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INTRODUCTION 

The work comparing thyroxine and triiod.othyronine in the mammal 

shows that triiodothyronine is three to seven times as potent as thyrox

ine in goiter prevention in thiouracil-treated an:i.lnals, promoting o:xygen 

consumption, increasing tissue metabolism and maintaining growth (Barker, 

J.955 a). '11he acetic acid analogue of triiodothyronine g;3.ve a faster and 

greater increase in BMR of the rat than aid thyroxine or triiodothyronine; 

therefore, it was suggested that thyroxine could change into triiod.othy

ron:i.ne or their propionic and acetic acid analogues and that one of these 

compounds could be the hormone that acts at the peripheral tissue level 

(Gross and Pitt-Rivers, 1953). 

In contrast to the vast a:mount of work which had been reported com

paring thyroxine and triiod.othyronine in the mamm.al, less is kno'WD. 

concerning the relative potencies of these compounds in the chicken. 

Shellabarger (J.955) compared thyroxine and triiod.othyronine in the chicken 

and concluded that they had equal. potencies in preventing thiouracil

induced goiter. He also postulated that possibly a species aifference 

existed as to the maDner in which thyroxine and triiodothyronine acted. 

Newcomer (1957) and Mellen and Wentworth (1959) compared thyroxine and 

triiodothyronine and found thyroxine to be the more potent compound in 

preventing thiouracil-induced goiter in the chicken. 

Since it appears that thyroxine and triiod.othyronine act in the 

chicken in a manner different from that in the mammal and since no 
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information is available on the actions of analogues of thyroxine, 

triiodothyronine, and diiodothyronine, it wouJ.d be desirable to test the 

effects of these compounds on a.n additional target ore;:in in the bird. 

The purpose of this experiment -was to determine the effects of thyroxine, 

triiodothyronine, diiodothyro!Drne, and their acetic and propionic acid 

analogues on the o~gen consumption of cardiac tissue of the chickeµ. 



LITERATURE REVIEW 

The discovery and identification of 3,5,3', 1-triiod.othyronine in 

human plasma. (Gross and Pitt-Rivers, 1952) stimulated many investif?J3.tions 

into the relationship of triiod.othyronine to thyroxine and their propionic 

and acetic acid analogues in the intact animal. 

Gross and Pitt-Rivers (1953) studied the effects of thyroxine, 

triiod.othyronine and their propionic and acetic acid analogues by inject

ing doses of 0.01 microgram into rats every one to two minutes f or three 

hours and measuring the BMR. The response of the acetic acid analogue of 

triiod.othyronine -was greater and much quicker than the response of 

triiod.othyronine and thyroxine; therefore, they suggested that the acetic 

acid analogue of triiod.othyronine could be the peripheral tissue hormone. 

Gross and Pitt-Rivers also suggested that triiod.othyronine and its 

propionic and acetic acid analogues should be considered as hormones 

since they f?J1Ve a response similar to thyroxine but different only in 

potency. 

Lacroix and Leusen (1958) reported that thyroidectomy reduced o:xygen 

uptake of myocardi~ slices from rats and that injections of' thyroxine 

increased o:xygen uptake. Ulrick and Whitehorn (1952) studied the effects 

of thyroxine on respiration of cardiac tissue and found that rats 'Which 

were made hyperthyroid from thyroxine given in their feed had a 22$ higher 

uptake of o:xygen by the heart ventricles and a 95% higher BMR than did 

the normal controls. Barker (1955 b) compared the abilities of thyroxine 

and triiod.othyronine to increase o:xygen consumption of cardiac t ·issue in 
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the rat and found triiodothyronine wa.s four times as potent as thyroxine. 

Much work has been reported comparing the potencies of thyroxine 

and triiodothyronine with reference to their abilities to promote oxygen 

consumption and IMR of the intact mammal, prevent thiouracil-induced 

goiter, increase oxygen consumption of tissue slices of various or&:1,ns of 

the body and promote growth. A summary and review of these studies can 

be found in :Ba.rker (l955 a) . These studies showed that triiodothyronine 

was three to seven times as potent as thyroxine in the various criteria 

tested. 

In contrast to the abundance of work 'Which has been reported in the 

mammal comparing the relative potencies of triiodothyronine and thyroxine, 

little has been reported comparing thyroxine and triiodothyronine in the 

chicken until Shellabarger (1955) compared thyroxine and triiodothyronine 

in the chicken using the goiter-prevention technique of Dempsey and 

Astwood (1943). From this comparison, Shellabarger concluded that 

thyroxine and triiodothyronine had the ~e potency in preventing goiter 

in the chicken. It is possible that different results would have been 

obtained had more dosage levels been employed in the test, since the 

response to none of the dosage levels reached that of the normal controls. 

