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ABSTRACT 

Thyroidectomized and non- thyroidectomized 

Single Comb Wb.i te Leghorn ann vJhi te Plymouth Rock 

chicKs were fed basal diet, or basal dJet supple~en ted 

with thyroactive substances, for the first six or 

ei ght weeks of age . Observations were made on feather 

develo·:)ment , body weie ht , efficiency of gain , g rowth 

of shanks , dermatosis , perosis , and mortali ty. In some 

exp eriments observations were also made on thyroid 

wei ; ht and histology , liver storage of several vitamins, 

and fat content of the carcass. 

A technique for re~oving the thyroids from 

day- old chicks was descrjbed and some of its advantages 

were discussed . 

Thyroid r emoval from chicks one to three days 

old resulted in lower body wei ght and shorter shank 

length than normal , and inhibited or markedly retarded, 

feather development . 'Thyroid removal from chic&:s one to 

three days old also caused typlcal vitamin deficiency 

symotoms in the ex.9er-ime n ts carried out durine: the winter 

months . 

'11he liver content of vitamin A, riboflavin , 

pantothenic acid , nicotinic acid, an d total dry matter 



was either unaffected or very slightly lower than 

normal , in thyroidectomized chicks over the first six 

weeks of a ge . 

Addition of yeast and sardine oil to the diet 

of thyroidectomized chicks failed to counteract the 

effects of thyroidectomy . 

Addition of massive . doses of potassium. iodide 

to the diet of dams , or thyroidectomized chicKs failed 

to counteract the subsequent effects of thyroidectomy 

in chicks one to three days old . 

Addition of ~small doses of thyroactive iodi -

nated casein, or of desiccated thyroid , counteracted 

comoletely the effects of thyroidectomy on all charac-

teristics studied except body weight . The effective -

ness was deoendent upon the thyroxine content and not 

upon the iodine content . 

Iodinated casein and desi ~cated thyroid, when 

added on an equal thyroxine activity basis , did not 

consistently cause the same res ponse when differ"'nt ex-

periments WFre compared or when thf' products were covn -

pared with each other in the same experiment . 

Progressive increase in the amount of desic -

cated thyroid iri the diet of ::., rowin-.:, thyroic.ectomized 

and control chicks caused 0ro ~·ressi ve decr""ase in the 

measurements of body weight , efficiency of £8.in , adipose 

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



In nearly every instance, the decrease was preceded 

by an increase with ver;j small additions to the diet . 

Both thyroidectomized and non- thyroidectomized 

chicks receivin~ very small amounts of desiccated thyroid 

in the diet stored more vitamin A, riboflavin , nicotinic 

acid, a:J.d pantothenic acid than did the corresoonding 

chic.v.:s receivin6 the basal diet only . In Jr,ost cases , 

the initial increase in liver stora~;e resulting from 

small additions of desiccated thyroid was followed by 

raoid decrease with successively greater additions . 

Feather condition in thyroidectomized Sin£le 

Comb White Leghorn chicks was restored to normal by as 

little as 0 . 0lb6 per c 0 nt desi< cated thyroid in the 

diet. As little as 0 . 05 per cent of an iodinated casein 

product in the diet of normal ,uhi te Plymouth Rock chicks 

resulted in excellent feather condition. Accord.inf to 

the estimate of' the producers this was eauivalent to 

0 . 25 per cent or more of desiccated thyroid , but accord-

ing to the assay employed in this investii::a.tior, this 

amount was only equal to about o.o~ per cent of desiccated 

thyroid in the diet . 

A method of assay for thyroxine uotency of 

thyroactive substances was proposed and discussed . rhe 

method was based upon the res~onse of the chick thyroid 

to thyroactlve substances included in the diet. The 

activity of the glanc was deter'11ined by the evaluation 



of width and length of the whole Lland and diameter of 

the follicles . The activity was co·,,,,pared with the· acti-

vity resulting fro 1 the feeding of knov;n a 1-nounts of 

stardardized desiccated thyroid . 

On the basis of estimated thyroxine production 

by the chicKC thyroid, the iodine requ1re,...,e11t of crowinc 

Single Comb Wt.ite Lefhorn chicKs was estimated as approxi -

mately 1250 parts per billion in the diet for the first 

six weeks of age . 

The maximum non- lethal dose of des·ccated 

thyroid that could be admiListered in tt.e diet of g rowing 

chicks was approximately 0 . 50 per cent. The maximum 

no;n- toxic dose was between 0 . 0156 and 0 . 03125 per cent 

for Single Comb ,ihi te Leghorn chicks . 

ae tween o.oo~ and 0 . 02 per cent of desi ccated 

thyroid ir.. the diet was si.ljtable for optimum feather 

develo9ment with out simul tareously resulting in sub- nor-

mal fat storae.e , shanK lene..th , and body wei ~h t i:'.1 White 

Plymouth Fock ch~.cks . 

Completely thyroidectomized day- old chicks 

grev, to "'T.18.turity ~rid produced fertile egl s . r.rhey had 

received no thyroi6 supplen en ta. tio·'l in the diet, and 

they showed no re~enerated thyroid tissue upor; post-

morteIT examination . 

In the absence of thyroid hor·t•one, secondary 

sexual characteristics did not develop . 



Thyroactive substancF-s were f'ound to nave 

an a.oparent beneficial effect on mature a.rid c rowing 

birds suffering fror1 severe sy,mtorrs of ran,:.e paralysis, 

a virus disease of poultry . 
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INTRODUCTION 

Following an observation in earlier iodine 

studies at this station that growth , development, and 

perf'orr-1s.nce of birds seemed unimpaired despite the 

extreme goi ters produced on certs.in types of diets 

(Wil8us 1941) (Wilgus et . al . 1941), a series of experi -

ments was begun in January , 1942, to study the effects 

of thyroid reniov:al and of thyroid feedine on growth and 

general characte ristics of the chick. It was hoped that 

thr·ough replacement therapy some indication of iodine 

requirements might be obtained also . 'l'ypical vitamin 

deficjency symptoms occurr ed in thyroidectomized chicks 

in the first exploratory experiment ; consequently, one 

experiment was broadened to include the ef fects on liver 

vitan,in storage . In the final stac es of the work , 

during r outine examination of thyroi els from birds re -

ceiving thyroactive materials , an inverse relationship 

was noted betv,een dosae,e and degree of thyroid activity . 

This relationship was investigated in detail with a view 

to its potentialities in estimating iodine requirements , 

and of assaying thyroactive substimces of unknown 

potency . 



HISTORY AND RliVJ:B-11.- OF LIThRATURE 

So vast is the literature pertaininc to the 

thyroid gland that several books and comprehensive re-

views have been written on the subject (Ha.rini; ton, 1903; 

Levine and Remine-tor ... , 19:56; Crotti, 19v8; hlmer, 1938; 

~alter, 1940; and others). The reRder should consult 

one of these for a discussion of thP, functions of the 

pland , its interrelationships with otbP.r glands, and 

typical symptoms associated with thyroir removal . 

Experimental thyroidectomy hss been practiced 

or such common animals as the rat, mouse, goat, sheep, 

cow, rabbl t, guinea pi6 , ".>igeon, and chicken, as v.ell 

as several of the lower forms of animal life (Crawford 

a1d Hartley, 1925; Graham, ld34; Meyer and ,i'er·ta, 1938; 

Emmens and Parkes, 1940; frehe im, 1940; Re ineke and 

'l'urner, 1941; .drody and Frakenbacl-:, 194~; ..t<:a.rnofsky, 

1942; and others). The symptoms are ouite similar in 

all a.nime.ls. ~ui te often it is necessary to wait for a 

lon:r period of time for the effects of thy-raid removal 

to become evident . Considerable experimental work is 

re-oorted with respect to thyroidectomy in the chicken. 

In addition to characteristic symptoms. a.s described for 

mammals, removal of the glaDd results in marked retar-



dation of feather ~rowth and egg production (Greenwood 

and Blyth, 1928 - 29; Winchester , 1939 ; Taylor and 

Burmester, 1940) . The literature lacks any report on 

the estimation of' minimum thyroxine administration 

necessary to counteract the effects of thyroidectomy in 

chicks . Fish bone and CunninLham · ( 1938) found 40 micro-

grsms daily injection of thyroxine were necessary in one 

experiment to maintain normal heart rate in thyroidec -

tomized rats . 

Greenwood and Blyth (1928 - 29) carried on ex-

tensive studies of the influence of the thyroid and of 

thyroid removal on feather development . They performed 

operations on growing bi r ds at five weeks of age and 

older arrl did not observe any deleterious effects on 

growth, development , or sexual maturation . Upon examina 

tion , however, most of the birds showed some degree of 

regeneration of thyroid tissue microscopically . Taylor 

and Burmester (1940) performed thyroidectomy (para-

thyroid removal was uncertain) on mature laying chickens 

and noted an abrupt cessation of egg production ~hich 

could be partially restored by thyroxine injections . As 

reported by other workers for mammals , adipose storage 

increased . In similar experiments , Winchester (1939) 

obtained essentially the same results as those reported 

by t he California. workers . He further observed a drop 

in basal metabolism in the thyroidectomized group . 



Barbule formation is markedly suppressed in thyroidec -

tomized birds , r esulting in f r ayed feathers (ParKes and 

Selye , 1938; Tbylor and Burmester' , 1940; hmmens and 

Parkes , 1940) . hwald and Rockwell (cited by Taylor and 

Burmester) did not demonstrate any abnormal ef fects in 

pigeons lacking thyroid gl ands , wt since the initiation 

of this problem, h'iarvin and Smith (1943) demonstrated a 

depressed basal heat production in thyroidectomized 

pigeons . They descrjbed a thyroidectomy technlque in 

which the thyroids were removed in two stages : the 

first t hyroid was removed at two months of age and the 

other one , four days later. No reference coulc be found 

to thyroidectomy performed on day - old chicks or birds . 

Young offspring of iodine deficient dams ex-

hibit clinical symptoms of thyroid insufficiency , if the 

live at all . This suggests that function of the thyroid 

begins early in life, and work with embryos supports 

this view (Gilmore et . al ., 1940 ; hankin , 1941 ; Gorbman 

and Evans , 1943) . Carpenter (194~) observed colloid 

and follicular differentiation very early in e~bryonic 

chick thyroids cultured in vitro . This information sug-

gests that for experimental purposes the thyroids should 

be rerroved at tr..e earliest possible age in order to rl:eep 

the initial blood an~ tissue level of thyroxine at a 

minimum. 

----------------------------·-------



In the majority of cases the thyroid and para-

thyroid are situated some distance anart in the day- old 

chick . In older birds they are ~ore closely associated, 

and in a dult birds tee two glands are intimately at-

tached , though accessory parathyroics may occasionally 

be found sepera ted from t he thyroid . Obviously, there 

is less dang.er of injury to the parathyroid glands durin 

thyroid removal in day- olc. chicks tban in more mature 

birds. 

The feeding of whole or dried thyroid gland , 

both experimentally and clinically, bas been practiced 

for a long time . Since the structure of thyroxine 

became kno¼n , io~inated proteins with thyroxine activity 

have been produced (Block , 1940; Reineke et . al ., 1942-- -
43; end others) . Proof of the thyroxine activity has 

been established by the tadpole assay and by prevention 

of cretinism in thyroidectomized goats (Reineke and 

Turner , 1941), and also by measurements of the oxygen 

consumption in ~uinea pigs (Koger et . al ., 1943) . Since 

these thyroactive substances can be produced in large 

quantitie s , they have recently been more extensively 

investigated in regard to their practical anplications. 

In general , the ef feet of thyroid feeding is 

comparable to increased thyroid activity, and large 

doses resul t in hyperthyroidis~ wh;ch may be severe 

enou£h to cause death . For this reason, considerable 



caution must be exercised when thyroid substances are 

fed . A characteristic result of hyperthyroidism is 

loss of weight , the gr eatest contri buting factor being 

lack of adioose storage . Smith and McLean (1938) have 

shown that thyroid feeding may lead to premature ces -

sation or retardation of growth of long bones by i r -

hibiting endochondral ossification . This may be pre -

ceded by a period of stimulation of growth. 

As pointed out by Koger arrl Turner (1943) , 

large doses were anployed in most thyroid feedin5 ex-

periments . These two workers noted the effects followin 

mild feeding of thyroactive substances to growing ani -

mals of four species, including rats, mice , ~uinea pigs , 

and rabbits . Great variations in response were not ed 

between individuals , sexes, and species . Vii th the ex-

ception of mice and female guinea pigs , body wei ght and 

growth werE· unaffected , or were depressed with increased 

age arrl the onset of warm weather . Treated mice stored 

more protein and attained greater body weight oer unit 

of feed consumed than the controls , while the latter 

were more efficient in storage of fe. t and ener£y . 11 r~ale 

rats were less tolerant to thyroactive preparations 

than females . " The grow th rate of male guinea pigs was 

slightly accelerated v.he n low doses were 6i ven for a 

short period of time, but the same dosage later caused 

toxic symptoms with increase in S.Le and arrival of warm 



weather . In line with these findi n gs , it has been shown 

that the iodine requirement varies with the season of 

the year (Levine and Remingt:m , 193:5 ; ~lmer, 1938) , and 

thyroid activity is stirnula ted by cold (Rine'. , 1942) . 

There is a definite relationship between thy-

roactive substances and feather development , as has been 

clearly shown (Hutt, 13~7- 30; Cole and Hutt, 1988 ; 

Greenwood and Blyth, 19~8- 8d ; ?arKes ann Selye, 1~~8; 

Radi and ·:~arren, 1968 ; Sreenwooct and Chu , 1939; Emmens 

and Parkes , 1940; Chu , 1940; Parker , 1943; Jrw'Ln et . al., 

1943; 'l'urner et . al ., 1944) . Desiccated thyroid fed 

orally , or thyroxin e,iven by injection , may cause 

depi gmentation, stimulated fAather ~rowth, early moult -

ing , ana rapid replacement of feathers . These effects 

are presu~bly aue to speeded- up cell division (.rutt , 

1927). Crowth, body weight, and metabolism of chicKens 

are likewise a f fected by artificially induced hyper-

thyroidism (1-Iutt, 1960; Asmundson and Pinsn:y , 1935; 

Asmundson et . al ., 19.56 ; Sciaky, 1938; ,inchester , 

1969; Parker, 1943; Irwin et . al ., 1943; Turner et . al ., 

1944) • Hyperthyroid birds shov, an increased rre taboli c 

rate and heat production, and suffer loss of flesh 

which may be severe enough to cause death . 

Since comoletion of the experiments of the 

pr·Psent investi gation , sevi=>ral reports have ·appeared in 

which thyroactive µroteins were fed to chickens 



( ?arKer , 1946; Irwin et . al ., 194:5; and 'l'urner et . al . , 

1944) . Comoarable amounts of dietary thyroactive Jro -

tein , calculated on the basls of bioloiical activity , 

' 

did not produce comparable results in all tbree inves -

tirations . In @eneral, small amounts increased growth, 

whereas large amounts cteoressed growth and efficiency of 

_ain , resulted in lo~er thyroid wei s ht, retarded adipose 

deposl ti on, and increased mortality . !<'ea ther condition 

was improved in accordance with the amount of thyroactive 

protein fed . Thyrolds from chicks receiving hi ~h l~vels 

of iodocasein were invaded witn non- thyroid tissue 

(Turner et . al . ) . 

In preliminary work carrieo out at this sta -

tion (unpublished data of H. s . W'ilcus , Jr . ) , thyro -

active protein substances were effective in µreducing 

excellent feathering , but the toxic effects needed 

further investi gation . The maxjmum non- toxic dose 

needed to be determined . 

Typical vitamin deficiencies, occurring 1n 

thyroidectomized chic~s in the explo r atory erperiments , 

made investic._atior: of the relation of thyroid function 

to vitamin metabolism of prime importance . The subject 

has been thorouphly reviewed by Drill (1940). Ee pre -

sents evidence demonstrating that the req1.l.irenents for 

vitamins A, ~1 , B6 , C, and pantothenic acid are in -

creased during hyoertr.yroidism, and , if these increased 



requirements are not met , that a relative deficie~cy of 

the vitamins will ensue . In the rat, thE re is a sey 

difference in responQe in vita~in metabolisM during ex-

perimental hyperthyroidism . l her"" is also a difference 

in degree of hyp ertt yr::,idism oroduced by the commonly 

used doses 01· thyr')xine or thyroid gland . All of the 

evidence presented indicated that , in the abseDce of 

the thyroid gland , car0tene is not metabolized to vita-

~in A. Schneider and \"ddmann {cited by Drill) obtained 

an increase in liver carotene in thyroidectomized guinea 

pigs injected with thyroxine . This seems to indicate 

that in the absence of the thyroid gland , carotene 

probably would not be converted to vitamin A even though 

thyroxine was injected . Clinical hy-oerthyroidism lowers 

serum vitamin A and carotene , but the effects on henatic 

storage are controv€>rsial . "In a•r·phibia a defini t~ 

antaeonism between thyroxin and vi t amin A has been dem-

onstrated . " Hyperthyroidism causes a marked reduction 

in heoatic storage of vitamins B1 and C . 

Inasmuch as the liver is the greatest vitamin 

storehouse in the body, it is loLical that any inter-

ference with vitamin metabolism, eltber in availability 

or utilization by the tissues , would be reflected in 

the liver reserves . The l i ver stores of vitamins would 

probably be high if the manifestations seen following 

thyroid removal were due to an interference with vitamin 



utili 7 ation by the tissues . On the other hand , if the 

removal of the thyroids resulted in interference with 

absorption , storage, or chemical conversions to avail -

able forms , the liver would probably be low in content 

of these vitamins . 

) 

The thyroid shows great affinity for iodine , 

so that when the element is administered via the blood 

stree~ it rapidly collects in the gland . Recently, ~ay 

and Deysach (1942) have shown that the thyroid also 

e~hibits an affinity for maneanese . It is generally 

acce~ted that the orimary function of the thyroid is to 

form thyro:xin~ f r om tyrosjne by successive steps of 

iodination and condensation . The greatest requirement 

for iodine in the body is for the formation of thyroxine 

Information concerning the amount of thyroxine an 

organism produced VIOUlct be exceedincrly valuable . One 

could then calculate the amount of iodine theoretically 

necessary ~o forn1 the same amount of thyroxine and hence 

estimate the minimum amount of iodine reauired by that 

organism . The apparent inverse relationship between 

the amount of thyroactlve substance fed and the resul -

tant state of ac ti vi ty of the thyr oi 'i gland seems to 

offer an excellent means of estimating the thyroxine 

output of the thyroid gland . 'l'he chick thyroid has been 

used for assay of the thyrotrophic hormone (Cope , 1909; 

~ergman and Turner, 19;,9 ; Smeltz.er, H:139 ; and 1ie.wson 



and Salter, 1340) , but no one has used chick thyroid 

response for assay of thyroxine activity. Alth0u~h it 

is common knov:ledge that the s.ctivi.ty of the thyroid is 

suppressed by thyroxine administration , ~oeer and 

Turner (1943) , and Turner et . al. (1944) , noticed the 

same effect with sy~thetic thyroactive s~bstances , no 

one has sbown any dlrect relationship between activity 

and dosage. Since completion of this investi[ ation, 

Adams and Jensen (1944) have reported experiments in 

which three groups of mice were treated with 0 . 64 , 1 . 32 , 

and 2 . 64 mg . thyroxine respectively over 21 to 23 days . 

