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INTRODUCTION 

It is n busle physiolegieal fast that the metaboliam of animal 

orgonisaa, as neaeured by oxygen sonsuaptlsn or calorie production, lo 

net a constant a^gnitnde but is dependant on. nnd sontrolled by, many 

different faetora. Body also, hormonnl and environmental influeneos are 

recognised an being important fnetore in this respect* 

It is known far aere than 100 years that weight-spoolfic basal 

ostabolis rate in msmmals decreases with lnsreaoing body-siss. This is 

evidenced by the surf see rule which states that metabolic rats per unit 

weight deoreaaea with increasing body else, but la constant per unit 

surf ace. The surfaee rule la found to apply to aany invertebrate and 

vertebrate elassee (Bertalanffy. 1951 (a))* An far as mammals are 

concerned, it has been ehown recently (Racine, 1951, unpubliehed) that 

the surfnee rule applieo to growing rate, in eo far aa the general trend 

of the dependence of banal metaboliam on body weight la concerned* 

although in detail the relation ie more complex. In man the well-known 

DuBoio f amnio, aa applied in slinicnl teota, amounts dimenoionally to 

the surface rule. 

Similarly, it is obvioue that hormonnl faetora belong to the 

aoat important rsgulatoro of metabolism, s.g., the thyroid gland and 

lta hormone, thyroxine* It appears that a eoabinntlon of many hormoneo 

is involved in the rsgulation of phyoiologieal proeeseeo, instsad 

of the individual horaoneo being eonoernuu ith ihe adjuatment of one 

Partiaular proceea in the animal body. This is especially true in the 
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ease of the pituitary hormones, as they appear to influence the 

physislegieal prooeseee of metabolism, growth, reproduction, lactation, 

ovulation and nany ether functions. Changes in the activity of the 

thyroid by way of hyper- and hypothyroidlem manifest themselves in 

corresponding changes in banal metabolismi theae ehun us arc important 

far diagnosis *f thyroid disorders. 

The metaboliam of the organism as a whole is obviously eoapeeed 

of the metabolism of its organs, tissues and ultimately of its cello. 

Thus, the problem presents itselft What is the relation between the 

metaboliam of the entire aniaal, as asaoured by ita baaal metabolic rate, 

and the metaboliam of the tissues composing itf further, /O must ask 

whether the factors regulating metaboliam in the entire aniaal are alao 

active in ite loolatod tiosuss, and whether the action of thooo factors 

in vivo is reproducible in vitro* 

There le, of course, a large amount of experimental material 

pertinent to these questions. Closer inspeetion, however, ahowe that 

these data are rather scattered, unoonneetod and often contradictory* 

The importance of in vitro study cannot be minimised, for there are certain 

advantagee in the study of ieolateci tissues i Constant conditions can be 

maintained end controlled, and indiioct influences which affect in vivo 

investigations can be eliminated* The importance oi' this problem io well 

acknowledged. Thua, Kleiber (1947) otatosi "the snnlysis of thooo faetora 

controlling the metabolic level la vitro and in vivo appears to be a 

mast fruitful fluid for future reoeareh on tlesue metaboliam." The proaent 
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otndy alas at giving acre infarmation on ooas of the queotiono eonnected 

with the nbeve problens. 
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CHAPTLR I 

SURTLT CT PPAtlQD. iHV ..TlUATI.Ma 

TAIIM ftfthlriUra in*. FtnY Slit 

The qneetien of the dependence of metaboliam on body else con 

be studied in two rsnpeoto, namely interspecff^efl\^yr I.e., soaparing 

rature animals af different cpssiss of animals, and iniraapoclfloallv. 

!•••, soaparing animals af the came apeeiee but of different body eiso* 

Thooo aspeetc are applicable to the aiie-metabollam relation in the 

metaboliam of entire animals aa »ell as to their tissue metabolism. 

There are numerous older investigations on the rel tlon of 

tissue respiration (QQ ) end body also which, however, are ineonolueivo 

and often oontmdietoryi this older work is reviewed by Bertalanffy and 

Pirotynaki (1953)* Recent investigations of this problem were carried 

through, in intrameoiflo comparison by Bertalanffy and Pirotynski (1951 (»))» 

1953)1 Plrnayaeki sad Bertalanffy (1952), and Interspecific comLariam. 

by Krebe (1950). 