Shellabarger suggested that possibly a species difference existed and 

that thyroxine and triiodothyronine acted in a different manner in the 

mammal as compared to the chicken. 

Gilliland and Strudwick (1953) compared thyroxine and triiodothyro

nine in one-day old chicks using Il31 and found triiodothyronine to be 

more potent than thyroxine in preventing the release of the iodine from 

the thyroid. 

Newcomer (1957) studied the relative potencies of thyroxine and 

t r iiodothyronine utilizi~g the Dempsey-Astwood technique in the chi cken 
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and using a variety of criteria of response: heart rate, feather length, 

oxygen consumption, goiter prevention, and elevation of body temperature. 

He found that thyroxine was more potent than triiodothyronine in prevent

ing thiouracil-induced goiter but when comparison of thyroxine and 

triiodothyronine was made to response of oxygen comsumption, feather 

length, or heart rate, both thyroxine and triiodothyronine had about the 

same potency. When comparison was ma.de in ability to raise body temper

ature, triiodothyronine was more potent than thyroxine. 

Mellen and Wentworth (1959) compared triiodothyronine and thyroxine 

in the chicken using rl31 to measure secretion rate and found thyroxine 

was more potent than triiodothyronine, thus confirming the work of 

Newcomer (1957). 

Tata and Shellabarger (1959) tested the affinities of thyroxine and 

triiodothyronine for the blood proteins in the chicken and found the same 

affinity for binding of both thyroxine and triiodothyronine. They also 

found that the half-life Of thyroxine and triiodothyronine 'Wa.S twenty

two hours. Tata and Shellabarger used this evidence to support the 

theory that there is no difference in the potency of thyroxine and 

triiodothyronine in the chicken. 

On the basis of the work reported by Shellabarger (1955), Newcomer 

(1957), and Mellen and Wentworth (1959) com.pa.ring the potencies of 

thyroxine and triiodothyronine in the chicken it would seem that there is 

a difference in the potencies of thyroxine and triiodothyronine in the 

chicken as compared to the mannnal; however, nothing is kno'WD. as to the 

potency of the propionic and acetic acid analogues of thyroxine, triiodo

thyronine and diiodothyronine. 



MATERIALS AND METHODS 

'White Leghorn cockerels were obtained from the Still-water Hatchery 

on the day of hatching and were placed in a battery chick brooder where 

they received 11 Superior All-In-One'' chicken feed and 0.16/o thiouracil in 

their drinking ·water for seven to thirteen days. Twelve hours prior to 

the time of sacrifice, each chick received an intraperitoneal injection 

of one of the nine compounds used.· Mellen and Wentworth (1959), having 

studied the effects of ·thyroxine and triiodothyronine on the BMR of the 

chick; reported that the maximal response was obtained between twelve 

and eighteen hours after injection. Preliminary trials prior to the 

initiation of this study substantiated Mellen and Wentworth's results 

in that ma.:x.imal o:x;ygen uptake by chick cardiac muscle was obtained twelve 

to twenty-four hours after injection of thyroxi.ne or triiod.othyronine. 

Since cardiac tissue from onJ.y twenty chicks could be handled in 

the Warburg apparatus at one time, two or three birds were used at each 

dosage level along with one normal control and one thiouracil co:p.trol 

b:5.rd for each 11 run11 in order to minimize experimental variation between 

dosage groups. 

Thyroxine -was given in logarithmic doses of 0.01, O.l, l, 10, and 

100 gan:nna per 1.00. gra.m.s of body weight (Table I). For special reasons 

explained in the discussion, one group of ten chickens was injected with 

50 g.amm.a of' thyroxine. The other eight compounds were given on a molar 

equivalent basis.as; compared to thyroxine. Each of the nine compounds 

was m.ixed in Eiuch a manner that all injections were 0.1 cc./ 100 grams 

6 



TABLE I 

SCHEDULE FOR TEE VARIOUS DOSES OF T.H:mOXINE ADMmISTERED 

Vo1ume of Solution Used Mol.ar Concentration Moles Per 100 gmo Total. Am.01m.t Per 100 gm., 
Per l.00 gm,, of' Boey Weight of Solution of Body Weight of Body Weight; Gamma 

O.l. mJ.,, 1.288x10-7 1.288x10-8 O.OJ. 

0,,1 ml.. 1,,288x10-6 1.288x10-7 0 .. 1 

0 .. 1 ml.. 1o288x10-5 1~288x10-6 LO 

0.1 ml. .• 1.288x10-4 1o288x10-5 l.0.0 

O.l. mJ.. i .. 288x10-3 1.288x10-4 100.0 

-.;J 
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of body weie)lt • .AD. of the nine compounds used except -the acetic and 

propionic acid ana.logues of thyroxine were dissolved in a weak solution 

of NaOH and then diluted to the desired volume with distilled -water. The 

solutions pre];6I'ed for injection were refrigerated in order to minimize 

the deterioration of the compounds in an alkaline medium;~ unused solutions 

were discarded at the end of three days. The acetic and propionic acid 

analogues of thyroxine lose their potency if mixed with a weak NaOH 

solution (Stasilli et al., 1959); therefore, they were dissolved in one 

part · ,.ethyl alcohol and diluted with nine :parts propylene glycol. 

