidsrent

hettery in these exnzriments. It will be noted in

nelysie of vericnee given in Trble 3 that the stetisticul

2 Lo vericu: frococtors is: not Lthe sume oo

given in Table 2. This {2 due, »riucipally, to the increused

hrougnt about

o
o

- ~ - ” - e - ~ e A o " "
P o1 » Lrndox to Loe ntel effects
3 1 - v A - “ - 3 b
desc: ived cheve onsgers dun o comy.ruiively neritabilivy

ceionts at four weeke of




5 - - ~§ oy -
ER of vorionce of ri;

L) . 4 2
By 7 L
. AL ke
w 5
sever o Ay
o AL L L3O,

0%

“ource of

SCULY 88

ot Lope

- 3 33 9, Jy7 R

1,658 5,409

A

¢

-

/t; #*

e

5 7T S
LT g e
"L‘ ) }?

N}
%
ANOa
~J v

5, OB 5,059
2773 1,030

o~

DD A

g WA
\]

Conbined

&3

+ 12,753

ER



age given in Table 4, The heritability estimates were
computed according to the method of intrs-class correlations

among full sibs &nd half sibs as Jescribed by Lerner (1950).

TABLE 4. ﬁﬁtim&teﬁ of heritability for right, left, zand

!aambfﬁ@ﬁ lﬁbas of ‘the. tbyréid glansﬁ of thiouracil .

trasted chiuka iﬂ the unselpetﬂﬂ ﬂaaul&txcuﬁ

Heritability (&)

Basis of Lsft T .Right . Combined
astizzte lobe lobe ‘ lobes
LD/ # D + B 5943 64 <9 67.4
4LS/G » D & & 21.2 Qhe 23.4
2(0 + S)/5 % D # 5 43.2 by o iS5k

Taking the right and left lobes sevarately, the neritability
estirzates for the left lobe were 59.3, 2l.2, and 40.2 pore-
cent depending on the method used for obtaining the
estimates, For the right lobe the estimstes were 54,9,
24e2, ond 44.6 percent, Vhen the two lobes for eachn
chick were pooled 1ntajé single thyroid glend weignt pesrx
chick, the heritability estimates were 67.4, 23.4, =znd
4544 percent .

The difference between the fié?t end second ertimates
in each case mzy be due to (1) non~-sdditive gene «ction,
or (2) maternel effects, or (3) sex-liniked sffects. 1%
will be shown later that none:dditive gene sction has very
little, if #ny, effect on ihe thyrold resconse te thiourscil

st four weeks of sEg®. ANd since sex linkege wowid tend te

&7



‘make the second'@stimate larger than'tha”fifst; we may

assume that the differences between the first and second
estimates sre largely due to ma*ernal effect, which is
estinated as 38.1 percent for the left lobe,_40.7 percent
for the right lobe, zni 44.0 narcent for the two lobes
combined, It is not surorising that = large‘Matérnal'
effect should nefsiét to four weeks of age, since Simpson
cnd Etrand (1930), Scharrer and gchroau (1932), and .
Asmundson, Almquist, and Klose (1936) showed that the iocdine

centent of the egg varled zccording te the smount and source

of iciine 1in he‘heﬁis‘diete Andrews znd Schnetzler (1945)

nroiuced eviﬁenaevthat.thiouracil fed to laying hens was
transmitted to their eggs, and numerous investigators huve
redcorted the production of golterous chicks by the feeding
of thyrcproiain or thiourécii to the ﬁéms.

It Would appear frga the heritability estlmates that
the right lobe of the tnyrcid ‘gland would hava arcduced
slightly better rasults thun thevle§ﬁ lobe as & basis of

LSeleetian, aﬁﬁ akmast &a geed f&#uits &8’ tﬂa emj%ine& lobes.

¥

“he reascns for this are not clsar. One cen 1magine &

greater blooi suﬂﬁ&y tn one 1eba than to the other; thus

rermitting ths vaaxad lobe  to receive more btimulation
from thyrotrenhic hormone. This argument becomes untenable
when it is reéalled that the left lobe is larger thén‘ﬁhek
right., However, these différenées in heritabiliﬁy estimates

z=re quite small -nd muy easily be due to sampling error.
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At any rate,.iéuisiappaﬁéﬂt thét“ane could save time and/or
;aasay more bird« by we&ghing enly the rig ht erathe left
gwlaba ef' b@:*nyrbii ?lmnd, rather than weighlng both lobes.
Veary little, 1if any, greater fccurmcy is abtained by

using both lobax eomblned. HGWQVér, since the data for
beth lobes combiﬁéd are'évailable for the entire exneriment,
and siuce it zppears this value may have a slight advantauge
over one lobe or the other alcne,'the values for combined

lobes are used. throughout this report in the various anzlyscs,.

The selection exoeriment began quite late in the 1950
breeding season with only 21 birds svailable from the high
end low response groups described by El-Ibiary and Ehaffner
(1950)., These birds consisted of four cockerels and seven
pullets from the high resvonse group =z=nd four cockerels
2nd six pullets from the low resnonse group. They had been
zelected on the basis of average thyroid weights'ef their
full sibs which had veen fed a mash containing thiocurzcil
9 0,2 percent of the raiion from the time of hatening until
10 weeks of age. These averages ranged from 2.86 to 4.68
grams for the hirsh resosonse group and from 0.21 to 0.85
grams for the low res.cnse group ,

Matings within each line were made by artificial
insemination and oniy a few offsprihg were obtazined., 411

offs:ring were raised for breeding purposes snd none were



used for determining thyroidal ressonse to thiourwcil,

Thas, o vencrution was proidjuced withcout selsctiocon,

P’%

From this genersticn, only two femules from the low line
amﬁ'tnr@axfrcm the high line prciuceﬁ enough »rogeny f{or
testings One low line male W%ﬁ‘M&th to the two low line
fem:les nnd one high line male wus mated to the three high
line famaias with the results given in Table 5.