They found no difference in absolute thyroid weight be -

tween tr~ated mice anc controls, but measurements of 

the height of follicle epithelium shov,ed an average 

decrease in thyroid activity of 43 . 43 per cent for the 

three groups of treated mice. Althou~h they attached 

no significa'1ce to the f act, their data showed a 

gradual decrease in epithelium hei 0 ht with increased 

dosage of thyroxine . '.!hey al so showed that the sup-

pression of ac ti vi ty of the thyroid g land by thyroid 

administration was due to a decreased thyrotrophic 

potency of the pituitary ~land . Stein (1940) proposed 

f ollicle volun~ as an indeY of activity of the thyroid 

follicle . 



' .. 

The General ~xperimental Plan~ Objectives 

Thyroids were. to be removed from large numbers 

of chicks immediately after ha tchinb• Groups of these 

chicks were to be fed various thyroactive substances in 

the diet over a period of from six to eight weeks . ~ach 

diet was to bP fed to control chic.Ks with intact thy-

roids as well as to thyroidectomized chicks. Some thy-

roidectomized chicks were to be raised to maturity if 

possible . A histolo~ical examination was to be made of 

the thyroid area in thyroidectomized chicks to chec~ on 

t~e completeness of the operatic~ . 

The effects of thyroidectomy and of the feed -

inb of thyroactive substances was to be ascertained by 

observations on such general characteristics as body 

weight, efficiency of £8.in , shank lenLth, fe ather de -

velopment, body fat storage, and mortality. Incidental 

observations wer€' also to be noted and eval'.lated. 

Since the raterial would be available the livers of 

chicks in one e.xperiment were to be assayed for total 

dry matter, vitamin A, riboflavin, nicotinic acid , and 

pantothenic acid . The thyroid ~ lands fro1r control 

chicks receivin various amounts of thyroactive sub -

stances were to bP carefull.y studied to ascertain the 

effects of such substances upon the histology of' these 

glands . 

'l'he data obtained from the observations an:i 



analyses were to serve ~s a basis for arrivinc at cer -

tain conclusions, and making certain deductions, which 

are enumerated be low. 

1 . 1 ,hether the effects of early thyroid removal 
in the chlcKen can be completely overcome by 
feedin~ thyroactive substances in the diet . 

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

3 . The minimum amount of thyroactive substance 
necessary in the diet to oroduce optimum 
feathering in growing chicks, especially of 
a slow feathering breed , without simultane-
ously retarding growth anr'l fat storaee . 

4 . The effect of thyro1dectomy and thyroid 
feedin[;; on the hepatic storae-e 'Jf vitamin 
A, riboflavin , pantothenic acid, and nico -
tinic acid . 

5. The thyroxl~e out -put of the chick thyroid, 
and by this means to estimate the 104ine 
reoulremen t of the €rowin chicK . 



!fi.hTHODS At\D ? A TI!.RIALS 

In the first two experiments, which were 

purely exploratory, removal of the thyroids by means 

of cau tery v.as found to be superior to removal by other 

s~rgical means. Thyroidectomy by electric cautery tecn -

niaue was adopted for all of this work , and the follow-

ing procedure was carried out for all succeeding experi-

111ents . 

The sex of the chlcKs wss determined (by the 

author) when they were hatched , to facilitatP equal 

distribution of males and ferr.ales in the experi~ental 

pens . The time r,ouired did not permit completion of 

all the operations the first day after hatcbing but 

11ecessitated two , an6 sometimes trree, days . 

rl1he materie.ls and instruments used for these 

operations cor.sisted of' one scalpel, two pairs of blunt 

forceps , two pairs of' fine oointed forceps, onE=> his to-

tri be , one wound spreader , cotton swabs, a satisfactory 

source of 11 gh t which woold Keep the opera tint site well 

lighted , am an electric cauterizing needle . Appro -

priate rheostats were interposed in the circuit and a 

convenient switch attached. The cauterizin~ apparatus 

was then suspended on a tension sprin· over the table . 



------------------------
A small opPrating table was !'!lade from a six-inch board 

ten inches lo11e, nailed to two V- shaped blocKs to ele-

vate one side about e.n inch and a half . Two s tri ns of 

rubber about an inch wide , cut fror. an old inner tube, 

were slipped over the ends of the board . This served 

•) . 

to hold the chic~ steady and in a proper position during 

the operation. 

The chicks were anesthetized with a nembutal 

solution (0 . 1 fr. per cc . ) . The dosage used was appro-

xi~ately 0 . 05 cc . for each 10 grams of body ~eight. The 

nembut&l wa.s administered into the breast muscle , or di -

rectly into the brachial vein • .doth methods were satis -

factory, but the intravenous injection produced quicker 

anesthesia. When anesthesia was complete, the down was 

pluc.Ked from the area of operation. 'lhi s was about an 

inch wide Hnd ertended fron the antero-ventral tip of 

the breast forward for half the distance of the ventral 

surface of the neck . 

The chic1r vtas placed on the operating table 

with the ventral surface uppermost . '.!.'he wlngs were 

held under the rubber str1ps and the head and neck 

allowed to bane over the elevated edge of the table . 

An incision about one inch lonf was made throu gh the 

integument , beginning about one- fourth inch anterior 

to the cranial extremity of the sternum and proceeding 

anteriorly beyond the croo along the median line . The 

connective tissue was parted by blunt dissection until 



the left thyroid became visible . The spreader was 

useful to retract the tissues during this procedure . 

The interclavicula.r· air sac covered the glands com-

pletely in most s~bjects, and in some instances it was 

ounctur•ed in exposincc: the thyroi<"s . This undoubtedly 

allowed a.i.r to escape lnto the area berea.th the inte-

gument causing so- called ''windpuff . " Dea.th from star-

vation resulted wnen this condition wa.s severe enough 

to prevent proper eating . After freeint the thyroid 

from the surrounding connective tissue with the fine 

for·ce iJS , the his totri be was clamped around the base of 

the thyroid bet~een the gland and the assoc1a.ted nerves 

and vessels . The red- hot cauterizing needle ~as ouickly 

applied to the gland , destroying it in situ . Two auick 

applications of a hot needl~ were more satisfactory 

then prolonged application of a cooling needle . 

After removal of the left thyroid, the croo 

was freed from the musculaturP or the right side by 

blunt dissection . The right thyroid was then re~oved 

in a s imilar manner . After both thyroids w0re destroyed 

the cro v:as returned to its nor·mal position and the 

incision closed with suture material . Ordinary san-

forized cotton thread proved satisfactory for thfs 

puroose. The sutures were removed about two weeks 

later . 

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



chicks were operated upon but the thyroids left intact . 

In this procedure thyroidectomy was duplicated but only 

to the extent of manipulating the thyroids with forceps 

and partially freei il.E; them from the surrounding con-

nective tissue . These chicks are referred to as 

"operated c ontrols. " A few chicks were t hyroidectomized 

at two weeks of age . These groups are referred to as 

"thy. 2 weeks . " There were no indications of :Infections 

of sny Kind in the several hundred chicks operated on . 

The chicks were kept warm at all times during 

and after operation. Recovery from anesthesia was 

usually complete in half an hour . 

Post operative mortality was approximately 

10 per cent . One contributing cause , a condition 

termed "gasping , " was characterized by continual 

6asping for breath . 'l'he conclitton became apparent 

immediately following recovery from anesthesia. . I t 

always t er minated fatally within a few days due to 

inability to eat and ultimate exhaustion. ~be cause 

of this condition was undetermined. 

Another important condition contributing to 

post operative mortality was crop impaction . This was 

undoubtedly due to injury of the autonomic nervous 

system supplying the crop musculature or injury to the 

musc~lature itself . The condition was quite common but 

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



the point of causing permanent dama ~e . In fatal cases 

the chicks grew thin and died, apparently from starva-

tion. 

By using the procedure outlined above, it re-

quired aoout 20 mi nutes for one person to thyroidecto-

mize three chicks which were previously prepared for 

operation by an assistant . 

hxcept for instances noted , the chicks used 

in these experiments were Single Comb ~ihite Leghorns 

from dams receiving diets of various Known moderate 

l evels of iodine . The ch i cks received the low iodine 

basal diet , described below, until they were started on 

the experimental diets . The mash for the thyroidecto-

mized chicks was made into a wet- mesh for two or three 

days following the operation. At the start of an e:;--

periment , the chicks were weighed and grouped so that 

the weights of the thyroidectomized groups were com-

parable , and thP wei&hts of the control gro1.ps ~ere 

comparable. t'Ycept for errors in day- old sex deter -

mination , eacn e roup contained the same number of males 

and the same number of females . The ch~cks were dis -

tributed so that all groups were comparable as to an-

cestry and diets of dams. 

The rearinf, pens were compartments of a metal 

battery with contact heating units where the chicks 

could seeK warmth at any time. The batteries were kept 



in a room with a minimum temperature of 70 degrees 

Farenheit . In the summer time the temperaturP often 

went up above 90 degrees Farenheit . Feed and water were 

given ad libi tum but care was taken to Keep feed v.astage 

at a minimum . 

The basal diet used in this study was one 

which had been emoloyed in previous iodine work and con-

sisted of the following iniredients in the designated 

proportions . 

Ingredient Per Cent in Diet ---
Ground yellow corn 
Pulverized oats 
lilieat prey shorts 
\,heat bran 
Alfalfa leaf meal (dehydrated) 
Soybean oil 'neal 
1, ea. t and bone scrap 
Dried butteM1ilk 
Pulverized limestone 
Salt (plain) 
· 1an[_,anese sulphate 
1000- D Delsterol oowder 

Total 

33 . 9 
20 .o 
10 . 0 
10 . 0 

2 . 5 
6 . 0 

11.0 
5.0 
1 . 0 
0 . 5 
0 . 015 
0 . 1 

100 . 015 

This diet contained approximately the 
following amounts of minerals and vitamins: 
Iodine , 84b parts per billion; ,anganese , 
54 oarts per million ; Calcium, 1 . 64, phos-
phorus, 0 . 97, and choline , 0 . 1 per cent; 
Vitamin A, 500 , thiamin , 500, riboflavin, 
;:,50 , pan totheni c acid , 1.500 , and vi ta.min D, 
50-100 , units per 100 grbms of diet . 
(Vitamin A in international units , vitamin D 
in chick units, B vitamins in micrograms) . 

Test ingredients VJere added to a small portion 

of the diet am mixed thorouc hl y . 'l1hi s portion was then 



added to the remainder of the diet and the whole mixed 

in an automatic feed mixer . In the case of tbe desic -

cated thyroid oowder, the diet containing the highest 

concentr&tion was made up first, and each succeeding 

diet ~as made up by successively diluting a portion of 

a more concentrated diet with an equal volume of basal . 

The desiccated thyroid used in these experi -

ments v,as purchased from a commercial fi rr.1 and bore 

the tSP label . 0n the basis of the USP standards it 

contained approximatelJ 0 . 2 per cent iodine in the 

form of thyroxine iodine . This should mean that the 

desiccated thyroid oroduct contained about 0 . 3 per 

cent thyroxine . 

Two iodinated casein products ·were tested . 

The first product , referred to as iodinated casein- B, 

was estimated to have a slightly higher thyroxjne 

activity than desjccated thyroid .!/ ~he second pro -

duet, refer·red to as iodinated casein- A, wa.f: a much 

more potent oroduct and was estimated to have frorr 

five to 10 times the thyroxine activity of desiccated 

thyroid . y 'l'he notassium iodide used contained 10 per 

y This product was supplied by the t,ellon Insti -
tute throu gh the courtesy of Dr . F . F . Johnson . 

y This product was supplied by Cerophyll Labora -
tories of ~arsas City through the courtesy of Dr . 
w . P . Graham , Jr . 
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cent calcium stearate as a stabilizing agent . 

~ach diet was fed to a control group an~ to 

a thyroidectomized g rou o . Thyroidectomized and control 

chic.tes were mainte.ined in separate cages in e.xperb1ents 

I - 27 and I - 29 and during t h e last two weeKs of experi -

ment I - ~6 . After completion of the experiments , the 

chicKs to be Aeot under observation were olaced on a 

developin._; mash wh:!.ch was essentially the sane as the 

experimental basal diet , exceet that the orotein and 

riboflavin content was lowered sli5htly . 

Residual feed weights , indjvidual chick 

wei[hts , and incidental observations ~ere recorded 

each week . !!.fficiency of r ain was calculs.ted by 

dividing the gain in weie·ht (gm . ) by the food consumed 

(gm. ) over' the same period . 

ShanK leng, ti: s of all birds of e:rperiment T- :29 

were measured in sixteenths of an inch , from foot pad 

to posterior extremity of the flexed hock joint, with 

a device desitned for such meas~rements by the South 

Da.Kota State Colle ge ~oultry Department . 

~eather score was obtained at thP end of the 

e yperiment . Scoring wa~ patterned af'tf'r that of Radi 

and ~arren (1938) eY.cept that degree of pinnjness and 

def$ree of body coverage were scored separately . 

Scoring was limited to the back , following observations 

in an earlier experiment at this station where feather 



condition on the bacA was found to be an accurate index 

of genFral feather condition. Perfect coverage was 

assigned a score of O, and absence of any fe athers on 

the bac.tC wes assigned a coverage score of 30 . Absence 

of any pinfeathers was assigned a score of O, and if all 

the feathers which appea1~ed were o:tnfE>athers, a oinn!. -

ness score of 30 was assigned . Obviously, the pinniness 

score was automatically O when the coverage score was 

00 . This was an attempt to measure the total number of 

feathers developed as well as the degree to which these 

feathers would develop . 

The incidence of perosis and dermatosis were 

noted at the end of each of the last two wee.n:s to cbect{ 

on cons is te:ncy of scoring . 'I'he me tLod of scoring for 

pe rosis was similar to that for featherin8 . The de -

g re e of enlargernent, or turning of the hock joint, 

was scored from O to .:>O . No enla.rgetrent or turning 

was assigned a score of O. Chicks WP,re considered as 

having dermatosis if fissurin@ occurred on the botto~ 

of the feet or around the mouth, or if therF' was marked 

scaling on the sides and top of the feet. 

Rec tal determinations of body temoeratures 

were made on the chicks of experiment I - 25 on the last 

two wei thin.:_ dates. 

For fat analyses, four representative birds 

fro,r. each group of experiment I - 29 were decapitated, 



bled, quickly scalded, and the feathers stripped from 

them. The thyroias and other tissues were immedi& tely 

removed am preserved, and the chickens unlformly dis-

emboweled . The lullcs were removed but the kidneys were 

l eft intact . The feet were removed at the hock. The 

carcass was then ground in a power-driven food chopper , 

mixed, and e r ound again , then re - mixed and stored with 

plenty of dry ice in the refrigerator at 10 de~rees 

below zero centigrade , pending analysis of moisture and 

fat . 

Moisture content was determined on two 25- gra.m 

sa.~ples of finely ground, thorou[hly mixed carcass 

material by vacuum drying at 50 degrees centigrade for 

24 hours . A 10- gram sample from each moi s tl.re - free 

residue from above was used for duplicate fat determina-

tions . li'at content was determined directly by extrac -

tion witt petroleum ether on a BAiley- Walker apparatus, 

with subsequent vacuum drying of the fat residue at 

50 degrees centigrade overnj£ht . 

Livers, thyroids, and otr.:.er tissues for endo-

crine studies were obtained at the end of tte experi-

mental periods. 

At the termination of eA--periment I - 29, livers 

from all birds were preserved individually with dry ice 

and stored in the refrigerator, at 10 degrees below zero 

centigrade , for five and one- half months until vitamin 



assays couln be run . Vitamin A was then determined by a 

modification of tbe methoc of Dann and Fvelyn (1938), em 

ploying saponification with potassium hydroxide. The 

vitamin A was estimated with an Aminco photometer , using 

the antimony trichlorlde reaction. The unused chloro-

form extracts were pooled by groups and the carotene 

content determined for the e roup . The B- vitamins were 

extracted by the method of Cheldelin et . al . (1942), and 

assayed by the methods of Snell and Strong (1969), Snell 

and ~right (1941) , anc Pennington et . al . (1940) . The 

sa'Tlples were homogenized in a \,arinf Blender with a 

specially desifned cup before diLestions with takadias-

tase and papain enzymes . The fllter~d aqueous extracts 

were washed with ethyl ether, before determination of 

the vitamin content by growth resoonse of LactobacilJus 

easel • Toluene was used for an overlying pro tective 

fluid during preparation ano storage of the extracts . 

The size of the livers limited the samples to five grams 

for vita~in A determination and three grams for B-vita-

min assays . The remainde r wss used for moisture deter-

minati~n. The latter was determined after vacuum drying 

at 50 deerees centigrade for 24 hours. 

The method of checkin~ for thyroid regenera-

tion in the first two experiments, I - 25 and I - 26 , was 

considered inadequate, so the de te.11s of tissue selectim 

and treatment have been omitted. ~ost of the chicks 

showing regeneration 'w1ere apprehended in expPriment I - 26 



but some may have escaped detection . In the last two 

experiments , I-27 and I - 29 , all chicks were killed. The 

thyroid areas were removed from all thyroide~tomized 

chicks and preserved in Bouin ' s fixative solution . The 

thyroids were removed from al 1 control c hie.Ks and 

trimmed free of extraneous tis sue . 'lhe left gland was 

preserved in Bouin 1 s fixative solution for histolo ical 

examination and the right gland was pr·eserved ln 95 per 

cent alcohol for iodine analysis . Iodine analysis was 

not co~~leted for exoeriment I - 27 . After 12 hours in 

the preservative , the thyroid glands were removed , 

blotted on blottiL6 paper , weighed on an analytical 

balance and returned to their respective bottles prior 

to ftl rther trPatment . All tissues fjxed in Bouin's 

solution were transferred. to 70 oer cent alcohol after 

84 to 48 hours in the fixative . The tissues for histo-

lof ical study were cleared in dioxane, embedded in 

paraffin, and sectloned at five micron intervals . 