The chicks were killed by decapitation twelve hours after injection. 

and the ventricles of the heart were removed and placed in an ice-cold 

phosphate saline solution (Table II) which bad been pre];6I'ed and refrig

erated two to three hours previously (Krebs and Eggleston, 194o). The 

ventricles were removed from th~ phosphate saline solution and cut into 

uniform slices of 0.5 mm. in thickness by means of a Stadie-Riggs micro-

tome. Slices of ventricle from the same heart were placed in a Warburg 

vessel which contained 3 cc. of cold phosphate saline solution. Two-

tenths cc. of l(Yi/o KOH, together with small strips of filter paper to 

in~rease surface, were placed in the center well of the Warburg .vessel. 

The Warburg vessel -was mounted to the manometer, flushed with pure oxygen 

for five minutes, then allowed to equilibrate in the -water bath for 15 

minutes at a temperature of' 370c. O;icygen uptake readings were taken 

every 10 minutes for l hour at a constant temperature of 370c. 

The slic~s of' ventricle were then removed from the Warburg vessel 

and dried on a watch glass in an oven at 370c for 48 hours. ·The dried 
I 

ventricle slices were weie)led on a Roller-~th torsion balarice. OXiYgen 

uptake was calculated as microli ters of oxygen / mg. /hr. ·of' dry ventricle. 

' 



Volume 

1000 ml. 

40 ml .. 

J.O ml. 

300 ml. 

TABLE II 

COMPOSI'l'ION OF PHOSPHATE SALINE SOLtrrION 
(Krebs and Eggleston, 1940) 

Concentration 

0°9% 

lol56/o 

3.84% 

of' P04 buffer adjusted to a. :pH of 7.4* 

9 

Compowd 

NaCL 

KCL 

MgS04~0 

'*The buffer was pre:pa.red by adding 17 .8 €Jll• of N~4~0 and 20 ml. of 
-1 N HCL to l liter o:f' H:20 and adjusting the solution to a pH of 7.4. 
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Since the regression of the plotted data involved different levels 

of a single factor and: since the experiment- was ·c~letely randomized, 

orthogonal comparisons in regression were made utilizing Sned.ecor's 11Fn 

test to obtain levels of probability (Sned.ecor, 1956). 

The compounds, aJ.l of 'Which were the levorotatory form, used in 

this stuc1¥,and tneir sources a.re as follows: 

Signa Chemical Company (purchased) 

Thyroxine (free acid) 

3,5, Diiod.othyronine 

Smith, Kline and French Laboratories (gift) 

3,5,3', Triiodothyronine sodium (Cytomel.) 

'Warner-I.mnbert Resear~ Institute (gift) 

3,5,3', Triiodothyroacetic acid 

3,5,3', Triiod.othyropropionic acid 

3,3',5,5', Tetraiodothyropropionic acid 

3,3' ,5,5', Tetraiodothyroacetic acid 

3,5, Diiod.othyroacetic acid 

3,5, Diiod.othyropropionic acid 



RESULTS 

The resul.ts of the experiments performed to deter.mine the effects 

of' the various treatments on the oxygen consum:ption of cardiac tissue in 

the chicken are summarized in Table III (For ra.w data see Appendix). 

T'.niouraciJ. reduced the oxygen. consumption of' cardiac tissue 2,,0 

microliters /mi/hr o al// d:cy" tissue below that of the normal controls 

( Table III) . 

When comparing the relative potencies of the nine compounds tested 

than the thiouracil controJ.s except the propionic acid anaJ.ogue of 

diiodothyronine at the 0.1 a.nd 1 gamma. levels and diiodothyronine a.nd 

the acetic analogue at the 0:1 ~ level. These exceptions are not 

. significant since these points are w.l:chin the stand.a.rd deviation of the 

thiouracil control group. Thyroxine f!/3.Ve a greater response than that 

of any of the other eight compounds at alJ. dosage levels; the response 
I 

vre.s greater than that of the normal .. controls at all points tested 

(Figure 1) . The response of thyroXine vre.s significantly different. from 

that of triiodothyronine at all dosage levels . (Table IV). Triiodothy-

ronine gave a response greater than that of the nonnal controls at the 

land 100 gamma dosage levels (Figure 2). The propionic and acetic acid 

analogue~ of triiodothyronine f!J3.Ve responses greater than that of the 

normal controls at the 100 grumna. level (Figure 2) . Diiodothyronine and 

its propionic acid analogue gave responses greater than that of the 

normal controls only at the 100 ~ level (Figure 3) , 

ll 



TABLE III 

MEAN OXYGEN UPr.AKll: EXPRESSED m MICROLITERS /MG~ /JJR~ OF DRY . TISSUE 

. Molar Equivalent DoSE:,S (Baaed on Gammas of Tb:yJ:oxineJ 
0.01 0.1 1 10 100 Compounds 

x s x s x s x s x s -
Thyroxb.1e 6070 Oo64 6.49 o.47 7.36 1 .. 76 8.87 0.79 8.13 0.87 