TARLE 8§, Tnyroiﬁ glend weights, coefficisnts of variation,
and standard errors of thicuracil treated orogeny
of birds selected by El-Ibiary .nd Shaffnsr (1950).

High line o i Low line '
%o. of T"ﬁ‘ roid Cro 0?7. o RGQ of Thyrcid Ce 0f V.

Dep c%ic&ﬂ agg{mggl ggzh gﬁ@rcz;gég ¥

16 15 199 + 42 . 82.0 & 15.0 - ff; 3.2 3713 48.0 & 24.0
412 & 342 $ 123 101e4 & 25.4 25 5 b4 6 1973 6.
i1, 7 155 % 181 106.1 & 28.3 |

30 296 s+ 58 1’07.4«3\;13.3; .7 568 7 3218 8.6

The .ver:uge thyraii glanl %eight ol the nigh'line wa s
296 ¥ 58 milligrams, =lmost six times more than that of the
low line which @verngéé 56 ¢ 7 milligrams, bat the Vﬁfi&tiﬂﬂV‘
wag large =nd the number of 1nd1§1daals gsuite small, The
difference between the two lines wag not atntistically
significunt, 28 shown in Tﬁble'6, even though the two m~ us
were guite iifrerent in rzgnitude. The:#aii&bility ef the

high line was much larger than that of the low line, and
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znd the other twe nrogeny of low res-onse birds produced
by El-Ibiary snd Shuffner (19504 Theée sires were of the
same breeding zs those Which’ﬂreduéeﬁ the progeny described
in Tabtle $. The aamsA“ere entirely free from selection
for thyroids l response to thiﬁuracilg i
i Table 7- bhO 8 results of ahe %idllal B tﬁng&; ‘Most
of the iata in the l@It half cf this table were giv&n in
Table 1, but are. reamateé here for gase iu ccmpurisen;
The average thyroid waight of the saeond series was nlghar
than in the first series whether h&gh or low line sires \'
were used. The second series waa 3r9 duced from one to N
three menths after the first, andxlt wasg at first sasnwcted Hx
that envircnmental fioctors raisnd tna level of all'nens in

A
the second series. Honever, an eiaminatlon of pens 12

\

13 which contsined unselecte@,xund different, malss

[ R

a1
for both 5&ries ahOu@d thiat this u&g nct the case, In
fact, the szecond series of these taa\pens gdve lower

thyrold gland weights than the finst S@ries. The pessibllitJ

remains, however, that the ﬂiffer@nces\Petween series ‘, \ 

§ . \
in pens & snd-9, or 12 and 13 warb duge “to unfortunate §
sampling errcrs in the choiee of: &&133. The IDW‘TQSPOnéé RO AN

males lowered the varlability whﬂ&e the hrighh' resionse
males raised the variability of prdgeny of dams to which .

they were mateﬁ. J i  a,\

3 N \ .
Although no selection had hﬂsﬁ practiced on the RN
generation in which they were hat@hgd, the high response 3{.
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oy mi.les ruigﬁﬁ tpe okegeny of the dams to uhieh they wers
meted much more tﬁan diﬂ ﬁne low respcnee m&las. Thﬁ
iiffaremce aetween tﬁa thyreiJ weights,@f.prageny of the
high and low reawaaua m«l&& was not ignificaﬁt‘as seég in
Tuble 8,

Téﬁzﬁﬁﬁé Analysim af vatiaace of thyreiﬁ glund Weights
of thiour acil traate& chicks in th& sacand

5@?1@5 nrasen%ed 13 ?abla 2.

qourea of S -,4'.,1',_ ﬂcgfeag cr"‘;” - Mean
. ,wa_%,Q  - - ~,~@jf‘“‘,V£IS§§Q§‘ i .8guare
Total R T 493 Ll
" Betweeén sexes ' 1 By 294*
Hetween hatches 1 420, 726%%
Among Lottery tlers 3 T1,739%%
Among sires - ‘ ,
o u&l@cteﬁ e, unseleetad 1 727,@@1
Sires B-11 : -
Between liﬁﬁﬁ : 1 L 146,574
tmong sires w/in lines 2 83,69@
 Sire 12 vs, sire 13 . 1 17,307
Among dams w/iu sires o 32 33,095**
Error : 451 8,442

Thi#,is ﬁoﬁ sﬁ§§rising ﬁhan.itvis net&d”ﬁhét,ﬁh@ hig&

fespdgse;maies wefg—mated‘ta fémales‘whosQ‘gregény by other

%ires'were lowethﬁan-the prageny'éf»fgmgl%s to mhlc&ﬂth@ “

 1ow resnonse ﬁaleﬂ wera mated. Eale'thy&did glands 3verageé

157 milligrang while those tron fomnles a?erageﬂ I?B milligr&aﬁ,,
he differance beiug signiiicdnt. The diff@r@ncas &meng

hgtches and. batgery, tiers verq highly si&nlﬁicm&t wpich

@eﬁffwms the ﬂmﬁﬁ&&ﬁi&n% fﬂoﬁ'§abrﬁ 3& Hﬁrit&blli%f wativates

-

s 0
e








































































































































































































































