Bertalanffy and Pirosynakl have investigated the question whether 

the systematic deliao of «eight-opoeifis basal metabolic rate with 

increasing body sice, aa axpreesad in the eurface rule una related 

formulations (Klslbsr, 1947)* can bs explained in terms of a corresponding 

dsoline of tissue respiration. This work led to the result ht, in 

lntraapoelfla comnwrlBon. among 7 characteristic tiesues of rata in a 

eeriee froa new-born to adult (9 gm. to 392 gm. body weight), only the 
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diaphragm shove a variatian in <fo soaparsble to that of woight-spesifio 
2 

metabolic rate. With reepeot to heart, there ia a slight deoreaeo in 

QQ with increasing alio, but the correlation coefficient ie low. The 

QQ correlation af lunge ie aiailar ts tht>t of heart. The uata obtained 

from liver eeea to ehew a break in the allometrie lias of the QQ some­

where la the vioinitv af 100 gm* The Q Q 2 values of kidney-eortex remain 

pract!sally oonetant over the range of body sizes investigated. Braia-

eortex seems ts show a alight iaeroaae in the QQ with increasing body 

sise* As far aa liver and kidney are concerned, recent work on tissue 

respiration of grsviag chickens (Crandall and Saith, 1952) hnssBsentially 

confirmed these results. 

A thorough study of the iatsrspsslfie relation of tiasus 

metaboliam and body else was made by Kreba (1950). Investigating 5 

tissuee (lung, liver, kidney-eortex, brain-cortex and epleen) of 9 

mammalian apeeleo, ranging froa the mouse to the horse, he found that 

in general, the Q Q . valuea af the larger oposieo were somewhat lower than 

the hsaelsgous valuea of small speeios. However, there is no parallel 

deoreaae ia the different tissuee, nor a eonslstsnt relation to the 

deoreaeo of •sight-specifie bnsnl metabolic rate with increasing sise* 

Not finding a systsantis difference in tlesue respiration which would 

correspond to the differences in totnl metabolism in the mai»nalian ssriss, 

Krebo attributes these differenooc to variatian in the Q Q , cf muaeulature 

tissue, which was not ottudlcd in his experiments* 

To a certain degree, Kreba hypothesis is supported by Bertalanffy 
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and Pirssynski's findingc, since In their experlaoats, the diaphragm 

•a the only striated aussle investigated, was also the only oae to 

shoo n decrease in QQ. oooparable to that of weight-opeeific metabolic 

rate* This «,as saphanised by SchaldWislssn (1951). Bertalanffy 

and Pirosyntiki (1951 (b)) ropliod that, on the baaia of a quantitative 

eatiac'bo, a decline in tiaaue reapirutien af musculature, even i f i t 

would ce of th« sane order as thit found in the diaphragm, would not be 

euffieient to account far the deslias of aetabolie rate of the entire 

animal* 

Thus, part af the preeent work i e concerned with a further atudy 

of the slxe-depenuenee of tiaaue reaplratioa sf musculature, posing ths 

fallowing quoationsi 

1) that i s the relation of the QQ, af okeletal musole to 

body sixeT 

2) Io the relation between QQ of t issus and body size which 

i s eetabliehed for the diaphragm, as highly eigaifleant, dependent on 

external faatero applisnble in vitref 

Part of the reeults obtained in these studies has already been 

published (Bertslamfy and Estwick, 1953)* 

B* m^lAM AM YHs THIRwIP fffcnM 

1. laflua,,^ oi ,.,/rolm on Total M s W .liaifi d.M.R^ 

The influence of the thyroid hormone on total metaboliam ie wall 

known* There la a tremendous aaount af literature on thle eubjeet, as 
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reviewed, e.g., by Selys (1952)* la this theala only a fan recent 

findings shall bs asatloaod, whieh hav a poeolble relation to ths 

preblea embodying the subJset aattsr of this iaveotigatioa. 

The fast that thyronine administration or hyperthyroldisa 

leada to an increased bnaal aetabolie rate ia familiar, and the latter 

la aaad aa a clinical criterion in diognooing thyroid dlcerderc. It 

mast bs beme in Bind, however, that the influence of thyroxine ontasal 

aetaboUe rats is not abeolotely ooasistoat. Balogh et al. (1951)» 

having given donas af thyroxine, 0*1 to 0*5aja* subouteaeously to normal, 

thyrddeetoniied cad hypophyosstoaissd rata, eboerved that subeutaneous 

injection ia uenally followed by a riaa in bnaal aetabolie rate within 

2 houra* Hawavor, aoraal and hypephyoeotomiiod rata reapond occasionally 

with a decline af oxygen consumption, earner and Hamilton (1951) have 

iadieated a number af eaoee of hyperthyroldisa without apparent hyper-

metabolism. These eboervatlons ahauld be of spesial iatereat to elinieiane 

was rely aalaly sa B.M.R. la diagnosis sf thyroid hyps- and hyperfunotion. 