Tetraio&>thyroacetic acid 5.79 2.03 5.55 Oo24 4 .. 36 0.29 6.13 2oo·r 5.10 1 .. 55 

Tetraioru:rthy.roprop:tonic acid 5.36 1 .. 69 5.49 2 .. 86 5.04 lo45 5.1.8 0 .. 51 5.45 J..l.8 

Triiocl.oth,yronine 4.74 0 .. 55 5.39 0.89 6 .. 45 1..54 5.88 1.4o 7.88 l..19 

·Trtiodothyroa.cetic ao:i.d. 4 .. 39 0.37 J.i .• J.Q 1o38 4 .. 67 i.36 5.95 1.02 7 .. 03 lo32 

Triiodothyropropion.1e aeid 5 .. 011.96 5.33 LTI 5.26 J..57 5.61 1.57 6.58 3.05 

Diiodothyronine 5o28 J..,66 4.68 2 .. 71 4.J.8 0 .. 75 4 .. 34 0 .. 98 6.98 l.~45 

Diiodothyroacetic acid 4.95 1..86 5 .. 55 L6o 5.04 J...39 5.03 0.99 5.38 1.35 

Diiodotbyropropionie acid 5.01 1 .. 96 5°33 J..77 5.26 1.,57 5.61 1.57 6.58 3.05 

X s 
Normal. Controls 6:"o .3 

Thiouracil ControJ.s 4.2 .3 
' 

ti) 
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Compound 

Thyroxine 

Triiodothyronine 

Diiodothyronine 

Tetraiodothyropropionic acid 

Tetraiodothyroacetic acid 

Triiodothyropropionic acid 

Triiodothyroacetie acid 

Diiodothyropropionic acid 

Diiodothyroacetic acid 

* :: 5% J.evel of pro'babili ty 
*ti' :: 1% level of probability 

TABLE IV 

.MEAN SQUARES FOR THE NINE COMPOUNDS TESTED 

Linear Q;uadxatic Cubic 
Component Component Cam;ponent 

28.19** 0.01 J.0&84* 
- - -

45 .. 78** o .. ao 4 .. 55 
- -

9 .. 36* 36.45** 5.74 
- -

0.02 Oo50 0 .. 50 

0.61 1.o38 3.44 

:u.70** 2.07 0.99 

50.62** 7°75* 1..08 

16~84** 21..17** 1.23 
-- --

0.12 0.01 2.J.6 

Quartic 
Component 

LTI 

4 .. 51 

0.23 

1..72 

1.3.34** 
--

3.15 

2.17 

o.8o 

1.53 

Error 

L03 

1.38 

2.53 

~ 2.98 

2.48 

4.23 

L34 

3.,47 

2~17 

I-' 
-i::-
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A comparison of the :f'orms·of the dose-response curves g:t.ven by the 

nine compounds tested -was obtained statistically by using an orthogonal 

comparison in regression since the. regression involved different levels 

of a single.factor and the.e~riment -was completely randomized (Snedeeor, 

1956). 

Statistical analysis shows that thyroxine, triiodothyronine, diiodo-

thyronine, triiodothyrenine propionic acid, triiodothyronine acetic acid 

~d diiod.othyronine acetic acid f!IJ,ve a significant linear response that, 

-was proportional to the dose g:lven (Table IV). Analysis also shows that 
I 

diiod.othyronine, triiodothyronine acetic acid.and diiodo~hyronine 
I 

propionic acid have a quadratic e~onent in tb.eir responses. Thyroxine 

exhibits a cubic res:P?nse; the acetic acid analogue of' thyroxine shows·a. 

quartic copiponent .in its response (Table IV). The propionic acid a.na.logue 

of' thyroxine .and diiod.othyronine'a~etie acid f!IJ,Ve linear responses 'Which 

were not proportional to the dose (Table IV). 



DISCUSSION 

In the mawnal, triiodothyronine is three to seven times more potent 

than thyroxine, Tb.is difference in potencies of these two,com,pounds has 

been show using various criteria.: preventing thiouracil-induced goiter, 

increasing oxygen consumption, promoting BMR of the intact a.nimal, etc. 