Staini n was done sccording to a differ ential method of 

Dr . F' . X. Gassner of the departn1ent of physiolot y . 

A '' thyroid area," e.s referred to in ttese 

experiments , was obtained by ta.King a section of tissue 

be ginning wjtb the bifurcation of the carotid and 

brachial arteries and extendlng anteriorly to the pos -

terior lo be of the thy~us which was included . This 

area included the carotid artery, jugular vein, the 

vagus nerve , and the attached connective tissue to -



8ether with all the visible parathyroid tissue . 

"Thyroid areas 11 were sectioned according to 

the followine plan . Beginning with the first tissue 

cut from the block on the microton.e , ribbons of 50 or 

less sections , each five microns thicK, were taken from 

the block am laid on a pan of warm dilute eK albunen 

solution . The la.st fe~; sections of the ribbon were 

placed on a slide and observed unstained , under the 

microscope . If thyroid tissue was present , a serial 

mount was made an,1 sectioning continued until para.thyroid 

tissue was found and mounted for staining . If thyroid 

tissue was not found, another strip was obtained and 

examined similarly . This process was continued until 

several strips were la.id side by side on the surface 

of the albumen solution . 'I'he centernn st sections were 

mounted on one sJide for staining and reference and the 

remainder discarded . This resulted in a series of 

sections separated by a sectioning intPrval of appro -

ximately ~00 microns arrl separated fro~ unstained 

examined sections by a sectionin6 interval of appro-

xim&tely 100 microns . This procedure was continued 

until all of the tissue was traversed . In this manner , 

only isolated groups of a few thyroid cells could es -

cape detection , and parati'.1yroid tissue could not escape 

detection. Therefore , two prJblems were solved in one 

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

·------------------------------' 



tissue, and (2) to prove the presence of parathyroid 

tissue . 'I'he data for any birds which showed thyroid 

regeneration, or which did not have parathyroid tissue 

demonstrable unoer the microscope, were deleted from 

the analyses . 

Various measurements of thyroids from control 

chicks of experiment I - 29 were obtained by use of an 

eyepiece micrometer , arrl the proper conversion factors 

applied to convert the values into actual metric units . 

The largest cr~ss section of the serially sectioned thy-

roid was selected for measurements. The greatest 

length (L) , and the greatest width (W) , of the cross 

section were obtained. In addition , the average dia -

meters of the eleven largest follicles in the cross 

section were measured and summated (~ D) . Various treat-

ments of these measurements are discussed as they are 

presented . 

The two exploratory experiments were carried 

out in December of 1941 and January of 1942 . The 

records for the othPr experiments are as follows : 

.t.xp . 
No . 

Breed 
of chic&: 

Date E;xp . Exp . Age in 
hatched started ended days 

I-25 ,J. Pl. Rocks 2/1/42 2/7/42 3/~6/42 54 

I-26 S .C. ¼.Leghorn 3/~0/4~ 3/26/42 5/4/42 44 

I - 27 S . C. \~ . Leghorn 7/9/42 7/16/42 8/20/42 42 
( V, . Pl . Rocks ) 

I - 29(S . c . v, .Leghorn)l0/16/4~ 10/22/4212/:5/4~ 48 



--------------------------------
Disposal : 

I - 25 Representative birds from each group killed 
for tissue sarnples . The remai.nder con-
tinued on basal for future obs,erva tions . 

I - 26 Represents ti ve birds f r om each group killed 
for tissue samples . The remai.nder con-
tinued for future observations .• 

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

I - 29 All birds killed for thyroid g lands and 
other tissues . 

In the first experiment (I - 25) , desiccated 

thyroid powder was fed to four groups at the rate of 

0 . 25 , 0 . 50 , 1 . 0, and 2 . 0 per cent respectively in the 

diet . Another group received 0.379 per cent iodinated 

casein- B. As a check agains t any beneficial effects 

due to iodine as such in the thyroactive substances , 

one group was given 0 . 0727 per cent ootassium iodide . 

The lowest level of desiccated thyroid , the iodinated 

casein, and the potassium iodide each supplied appro -

ximately 500 , 000 p . p . b . of iodine in the diet . ~xperi -

ment I - 26 was designed to retest the critical diets of 

the previous experiment , but with S .c .''i . Leghorn chicks . 

Only the lowest level of desiccated thyroid was included 

in t his experiment . The chicks of one group were from 

dams receiving an extrerrely hiL.h level of iodine (180, 

000 p . p . b . ) . In order to check the possibility of 

deleterious effects due to a deficiency of B- vi tamins 

or vitamin D, one group received 10 per cent dried 



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

Experiment I - 27 was desi ~ned as a further 

atte~pt to ascertain the minimum amount of desiccated 

thyroid substance necessary to counteract the effects 

of thyroid removal. Desiccated thyroid powder was fed 

to four thyroidectomized groups and four control groups 

at 0.0, 0.0625, 0.125, 0.25, and 0 . 50 per cent of the 

diets respectively. 

The last experiment involved still lower 

levels of desiccated thyroid, in the attempt to deter-

mine the minimum amount of desiccated thyroid necessary 

to counteract the effects of thyroid removal, especially 

on feathering. In addition, a detailed study was made 

on the effect of graded doses of thyroactive substances 

on thyroid function and liver vitamin storage . Two 

iodinated casein products were also tested for their 

thyroactive potency both with \~hi te Plymouth Rocks and 

with s .c . ·d. Leghorns . 

In each experimPnt one group of thyroidec -

tomized chicks arrl one g roup of control chicks were 

reared on basal diet for comparison . 

The day-old chl cks used for comparative thy-

roid measurements were from a different lot than those 

used for I - 29. They were obtained at a later date and 

from dams receiving an a de qua te stock diet . 

During the coo rse of thi s investigation, 



desiccated thyroid powder and iodinated casein v.rere 

administered orally , in small capsules , to chicKens 

suff~rinc from range paralysis . The source of these 

birds was the departi1ent oroduction stock, and most of 

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

months of ate . 



hlCP.l:!: RIMI:NTAL RhSULTS 

Symbols Used 

The treatments and results are shown in 

tables 1 to 26 , figures 1 to 14, and olates I to VI . 

Certain symbols , a.cl opted for the saKe of brevity in 

reporting the results, are explained below . 

UN 

OP 

T, or Try . 

'l1by- 2-vvks . 

'l'hy . wt . 
Ree;en . or Reg . 

Iod . Cas . 

Des . TLy . 

.tG 

S .c . ·,, . Lee,horn 
rt . P . ~OCK 

l;' , .. , , 
Surv . 
w 
L 

B. \it . 
Meg . 

I . l . 

Unoperated control chicKs . Thyroid 
e, la.nds intact . 

Operated control chicks. 'i:hyroid 
__ lands intect . 

Thyroidectomized chicKs. Thyroids 
removed wit~in the first three 
days after h~tching . 

Thyroidectomized chicks . Thyroids 
removed at two weeks of age. 

Thyroid wei eh t . 
Thyroidectomized chickens in which 

regenerated t hyroid tjssue was 
found eitrer by macroscoclc or 
by microsco~ic observat~on. 

Iodinated casein preparat·ons ~lth 
thyroxine activity. 

Comrercial desiccated thyroid 
powder (USP). 

Potassjum iodide, containing 10~ 
calcium stearate . 

Sin. le Comb ''hi te Leghorn . 
hhite Plymouth RocK. 
Male, Female . 
Survivors. 
Width of the largest cross section 

of thyroid . 
Length of the largest cross section 

of thyroid . 
Summation of the diameters of the 

11 largest follicles . 
Body weiiiht. 
Microora::-1s . t-3- vi tamins are e:x -

pressed in ~icrofraffis. 
International units . Vitamin A is 

expressed in international units 



Lxplora tory hxperiments 

In the first e~ploratorv experiment , the 

thyroids v.•ere excised at two weeks of s.ge·. After about 

two months, the birds appeared nor~al in every resoect. 

When examined later they all sh:>wed re!<:enerated thyroid 

tissue present . The amount of thyroid tissue varied 

fron tiny nodules to full s'7ed glands . 

In the second exploretory experiment, the 

thyroids were destroyed in situ, by cautery technioue , 

on the day of hatchin . Nearly all chicks survived and 

grew well for· several wee.Ks , but at about six ween:s of 

aeP , a peculiar differentiation became apparent (plate J , 

numbers l and 2) . One group appeared to be normal in 

every respect and developed to nfl.turj ty without any 

apparent abnormalities. Later , upon autopsy, these 

birds sr...ov.red vs.riot. s degrees of thyroid regeneration , 

all of whicr_ approached normal sized glands . A second 

f_ roup was somewhat intermedi2te in aooeara.nce . rrtte 

body size and aevelopment of the head parts was about 

half tho.t of the first grouo . In addition, therA wes 

an extreree hyperemic condition of the head parts . Later 

upon au topsy , these birds were ob served to have small 

nodules of regenerated thyroid tiss~e present . In some 

cases, they occurred on one side only , and in others , 

on both sides. Still a third lrou1 developed condi-

tions indicative of complete thyroiaectomy, ~ -~ ·, 

'----------------------------~-----_; 



stunted growth , aopare~t increased ad"cose deoosition , 

pr otrudins abdomens, and failure of develop::-ient of 

secondary sexual characte1·i$t.i.cs . Development of body 

feathers was greatly retarded, but the win and tail 

feathers [rf>w considerably . i,hen auto )SY was performed 

later, no thyroid tissue was found by ma.croscooic exa-

mine. tion. 

In addition to the above observations, which 

agree with those of other workers, conditions typical of 

varlous avitaminoses were pronounced in the third rroun . 

The featherc:i of several birds had a broken and frayed 

ap9earance, characteristic of pantot:1enic acid defi -

ciercy. Jthers exhibited severe dematosis of the feet 

and mouth, which might be attributable to a deficiency 

of pantothenic acid or of biotin . One bird develooed 

curled toe paralysis characteristic of moderste defl -

ctency of riboflavin , but oral admintstratlon of syn-

thetic riboflavin in solution in doses of several hundred 

micrograms evPry other day for two weeKs , failed to 

correct this condition . A form of co.11:>licated pe rosis 

in the form of enlarged hoc1rn ana slight dislocation 

of the tendon ½as pr~minent . ~his suegested a possi -

bility of choline, biotin , or rr.an~anese deficiency , or a 

combination of all three , or a disrupted calcium: 

phosohorus metabolism. i!.&Ch deficiency symotom was not 

limited to a single i~dividual but combined symptoms 



PLA'l'1 I 

The effect of thyroidectomy and of tryroid regeneration in Single Co~b White Leghorn 
chickens . Thyroids re~oved by cauter~ 9t one day of a[e . 

1 . Exploratory exi ·eriments. Males . 

A. No thyroid tissue found on macrosco:)ic pos t- ortPm examination. 
B. Tiny nodules of regenerated thyre>id tissue f::>'-<nd on post-u1ortem 

examination. · 
C,D . Complete reg eneration of thyroi~ glands . 

2 . }xolorPt::>ry exoerlments. Females. 

A.. No thyroid tis sue found on :nacroscopi c post - mortem exarnination . 
B. 'l'iny nod1,.,.les of ret:,enerated th?roid tissue found on oost-rnorte"!l 

exa-nination . 
C ,IJ . Complete re generatlo!1 of thyroid la..1ds . 

3 . bx9eriment I - 27 . ~emales . Six weeKs of age. 

A. ComrletP.ly thyroldectomized chick . 
,_, . Control ch.1 ck . 

4 . Experiment I - 27. Males and females. Six weeks of age . 

A,B . 
C ,!) • 
,. ,F . 

0ompletely thyroidecto111 zed . 
Partially regenerated thyroid € lands. 
Contr~l chicks . 

_,e) 





were evident in several of the birds . The birds were 

eating well so tbe deficiencies could not be attri -

b~ted to low food inta~e. 

Body Weight 

The succeeding four experiments were care-

fully controlled and the data tabulated . The effects 

of tryrojd removal on exter·nal characteristics i~ chicks 

of experiment I - 27 are shown in olate I, numbers :Sand 

4 . Similar effects were noted in exper·iments J. - G5 and 

I -G6. The difference in size and L1 feather condition 

is qul te noticeable. 'I'he size of the ch:i.cks with thy-

roid regeneration was intermediate between t~at of con-

trol and thyroidectomized chicks (Plate I , number 4) . 

The effects of thyro~ r'lectomy and various 

dietary supplements on body weight are shown in tables 

1 to 6 , and figures 1 and~ . Comparison of e-rouos 2- B 

and 0 , of table 1 , and groups 1 - 1, j - B, and~ of table 

2 shows that the ooeration in itself had no deleterious 

effects on either- Si'1.~le Comb White Lee horn or \\hite 

Plymouth Roe~ chicks . The ooerated control chicKs 

attained an even greater final weir·ht than the unopera 

chicks . "'Xamina tior. of weekly weights shovled an initial 

depressing effect but th1.s was soon ovcrcome when the 

chicks began eating heartily . .t<"ollowi ng this observa-

tion, the control operat'on was eliminated in the suc -

ceeding exoeriments . 



Thyroid removal deflni tely I'etarded f rov,th 

(as measured by body weiE_ht) in unsupplemented erouos 

of all experiments , but did not entirely prevent 

~rowth (tables l , ~ , 3 , and 4) . This acrees with ob-

serve tlons of other· workers on mammals . Thyroid re -

moval at two weeks of 9ee also had a depressing effect 

on body weight , but the greater initial weight at the 

time of thyr·oidectomy was evident in the greater final 

weight . The influence of regenerated thyroid tissue 

was reflected in increased body weight of such chicks 

over that of thyroi1ectomized chlc~s . In all instances , 

the final weight of chicl{S with regenerated thyr'Jld 

tissue was intermediate between that of controls and 

that of thyroidectomlzed chicks . 

Addition of a large nose of B- vitamins in the 

for'11 of yeast , and of vitamin Din the form of sardine 

oil , had no protective action against thyroidectomy 

effects , nor did these sunpleMents imprbve the weirht of 

controls (table G) . This may be regarded as evidence 

that the basal diet used was adaouate in respect to 

these vitamins . 

Administration of extrPmely high levels of 

iodine to the dams did not protect thelr offspr.i.ng fr::>m 

the effects of thyroid removal , nor did it affect the 

weight of the offspring used as controls (table 2) . 

Potassium iodide appeared to have a slight 

,, 



protective action against the ef!ects of thyroldectomy 

on body weie;,ht in experi:nent I - 25 ( table 1) , but this 

was not born out ln experiment I - 26 (table 2). On the 

other hand, the inhibitory eff'ec t on the growth and 

general characteristics of controls was consistent for 

both experiments (tables 1 and G) . 

Thyroactive iodinated casein consistently 

protected against the deleterious effect~, of thyrold-

ec tomy in both Single Comb \Jhi te Leghorr and 1!,hi te 

Plymouth Rock chicks (tables 1 , 2 , and 5)1 . Both 

iodinated casein and potassium iodide, in the amounts 

used, supplied 500 , 000 parts per billion Jf iodine in 

the diet in experiments I - 25 and I - 26 . ~~herefore, the 

failure of potassium iodide to protect the thyroidec -

tomi zed chi CKS a gainst the deleterious e1:fec ts of 

thyroidecto:my may be ree:,arded as evidence that the prJ-

tective action of thyroactive substances is dependent 

upon their thyroxine content and not upon their iodine 

content . 

Iodinated casein- B, which was reputed to have 

approximately the same thyroxine activity as desiccated 

thyroid powder , did not affect the body wei~ht of con-

trols in expe- riment s I - 25 and r - ::::6 (tables 1 and G), 

whereas a lower level of desiccatPd thyroid resulted in 

lower body weight in both experiments (tables 1 and 2). 

This indicates that either the iodinated casein did not 
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have as high a thyroxine content as was thought , or 

more of the thyroxine activlty was lost via the di -

gestive tract than was the case with the desiccated 

thyroid . In the last experiment, this product appeared 

to have a slight stimulatory action but the difference 

was not gr eat. 

The hithest level of iodinated casein- A, used 

in the last exper j ment , resulted in definitely lower 

body weight in the female Sine:le Comb Wh:1. te Leghorn 

chicks , rut apparently hi gher weights in males (table 5) 

Since there was only one male survivor in the f roup 

receiving the lower level , this result shoul'i not be 

emohasized . Gradual increa se in the per,~en tage of 

io Hna ted casein- A in the di et of normal White Plymouth 

Rock chicks ca"L.sed , at first , an increase in body wel t:_ ht. 

This was followed by a ~radual df>crea.se :tn such weights 

( table 6) . 

Desiccated thyroid at the level of 0 . G5 per 

cent in the diet partially protected against the 

effects of thyroid removal in experiment I - 25 (table 1) . 