It ia te be noted further, that the effect of thyroxins varieo 

ralativa ts ths mode sf administration. Orad and Lebload (1950) indicated 

the offeat of tqrrexlas ea oxygen ooasuaptlan and heart rate, following 

bile duet ligation snd partial hepateeteny. Their results revealed, 

"that thyroxine was leas effective by the intraperitoneal t' an the 

ottbeutanooue roate. Preeuaably, thia was due ts the font that tie 

aaterlal absorbed froa the peritoneal cavity through the portal veins 
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has a better ehanee of oonung la direct contact with the liver than 

that abaorbed from uader the okin through the systemic oirculetioa. 

Thus, the deoroasod aetivity of thyroxine after intrnperitoneal injection 

suggeoted that the liver reduced the oaouat available to the tiesuea* 

The offeetivsaooa of thyroxine was not reduced by the liver as completely 

sa that af meat steroids, for, even after intraperltoaeal injection, 

thyroxine has a definite effect en the heart rate, while eteroide wore 

alaeot completely inactivated when adainicterecl by the sane route*" 

Their results wars taken te indie*te that the liver exaretsd snd 

iaactivatec exceoa oneuata af thyroid hormsno. 

Varlatioa la reopoaoe ts thyroxine io not Halted to different 

tlaeuea, but aeeme te be based also on opocioa differoneeo. t»rrow and 

eo-workero (1951) eoapsrsd ths effectc of oxperiaoatal hyporthyroidioa end 

hypsthyrsidlsd on roolotsnse te anoxia in rata and mice* Their resulta 

ehowod that the offest of thyroxine on the degree of anoxia to which the 

animal could bs exposed varied nults aarkedly in the rote and the mouse* 

They attribute this difference te the difference in the output of 

thyroxine by the two epeeios* If one concidoro ths nouss as a apscise 

eeeretiBt; loos than optimal aaount of thyroxine, it is appareat that the 

inltlnl effect of thyroxlae administration would bo to inoroass resistance| 

an ths dsssge ineroasss, the optimum would be pssaed and a dsereassd 

resistance obtained. Goaveraely, in the rat with an optimal aoraal 

output af thyroxine, the inltlnl effect aunt bo to deereaae survival tims. 

In sisdlar aaansr the failure to obtain good protection with thlournoil 
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in the nouse may be explained by the fast that this opoeioa ia already 

in a hypothroid atate* 

2. Roopiration of Isolated Tlaauaa from Thvrcxine-Ir, iectod Animals. 

Anadniotrution af thyroxine in vivo oeemo to inoroass not only 

bnaal not ibolinm of the entire aniaal, but alao tiaaue metaboliam as 

observed in vitro by the Warburg technique, although the roculto da not 

awaa vary consistent. Coavereely, thyroldoctomised anlmala show not only 

Invar banal aotabeliaa but alao show lower tiaaue metaboliaa* A aurvey 

af the older literature oa this subject has been given by Krebo and 

Johnson (1948), and Rapport, Cansaaelll and Guild (1946). It waa shown 

by the latter, that thyroidectomy causae a depreoaion in oxygon consumption 

of ths tioeuee (liver end kidney) iavestigated and raadsrsd the liver 

sensitive te subsequent thyroxine administration. In the case of the 

kidaey, while previous thyrcidestony doorcases the oxygon consumption, it 

doec not apparently sensitise the tioaue to the effects of thyroxine* 

Boas recent work, (Balagh at al. (1951), scorns to emphasise 

that ths tins faster has to bs considered aa playing an important role with 

reepect te thyroxine notion. Thle waa further iadieated by Barker aad 

Klitecn.J (1952) who pointed out that no tiaaue atudied exhibited any 

aetabolie ehange at ft houra after injection sf thyroxins, nswsvsr, QQ 

of heart, skeletal muscle, omooth musele, diaphragm, liver kidaey and 

gastric musooa waa elevated ia vayring aaouatc by 12 hours after injection. 

Thooo valneo continue to iaereose for 4 days and startsd downward after 
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six daya. Changs ia astshslism of c.rdiao masels inoreaood from 100 

to about laOX in two daya, tiO% in 4 dnysf thle waa the maximum increase. 

Ths maximum iaereaoe far skslstal musculature waa about 190JC in ft daya. 