{Barker, 1955 a). Triiodothyronine was found to be four times as potent .. 

a.a thyroxine in promoting oxygen consu:m.ption of cardiac tissue in the 

mammal (rat) (Bark.er, 1956). Since there are a number of dif:t'el!ent mean-

ings for potency, it is necessary to define 'What is meant by potency in 

this stu~. Potency is based on the magnitude of response usin~ ~qual: 

molar doses of compounds to be tested at equal intervals e.:rter treatment. 

In the present stu~ thyroxtne ws more potent than triiodothyronine in 

promoting oxygen consumption of ce.rdia.c tissue in the chicken; therefore, 

the potencies of triiodothyronine and thyroxine in the chicken a.re · 

opposite to those which were found in the mammal. The comparison of 

thyroxine a.nd triiodothyronine in ability to st:tm.ula.te o:x;vgen consumption 

of cardiac tissue is in agreement 'With the results obtained. by Newcomer 

(1957) and Mellen a.nd Wentworth (1959) 'Who reported that thyroxine was 

more potent than triiodotb.yronine in prevent!ng thiouracil-induced goiter 

in the chicken. 

When the potencies of thyroxine, triioqothyronine and their acetic 

and propionic acid analogues were tested in the mammal, the acetic acid 

analogue of triiod.othyronine l!J,3.ve a greater and faster increase in BMR 

than d:l.d. thyroxine, triiodothyronine ,. · or their propionic acid a.nalogues. 

18 
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It vra.s suggested that the acetic acid a:na.J..ogue of triiodothyronine vra.s 

the peripheral tissue hormone Since it caused a greater increase in BRM 

and oxygen consumption of various tissues in a. short·<&r· period of' time 

(Gross and Fitt-Rivers, 1953). In the chicken the pro:p;tonic acid . 

analogues of triiodothyrordne a.nd thyroxine (!13.ve greater responses than 

the acetic acid a.naJ.ogues of triiod.othyronine or thyroxine. Since neither 

the propionic nor acetic acid analogue f!JiJ.Ve a response as great a.s 

triiodothyronine or thyroxine (Figure l and 2), it would seem that the 

acetic acid analogues of triiodothyronine or thyroXine could not be the 

. peripheral tissue hormone in the bird. 

The responses of diiodothyronine a.nd its propionic and acetic acid 

~ogu.es in promoting oxygen consumption of -card:tac---t:t~-1n-·tne··-ch±cken 

a.re shown in Figure 4. The dose-response curves for diiodothyronine and 

its propionic acid a.naJ.ogu.e are significantly q"Ua.dra.tic in fo:r:im (Table 
' ' 

IV). 'l'he acetic acid a:na.J..ogu.e (!13.ve a. linear response 'Which vra.s not 

1>roportionaJ. to the dose. Diiod.othyronine and its propionic acid 

~na.J.ogu.e.were very inuch aJ.ike in response throughout the range tested and 

particularly from dose levels l. to 100 e;amm.a.. 

Comparison of thyroxine and triiodothyronine shows that the dose-

r~s;ponse curves of both are nearly parallel at the l.evel~ tested and that 

the response to thyroxine vra.s significantly different from triiod.othyro.-. 

nine at the dosage levels tested (Table IV and Figure 4). Statistical 

analysis of the dose-res;ponse curves of thyroxine a.ri,d; .. triiod.othyronine 
. •{-· _.· ... "-. . 

shows that each f!J!J.Ve a linear response that vra.s pro;portionaJ. to the dose; 

however, the response to thyroxine vra.s also cubic (Ta.bl.e IV). In order 

to obtain more information a.s to the extent o:t' linearity bf' the res;ponse 

curve between 10 and 100 ~' a group o:f' 10 chickens -~ tested a.t the 

50 gamma level.. A mean response of 9.05 microliters /mgof"4r, o:f d+Y 
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tissue was :f'ound. T'his ;ts the highest response obtained :f'rom any of the 

nine com.pounds tested in this stu~ and shows that the response to 

thyroxine drops beyond the 50 gamma level (Table IV). Since triiodothy-

ronine i!J:1Ve a. linear response, it would a.:ppea.r that beyond the 100 gamma 

level triiodothyronine would become more potent than thyroxine (Table IV 

and Fig11re 2) • 

·:In ··eam.ining thfil dose~response .curves .·ot the·· nine compounds te$ted 

in this stu~, one can see that many o:f' the compounds i!J:1"ie a. J,.inea.r 

response that was also signi:f'icantJ.y cubic, qua.dratic, or quartic. The 

physiological reason for such responses is not apparent, yet :many of 

these dose-response curves are highly significant. 