Body weight of control chicks receiving desiccated 

thyroid was lower tha.--i the body weight of chicks in 

the basal group . ln the next experiment (I - 26), the 

same a.mount in the diet of Single Comb Whlte Leghorn 

chicks (0 . 25 per cent) restored body weight of thy-

roidectomized chicks to normal , but the body wei ght of 



Table 1 .--EFFECT OF VARIOUS DIE.TAlIT SUPPLFJ/ibNTS ON BODY WhIGHT . 
Bxperiment I - 25. White Plymouth Rock Chicks 

Supplement None KI Iod Cas - B Des Thy 
Per Cent in Diet 0 . 0727 0. '679 0 . 25 
Chick Group No . 1 2- A 2-B 3 4-A 4-B 5- A 5-B 6- A 6- B 
Operation Thy Thy Op Un Thy Op Thy Op Thy Op 

2- Wks 

Number Males (Survivors) 3 3 4 6 2 4 0 4 2 1 
Number Females (Survivors) 5 3 2 8 2 2 3 2 2 2 

Beginning Weight (Survivors)* -- 51 47 48 46 46 48 46 44 46 

Final 1Ne igh t, Males 437 358 604 554 425 461 - 544 465 540 
Final Weight , Ferrales 399 393 602 532 385 445 480 545 368 435 

Av . Final 'Neight (M & F)* 418 376 603 540 405 453 480 545 416 488 

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



Table 2. --EFP.B,CT OF VARI OUS DIJ:..TARl SUPPLE.W:.NTS ON BODY WEIGHT . 
Experiment I - 26 . S . C . 'W . Leghorn Chicks 

Supplement None Yeast- 10% KI Iod Cas - B Des Thy 
Per Cent in Diet S. 011 - 0.5~ 0 . 0727 0 . 379 0 . 25 
Chick Group No . 1 - A 1 - R 1- B 2 3- A* 3- B~i- 4 - A 4- B 5- A 5- B 6- A 6- B 7 - A 7- B 
Operation Th3: Reg Op Un Th3: Op Thy Op Th3: Op Thy Op Thy Op 

No . Males (Surv) 7 4 10 11 1 2 2 3 2 3 1 5 1 3 
No. Females (Surv) 5 3 5 4 3 3 3 5 3 5 4 3 3 4 

Begin . Wt. ( Surv) -!Hi- 48 48 50 58 50 49 46 48 47 49 44 51 46 46 

Final ,,t . li,ales 282 300 408 400 270 428 263 379 213 361 272 404 420 346 
Final Wt . Females 256 316 345 346 205 312 206 317 272 325 298 336 310 333 

Av . Final Vvt . ** 269 324 387 371 253 370 204 348 243 343 285 370 365 340 

*Chicks from dams recelving high iodine level . 
{Hf-Average far males p l us average for females,divlded by 2 . l 

.. -



I 11able 3 .--l!.F.B'.t:!,CT OF DIETARY DhSICCAThD 'rrIYR0I D ON BODY WEIGHT . 
! Experiment I - 27 . s .c .w. Leghorn Chicks 

Supplement None Desiccated Thyroid Powder 
Per Cent in Diet 0 . 0625 0 .125 0 . 25 0 . 50 
Chick Gr oup No . 1-T 1 - R 2 3 4 5 6 7 8 9 10 
Operation Thy Reg Un Thy Un Thy Un Thy Un Thy Un 

Number Males (Survivors) 4 1 5 6 5 2 5 2 4 3 1 
Number Females (Survivors) 2 2 5 4 4 1 5 3 6 1 5 

Beginning \'ieight (Survi vors) 48 41 49 4~ 52 39 46 44 46 39 46 

Final Weight Males 180 285 384 314 344 295 364 323 ~41 272 255 
Final ¼elght Females 192 281 300 274 310 205 283 302 307 272 291 

Average F'inal Weight (M &: F)* 186 283 342 294 327 250 309 313 324 249 273 

I 
~c-Average for males plus averai:,e for females,divided by 2 . 

" 
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Table 4 .--EFF'ECT OF DIETARY D:hSICCAThD 'll:YROID ON BODY WEIGHT . 
l!.xperirre nt I - 29 . s .c .w. Leghorn Chicks 

= 
Suppl ement None Desiccated Thyroid Powder 
Per Cent in Diet 0 . 0156 0 . 03125 0 . 0625 0 . 125 0 . 25 
Chick Group No . 1- T 1 - R 2 3 4 5 6 7 8 9 10 11 12 
Opera ti on Thy Reg Un Thy Un Thy Un Thy Un Thy Un '.I1hy Un 

Wo . Males (Survivors) 1 2 3 3 3 4 3 3 2 2 2 1 2 
Ko . Females (Survivors) 4 1 4 3 4 2 4 2 4 5 3 2 2 

Begin . Wt. (Survivors )-i, 45 54 49 52 51 46 53 51 56 50 52 54 60 

Final Wt . IY~ales 38'.) 315 400 377 443 353 345 308 427 318 415 270 248 
Final ~t . Females 259 300 391 37'6 381 365 388 238 390 265 315 248 260 

Average Final ~t . (r,l&lt' )w289 308 396 375 412 359 366 273 409 292 365 259 254 

I -;~Average for males plus average for females, divided by 2 . 

!----------------------:-----------------------------------------' 
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Table 5 .--EFFECT OF DIETARY I0DINATbD CASBIN ON BODY WEIGHT . 
hxperiment I - 29 . S . C. Vw . Leghorn Chicks 

Supplement None Iod . Cas . - A lod . Cas . - B 
Per Cent in Diet 0 . 008 0 . 016 0 . 04 0 . 08 
Chic..{ Group No. 1 - T 2 13 14 15 16 17 18 19 20 
Operation Thy Un Thy Un Thy Un Thy Un 'llhy Un 

No . Males (Survivors) 1 3 5 1 2 4 2 4 4 4 
No. Females (Survivors) 4 4 1 6 3 3 3 3 2 3 

Beginning Weight (Survivors){;. 45 49 48 57 52 53 53 56 53 58 

Fi nal ~eight , Males 320 400 406 400 440 440 343 416 365 422 
Final ¼eight , Femal es 259 391 345 383 345 308 322 340 31J 398 

Average Final Weight (M & F)* 289 396 376 392 393 374 333 378 338 410 

il-Averale for males plus average for females,.di vi ded by 2 . 



Table 6 .--EFFECT OP DihTARY IODINATED CASED! ON BODY 1/&IGHT . 
~xperiment I - 29 . White Plymouth Rock Chicks (Normal) 

Supplement 
Per Cent in Diet 
Chick Group No . 

Number 1,.ales (Survivors) 
Number Females (Survivors) 

Beginning Weight (Survivors)* 

Final Wei8ht, Males 
Final Weight, :B'emal es 

Average Final Weight (Males and J:c"'emales)* 

-!}Average for males plus average far fema.les,divided by 2. 

None 

2T 

5 
5 

52 

437 
404 

421 

Iod . Ca.s . - A 
0 . 005 0 . 05 () . 25 

22 23 

3 1 3 
8 5 2 

53 52 53 

498 350 410 
416 474 365 

457 427 388 

.. 



control chicks ~as lower than that of normal chicks 

recPlvint the basal diet . 

The effects of ~raoed doses of desiccated 

thyroid on body wel[ht are shown in tables 3 aq:t l , and 

figures l and .:: • Sue cessi ve increases in deslcca. ted 

thyroid greater than 0 . 062b per cent in the diet re -

s~lted in successively lower body ~eight of control 

cbicks . The average body wei ~ht value for the grou p 

receivin6 0 . 03125 per cent of desiccated thyroid was 

low , due to the extremely low weight val'l.es for the 

three surviving males of the grouo . 

hfficiency of Gain 

The effects of the feedine of desiccated 

thyroid and iodinated casein on efficiency of ,ain are 

presented 1n table 7 and fi gures 0 and 4 . In experi -

ment I - G7 , the unsupplemented thyroidectomized chicks 

showe d a marked reduction in efficiency of gain, but 

in the r1ext e79eriment the thyroidectornized grot.p 

showed slightly more efficiency than the controls . The 

·effect of progre sslve increases in desiccated thyroid 

supplementation on ef fi ciency of gain may be readily 

analyzed by examination of fisure 3 . The data are 

conflicting in rGLard to the a ctual amounts involved, 

but in geI1eral , a small amount of' desiccated thyroid 

powder in the diet increased efficiency, and larger 

a~ounts resulted in oroLressive decreases in efficiency 

,, 

·--------------------·----·----



f Table 7 . - -EFFECT JF DIETARY 'I'HYROACTIVE SUBSTANCES ON EFFICIENCY OF GAIN . 
Experlrr.ents I - 27 , I - 29 . S . C. ¼. Leghorn Chicks 

Experiment I - 27 . Desiccated Thyroid Feeding 
Supplement None Desiccated 1.1.'hyroid Powder 
Per Cent in Diet 0 . 0625 0 . 125 
Chick Group No . 1 - T,R 2 3 4 5 6 
Opera ti on Thy Un Thy Un Thy Un 
Efficiency of Gain . 26 . :54 . 34 . 34 . 31 .37 

Supplement None Desiccated Thyroid 
Per Cent in Die t ~---~-= 0.0156 0 . 03125 0.0625 

Ex~riment I - 29 . De s iccated_ Thyroid Feeding 

Chick Group No . 1 - T, R 2 3 4 5 6 7 8 
Oper a tion Thy Un Thy Un Thy Un Thy Un 
Effi c iencz of &ain . 9~-- _. 33 . 34 . 35 . 36 . 33 . 33 . 33 

Iodinated Casein Feeding 
Suppl ement Iodine. ted Casein-A Iodinat ed Ca.seln- B 
Per Cent in Diet 0 . 008 0 . 016 0 . 04 0 . 08 
Chick Group No . 13 14 15 16 17 18 19 

. Ope re. ti on Thy Un Thy Un 'rhy Un Thy 
1 Efficiency of Ga.in . 34 . 3~ 34 . 33 . 35 . 33 . 32 

*White Plymouth Rock Chicks 

20 
Un 

. 30 

o. ~5 0 . 50 
7 8 9 10 

Thy Un Thy Un 
. 26 . 38 _ • .16 . 24 

P-Owder 
0 . 125 

9 10 
1rhy Un 
. 31 . 28 

0 . 25 
11 12 

Thy Un 
. 24 . 23 

None lod . Ca.s . - A 
0 . 005 0 . 05 0 . 25 

21* 2~{} 23~i- 24{:• 
Un Un Un Un 

. 35 . 36 . 34 . 28 



Figure 3 .--EF!<'B:CT or DESICCATED THYROID FEEDING ON 
hFFICI~NCY OF GAIN. Experiment I - 27 . S .C. W. 
Leghorn Chicks 
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Figure 4 .--EFFECT OF IODINATED CASEI~ 01 EFFICIENCY 
OF GAHJ . Experiment I - 29 . s .c . h . Leghorn Chicks 
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with each successive addit·on to the diet . Iodinated 

casein showed little eftect on the efficiency of gain 

in the Sin __ le Comb White .LJegborn chici<:s , but the ten-

dency was for the thyroi dee tomi zed chlci<:s to be more 

.,, 

eff lcient than the or.trols . The feeding of high levels 

of iodinated casein- B resulted in lower efficiency of 

gain . 

The efficiency of Eain for normal "hite 

Plymouth RocK chicKs (figure 4) was increased by the 

smallest adcitior of iodinated casein- A, and progress -

ively decreased with eacn successive addition to the 

diet . 

Feather Condition 

The effects of dietary supplements on feather 

condition are presented ln tables 8 to 11 . Thyroid 

removal almost completely ir hibi ted feather e;,rowth in 

\,hite Plymouth hoc;c chlcKs over the first eip_ht wee«s 

of a~e (table 8) . Thyro:ctectomy at two weeKs of age 

caused cessation of feather ~rowth in the pinfeather 

stage . This is eviaent from the higher pinniness 

score . .uotti iodinated easel n and desicca. ted thyr.:>ia 

improved the fee tr:..er condition over that of the basal 

control chicks . On the other hand , potassium iodide 

inhibited feather development . Daily counts of 

feathers or tne dr~pplng pans showed that the rate of 

moult was very much higher for the chicks receiving the 

---------------------------·-··- -----



higher levels of desiccated thyroid , than for the chicks 

on an J' of the other die ts . 

The data for the Sin ~le Comb \vhi te Leghorn 

chicks of experiment I - G6 at.ree with the results of the 

previous experiment (table 9) . Potassium iodide did not 

prevent the appearance of feathers in thyroidectomizect 

chicks , but lnhlbited development, causing an unfavor-

able pinniness condition . Yeast and sardine oil had 

the sa~e effect . 

ParallellnP the weight data, thR featter con-

d.i tion of thyroidec to--1ized chicks with regenerated tLy-

roid tissue was in each case intermediate between that 

of the thyroldectonii7ed and control chlc.<s ( tables 9 

and 10) . 

The results for the t1ry1·oidectomized chicks 

recelviPg grsded doses of desiccated thyroid are some-

vha t err-a tic, but the lowest level of desiccated thy-

roid used in these experiments (0 . 0156 oer cent) caused 

an almost perfect feather concltion (table 10) . 

'11he effect of graded amounts of' iodinated 

casein on feather condition is shov-vn in table 11 . 'lhe 

Sinele Comb ,Lite Leihorn chicks showed nearly perfect 

feather condition . The degree of feather::t ng in the 

hhi te Plymouth Roe!{ chicks was roughly proportional to 

the amount of iodinated casein fed . Optimum feather 

conai ti on was produced by O . 05 per cent of this product 

in the diet . 



Table 8 .--EFThCT '.):F' VARIOUS LTh TAR{ SUPP IK!(ENTS ON I<'EATHER CONDITJOT • 
Experin:ent I - 25 . White Plymouth Rock Chicks 

Supplement Norn~ KI Iod Cas - B Des Thy 
Per Cent in Diet 0 . 0727 0 . 379 0 . 25 
Chi ck Group No . 1 2-A 2- B 3 4- A 4- B 5- A 5- B 6- A 6- B 
Opera ti on Thy 'lhy Op Un Thy Op IJ.'hy Op 'rhy Op 

2 Wks 

Number mal es 3 3 4 6 2 4 0 4 2 1 
Number f ema.J.es 5 3 2 8 2 2 3 2 2 2 

Feathe r Coverage Score 
Males 23 30 21 19 28 24 - 13 8 0 
Females 17 23 0 9 25 20 3 3 10 0 

Average (Males and F'emales) 26 10 14 26 22 3 8 9 0 

Peather PinninessScore 
Males 27 3 16 8 25 20 0 14 3 0 
Females 22 8 0 4 20 18 5 5 8 5 

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



Table 9.--EFFECT OF VARIOUS LI:B.TARY S }PPLEV.EN TS ot~ FEAlliER COJ:DITIO~J . 
l!.xperinBnt I-26. s .c.~. Leghorn Chicks 

Supplement None Yeast- 10% KI Iod Cas - B Des 'l1hy 
Per Cent in Diet S.Oil - 0 . 5% 0 . 0727 0 . 379 0 . 25 
Chick Group No . 1 - A 1 - R 1-B 2 3 - A,} 3 - B~~ 4-A 4- B 5 - A 5- B 6 - A 6- B 7 - A 7 -B 
Operation Thy Reg Op Un Thy Op Thy Op Thy Op Thy Op Thy Op 

Numb er Male s 7 4 10 11 1 2 2 3 2 3 1 5 1 3 
Number Females 5 3 5 4 3 3 3 5 3 5 4 3 3 4 

F'ea tr..e r Coverage 
Score 

Males 23 14 5 0 0 5 3 0 3 0 10 0 0 0 
Females 22 13 0 0 5 0 2 2 0 0 1 0 0 0 

Av. (M&F) 23 14 3 0 3 2 2 1 1 0 5 0 0 0 

1 
Feathe r Pinniness 
Scor-e 

Males 2b 14 7 0 25 0 30 3 25 2 25 0 0 0 I Females 22 13 2 0 22 0 30 2 20 2 4 4 0 0 

I 
! 

Av . (N&F) 24 14 4 0 23 0 30 3 23 2 14 2 0 0 

j Yeast - Dried yeast I S . Oi l - Sardine Oi l. 400- D 
~!-Chicks from darns receiving high iodine level 



fJ.'able 10 .--EFFECT (l·' DTI, TARY Db.SICCATE:D TlYROID OF FEATHER COl'JDITIO..,r . 
E.x peri:rrent s I - 27 , I - 29 . S . C. 1;t . Le~horn Chicks 

fucperiment I - 27 

Supplement None Desic c a t ed Thyroid Powder 
Per Cent in Diet 0 . 0625 0 . 125 0 . 25 0 . 50 
Chick Group No . 1 - T 1 - R 2 3 4 5 6 7 8 9 10 
Opera tion Thy Reg Un Thy Un Thy Un ! Fiy Un 'I'hy 'On 

Number 1vlal es 4 1 5 6 5 2 5 2 4 3 1 
Number Females 2 2 5 4 4 1 5 3 6 1 5 

Fea t.her Coverage Score 
Males Z() 5 0 3 0 5· 1 13 0 7 5 
Females 30 10 0 0 0 10 0 2 5 5 2 

Average_j I1 ales a nd Females) 30 7 0 1 0 7 0 7 2 6 3 

- Experire nt I - 29 
Suppl ement ~one Desiccated Thyroid Powde r 
Per Cent in Diet 0 . 0156 0 . 03125 0 . 0625 0 . 125 0 . 25 
Chick Gr oup No . , 1 - T 1-R 2 3 4 5 6 7 8 9 10 11 12 
Opera ti on Thy Reg Un Thy Un Thy Un Thy Un Thy Un Thy Un 

Numb er il'1a. l e s 1 2 3 3 3 4 3 3 2 2 2 1 2 
I 

Number Females 4 1 4 3 4 2 4 2 4 5 3 2 2 

I<·ea th er Cove.rage Sc or e 
Males 15 10 0 5 0 7 2 10 0 7 0 0 8 
Females 19 15 4 7 0 5 0 15 1 10 2 10 2 
Average {IV:&F) 17 12 2 6 0 6 1 12 1 8 1 5 5 I • 



Table 11. - - E.FFioC'l' 01:.' DI.r.TARY IODll\TAT.B.D CAS.l!.H, ON FEATh~.h CJ~JDI'I1ION . 
:b.xperiment I - 2~. S . C . \,. Leghorn and White Plymov.thRocK Chic.{s 

S .c . I.' . Leghorn Chi c.t<:s 
~upplement Iodinated Casein - A 
Per Cent in Diet 0.008 0.016 
ChicK Group No . 13 14 15 16 
O~ration Thy Un Thy Un 

Number iv.ales 5 1 2 4 
Number Females 1 6 3 3 

Feather Cover a ge Score 
Males 8 - 5 4 
Females 5 - 7 7 

Average (Males and Females) 6 1-~ 6 6 

White Prymouth Rock Chicks 
Supplement - ---
Per Cent in Diet 
Chic K Group No . 
0,E.eration 

Number ;v1ale s 
Numbe r Females 

Featre r Covera6e Score 
.-:.ales 
Female s 

Average ( 1v~ales and Females) 
* Not weighted for sex 

Iodinated Casein - B 
0 . 04 0 . 08 

17 lb 19 20 
Thy Un Thy Un 

2 4 4 4 
3 3 2 3 

15 1 9 6 
12 3 5 2 

13 2 7 4 

None Iod Cas~---A 
0 .005 0 . 05 0 . 25 

21 22 ~24 
Un Un Un Un 

5 3 1 3 
5 8 5 2 

30 17 10 22 
25 21 8 5 

28 19 9 13 

I • "' -..J 



PLATh II 

The effect of diet'"'ry thyrJactive iodin9.ted casein 
on feather c ::mdi tion in nor.nal ~~hi te Plymouth Roel< 
chicks . 

Bxperiment I - 29 . The chi Cr(S we re st x ~ee,u, of a i=-, 

and had received the ex~rrimPntal 
dlets from hatching time . 

1 and 2 . Group 21 . basal . 'o thJrJactive 
casein in the diet . 

3 and 4 . Croup~~ . 0 . 005 per cent of 
ttyroactive iodinated casein - A in 
the diet . 

0 and 6 . ~roup 23. O . Ob per cent of thyro -
active iodinat~d casein- A in the 
diet . 



PLATE II 



PLATE III 

The effect of thyroidecto·ny and of dletary desiccated 
thyroid powder on festher condition in Sin le Comb 
~hite Leghorn chicks. 