Another lmporteat ebeorvntion in their oxperlaeato is ths fust thnt 

epleon, bmln and toetio showed look af change in tiaaue metabolism 

following s single injsctlon of thyroxlaa, while other tiasuss investigated 

ehowod varying ahangaa in netaholisa. Ths msrlim lasrtaee la Q Q 2 io 

sbservod froa 4 to ft days after administration of thyroxine. Skslstal 

aaaonlnture ohosed only slight inereass ae compared with cardlae muesul&ture 

and ether tissues. Ths result of Anselmine st ale (1929) una eonewhat 

differoat* They eboervod no effsat or slight iasronss ia oxygen eoasuaptioa 

af liver, eploea end kidney 24 hoaro to 7 daya after lajsetlon of 

thyroxine* Paal (1933)» nlss indicated thnt tiaaue troatod with thyroxins 

la vitro over n 24 hoar purled shoved algnlfleant increase in Q Q • Mors 

recent work by Ullriek and Whlteaorn (1952), who odminiotored dssisatsd 

thyroid ponder nor on* hno iadieated Lhat certain tiasuss are more 

subject ts ths influence of thyroxins than othere, n further indication 

af variatian in thyroxine action. 

3- Rnnplratlon of loolatod Tissue Treated Directly with, thyroxine 

The iaflnanss sf liroct appliwatian of thyroid hormone oa 

ia vitro aetaboliam (oxygon eonoumption), has roeolvcd wide attention* 

However, seas af the reculto obtained were not in agreeaeat with the 

gsneml soaeopt sf ths thyroid as activator of metaboliam. On one hand, 
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there are a number of sxperlaonto »hieh indicate a pooitive influence 

on in vitro netabolloa when thyroxine la added directly to the tisoues 

investigated. On the ether hand, there ore oxperiaonts which indicate 

no offoct of thyroxine. To mention a few workers wheoe roaults fall 

in the latter group, Hioko (1932), haa worked with aineed ekoletnl wueeulature 

of rabbite under aiailar experimental conditions as ths prsssnt ark. 

Hopping (1930), haa investigated the direct application of thyroxine 

(Squibb) to alligator blood, oad In nnethor aarioo of experiments injected 

thyroxine in the animal. After 3 cays oxygon consumption of blood from 

injected aaiaala ahowad on iaoroaae of frea 150 to 190 percent above antrel, 

while none of the oxperlaontc there thyroxine waa applied directly showed 

inoreaae in oxygon consumption. A eoapleto survey of the older literature 

is biven by Roesitsr (1940) end need not be repeated here. A few worksre, 

Cbina (1932)> Verebely (1932), Davie *nd Ranting (193ft)» have indicated 

earns pooitive offoot, but their reoulto have failed to receive more 

recent support in apits af improved workiag conditions and techniquec. 

*• WmerlrvH". »? T e e l . t a d T4.ei».« T r . . t « A M ~ r i 1 v ^ t h T W » , 1 r A u l i i 

Reviewing oeao sf thooo in vitro experiment0, the >ork of Roesitsr 

(1940), is vary significant. He added thyroxine to brol and dioporolon 

preparaticaa ia the preeenoe of glasssa or sodiua pyruvate. Many experiments 

wore done oovarlng n wide range of thyroxine concentrations• Ths author 

obosrvsd that in vitro addition of thyroxine did not cause an inoreaae in 

oxygen uptake of brei end dioporolon preparationo of rut brain in ths 
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preeenee of gluooee or oedium pyruvate. A rjuaber of in vitro experimento 

wore commoted »ith thyroglobulln and hero the effect was very consistent 

being prooont in nil experimento except in axperlaento vhsrs thyroglobulln 

used had toon kept in solution for throe weeks at 0°G* There won aa 

increase in CAygen uptnke froa 1.5 to 34^, an average of 15.2/t when gluaoaa 

(0.01 M) was used as substrate in brel preparation} end from 5*5 to 7«5^t 

sn overage of ejt when Na-pyruyate (0*02 M) waa used. In dioperalon preparation 

the Inoreaae wen lower with glucose (0.01 M) aa substrate, being froa 

3 to lftjC, an average of 9*5uj£« The inoreaae in oxygen uptake with thyro­

globulln was nominal the first 30 minutes, and usually very snail by the 

end of ftO ninutea. 

Cantanelli ot al. (1937* 1939) have conducted a number af 

experimento with teotio, bruin, kidney, heart, and liver of guinea pig, 

in an ate pt to eotablioh the role of thyroglobulln on tlooue metaboliam. 

The duration of experiments was one hour, and throe different types of 

medium wore uood in the respiratory flasksi a) 0»B$% NaCl in a Sorenaen 

buffer mixture with M^gQ gluooee, the P0 4 being in either h W 0 or M W 

concentrationi b) Ringer'o eolation in eimil&r euneontratiuna of P0A 

cad glusosei e) horoe sorua, uade almost bicarbonate free by being ohnken *n\h 

HC1 at a pH of 6*0 to 6.5. then brought to physiological pH with NaOH. 