In searching :f'or a_physiological mechanism that-wouJ.d give insight 

into the different responses that a.re obtained. 'When com.pa.ring thyroxine, 

triiodothyronine, diiodothyronine and their propionic and acetic acid 

a.nalogUes, many possibilities arise. !fh.ibattlt · {1956) suggested that in 

the mammal thyroxine changes to triiodothyronine at the tissue level by 

deiodiza.tion a.nd this hormone could enter the cells faster and thereby 

exert a greater action than thyroxine. . Apparently thyroxine does not 

change to triiodothyronine in the chicken since thyroxine (!JJ.ve a greater 

response in O'Jr¥gen consumption of cardiac tissue in the chicken {Table 

III). 

i'a.ta and Shellabarger {1959) :f'ound that thyroxine and triio<lothyro-
f 

nine were both bound to the globtu..:i'.n fraction of the blood of the chicken 

'With the same affinity; therefore, one could not accept protein binding 

to be the physiological mechan1$ll 'Whereby a di.f:f'ere:rrt response is obtained 

in the chicken and :mamm.a.J... 
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The difference in potency of thyroxine and triiodothyronine in the 

chicken could possibly be explained on the basis of a difference in the 

affinity of binding sites a:nd/or number of binding sites for thyroxine or 

triiodothyronine at the target organ. Stetten (1956) presented a method 

for showing the relationship between. hormone dosage a:nd response which 

was based on the fact that the physiological response to some endocrine 

products at low dosage levels is proportional. to dose and saturation 

o:f'ten may be achieved at high dosage levels. By ana.J..ogy to the Michaelis

Menton concept that the abundance of enzyme-substrate complex limits the 

velocity of an enzyme-catalysed reaction, it was suggested that the magni

tude o.f a hormone-stimulated response was limited by the abundance of 

hom.one bound to appropriate sites on the target organ. He showed that 

when dose/response was plotted against dose, a straight line should be 

obtained with the slope and intercept indicating the capacity of the 

target organ to bind the hor.m~ne a:nd affinity of the hormone for such 

binding sites respectively. Figure 5 shows the results of plotting dose/ 

response against dose of thyroxine, triiod.otb.yronine,, a:nd diiod.othyronine 

in regard to oxygen uptake of cardiac tissue. All. three of the compounds 

gave approx:illl.a.tely the same slope and intercept thus indicating that there 

was no difference in the nmnber of binding sites or affinity of the 

hormone for the binding site. 

The amount of hormone necessary to maintain thyroid weights in 

thiouracil-treated birds equal to those of normal control White Leghorn 

cockerels of approximately·2. weeks of a.ge have been found to be _2.45 

micrograms per 100 grams of body weight per day (Reineke a:nd Turner, 1945) 

and 2.9 micrograms :f'or thyroxine and 3.9 micrograms for triiod.othyronine 

(Newcomer, 1957). Data presented in this report shows that 0,01 
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micrograms of thyroxine or l microgratn. of triiodothyronine f!IJ.Ve an •· 

increase in oxygen consumption of cardiac muscle that 'Wl:I.S greater than 

the normal controls. A generalized comparison o:f' these figures shows · 

that the heart is 250 to 300 times more sensitive to thyroxine than is 

the pituitary and that it is 3 to 4 times more sensitive to triiodothyro-

nine than is the pituitary. This greater sensitivity of the heart to 

thyroxine a.nd triiodothyronine would support Newcomer (1957) and Van 

MiddJ.esworth (1959) in that the goiter prevention method of Dempsey and 

Astwood (1943) gives an erroneously high va.J.ue for the daily secretion 

rate of thyroxine by the thyroid gl.a.nd and/or that the thyroid-pituitary 

relationships are not f'ull.y explained by a single feedback mechanism 

(Goldberg et al. 1957). 

It is possible that a difference in the rate of inactivation and/or 

(=!Xcretion of thyroxine, triiodothyronine, diiodothyronine or their 
1 

analogues from the chicken could account for the differences in potency 

'Which were obtained 'When these compounds were com.pa.red in the chicken. 

The only data a:vaila.bJ.e are those reported by Ta.ta .and Shellabarger (1959) 

which sho~d t:ha.t thyroxine and t:riiodothyronine both have the same ha.l~

life in the chicken. 'fhis would indicate that there is no difference in 

the rate o:f' excretion of' thyroxine and triiodC>thyronine in the chicken. 

Since the a:f'finity of hormone to binding sites, number of binding 

sites on the_ta.rget orf!IJ,n, rai:;e of' excretion, or size of' the molecule can 

not account :f'or the differences in poten~y which were obtained when 

thyroxine and triiod.othyronine were test~d in the chicken, the difference 

must lie in some other mechanism. Another :poss+bility would be 

dii':f'er~ntiaJ. permeability of the cell membrane; however, a.t the present 

time there is no evidence to support this theory. 