-..:xperiment I - 29 . The cb.iCJ{S werP six 'V'.eeKs of age 
and had received the e....-oer· r11ental 
diets from hatchlng time . 

1 and ~ . Group 1 . ih-yr oidec tQ:trJ 7.':!1 . 
Basal diet . 

3 a~d 4 . Group 3 . 1hyroidecto~ized . 
0 . 0156 per cent des1ccated thyr~id 
in the diet. 

5 and 6 . Group 2 . ContrQl chicks . 
Basal diet . 



-, 
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lhe effects of thyroidectomy and of desic -

cated thyroid on feather condition of Le 6hor·n chlc,{s 

and of iooinated casein- A on fPather condition in Ply-

~outh Rock chic~s is illustrated in plates Il and IiI . 

Perosis and Der~atosls 

Table 1~ shows the occurrence of perosis and 

dermatosis . In the first experiment both conditions 

occurred in thyroidectomized chicKs and chicks receiv-

in~ pot,assium iodide . Derme.tosis did not appear in 

succeedin~ experiments . 

In experiment I - 26 oerosis occurred in all 

thyroidectomized groups , but v,as not sevr:r6 in those 

groups r·ecei viri..g ioal na tea casein or desiccated thyroid . 

Yeast and sardine oil , or notessium iodide did not pro -

tect tre chicks against th1s condition . Chic..<:s from 

dams receiving high levels of iodine also showed derma-

tosis . Perosis did not occur in the le.st exper·iment . 

Thyroidectomized chicks shoY,ing thyroid 

rflgene ration werE. intermediate betv,een thyroi dectomi zed 

and control chicks in regard to incidence and degree 

of perosi s . 'Ihls agrees with the data for body we ie:-ht 

&nd featber condition . 

or tali t~ 

uiortali ty in the f j r st experiment was ra th<::r 

higt for all groups, ana especiall-y hith in the g:roups 



Table 12 . --EFF'l!.CT OF VARI ous DILTAR'i SUPPL. to/lb:1TS or P1i.:ROSIS AKD DE,Rr;ATOSIS • 
.i:!.xperiments I - 25, 1- 26 , I - 'Zl . S . t., . W. Leghorn and White .Plymouth Roe..<: Chicks 

Experiment I - 25-::-
Suppleme ri t None KI Iod Cas-B 
Per Cent in Diet 0 . 0727 0 . 379 
Chick G-roup No . 1 2- A 2-B 3 4- A 4- B 5-A 5- B 
Operation Thy Thy Op Un rhy Op 'lhy Op 

2 Wks 
Survivors {Males arrl Females) 8 6 6 14 4 6 3 6 
Number Showing ~erosis 8 6 0 0 4 1 0 1 
Number Showing Dermatosis 5 2 0 0 3 3 0 0 

.b.xperi ment I-26-::--:} 
Supplement None Yeast- 107<> Kl I od Cas - B 
Per Cent in Diet S.011-0 . 5~ 0 . 0727 0 . 379 
Chick Group No. 1- A 1-R 1-B 2 3-A 3-B 4-A 4-B b-A 5- B 6-A 6- B 
Operation Thz Res OJ2 Un Thz OJ2 'l'h::f: OJ2 Th::f: _QJ2 Th1 OJ2 
Survivors ( .ivl&F ) 12 7 15 15 4 5 5 8 5 8 5 8 
No . Show . Perosis 12 5 0 2 4 0 5 1 5 2 2 0 
Av.Degree of Per . 10 5 0 1 10 0 14 1 11 1 2 0 

I!.xu eriment I - 27-::->.:-

Des Thy 
0 . 25 

6-A 6 - b 
Thy Op 

4 3 
0 0 
0 0 

Des Thy 
0 .25 

7-A 7- B 
Thz Op 

4 7 
1 0 
1 0 

Supplen1ent None Desiccated Thyroid Powder 
Per Cent in Di et 
Chick Group No . 
O:eeration 
Survivors (Males and Fe'11ales) 
Number Showing Peros is 
Average Degree of Perosis 

*White Pl ymouth Rock Chick s 
{HrSingle Comb White .ueghorn Chi cKS 

1 - T 1-R 
Th;y R~ 

6 3 
6 1 

11 2 

0 .0625 
2 3 4 

Un Th::f: Un 
10 10 9 

0 4 0 
0 4 0 

0 . 125 0 . 25 0 . 50 
5 6 7 8 9 10 

Thz Un 'l'hz Un Th;y Un 
3 10 5 10 4 6 
2 0 1 0 0 0 
5 0 2 0 0 0 



Table 13 .--hFli'ECT OF VAHIOuS DihTARY $1JPPL.t<fohNTS 01~ UORTA1ITY . 
hxperi~ent I - 25 . White Plymouth Rock Chicks 

Supplement None 
Per Cen t in Diet 
Chick Group No . 1 2- A 2- B 
Operation Thy 

2 Wks 
Thy Op 

No . Chicki - Start 9 8 8 
No . Dead - hnd of 6 weeks 1 2 2 
Per Cent Mortalitz.* 10 25 25 

KI 
0.0727 

3 4-A 4- B 
Un 'rhy Op 

16 8 8 
3 3 ' 2 

20 40 25 

!::iuppre ment ~··· -- Desiccated Thyroi d Powder 
Per Cent in Diet 0 . 25 0 . 50 1.00 

lod Cas - ,t; 
0 .379 

5- A 5- B 
lny Op 

8 9 
5 3 

65 35 

2 . 00 
Chick Group No . 6- A 6- B 7 - A 7 - B 8- A 8- B 8- C**B-D** 9 - A 9- B 
Ope ration Thy Op Thy Op Thy Op Thy Op Thy Op 

2 Wks2 V/ks 
No . ChiCKS - Start 10 9 8 8 8 10 3 3 8 9 
No . Died 1-3 days 1 2 1 2 1 7 - - 4 6 
No . Died 3- 7 days 0 3 1 3 5 0 - - l 3 
No. Died 2nd week 1 0 4 0 l 1 - - 2 0 
No . Died 3rd week 3 1 0 0 1 0 1 3 1 0 
-..:o . Dead - End of 6 weeks 5 6 6 5 8 9 2 3 8 9 

Per Cent ?.~ortaltt1:::} 50 65 75 65 100 90 65 100 100 100 

~alculated to the nearest 5 per cent 
~H}Thyroidectomized and operated and started on t he diet at 2 weeks of age 



Table 14 . --EFF'~CT OP Lir,'I'AEY DE.S ICCA1l'f<,D T}iYRullJ o:- ll10RTALITY . 
Experiments I - 27, I - 2 d . S .c . , . Le s horn Chicks 

Supplement 
Per Cent in Die t 
Chick Group No . 
0E_eration 
No . at Start 
No . Survivors 

Per Cent Mortalit~{r 

Supplement 
Per Cent in Diet 
Chick Group No. 
OE_eration 
r-10. at~Sta rt 
No. Survivors 

Per Cent M.ortali tx_.;~ 

Ex~riment I - 27 

None 

1- T,R 2 
Thx_ Un 
11 10 

9 10 

20 0 

.&.x.2,erL.nent I - 29 

None 
0 . 0156 

l-T, :1. 2 3 4 
Th~ Un 

7 Th~ Un 
7 

8 7 8 7 

10 0 10 0 

-::·Calculated to the nearest 5 Per Cent 

Desiccated Thyroid Powder 
0 . 0625 0 . 125 0 .25 o.50 

3 4 5 6 7 8 9 10 
Thi Un ThI Un •1,hi Un Thi Un 

10 10 8 10 10 10 9 10 
10 9 8 10 5 10 4 6 

0 10 0 0 50 0 55 25 

Desiccated Thyroid Powde r 
0 .03125 0 . 0625 0.125 0.25 

5 6 7 8 9 10 11 12 
Thi Un Th~ Un Thi Un Th~ Un 
10 7 7 9 7 7 

9 7 9 6 7 5 4 4 

10 0 0 15 20 30 55 45 



Table 15.--EFFhCT OF DihTARY IODINATh~ CASEIN 0~ MORTALITY . 
~xperiment I - 29 . S . C. h . Leghorn and White Plymouth Rock Chicks 

Supplement 
Per Cent in Diet 
Chick Group No . 
O~ration 
No . at Start 
No. Survivors 
Per Cent M.ortalit~:,} 

s.c .w. Leg_born Chicks 
Iodinated 

0 . 008 
13 14 

Th:;y Un 
9 7 
7 7 

20 0 

Case-in -- A 
0 . 016 
15 16 

'I'h_;r Un 
10 7 

5 7 
50 0 

Whi t e PlI!!!_outh Roe~ Chicks 
None 

Iodinated 
0 . 04 

l? 18 
Th:;y Un 

9 7 
8 7 

10 0 

Casein- B 
0 . 08 

1 -9 - 20 
Th:;y Un 

8 7 
8 7 
0 0 

rodinatea Casein Supplement 
Per Cent in Diet 
Chick Group No . 
Operation 

0 . 005 0 . 05 
- A 

0 . 25 

Sex 
No . at Start 
No . Survivors 
Per Cent lt. ortal1 ty - Sex~, 
Per Cent MQrj:;~111I, - Di et-i, 

*Calculated to the nearest 5 per cent 

rr.ale 
6 
5 

15 

21 
Un 
Female Male 

8 

6 5 
5 3 

15 40 

22 23 
Un Un 
Female ,::a l e Female Male 

15 

8 6 6 9 
8 1 5 3 
0 85 15 65 

50 

24 
Un 
Female 

5 
2 

60 
65 

' 



which received the three highest levels of des:ccated 

thyroid powder (table 13) . Chicks receiving the toxic 

diets died wi thln a few days after starting the exoeri -

ment . The control chicKs were mor€ susceptible than 

thyroidectomized chic~s , and the males ~ore susceptible 

than the females . 

l'h e mortali. ty of' experiment 1 - 26 was neeli -

gible . One died in each of grouos 1 - A, 3-A, and 5- A. 

In the last two experiments , desiccated thy-

roid was slightly more toxic to thyroidectomized chicKs 

than to the control chicKs (table 14) . In exoeriment 

1 - 27, 0 . Gb per cent desiccated thyroid in the diet was 

not lethal to control chi c..cs, but in the last experi -

· ~nt , 0 . 06~b per cent proved lethal . The tendency was 

,..or mortality to incrPase with increased dosage of 

desicca ted thJroid . This was als~ true with iodinated 

casein- A (table lo) . 

ShanK Length 

Analysis of shank length data for Lefhorn 

chicks shows that average shank length was protressively 

shorter with progressive increases in amount of desic -

cated thyroid fed (table 16) . 

A small amount of iodinated casein- A resulted 

in a slight increase in shank len[th over that of con-

trols in \A,hi te Plymouth Boe k ch:!.. cks . This was followed 

by pro~ressively shorter shank lengths when the amount 



Table 16.--:B.FF.l!;CT OP Dil!.TARY DESICCATbD THYROID AND IODH'.ATR1) CAS1<,r: 01 SHANK LENGTh . 
~xperiment I - 2~. s .c.~ . Leghorn and ½hite Plymouth RocK Chicks 

s .c.w. Leghorn Chicks 
Supplement None besicca ted Thyroid Powder ---
Per Cent in Diet 0 . 0156 0 . 03125 0 . 0625 0 . 125 0 . 25 

UnoEerated Chicks 
Chic-k~ Group No ; ~2--~- 4 6 8 10~ ~~12 
Shank Length* 40 . 1 41 . 7 39.5 40 . 6 
Body ~t. (Gms)jShank Length 9 . 9 9 . 9 9 . 3 9 . 4 

39 . 0 36. 7 
9 . 3 6 . 9 

_ -· . _ Thyro idec to,!!li_z.,,,.e_d_C_h __ i_c_k_s.;;_., ____ __,..,-.-__ _ 
Chick Group f1o . 1 - IJ:' 1 - R 3 5 7 9 11 
Shank Length* 34 . 0 37 . 4 39.1 39 . 4 34 . 1 
Body '.,t. ( Gms )/ 

34 .6 35 . 9 

Shank Lengtg__ 8 . 5 8 . 2 9 . 5 9 . 1 7.7 -.;;; _____ _ 8 . 4 7 . 1 

Supplement 
Per Cent in Di et 
Chick Group No . 
Shank Length* 
Body Wt . {Gms)/Shank 

Uno~rated ½bite Plymouth Rock Chicks 
Iodinated Casein - A 11one 

0 . 005 0 . 05 0 . 25 
21 22 23 24 

41 . 8 42 . 7 42 . 0 42 . 1 
Length 10.0 10 . 6 9 . 8 9 . 2 

-l} Shann: length in 16th of an inch . Reported as averages of males and females . 

' ' 
I 



in the diet was progressively increesed . 

Body Fat Content 

The results of the fat analys€ s are presented 

in table 17 and figures 5 anc 6. The t~o lo~est levels 

of desiccated thyroia in the diet in experiment I - ~9 

resulted in increased adipose storage . Progressive in-

creases in desiccated thyroid beyond the second addi -

tion to the diet resulted in progressive decreases in 

fat content of the carcass (figure 5) . A similar effect 

,,as o bse1·vE::d for iodina tea casein- A ( f i 'n..1re 6) • 'I·he 

percentage moisture in the stored carcass samoles ~as 

quite constant . ·rhe lov,est value was 28 . 9 oer cent 

and the highest va.11-le was 31 . l per cent . 'I'here Vias 

no definite trend noticed . 

Liver "Neifht 

Analysis of liver weights , eithE::r on the dry 

basis or when related to body wei~.ht , failed to show 

any consistent a.iff'erence between groups . 

Body 'I'empPra ture 

The body temperatures of chicks of experiment 

l - ~5 did not d.:.ff'er between g·roups. 

Vitamin Content 2f Livers 

Table 19 and figure 7 show the effect of 

desiccated thyroid feeding on l lver vJtamin A storage . 

-------------------------------·----



Table 17 . --1!.FFECT 0 L~ Dil!.TARY Dl!.SICCATED 'I'HYR0ID AND IODINATED CASE.I N oi- FAT C0VTF:NT OF 
CARCASS . Experiment I - 29 . S . C . V, . Leghorn and V,hite Plymouth Rock Chicks 

_ _ ,,,__ ______ ,__.._ S .c .-~· .. Leghorn Chicks 
Supple n.ent 1one Desiccated Thyroid Powder ··- !I od:rrr,tedCa.sein - A 
Per Cent in Diet 0 . 0156 0 . 031~5 0.06~5 0 . 125 0 . 25 0 . 008 0 . 016 

Chick Group No . 
Per Cent r'at* 

Chick Group No . 
Per Cent P.a. t,;; 

Supplement 
Per Cent in Diet 
Chick Group No . 
Per Cent Fat.;; 

2 
22 . 2 

1 
- {;* 

4 
Unopera.ted Chlcks 

6 8 10 12 14 
23 . 5 23 . 5 21 . 1 _J.6 . 7 14 . 2 24 . 6 

Thyroidectomized Chicks 
3 5 '7 9 .. . 11 . 13 
- {Hf- - *-i} 18 . 1 16. 4 11.4. 23 . 3 

Unoperated Whlte Plymouth Rock Chicks None . -- - :roaina.fea Ca.seTn 
0 . 005 0 . 05 

21 22 23 
19 . 2 25 . 3 22 . 6 

-i~Per cent fat in moisture - free sample 
~H;Identi ty of samples lost 

16 
19 . 2 

15 
25 . 9 

- A 
0 . 25 

24 
10.1 
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Table 18.--r.FF1:.CT :)F DI"B,TARY D:tST°CAT1'D T-iYR~)ID A'\D IODI\TAT:&.D CASEIN ON LTV~R V.EIGJ rr . 
Experiment .r - 29 . s .c .w. Lesb0rr Chicks 

__________ _________ D_e_siccat~d Thjr_o_i_d="'"f_e~e_d_1_n~g~,-:-...,,..,.--,.....,,.._,.--=--
Supplen-ent rone Desiccated Thyroid Powde r 

= = · 

Per Cent in Diet _____ 0 . 0 1 56 0 . 03125 O. C625 0 . 125 0 . 25 
Chi ck Gr oup No . 1 - T 2 3 4 5 6 7 8 9 10 ll 12 
Operation Thy Un 'lhy__ ~n 'l'hy Un Thy Un 'l'hy Un Thy __ Un 
Survivors , ''iale 1 3 3 3 4 3 3 2 2 2 1 2 
Survivors , 'emales 4 4 3 4 2 4 2 4 5 3 2 2 

Liver wt . , Dry , rt.al es 
L.i ver \"vt . , Dry , li'ems lcs 
av . Liver wt . (K & F) 

3 . 6 
2 . 7 
3 . 2 

Liver \',t . (m )/body Wt . ( .. m)M.ll . 2 
Liver Wt . (m~)/body ¼t . (um)F. ID. 4 
Av . Liv er· \", t ./ body \·:t. ( N*:Il ::o. 2 

Supplement 
Per Cent in l:iet 
Chick Group l o . 
Ooeration 
Survivors , ,,ales 
Survivors , 1<' emale s 

Liver ;·;;t., Dry , iales 
Liver \";t . , Dry , 'emales 
Av . Liver i:.t . ( ales and Females) 

4 . 3 2 . 7 
3 . 8 2 . 7 
4 . 1 2 . 7 

10 . 7 7 . 4 
9 . 7 7 . 3 

10 . 2 7 . 4 
Iodinated 

Liver ½t . (IDt )/.::ody 
.Liver Wt . (rn[_ )/ .3ody 
Av . Liver Wt . /rlody 

t . ( l m) !.1a le s 
t . (1...111) Ferrales 

\,t . ( ales and ... emales) 

3 . 5 .) .o 3 . 4 3 . 3 3.4 2 . 9 3 . 2 3 . 0 3 . 3 
2 . 8 3 . 2 3 . 4 2.8 3 . 8 2 . 7 3 . 2 2 . 8 3 . 3 
3 . t:: 3 . 1 3 . 4 3 . 1 3 . 6 2 . 8 3 . 2 2 () 3 . 3 . 
7 . 8 8 . 5 9 . J 10 . 7 s .o 9 . 1 7 . 7 11 . 1 13 . 3 
7 . 1 8 . 8 8 . !:"' 11 . 7 9 . 7 10 . 2 10 . 1 10 . 1 l~ . 7 
7 . 7 8 . 7 9 . 4 11 . 2 8 . ~ 9 . 7 8 . 9 10 . 6 1::: .• 0 

Casein I< eedi£8 
Iodinated Casein - A Iodinated Case~n -

0 . 008 0 . 016 0 . 04 0 . 08 
13 14 lb 16 17 lP 1~ 20 

Thy Un ThI rn r,hv Un 11hy Un 
5 i 2 4 2 4 4 4 
1 6 'j 3 3 3 2 3 

3 . 7 4 . 3 4 . 2 4 . 3 4 . 2 4 . C 4 . 2 3 . 9 
3 . 4 3 . 9 3 . 4 0 . l Z . 9 4 . 1 3 . 5 ,;: Q 

u . 

3.6 4 . 1 3 . 8 '.5 . 7 4 . 1 4 . 1 3.9 3 . 9 

9 . 1 10 . 7 9 . 6 9 . 8 12 . ~ 9 . 6 11 . 5 9 . 3 
9 . 9 10 . 2 9 . 9 10 . 1 12 . l 12 . 0 11 . 3 9 . 6 
9 . 5 10 . 5 9 . 8 10 . 0 12 . 2 10 . 8 11 . 4 9 . 5 



In the control groups there was an initial rise in 

liver vitamin content with small additions of desiccated 

thyroid to the diet . The response of the females ~as 

sli~htly greater . The maximum storage was attained 

sooner by females than by males , but also declined ~ore 

rapidly and reached a lower level with pro[ressive 

additions of ae s.;. cca ted thyroid to the diet . In males , 

the liver storag e of vita.min A changed slowly, i3.nd was 

less extreme . \",hen related to body weight , the rela. -

tionshlps were not changed except that the data for the 

thyroi11ec tomi zed rnali=-s more nearly reser-.bled that for 

the femal€s . The average carotene content djd not diff€r 

significantly between any of the £_roups . 

The storage of riboflevin in the liver re -

sembles that for ll ver vi tamirL A ( table 20, and fit;"Ure 

8) . The ferr..ales responded to less desiccatea thyroid . 

The initial rise in Liver riboflavin stora£e was greater 

and the declinP ~~th prorressive increases in dietary 

deslccated thyroid was more rapid and reached a lov.er 

minimum storage level than in the males . 11vhen related 

to body weight , ti1e curves for liver riboflavin stor·a~e 

rise steadily, injicating that reterdation of growth 

(as measured by body weight) is rel&tively greater than 

inhibition of liver riboflavin storage . 

'11he data for 11 ver pantothenic acid and 

nicotinic acid stora ge are presented in table ~l and 



Table 19 . --EFFhCT o: DI!< TARY LESICCATED THYRJ I L Q!-; VITAMI N A CO~!TENT OF THE LI VER, 
E:x.-periment 1- 29 . S .c . \~ . Leghorn Chicks 

Uno:eera. ted S . C . \1 . Leghorn Chicks 
Suppl ement None Desiccated Thyroid Powder 
Per Cent in.Diet 0 . 0156 0 . 03125 0 . 0625 0 . 125 
Chick Grou :e No . 2 4 6 8 10 
Survivors , Male s 3 3 3 2 2 
Survivors Pemales 4 4 4 4 3 

Males 
International Units Vitamin A :eer gram Moistur e - free Liver Sa ::nple 

102 87 110 62 126 
Females 114 177 102 82 73 

100 143 82 104 87 Average 
Total Liver Vita.min A {I . U . } content ;eer 100 g rams of Bod:£ Weig,ht 

1:.ales 
Females 
Average 

Supplement 
Per Cent in Diet 
Chick Grou:e No . 1 - T 
Survivors , Ma.le 1 
Survivors • l<'ema.le 4 

International 
Males 90 
F'ema.les 38 

56 81 61 102 78 
110 124 90 80 73 

83 102 75 91 75 
Thyroidec t omized s . c . w. _~horn Chicks 
None Desiccated Thyroid Powder 

0 . 0156 0 . 03125 0 . 0625 0 . 125 
1- R 

2 
1 

Units Vitamin 
--84 

87 
85 

3 5 7 9 
3 4 3 2 
3 2 2 .5 

A~per gram Moisture-free Llver Sa.mole 
86 83 90 82 

120 154 52 68 
103 118 71 75 Average 64 

Total Liver Vi ta.min A (~ .•!I~•l Content per 100 ,gr ams of ~Bod h t 
Ma.Les 
Females 
Average 
-i:-One de te rmina ti on 

02 
39 
70 

only 

83 
100 

91 

60 67 · 9o 
83 130 62 
71 98 79 

0 . 25 
12 
2 

2 

97 
77 
87 

134 
102 
118 

-
0 . 25 

11 
1 

2 

3'7° 
55-J} 
46 

4 
36 
38 -1 
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Table 20 .--BFFlWT OF DH•'I'ARY DESICCA'l1ED TB.YROID ON RIBOF1LAVIK C01'"TET'JT OF THE LIVER . 
hxperiment I - 29. s .c .w. Leghorn Chicks 

Unoperated S . C . \, . Leghorn Chi cks 
Supplement None Desiccated Thyroid Powder 
Per Cent in Diet 0 . 0156 0 . 03125 0 . 0625 0 . 125 0 . 25 
Chick Group No. 2 4 6 8 10 12 
Survivors , iv ales 3 3 3 2 2 2 
Survivors~ Fewale s 4 4 4 4 3 2 

Micrograms of Riboflavin per gram lv,oisture- free Liver Sa ::-:~ple 
Males 
Females 
Average 

61 84 61* 79 90 78 
69 81 86 77 82 73 
65 61 67 69 76 96 

!Vales 
Females 
Average 

Totar Lfver Riboflavin Con tent 
65 

( 1v j. crograms) per 100 grams of Body ·1~e igh t 
64 65* 63 69 100 

66 58 70 75 83 93 
65 61 67 69 76 96 

Th~roidectomized s .-C • .\. 
None Supplement 

Per Cent in Di et 
ChicK GrOUE, No . 1- T 1 - R 
Survivors , d1a.le s 1 - 2 
Survivors . Females 4 1 

0 . 0156 
3 

3 
3 

LethorE Chicks 
Desiccated Thyroid 

0 . 00125 0 . 0625 
5 7 

4 3 
2 2 

Microgram.s of Rib:>flavin per i:-,rar,. i,~ofsture - free Liver 
56 55 74 73 74 
58~f"* 
57 

54 85 69 61 
54 79 71 67 

Powder 
0 . 125 

9 
2 
5 

Sa.':'/112,le 
81 
65 
73 

:rtales 
Females 
Average 

Total Liver Riboflavin Content ITTcrograms) .e_er 100 grams of Body Weight 
. 1"1ales 
1 Females 

Avera.g_e 
*Three determina ti. ons . 

63 54 53 
57·~·* 63 62 
60 58 57 

iHI-Two determinations . 

62 
60 
61 

78 
72 
75 

-i.-*J..-One determination. 

77 
66 
71 

0 . 25 
11 

2 
2 

87 
72•i<"-?~-~ 
79 

97 
57~ .. 
77 



Figure 8 .--EFFECT OF DESICCAT!!;D THYROID FEEDING or-: LIVB.R RIBOF'LAVIN STORAGE 
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Table 21 . --BFPECT O'"- DIETARY DESI CCAT:ft,D THYROI D ON PANTOTHENIC ACID AND NICOTDTIC ACID 
CO ... Tb.1 T OF Thb LIVl!,R . E.xperi.:nent I - 2'.3 . S . C . W. Le ghorn Chicks 

Supplement None 
Per Cent in ~iet 0 . 0156 
Chick Gr~up No . 
Ope ration 
Survivors , !1al es 
SurvivorsL Femal e s 

Vale s 
Females 
Average 

ld icrograms of 

1 - T 1 - n 2 3 
Th! Ret Un ThI 

1 2 3 3 
4 1 4 3 

Pa ntothenic Acid 
237 ~95 287 345 
256* 352 256 431 
246 373 271 388 

:t.1icrograms of Nicotinic Acid per 
Males 3 56 411 465 490 
Females 395-:i- 432 506 509 
Averag_e 375 421 485 499 

*Two determinations 
xThree determinatlons 
zone determination 

4 
Un 

3 
4 

gra rr1 
507 
506 
506 

Desiccated ~hyroid Powder 
0 . 00125 0 . 0625 0 . 125 0 . 25 

5 6 7 8 9 10 11 12 
'lhI Un ThI Un 'l'hI Un 'l'h;t: Un 

4 3 3 2 2 2 1 2 
2 4 2 4 5 3 2 2 

----. -----~ 

~oisture - free Liver Sa rnple 
372 305 072 305 
382x 311 284 392 
377 323 328 348 

314 '677 
275 359z 
299 368 

284 
303 
293 

of Moisture - free Liver Sataple 
447 511 440 455 476 519 
422 607x 416 443 436 459 
434 559 428 449 456 489 

502 541 
478Z 290 
490 415 

.. 



Figure 9 . --EFFECT 01'· D1.!,SICCA 'lh·D Tr.1.YROlD F.B.l::,DING O Ll Vh.R PA1i"OT.~i!:NIC 
ACID Al~D NICOTINIC ACI D STORAGh 
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fiE,ure 9 . oy c o•,·,µarine; the curves of figures 8 and 9 

it appears .tha t the effects of' desiccated thyroid feed -

ing on liver stora t;e of nlcotinic acid and pantotbenic 

acid were similar to the effects on liver storal e of 

riboflavin . 

Thyroid Res'Oonse 

Thyroid response to the feedin~ of desiccated 

thyroid and iodinated casein is shown in tables G2 to 

G6 , fi[ures 10 to 14 , and plates IV and V. 

~vhen thyroid weight in milligrams , and thyroid 

weight in rnilli1 rams per lC0 [_rams of body weit:;.ht were 

olotted against dosage of desiccated thyroid iven in 

experiYe~t I - ~7 the resultant curves rapidly decline fo r 

the first two dosage levels (figure 10) . Beyond 0 . 125 

per cent in the diet the decline is negligible . 

Figures 11 and 12 are presented as a critical 

analysis of the relative merit of the vario1-s thyroid 

measurerrents employed ln experiment 1 - ~~ and summarized 

i~ tables 8j , 24 , and 25 . In 0lotting the curves each 

series of absolute values was converted to a new series 

in which tte value for the b Esal grouo was 10 in each 

case. In so doine , a gj ven constant ~as used for each 

series . Thls orocedurf facill tated cr·itical comoarison 

of the various measurements . 

Upon examination of these two sets of cur·ves 

it is aoparent tbat 0 . 06~5 per cent desiccated thyroid 

-------------------------------· 



( ) 

in the diet inhibitFd thyroid development anf activity 

as much as any greater amount . It 1s als0 apparent that 

0 .06~b per cent desiccated thyroid in the diet inhib1ted 

the acti vi t-y of tr..e thyroid suff1 cien tly so that the 

var·ious measurements were approximately eoual to trose 

of a day - olc cbick th-yroid. Any amount of' cesiccated 

thyroia pov,der kss than 0 . 06l:::5 oer cent in the diet 

~as insufficient tomeet the demands of the chicK ~or 

thyroi~ substance (presumably for thyroxine) and the 

fland became sufficiently active to make up the defi -

ciency. 

All the tryrold measurerrJents taken shov,ed an 

almost s.ri thmetical inverse rela tionshi:-1 to dosa -e in 

the diet up to 0 . 0.:>1~5 per cent. '11he sum of the width 

am length of the thyroid r-·land was inversely prooor-

ti onal to the 8IJ1ount of desiccated thyroic in the diet 

up to 0 . 06G5 per cent (figures 11 - 13). This relat1on-

ship is discussed below . 'l·he product of width and 

length of the thyroid gland showed an inverse log-ari th-

mic r~lationship to the percentege of desiccated thy-

roid in the diet up to 0 . 06:25 per cent (fi[ure 14). 

Thyroid wei e,·ht, follicle volume, anc summa. tion of 

follicle dia.n;e ters were al 1 logarithmically related to 

the amount of desiccated thyroid in the diet , up to 

0 . 03125 per cent . Thyroid wei~ht was not considered 

to be reliable as a methor of assay for thyroxine act~-



vity since the higher levels of feeding resulted in 

considerable invasion of the thyroid, and displacement 

of thyroid follicles, by 'hhs t appPared to be non-thyroid 

tissue . This condjtion is illustrated in olate V, 

number 6 . 

'l'he curve of figure 10 relating dosage of 

desiccated thyroid to thP sum of t~e width and length 

of the thyroid was plotted directly from table 24. 

Using tLe values in table i6, the relative potency of 

the unknown iodinated casein products can be estimated 

by extrapolation . Throuth this procedure the values of 

,eicht plus LenLtt for pens 14 and 16 (4 . 08 and 3 . 4~ 

respectively) are found to correspond to approximetely 

0 . 0::~l and apnroximately 0 . 048 per cent desiccated thy-

roid powder elont thP horizontal axis . Loubling the 

amount of' iodine. ted casein- A in the di et had exactly 

the sa~e effect as doublinl tbe &1ount of desiccated 

thyroid , and 0.008 per cent iodinated case:n-A had 

t ~yroxine ootency eaual to O. O~l per cent desiccated 

thyroid powder. In relative terffis , the iodinated 

casein- A assayed a little more thau 2 . 5 times tte 

p::>tenc-:,, of desiccated tryroid . This does not ar-ree 

with the estimate of potency furnished with the oroduct , 

i . e . five to ten times th&t of desiccated thyroid powder . 

By a similar process of extrapolation, 

iodinated casein- Bis found to have aporoximately three 



times tr,e potency of desiccated thyrold at tbe 0 . 04 

per cent level am only 1 . 7 times the potency of desic -

cated thyroid at the 0 . 08 per cent level . However , 

tte greater am0unt of the product necessitates extra-

polation fro:rn the lowE: r portion of the curve which '118.Y 

not be within the llO~t ser1sitive rang e . Furthermore, 

the value for the response of the thyroid is derived. 

from males only . 

Plates IV and V are included to illustrate 

the inhibition of activity of the thyroic. ~land by feed -

ing thyroactive substsnces. The relationship between 

the amount of thyroactive substance in the diet and the 

oegree of activity of the thyroid gland is readily 

apparent . ~eedin desiccated thyroid at 0 . 0(~5 per 

cent or more in the diet prevents activity of the gland , 

but does not depress it below the state of activity 

of the thyroi c of a day - old chick . 

Long 'I'im~ .l!ff~c ts of Th_y!'.oidec tom..x_ 

'I'hyroidectomizect chicks from experiments 

I - ~5 and I - ~6 grew to maturity and produced eg~s . 

Several chicks were ha tcbed from ee;fS produced by one 

of these females . Plate VI sh~vs the characteristics of 

completely thyroidecto~ized adult chickens fro~ which 

the glands were re,noved at one to three days of a .re . 

The feathers were extremely lon~ and narrow , and there 

was complete lac.te of development of seconr ary sexual 



Table 22 . -- hFFECT CF DI:E.TARY DE.SICCATED THYROID ON T".riYROID WEIGHT • 
.h..xperiment 1 - 2'7 . S . C.'.1 . Leghorn Chicks 

Supplement 
Per Cent in Diet 
Chick Gr oup_ No. 
Survivors, Males 
Survivors t Females 

Males 
Fe n:ale s 
Average 

s .c .w. 
None 

2 
3 
3 

Leghorn Chicks 
Desiccated 

0 . 0625 0 . 125 
4 6 
4 4 
3 4 

Thyroid vveight in Milli£rams -:i-
44 . 2 1'7. 3 13 . 5 
35 . 9 21 . 1 12 . 1 
40 . 0 19.2 12 . 8 

Thyroid Pov,der 
0 . 25 0 . 50 

8 10 
4 1 
4 3 

13 . 9 6 . 2 
20 . 3 9 . 7 
17 . 1 .'7 . 9 

Milligrams 'l'hEoid Viei~ht ,2 e r Kilogra'11 of Bod:;y ~w e lght 
42 39 21 Males 

Females 
Averae.e 

107 
110 
109 

52 
68 42 
60 42 

-i~Average for left thyroids plus avera ge for right t hyroids 

71 33 
5b 27 



Figure 1O.--EFFhCT OF DESICCATED THYROID FEEDING ON THYROI D WEIGHT 
E?q>eriment I - 27 
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Table 23 . - - THYROI D WEl •.;rl T AIID IODI~H!. ANALYS I S . 
b..xperiment I - 29 

Desiccated Thyroid Feeding 
Supolement- None-- - Desiccated Thyroid Powder 
Per Cent in Diet Day- old 0 . 0156 0 . 03125 0 . 0625 0 . 125 0.25 
Chick Group ~o . Chicks 2 4 6 8 10 12 

No. Thy . Incl . , 1;ale 
No . Thy.Incl •• Fem. 

15 
9 

Thyroid iVeight 
2 1 2 
2 4 2 

1 
1 

1 
1 

1 
1 

~-=----·--------=--~-_A_v_e _ra~ge Thyroid 1,\eight_.:.;(m;;;.;;i:;;.;l;;.l:;;.;i;;..,g,.r;...;a.;,;.;,m;;;.:;s;;...cJ~-i.....,, ,---,,---------_.,...-
Males 1 . 2 11 . 6 6 . 5 3 . 3 2 . 6 ~ . 8 2 . 8 
Females 1 . 2 10 . 6 8 . 6 4 . 1 3 . 3 2 . 5 2 . 6 

2.4 22 . 2 15 . 1 7 . 4 5 . 9 5 . 3 5 . 4 Average* 

Males 
Females 
Average*,:-

l\ o . Thy.lncl. , !, a.le 
No . Thy . Incl .,Fem . 

Milligrams Thyroid height per Kilogram 
37 . 5 60 . 0 31 . 0 19.9 
24 . 5 58 . 8 44 . 4 19 . 5 
62 . 0 59 . 4 37 . 5 19 . 7 

Body v-eig_ht,Hf-
13 . 0 
15 . 2 
14 . 1 

Th~roid Iodine 
3 3 3 2 
4 4 4 4 

13 . 6 
15 . 6 
14 . 6 

2 
3 

13 . 6 
22 . 6 
21 . 1 

2 
1 

1~1ales 11 . 2 4 . 1 1 . 4 0 . 9 r .-6 - 1 . 5 
Females 6 . 0 5 . 3 2 . 0 1 . 4 1 . 2 2 . 9 

Iodine Content of Thzroid.s {rnicrograms)J.HH~ 

Average*** 17 . 2 9 . 4 3 . 4 2 . 3 2 . 8 4 . 4 
*Left Thyroid only . 1he average weights for males and for the females were added to-
gether and the resultant value taken as an estimate of the average wei ght of two glands . 
*~alcula.ted from weight of left thyroid only for the two sexes . Average values for 
males and for females a dded and the resultant value taken as an estimate for the average 
of two glands . 
,Hi-~·Right thyroid only . The avera ges for the two sexes added together and the resultant 
value taken as an estimate for the value of two glands . ... 

c/ 
'\ 
..J 



Table 24 . -- TH.YROI!J HIS1'0LvGICAL A:t ALY$ES·:; 
ill(periment I - 29 

Supplement 
Per Cent in Diet 
Chick Grou,E_ No . 
lfo . l'hy . I 11c 1 • , ~ale 
r1 0 . Thy . Ir.cl •• :'em . 