The purpose of this e:x;perim.ent 'WB.S to determine the effects of 

thyroxine, triiodothyronine, diiodothyronine, a.nd their a.cetic a.nd 

propionic: a.cid'..ana.J.ogue1f"on the 'oxygeri. consumption of. cardiac tissue of 

the chicken. 

One-day old White Leghorn cockerels were pretreated with O.l'fo 

thiouracil water for seven to thirteen days. Fach chick received a.n · · 

intra.peritoneal injection of one of the nine thyroid analogues twelve 

hours prior to .the time they were sa.crificed. Thyro:idne 'WB.S given in 

l.Oti!1=Lrithmic doses Of 0.01, 0.1, 1, 10, a.nd 100 gamma per 100 gra.ms o:f' 

body weight a.nd the eight other compounds were given ·on a molar equiva

lent basis as compa.red to thyrox:j.ne. O:x;ygen uptake of the cardiac tissue 

'WB.S mes.sured using the Warburg apparatus. 

Thiouracil treatment lowered the oxygen uptake 2.0 microliters below 

tha.t of the normal controls. When comps.ring the rel.a.ti ve potencies of 

the nine compounds tested at various dosage levels, all nine cam.pounds 

tested exhibited more activity than the thiouracil controls. Thyroxine 

f!P,ve a greater response tha.n any o:f the other eight compounds at a.ll 

levels; the response 'WB.S greater than that of the normal controls at all. 

points tested. Tri:iodothjr.ronine was the second most active compound 'When 

compared at the b .1 to the 100 gamma dosage levels. The remaining com

pounds, in gene:r:a,l, did not exceed the response of the normal controls 

except a.t the 100.~ level. 
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RAW DATA 

OXYGEN CONSUMP.t1ION OF C.ARD!AC Tl'.BBDE AT VARIOUS DOSAGE LEVELS 
OF THYROXINE AND ITS ANALOGUES 

Compound .01 Ga.mm.a .1 Gamm.a 1 Gal1lma. 10 Gamma J.00 Gamma 

Thyroxine 7.92 6.07 11.57 7.99 6.03 
6.95 6.84 5°79 8.88 8.06 
6.86 7.04 7.32 8.10 8.61 
5,.81 6.55 7.29 7.77 7.69 
7.21 6.03 4.67 9.07 9.24 
5.76 5.79 6.96 10.14 7.91 
6.37 6.81 7.64 9.01 8.45 
6.42 6.72 6079 8088 8.85 
6.72 7.02 6093 8079 8.09 
6.67 6.01 6.8'7 10.04 8.41 

x 6070±.64 6.49:t.47 7.36±1.76 8.87.t.79 8.1.Jto872 

(See the end for 50 ©9,tIJl1J.a. level of thy.ro:x:tne) 

Triiodothyroni,ne 4.21 4.61 5.70 7089 8.84 
4.31 4.92 5067 5.47 8.85 
4.96 4.76 4.87 7.80 9.2)-1, 
1~.54 7.74 4.60 4.95 5.81 
5.71 5.09 6.96 6.78 5.82 
4.59 5.36 8.62 3.84 7087 
4.57 5.82 7.79 4.09 7 092 
4.~3 5,13 4.58 5.38 7.90 
4.59 5.36 7.79 6.11 7.80 
5.71 5.09 7.96 6.53 8072 

x 4.74±.55 5.39r.89 6.45±L54 5.88*1.40 7.881:1.19 

Diiodothy:ronine 5.41 2.15 3.92 3063 10.55 
3.92 h.28 3.58 5ol:l 6.96 
8.82 5·.69 5.71 6.02 6.29 
7.07 4.oo 3.46 3.83 6025 
4.10 1L41 3.58 · 4.16 8.25 
3.70 4.17 3.88 3.73 5o74 
6.09 3.79. 3.99 5060 5.96 
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Compound .OJ. Gamma .J. Gamma 1 Gamma 10 G,a;mma 100 Gamm.a 

Diiodothyronine 3.81 3.39 5.02 3.47 6.04 
4.54 3.87 4.77 4.69 6.90 
5.32 4.06 3.88 3.11. 6.87 

x 5.28±1..66 4.68i2.71 4.18to.75 4.34to.98 6.98t1.45 

T:riiodothyro~ 
acetic acid 4.53 3.92 4.47 5.00 5.66 

4.83 3.8J. ,4.62 4.50 6.65 
3.88 3.89 3.30 5 .31-1, 7.72 
4.65 4.30 3.18 5.33 9.61 
3.89 2.59 6.ll 7.85 5.60 
4 .. 59 7.18 6.79 6.82 6.21. 
4.81 2.23 2.75 6.82 5.99 
3.91 5.34 · 6.16 5.36 7.88 
J+.56 3.76 4.51 6.42 8.43 
4.24 4.02 )+.80 6.01 6.52 