W + L, I.Tale 
1~ + L , Female 
V, + L . Average 

Desiccated Thyroid Feeding 
lone Dei1ccated Thyroid 

Day - old 0 . 0156 0 . 03125 0.0625 
Chicks 2 4 6 8 

15 2 2 2 2 
9 3 4 3 3 

Width plus LenLth of 'l'hyro1d (millimeters 

Powder 
0 . 125 

10 
2 
1 

0 . 25 
12 

2 
1 

2 . 42 4 . 80 3 . 80 3 . 40 2 . 37 3 . 77 3.80 
2 . 58 4 . 70 4 . 62 4 . 10 3 . 17 3 . 00 3 . 00 
2 . 50 4 . 75 4 . 21 3 . 75 2 . 77 3 . 38 3 . 40 

.Jid th times Lerii~th -of ~'hyroid [millimeters 
w-xL0 ~aTe ____ ----~ T . 4-5-- ·- · s . 25 3 . 24 2 . 54 1 . oa ·2 . 27 2 . 76 
W x L, Fenale 1 . 64 5 . 19 4 . 90 3 . 58 2.51 2 . 21 2 . 00 
W x L , Average 1 . 54 5 . 2G 4 . 07 3 . 06 1 . 79 2 . G4 2 . 38 

Summation of' the Diameters of Eleven Largest I<,ollicles (microns) 
:I: D, Male 
l:D, Fe.cnal e 
l:. :) , Average 

Volume , ~~ale 
Volume , Female 
Volume, Average 

526 811 6~6 592 474 405 532 
479 1063 832 557 504 517 396 
502 9v7 729 574 489 461 464 

' Thx:rold Volume (x 1000 cubic microns J.;~-:i-57 2·10 97-- - - -73:r-- - -- - 4:) --26- - ·- --~ 59 
43 474 227 68 50 54 29 
50 342 162 74 46 40 44 

*Measurements obtained from largest cross sectional area of serially sectioned thyroids . 

*~--~calculated from sex av('>rages of follicle diameter ac 'Ording to the formula : 

t~1g3 • 1t -r 
' 
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Figure 11 .--EFFEC'I' OF DI E TARY DESI CCATl!.D 'll YROID ON VARIOUS TPYROID t EASURE:MENTS 
Experiment I - 29. S . C • . .., • Leghorn Ch i cks . 
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PLATE IV 

~he effect of dietary iodinated casein o~ tte histo-
logy of' the thyroid lend -:>f' V,11i te Ply .. 1o~th Pock 
chicks . 

hxperiment I - ~;:;i . 'l.'he chicks were six wee~s olo and 
had received tle experimental diets 
fro~ hatching time • 
. a nification -- 300 djameters . 

1. ~roup 21 . Basal diet . 
E.pi thel:i.um tall and ac ti Vf'. 
l' aximum follicle di amet""r. 

2 . .Jroup 22 . 0 . 005 per cent iodinated 
casein- A in the d1et . 

lncreased colloid storage . 
~oitiel\um low ; decreased activity . 
Some reduction in follicle diameters . 

3. Group 23 . 0 . 05 oer cent iodineted 
casein- A in the diet . 

Colloid storage about eaual to that iy a 
day - 011- chic;{ tr~rotd . 

Bpithellu, very low; inactive . 
Gre1::ttly reduced f'oll.:..cle diameter . 

H'ollicle diameter a.pproxlma tel y eaual 
to that of a day- old- chick thyrold . 

4 . Grouo 24 . 0 . 025 per cent jodlnated 
casein- h in the diet . 

Colloi 1 storage about equal to that ln 
a day - old - chi.ck thyroid . 

Spithelium very low ; inactive . 
3reatly reduced follicle diameter . 

Follicle diameter aopro~metely eoual 
to that of a day- ol ~- chick thyr~td . 

LJ~R.1,~Y 
~OLOP.tJO SI' fE C')U EC'E Of A. & M. 

Joorn COI..L.iw, 0:OLQJUO0 



PLATE I V 
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PLAT:£,, V 

The effect of desiccated thyroid co~der on the h!sto-
lo y of thP thyr:>id tJland of Single Comb ~~hi te Leghorn 
chicks . 

hxperi~ent I - 2~ . The chicKs were six weeKs old anc ad 
received the exper·imenta.l d5.ets fro 1 
hatching time . 

1 . Group 2 . Basal diet . 
~agnification -- 300 dia'lleters . 
Taximum follicle diameters . 
1,~axi.nun height 01 epi trelium and e,landular 

activity . 
~oderate colloid storatP . 

2 . Group 4. 0 . 0156 oer cent desiccated thyroid 
powder· in the di Pt . 

Wia~nification -- 000 diameters . 
Reduced foll1cle dia~eters . 
Heduced he1. ... · t of epithelium a.no e-landular 

activity . 

~ . Grouo 6 . 0 . 03125 per cent desiccated thy-
roi4 oowder ln the diet . 

, a,Tnifica.tion -- 300 diameters . 
·urther reduction l::1 f'0ll1clP d1amet"'rs . 

~trther reductio~ in height of e pithelium 
and glandular activity . 

4 . Group 8 . 0 . 0625 per cP-Lt desiccA.ted thyroid 
powder in the diet. 

Yagnification -- 300 diameters . 
Very little additional reductio"' in follicle 

diameters . Follicle dif-meters approxi -
ma tP ly equal to those a .... the day- old 
chicK . 

Very 1 • ttle additional reduction in hei ht 
of eprtrelium and glandul2r activity . 

5 . Day - old chic~ . 
arnificetion -- 300 diamete rs. 

6 . Grr)Up ~2 . O . OOb per cent iodinated casein- A 
i:n the di e -f- • 

·acnificatlon -- 80 diameters . 
Non- thyroid tissJP (appearing dar~) dis -

persed ti roulhout the gland . 
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Table 25 . --'11H~ Rt,LATI 0NSHIP B.I!.TWbt.N B0iiY WEIGHT Ar!D TBYRQID HISTCL0CICAL ANALYS:r.S . 
hxp eriment I - 29 

Supplement 
Per C-ent in Diet 
Chick Grou12 No . 
No . Thy . Incl .,Va l e 
No . Tby . Incl •• ~em . 

Desiccated 
Desiccated Thyroid None 

Thyroid Peeding 

Day- old 0 . 0156 0 . 031~5 0 . 0625 
Chicks 2 4 6 8 rs_____ 2 2 2 - 2 

9 3 4 3 3 
Wid.th X Len.1<:thtmrcrons) I Body ·,ei~ht ( G-rarns 

Powder 
0 . 125 

10 
2 
1 

0 . 25 
12 

2 
1 

VvL/B . Wt . , 11,ales 42 . 5 13 . 6 7 . b 7 . 6 2 . 6 · b . 5 11 . 2 
1,L/B . '7t ., l• emale s 47 . 5 14 . 5 12 . 7 9 . 5 6 . 1 6 . 9 8 . 7 
·;~L/B. Vit. Avera e 45 . 0 14. 1 10 . 1 8 . 6 4 . 4 6 . 2 10.0 

Summation Diameters microns Body leii;rht Grams 
I: D/B . Vvt .,Males r . 48. - 2 . 10 1 . 39 l. •~0 1 . 11 0 . 97 
t: D/13 . V~t .,:F'emales 1 . 56 2 . 94 2 .16 1 . 44 1.31 1 . 61 
L D/B . v,t .,Averave 1 . 52 2 . 52 1 . 77 1 . 62 1 . 21 1 . 29 

Follicle Volume (cubic microns) / Body V,ei,:ht ( Gra ms 
Vol ./B . Wt .,~ales 
Vol ./B . Wt . ,Temales 
Vol ./B . ~t . ,Avera be 

1 580 525 229 235 98 
1300 1210 5J6 175 128 
1440 868 408 205 113 

For method of obtaining measurements see table 24 . 

6:5 
171 
117 

2 . 1:5 
1 . 72 
1 . 92 

208 
111 
175 



Figure 12. --EFFECT OF DIETARY DESICCATED THYROID ON RELATror- SH P OF 
VARIOUS W.YROID ~,_P;ASUR&.T'J!.N'l1S TO BODY Vv'EIGHT 

Experi~ent I-~9 . s . C. W. Leghorn Chicks . l:~ - ~ D/BWt 
1,L/BVit - Thy '1/_tf BWt 
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Figure 13 .--EFF.b.C'J.1 OF DRS I CC AT~ D THYI-< ')ID FEEDING ON SlH OF WIDTH AfD LENGTH 
OF LARGhST CROSS S ,CTTO" 01 TtY~\)ID . Arithmetic Relatlonship . 
5 . 0 r ·lxperiment I - 29 
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Figure 14 . --EFFECT 0.: Dl!:SICCATED THYROID F'EEDING 01'1 

PRODUCT OF i:IDTH AND Lf·NGTH Or LARGEST CROSS SEC-
T60N OF T:f-J'.YROID . Logarithnic Relationship . 
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Table 26 . --TE.YROlD HISTOLOGICAL Al' ALYSE.S-i~ 
hxpe rim en t I - 29 

. ~~·. Iodinated C~sein Feeding _ 
Supplerr.ent Iodinated Casein - A · Iodinated Casein - B 
Per Cent in Diet 0 . 008 0 . 016 0 . 04 0 . 08 
Chick Group No . 14 16 18 20 
No. Thyroids Incl ., ~ale 1 1 4 3 
No . Thyroids IncL...t_Female 5 2 3 0 _____ _ 

Width plus Length of Thyroid (millimeters 
W + L, l ale 4 . 45 3 . 60 4.07 3 . 37 

+ L, Female 3 . 72 3 . 25 4 . 57 
W + L, Average 4 . 08 3~ 4 . 32 

Width times Length of Thyroid (Sg . mm . j 
W XL, 
V, X L, 
Vv X L.a. 

t' ale 
Female 
Avera~ 

Summation 

4 . 27 3 . 08 3 . 63 
3 . 22 2 . 04 5 . 09 
3.74 2.56 4 . 36 

of the Diameter~s ~ _of...J',1~ven Largest Follicles 
D, Male 615 595 832 

3 . '.57 

2 . 60 

2 . 60 
(microp~J 

597 
D, Female 616 452 843 

E D, Average 615 523 833 597 

*Il'teasurements obtained from lartest cross sectional area of the serially sectioned 
thyroid . 



PLAT.!- VI 

1 . 'Ihe effect of comol 0 te thyroidectomy at one to 
three days of a e or subseauent mature cbaracted s 
tics . 

II . Typical connition of bird suffering fro::n fowl 
paralysis . 

1 . Experiment I - 25 . Whjte Plymouth Rocks . 

A. Comolet0ly thyroidectomi7ed at one day 
of age . 
Lon, narrow , silky feathers . 
Low hanring abdomen . 
Secondary sex characterlstics un -

developed . 
The chicKen was layin e fs at the t 1~e 

the photogr8ph was taAe~ . 

B. Control chicken. 
Lar~er n slv' . 
Secondary sex characteristics developed . 
The chicken ~as laying eggs at the 

time the photograph ~as taken . 

2 . hxpertment I - 26 . Single Comb Hhite Lei_:horns . 

A . Control chicker . 
Larger in size. 
Secondary sex cb1racte1istics v.ell 

developed. 
The chlcKen was laying ecgs at the time 

the photorraph was taKen . 

B. Completely thyroidectomized at one day of 
ace . 
s~aller in size. 
Lont , narrow , sil~y feathers . 
Secondary sex characteristics unde -

veloped . 
The chic.::<:Pn v.as laying et-gs 1:1t the ti::ne 

the ohoto~raph was takeP . 

3 . Single Comb ',1hite Le[horns . 

'Typical fowl peralysis condition . Note 
that one leg is thrust forward . The other 
leg was drawn up under the bird . The 
chic:cen was unable to use either le E. 



?LATE VI 

1 

2 

3 



ctaracteristics , even thoueh thP ovaries were active. 

1-iacroscopic examination was considered sdeauate to 

demonstrate the absence of tr.yroid tissue in these 

birds , because of the lon~ period of thyroidectomy . 

~met, a lon0 period of thyroidectomy should have been 

suffjcient stimulus to cause thyroid regeneration of 

considerable magnitude in any chi C..c:{en with thyr·oid 

t:ssue remaining . 

The hffect of Tbyroactive Substances or Fov,l:_ Paralysis 

•> 

During thP- course of these studies, a number 

of chickens, suffering from rarige paralysis were treated 

with thyroactive substances a ~ninistered in small cap-

sules. Various sta6 es of peralysis ,l'ere observed, from 

slight limning to complete disabil.lty . One or both 

le< s were paralyzed and in sone cases , the wi:ngs also . 

A typical bird used for these s t .... die s is show'-i in 

table VI (figure .5). The diseased chic~ens v1ere usually 

recei vea several at a ti11.e . The procedure was to des -

troy and examine a representative paralyzed bird from 

each lot received, to rraintain a less severaly affected 

bira .in the ca._,e without treatment , and to treat the 

remainder with desiccated thyroid or iodins.ted casein. 

The 28 birds for which the records were 

complete were classified into three groups . light 

we re killed for autopsy records, five c~ntr9ls received 

no treatment, and 15 were trEated. Two treated biras 

---------------·--------------·----



showea no recoverJ whatever . Three tr~ated birds 

showeo p2r·tial recovery, but never apoear€d normal, 

and eventually died . Four recovered temporarily and 

appeared nor~al , but eventually developed i;:e.ralysls 

again and died . Five appeered to recover completely . 

Treated chickens were considered as partially re -

covered if' they improved suf'f'iciently to get up and 

stand on thelr feet again . Temoorarily recovered 

birds improved to the point whPre they apoeared 

normal , ana administration of thyr·oact.i.ve substances 

w&s discontinued . After a period of several weeks 

these bi.rds again devt=>loped paralysis without recovery . 

Both partially and te>nporarily recovered chickens failed 

to responu to treatment the second time . Circur:1stances 

made tt necessary to discontinue observs.tion of the 

apparently comoletely recovered b.i.rcs after sev 0 ral 

mon tl1 s . 



DISCUSSION 

The results of this study largely confirm 

those obtained by other workers in this field . The 

failure of Greenwooa ma Blyth (19~8 - ~~) to observe any 

deleterious effects on growth and development probably 

means that their chicks were incompletely thyroidecto-

mized . All through the present investigation thyroia 

tissue , even in very small amounts, tended to restore to 

normal all the characteristics studied. 

\vhen the results obtained. by feeding potas si urn 

iodide are compared with the results obtained by feeding 

thyroactive casein it is apparent that the thyroidless 

chick is able to synthesize llttle, if any , thyroxine 

fro~ elemental ioGine. 

Thyroidectomy greatly retarded growth as 

measured by both body weight and shank length . 'l1he 

data. on efficlency of (S.iri a.re conflicting . The analy-

ses of fat were not obtained for unsupplernented thy-

roidectomized chicks , but examination by handling the 

chiCKS seemed to inaicate, as also reported by other 

wor~ers , that fat deposition was increased . At six 

wee~s of age body weight of thyroldectomized chicks was 

not restored to normal by any of the a.mounts of desic-



cated thyroid fed in the l~st two experiments. A very 

small addition of desiccated thyro·d to the diet of 

thyroidecto~ized chicks resulted in a marked imorovement 

of growth , but increased thyroid feeding resulted in 

lower body weights than the maximum attained by chicks 

receiving the most nearly optimum arioun t . Thls fact 

serves as an argument in favor of the view thet admini -

stration of dried thyroid gland to thyroidectomized 

chicks does not entirely replace the thyroid function 

when com9ared with the intact chicK . 

'Ihe lower body weight of unsupplemented thy-

roidec tomi ed chicks was undoubtedly due to arrested 

SAeletal development (shortened shank length) with co-

incidental reduction in total body protein, because the 

thyroidectomized chicks were well fleshed and aupeared 

fat on handling . On the other hand , the lower body 

wei£ht which resulted from feeding thyroactive sub-

stances to the thyroidectomized as well as to the con-

trol chicks , was due largely to less adinose storage . 

Retarded skeletal development was a contributing factor 

in lower body weight only when large doses of desiccated 

thyrold were given . This is evidenced by the fact 

ths.t the decline in adipose s tora~e paralleled tb e de -

cline in bony wei ght, whereas, only the extremely high 

additions of thyroactive substances had a marKed inhi -

bitory action on s~eletal develop~ent as measured by 



shank length . Lower efficiency o~ gain , which re -

sulted fro~ thyroid feeding , was orobably due to less 

fat storate since the two results were closely DPrallel . 

Protein and ash content of the moisture -free carcass 

were not determined but the sum of these two co~oonents 

must necessarily change inv~rsely with the change in fat 

content of dried samples . 

Growth of control chicks was retarded by 

0 . 125 per cent desiccated thyroid in the diet in both 

of the last two experiments . The neYt lower addition 

in exo-ri.rent I - 29 (0 . 0625 oer cent) did not result in 

lower body v.eight of control chicks . ~han k length , 

efficiency of gain, and fat storage were less in chicks 

receiving 0 . 0625 and 0 . 03125 per cent des:iccatE>d thyroid 

in the diet than in control chicks . It seems that the 

maximum amount thet may safely be given is probably 

somewhere between 0 . 0156 and 0 . 03125 per cent in the 

diet of Single Comb White Leghorn chicks . It is impor-

tant to note that norr,,al chicks receiving the same amoun 

of desiccated thyroid in the diet (~.a- 0 . 25 oer cent) 

attaivied much l'Jwer body weight than controls in the 

last experiment (table 4), but only slightly lower than 

controls in the previous experiments (tables 1 , 2, and 

3) . This varia ti on may be due to seasonal influences . 

Development of feathers wss very marn:edly 

inhibited by thyroid removal whicb confirms the \IOrk of 



oth~rs . The inhibition was greater in the slo~ 

feathered , heavy breed (',white Plymouth Foe~) , than in 

the li &hter breed ( ~ingle Comb ,1hi te Leghorn) . It is 

significant that the c.rowth of wing and tail feathers 

was not greB.tly inhibited in Sing le Co""b uhi te Leghorn 

chicks . These feathers begin to develop soon after 

hatching arrl this may mean that thyroid removal exerts 

its influence early in the diff.,,rentiation and develop-

ment of the feather . Sine e completely thyroidec tomized 

chicks eventually develop feathers of sil¼:y nature 

(olate VI) , am since feediri£ thyroactive substances 

soeeds up feather develooment (plate 11) , (Putt , 1927) , 

the deleterious effect of thyroid removal must exE>rt 

itself by slo'Wi.ne up cellular activity in the feather 

follicle . Further evidence for this lies i n the fact 

that thyroid removal at tv,o weeks of age a":>pears to 

arrest feather development in the pinfeather stage . 