x 1+.39to.37 4.10±.1.38 4.67i1.36 5 .95-.t:J..02 7 .. 03*1.32 

Triiodothyro-
propionic acid 6.36 9.23 7.53 6.49 3.59 

6.28 7.Jl 7.48 6.13 8.25 
9.75 3.17 3.90 8.91 5.28 
3.67 4.78 4.81. J~ .• 25 3.43 
4.12 5.63 4,31 4.40 6.23 
3.41 5.07 4.16 4.69 l,1o39 
4.40 3.77 6.34 3.66 4,,77 
4.52 4.98 J+. 72 4.91. 13.30 
3.70 5.21 4.4l~ 5o72 8.71 
3.89 4.11 4.97 6097 7.82 

x 5 .Olt.1.96 5 .33t,l. 77 5,26t1.57 5.61±1.57 6.58t3.05 

Diiodothyro-
propionic acid 9.70 2.65 6.22 6.93 6028 

7 .. ~o 5.89 3.22 5.35 4.63 
4.48 6.29 6.36 4.88 7.26 
2.71 3.23 2 .. 47 2.98 10.17 
4.03 L99 1.88 3°35 5.50 
3 .. 08 3.14 4?50 3.3J. 3.75 
1.57 3.51 4.09 3.72 8.43 
6.59 6.39 3.51 2.73 1+.19 
3 .. 07 3.71 4.71. 4.44 7.64 
3.82 3.82 5 .01~ 6.71 7.33 

x 4.66±2.51 4.06±1.57 4.2otl.48 4.44-tl.51 6.52±2.03 
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Compound .01 Gamm.a .. l Gamma. l Gamma 10 Gamma 100 Gamma 

Diiodotb.yro-
acetic acid 2.43 3 .. 68 4.45 5.75 6.25 

7.66 6.32 4 .. 48 3°89 4.37 
3.32 4 .. 49 5.34 5.46 5.17 
6.21 7.74 7.86 7.23 7.65 
7.55 6.49 5.73 4.82 5.59 
5,,54 8.27 3.30 5.07 4.49 
4.43 3.82 3 .. 26 4.95 3.89 
4.98 4 .. 62 4.17 5.02 4 .• 16 
2.57 5 .. 43 5 .. 72 4 . .,26 '7 .61 
4.81 4.62 6 .. 04 3.83 4.62 

x 4.95:t1.86 5 .55~1..60 5 .. 04±1.39 5.03t.99 5.38t1.35 

Tetra.iodotbyro-
propionie acid 4~26 3.67 5.84 4.91 4.27 

5~ll 4.06 4.72 4.89 4.96 
a.·06 13.ll . 4 .. 15 4.72 6.30 
7.56 6.20 . 6.89 5.95 3.91+ 
5.31 5.22 6.24 6.02 4.33 
7.34 6.34 7.121 4.69 5 .. 77 
4.ll 3 .. 21 5.21 5.00 ·7.81 
3 .. 24 4 .. 34 2.99 5.19 6.31 
4.07 3.99 4.09 5.66 5.79 · 
4.51 4.76 3.24 4.77 4·.97 

x 5.36t1.69 5.49t.2.86 5.04t1 .. 45 5 .. 18t.51 5 .. 45-t:1.1.8 

Tetra.ioq.otbyrQ-
acetic acid 10 .. 57 5 .. 16 4.24, 5.51 3.66 

3.84 5 .. J.6 3.77 4.58 4.86 
4.20 4 .. !42 4.75 4.99 5 .. 06 
4.33 5 .. 49 6..38 8J1-5 4.93 
6.43 4 .. 80 3.21. · 10.99 2.91 
5.66 5.91. 3.,33 5.03 l~.03 
4.84 6 .. 39 3.89 4.54 6,,98 
7.6o 5 .. o8 4.27 5 .61. 8.J.6 
4.72 6 .. 97 4 .. 67 6,,63 4.37 
5.68 6;07 5 .. 07 4.97 6 .. 07 · 

X 5.79t2.03 5.55±0.24 4 .. 36t-o.29 6 .. J.3t?.07 5 .. 10.ti.. 55 



5.46 
5.40 
7.02 
6.87 
6.09 
'6.73 
5.41 
5.23 
5.98 
5.81. 

i 6.ot.30 

3.50 
4~25 
3.93 
3.82 
4.01 
3.76 
4.23 
4.50 
4.50 
3.51 

i 4.oot~30 

Nomal Contnols · 

6.73 
5.37 

· 5.92 
5.27 
5.87 
5.35 
7.02 
6.84 
5.42 
5.77 

!t'b.yroxine 
.. i(),.~. 

s~11 
10.57 
8.69 
7.81 · ea~ 
7.07 

ll.88 
7.94 
8.67 

ll.44 

.· 9.04-t.52 
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