Feeding thyroactive substances markedly im-

proved feather develooment of normal White Plymouth 

Rock chicks (plate II) but the feather condition of 

Single Comb \ihite Lep-horn ch:l cks was very rood wi th:mt 

treatmert , so there was little char:ce for improvement . 

The least amount of desiccated thyroid fed to thyroid -

ectomized chicks (0 . 0156 ~r cent) was sufficient to 

cause feather~ development comparable to that of control 

chicks (plate III) . 

:------------------------------·-----' 



The minimum amount of desiccated thyroid 

necessary in the diet of thyroidectomized Single 0omb 

-1hite Leghorn chic!<:s to restore feathPr condition to 

normal did not ey.ceed 0 . 0156 per cent . 

,.., 

~hen 0 . 005 per cent iodinated casein- ~ was 

added to the diet of normal White Plymouth Rocx chicks , 

the feather condition was greatly improved . Body weight , 

shank length , fat stora e, and efficiency of gain were 

also increased. Chicks receiving ten times this amount 

ha~ nearly perfect feather condition but the values for 

body weight , shank length , fat storage , snd efficiency 

of gain were lower tr~an the values for controls . The 

optimum amount must lie somewhere betv;een 0 . 005 and 0 . 05 

per cent . This product bad aoproximately 2 . 5 times 

the activity of desiccated thyroid oowder, according 

to the assay employed in this investiration . vn this 

basis the amount of desiccated thyr~id in the diet 

wl ich would cause optimum f eather condition , without 

resultin5 in bocy weight , efficiency of gain , skeletal 

size , or fat storage lower then norMnl lies somewhere 

between o.oo~ and 0 . 02 per cent for White Flyrrouth Foc,r 

chicks . This agrees aui te well with the estimate for 

Single (.,omb \,hi te Leghorn chic ks , i -~·, 0 . 0156 to 

0 . 031~5 per cent . The estimate is much lower than the 

amount (0 . 08 per cent) wblch I r v.in et . al . (1943) re -

·ported as ca1,.:.sing slight increase in body wei 1.:,ht of 
,.._ _______________________________ _ 
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barred Rock chicks , or the amounts (0 . 025 per cent and 

0 . 050 per cent) which Parker (1943) reported as causing 

greater gains in RLode Island Red chicks . The maximum 

value compares favorably with the amount ( 0 . 01 per cent) 

renorted by Turner et . al . (1944) as causin~ body wei ht 

lover than control ci.-.JcKs to 12 wee.-cs of age in Barred 

Rock cockerals . In all three reports referred to above, 

the products used were reported to contain approxi -

mately ten times the thyroxine activity of desiccated 

thyroi;1 powder . In contra.st to the results with iodi -

nated casein- A, iodinated casein- B (potency a?proximatP-

eaual to desjccated thyroid) failed to influence body 

weight of normal ¼hite Plymouth Rock chicks when gi ven 

at 0.379 per cent in the diet. Th1s value comoares 

favorably with the results of other workers. 

The discrepancy between the cr..ick res-oonses 

to thyroactive substances obtained in this study and 

those obt"'· ned by other workers r:ay have been due to 

pnvironmental differences, or to inherent differences 

in the c hl.cks used. A third possibility is that syn-

thetic thyroactive substances may vary in their effec -

tiveness for chicks . In any case, the necessity for 

caution in feeding thyroactive substances is evident, 

and the need for a chick assay for thyroactive substan-

ces intended for 1oul tr·y feeding is emphas:i zed . 

This work and thet of previous workers 

---------------·---------------------



indicates that the amount of thyroid hormone necessary 

for optimum feather· co"'dit·ion is not th€ same as the 

amount necessary for optimum ...,r ov, th , P-fficiency of gain , 

and fat storage . The wor·k also i ndicates that feather 

condition, but not body weight , of thyroiclectomized 

chic ks can be restored to nor·mal by feedin g thyroact1 ve 

substa~ces in the diet. 

Thyroid insufficiency favors the development 

of mineral an:i, or , vitamin deficiency SY!'lptoms (inclu-

ding perosis and dermetosis) . The action may be throu g h 

interference with vitamin utili zation , since the liver 

storage was not lowered by thyroidectomy, and additions 

of vitamins to the diet did not prevent the deficiency 

sympto~s , ·whereas additions of thyroa.ctive substances 

did . 

~he incidence end degree of perosis and derma-

tosis were q_uite hie;h arnone.: the unsupplen:ented thyroid-

ec tomi zed chi.cks in the earlier €xpPri men ts but not so 

e reat in later experiments . Vitarrin deficiency symptoms 

failed to develop eycept in the explorator~ experiments 

and in experiment I - 25 . A probable e.xplanation for this 

is the change in season of the year . The later exp eri -

n~nts were carried out in warmer weatr..er and the re -

quirement for thyroid hornone me.y not have been as great 

during this time . Ring (1942) showed that the activity 

of the thyroid is stimulated by col c . This contention 

--------------------·-------·----



is also supported by Koger 1 s and Turr.er 1 s work (1943) , 

sho~ing that non- toxic doses of thyroactive substances 

may become toxic with arrival of warm weather . 'I1he 

oerosis condition may have been due to disturbed ~an -

ganese metabolism. The intact thyroid stores large 

arounts of .manganese as well as iodine (Hay and Deysach , 

1 ~42) . 

Body te~peraturP- was not affected either by 

thyroid removal , or by feeding thyroactive substances, 

at least not sufficiently to be detected by rectal dP -

terrrinations . Completely thyroidectomired chickens 

whlch were reared to :r.iatur1 ty v,ere unable to survive 

severe winter weather and a henting unit had to b"" fur -

nished to ..ceep the mature birds alive . This can be 

viewed as eviaence that the thyroia. horrrone is on irr -

portant factor in the production of body heat . 

Feeding large doses of desiccated thyroid did 

not ca.use observable vitamin deficiency symotoms in 

this investigation . 1his was prob[bly because there 

was an adeouate supply of vitamins in the diet to meet 

any increase in demand that may have resulted from thy-

roid feeding . Jn the other hand, large doses seemed 

to cause a sllght decrP-ase in the vi texin A content of 

the liver . 

Contrary to the ms,jority of evidence as 

auoted by ;rill (1943), the present study indicates 



' ' ., 
that carotene is co:iverted to v l tamin A in the absence 

of the thyr8id , land. 'I'he unsupolE',,..ented, tLyroidec -

tor.1iz ed chicks were able to store a.bout the same amount 

of vitamin A in the liver as were the normal control 

chic.Ks receiving the same diet . 'Ihis is very important 

beca"..lse the vi tar:un A acti vl ty of the diet was due almost 

entirely to carotene ; approximately 2 . 5 International 

'nits of vi ta.min A ner 100 grams of diet were supolied 

b7:• the dried buttermilk ani meat and bone scr8o . 'I'he 

carotene ·content of' the liver· of' thyroidles s chicks 

did not exceed the 15.vfr content in control chicks . 

This was true in the unsupplementect group and in tr.e 

groups recsi ving thyroid substance . Schneider and 

tidma~ (cited by Drill, 194~) , on the othPr hand, found 

that thyroxine admiP..i stration to thyroidectomlzed guinea 

pigs incr~ased the hepatic storaf e of both carotene and 

vi te.min A. 

Thyr~id hoI'lT'one see~ s to have some infl~ e~ce 

on storag e of vitamin rl. or 1: oon the c onvers:i o r of car,.., -

tene to vitamin .tt because small additions of desiccated 

thyroid to the diet incr~ased the livPr storar e of 

Vi ta.lJlin A in botb thyroidectomlzed and control ChiCJ,{S . 

'l're hepatic storag_e of· the wat,=,r soluble 

vitamins was affected by thyroidectomy and !!1ild thyroid 

feeding in a manner similar to vitamin A, exceot thnt 

the -highest dietary levels o~ desiccated thyroid did 

'------------·----------·-··--··------



rot lower the livPr stora ge c reatly . This does not 

agree wi t r. previous evider.ce a~ auoted by Drill (1943), 

that hepatjc st~rar·e of certain other water soluble 

vltamins (i·~· bl and C) is reduc~d by hyperthyroidism. 

1here was a sex difference i n response to 

desiccated thyroid feeding in t:t.e uresent study VJhich 

confirms the report by Drill (1343) . The liver vitamin 

stora e indicated that the females were more sensitive 

to thyroactive substances . Thts is evidenced by their 

auicKer res ..,onse , as shown by the more raoi.d initial 

rise .i.n liver vitamin content followed by a more rBp ld 

and greater decline . ~vidently females are ~ore sensi -

tive than males to small doses of desiccated thyroid 

but are rnore able to tolerate excessive amounts of thy-

roid substance sl ...,ce male cni cks wer8 killed sooni=-r 

than females by toxic dietery levels (experlmPnt I - 25). 

Trwj_n et. al . (1943) , however, found evidence that fe -

'11.alP.s were more sensitiv 0 to hig h levels of thyroactive 

lodocasein . 

'rhe close a 5reement between the various thy-

r-:>id measurements indicates that 0 . 0625 per cent desic -

cated thyroi c in the diet is under the conditions of the 

exoeriment, a reliable estimate of the a~ount necessary 

to prevent ~ctiv~ty of the thyroid gland i n the develop -

ing chick . The lo1vest level of looinated casein used 

by Irwin et. al. (1940) (a.ppr::>ximately 0.01 ;:,er CPnt) 

:..------------------·---------· 
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ca.used 1warly maxlmun depresslor1 of' thyroid weic-3ht . 

Jn the basis of re )Orted thyroxine activity , th~t amount 

V/as a;>proximstely eaual to 0 . 10 l)er· cent des.tcca.ted thy-

roid; almost tv.ice the value reported here . This ls 

fairly good a r reernent since an a.'!lount less than 0 . 01 

per cer:t m· l ht also have CA.11sed maximum deoressior. of 

thyroid wei ht. Moreover, the biolog ical activity of 

the product nay have been much less for chickens than 

the activity reported . 

'l'he amount of thyroxine released daily by 

t:ie chick thyroid g lan11 did not e 'CCeed the a ·nount ob-

tained thro~h the daily cons1 1mp tion of a diAt contain-

ine 0 . 0625 per cent deslcca.ted t h yroid . ~ven this 

estimate is probably too hi : h since the optimum amount 

of desiccated th-yroid that couln. be added to the diet 

vas estimated earlier t~ be bet½een 0 . 0lb6 and 0 . 03125 

;ie r cent ( pa e 116) . Accordin g to the USP s ta.ndards , 

0 . 0625 per cent des::.ccated thyroid would supply a µpro-

xlmately 1250 parts per billion of iodine to the diet 

in the for.11 of thyroxlne . Theoretically then , the maxi -

mum amount of iodine required in the diet of Slnr le 

Comb WM. te Leghorn chicks thP f:trst six weeks· of a g e 

is not over 1250 parts per billion . This agrees very 

well with the estimate of 1000 parts per billion of 

lodine in the diet sug-ested by hilgus (1941) as the 

iodine requirement of growin e chic:..:ens . The re.liability 



,--------------------------------: 
of the estima. te in this investiga tl or den<=>nds upon the 

assumoti:,n that the ainount of dietary iodine absorbed . 
and c·mv<"rted to thyroxine would bo aoproxlms tely ea 1al 

to the amount of iodine contained in thE thyroxine ab-

sorbed fro"I" thE' diet containing O . 062b pP. r cent destc -

cated thyroid ~owder . 

'Ihe thyroid m,=.asurements used i.,opear to o•""fer 

a means of assaying synthetic thyr'.)acti.ve proteins for 

thyroxine ac ti v:i ty . 1',urther work should be do'1e to 

establish the most reliable thyroid measur~ for assay 

and the most accurate range of thyroxlne adrnintstratlon 

to establish a standard curve of resJonse . Fure thy-

roxine should bP used to determine the loss in activity 

to be eJ!Pected by oral administratlo~. The efficacy of 

reduclng the feedin~ oen od should be determined and 

assay of unknov1n products by injection, instead of oral 

administration, should also be investigated . 

The t hyroxine activity of iodinated casein- A 

as determined in this study is approximately b~lf the 

pot ency es tima. ted by tee producers . 'l'he potency es ti -

mated for iodinated casein- B agrees quite well with the 

estimate of the oroducE>r . It is ouite possible that the 

ultimate effect of synthetic 9roducts may be different 

ln chlc kens than in tadpoles or (._ uinea pigs . If this 

is so , a chic~ ~ssay procedure would be valuable as a 

guide to dosage of thyroactive protein since the use of 



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

The failure of dev 0 lopment of secondary sexual 

ch8rac teris tics in thyroldec tor"/Jj zed females , in which 
, 

the ovaries were ~ctive, agrees with the renort by 

Greenwood and Chu (1939) . 'I'his observation js signifi -

cant beca~e it shews that thyroid hormone is necessary 

for the production of the female sex hormone, as con-

cluded by ~reen~ood and Chu (1939), or for the fe~ale 

sex hormorn" to exert its in11.u ence on these chcrac teris-

tics. 

The ap pe.rent beneficial effect of thyroac ti ve 

substances 0".1 fov;l paralysis shoul n. be thorou~ bly in-

vestigated . 1
1 01t·l paralysjs is orii=> of the hithPrto 

incurable diseases of poultry and is considered one of 

the most ser·i ous f1ol'l'l an economic stand1Joint . 



SUMMARY AND CJI\C,Ll,SIOl-TS 

A technioue for removing the thyroids from 

day- old chicks is described and some of the advantages 

are discussed . 

Thyroid removal from chicks one to three days 

oln caused typical vitamin deficiency symptoms in the 

experi:men ts carried out dur ing the winter months . Thy-

roidec tomy in chicks one to three days old also resulted 

in low Pr body \"'eight and shorter shan.tC length than 

nor al , and inhibited or markedly retarde<i, fea the- r de-

velopment . 

The liver content of vitamin A, riboflav~n, 

pantothPnic acid , nicotinic acid , and total dry rrattPr 

was either unaffected or very sli gh tly lower than normal 

in unsupplemented thyroidectoMized chicks over the first 

slx weeKs of age . 

Addition of yeast and sardine oil to the diet 

of thyroidectomized chicKs failed to counteract the 

effects of thyroidectomy . 

Addition of massiv 0 dosPs of ootass1um iodide 

to the diet of dams, or thyroidectom1zed chicks failed 

to counteract the subsequent effects of thyroidectomy 

i~ chicks one to three days old. 



Aldi tion of sr.1all dos es of thyroac ti ve 

iodinated casein , or of desiccated thyroid, counteracted 

completely the e ffects of thyroidectomy on al 1 charac -

teristics studied exce'"'t b'.)dy weitnt . 'l1he effectiveness 

was dependent upon the thyroxine content and not upon 

the iodine content . 

Iodinated casein and desjccated thyroid , when 

added on an equal thyroxi. ne ac ti vi ty basis , did not con-

sistently ca.use the same response when different experi -

ments were co::noared or when the products were compared 

with each other in the same experiment . 

Pror ressive incr~ase in the amount of desic -

cated tbyroid in the diet of growing thyroidectomized 

and control chicrl:s caused oro f:!, ressive decrease in the 

measurements of body weifht , effic~ency of : ain , ad i oose 

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

In nearly every instance , the decrPase wa: oreceded by 

an increase with very small additions to the diet . 

30th ttiyro1decto~ized and control chicks re -

ceiviP.g very srall amounts of destccated thyroid l n the 

diet stored m0rP vi ta.'111.n A , riboflavin , nicotlnic acid , 

and pantothenic acid than did respective chicks receiv-, 

ing the basal diPt . In most cases the initial incrPase 

in 11 ver stora ge resulti ng fro r' small additions of desi-

ccated thyroid was followed by rapid de~rease with suc -

cesively greater additions . 

-------------------------------- - -- ---' 



Feather c~ndition in thyroidectorni~ed Single 

Comb Nhite Leghorn chicks was restored to nor~al by as 

little as 0 . 0156 per cent desiccated thyr:>ld in the 

diet . As little as 0 . 05 per cent of an iodi~ated casein 

;)reduct in the diet of nor~1al \'~hite ?lymouth Poe~ chicks 

resulted in excellent feather condition. Accordin~ to 

the estimate of the producers this was equivalent to 

0.25 per cent or ~ore of desiccated ttyroia , but accor d-

ing to the assay employed in this investigation, this 

amount was only eaual to about 0 . 02 per cent of desic -

cated thyroi-:! in the di et . 

A metl--iod of assay for thyroYine potency of 

thyroactive su'bst~nces is nrooosed and discussed . ·rhe 

method is based upon the resoonse of the cl•iC.l{ thyroid 

to tryroactive substances included in the diet . ~he 

activity of the gland ls detPr:nined by the evaluation 

of wid tr am 1 ength o~ the whole gland and diameter of 

the follicles . 'l'he activity is compared with the acti -

vity resulting from the feeding of known amounts of 

standardized desiccated thyroid . 

On the basis of estimated thyroxine oroduction 

by the chi c1c thyroid, the 1 odine reauirement of growing 

Sin~le Comb \vh i te leghorn cnicKs has been estimated es 

aporoximately 1250 parts per billion in the diet for 

the first six weeks of age . 

The maximum non- lethAl dose of desiccated 

----------------------------···--------



thyroid that could be administered in the diet of 

growing chicks was approximately 0 . 50 per cent . The 

maximum non- toxic nose was between 0 . 0156 and 0 . 00125 

ryer cent for Single Comb ~hit0 Leghorn chicks . 

Between 0 . 002 and 0 . 02 oer cent of des~ccated 

t'1yro"'d in the di~t was suitable for optimum feather 

develooment wtthout simultaneously resulting in sub -

normal fat stora"-'e , shank lenrth , and body weig·ht in 

.vhi te Plymouth F<ock chi ckR . 

ComolP-tely thyroidectomized day old chicks 

grew to maturity and ~roA ced fertile ec-s. They had 

received no thyroid suoplemPntation. jn the diet, and 

they s 1 owed no regenerated t byro1 a t·· s sue \..'Pon oos t -

mortF~ eYa~ination. 

Ir the absence of thyroid hormone , secondary 

sexual cbaracteristics did not develon . 

Thyroac tive substances were found to have an 

apparent beneficial ef feet on mature anci g·rowin,p.· birds 

sr'owin"' severe symptoms of range paralysis, a virus 

disease of poult ry. 

r 
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