Thle oerum antalnsd no fermentable eugar, and had almoet 50 mg* % reduced 

cubotaneee. In mae experloento gluooee won added to the serum te a 

concentration of M 
100* Thyroglobulln and thyroxine ware uood in iodine 

c 1 3. itrutionc of a slail»r order end n«,gnituds* About 200 âmroa of 
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thyroxine waa usually added to eaeh flank, the amount aetually In 

eolation nt physiological pK on shown by Ij dstcrminations, varying 

with the medium, being, grenteot in oerum. 

The conclusion drawn froa thle previous work with thyroglobulln, 

io that under epceifie eenditiono thyroglobulln nets bs an activator 

af aerobic saidatlons in kidney, tootla, heart and liver* The conditions 

appear to be thnt ths metabolic rate of the tlooue before the addition af 

thyroglobulln shall not be at a very high loyal. It van euggeeted thnt 

thsrs seems to be s ceiling above which thyroglobulln cannot further elevate 

met ab<lion. 

Thyroxine, in contrast to thyroglobttlin, caused no unequivocal 

rise in oxygon ssnsnaptiea in any of the tissuee in salt buffer mixture | 

though in one observation serried through in sorua, thyroxine vaa shown to 

have elevated Qo-ef heart and kidney* The authoro believe that there was 

ths possibility that under certain conditions ths physiological properties 

of thyroxins nay be altereo by contact with scrum* 

Ths prooont s tudy offore ooas more material oa the action of thyroxine 

and thyroglobulln on tissue rosplr tien after their application in vitro* 

Ths present *-sxxhas been conducted vlth ooaorcially highly purified thyro* 

gloiulin in contrast with ths sldsr sxpsriasnts where the thyroglobulln used 

van sabJsat to bacterial eentoainotion because sf ths method of extractions 

1* Pituitary as r. flcntr. J. Regulator of Hormone Ba.anae 

A queotian whioh often arises when considering the ehangsa ia function 
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produced by administration of pituitary extraeta or related prooouuroe, 

io whether the offeoto in thole or in part are a reeult of direet action of 

cone constituents of the extract, or whether they are the consequence of the 

stimulation of come ether endocrine gland for which the extract wuployed 

contains a opacific agent. 

So far aa influence on tiaeue and total aetabolioa are concerned, 
» 

pituitary activity may be especially considered in relation to the thyroid 

gland, by way of the pituitary-thyroid relationship. "Ths thyrstropie 

hormone cocretod by the bssophilio ce l l s ot the anterior pituitary stimulates 

synthssis of the thyroid home no by the gland, and i t i s alco necoos-ry 

for the release of this hormone from the thyroid gland* The ayele sf 

reciprocal regulation i s completed by the circulating thyroxine acv.n;. buck 

on the anterior pituitary, large amounts depressing small smounte otimulating 

the eeoretion and release of the thyrotropic hormone. There ie a delicate 

equilibrium between the mtuiufacture, storage anu diaoh^rgo oi* thle oeerstioa 

of the thyroia £and." (Mnqssod, 1952). Although there are aany gaps in 

our knowledge of the pituitary-thyroid interrelationship, this concept eeaaa 

plausible at the prooont t las* Kxpsriaental evidence ohowing a deoreaeo of 

banal metabolio rate aftor thyroidsetoay and hypophaastoay may be interpreted 

in terns sf th* pituitary-thyroid relationohip. Further, hypophyoeotonixed 

enlnalo also show atrophic thyroida and adrenals (Long, 1943). 

2. Influence o" growth Hor»opc 9B laMP* fimiTMUvr? 

Another pituitary factor possibly eonnected with metaboliam ia ths 

growth hormone. T s association of the anterior pituitary with growth 
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promotion was noted in indirlduuls suffsring from pituitary tumors. 

Bnrly experiaeatal uomonotration that the growth rate of aaamels can bo 

accelerated by Injection af anterior pituitary axtraota v;as earried out 

by Evans and Long (1921), who showed that true gigantiaa conic bo produced 

in rata by thle nanus. A, i-rt froa the elinisnl svidonco (gigantiaa, 

acromsgnly in hypeinntetion af the pituitary, etc.), it soens thnt ths 

effect of growth horaono ia connected with protein cynthoois in the liver* 

Lee snd Freeman (1940) have fcund thnt, although the average linr weight 

was signifiaantly greater in animals treated -«ith grovth hormone, the number 

of eolla per gram of tiaaue remained unchanged. They concluded that the 

liver exhibits e true hyperplasia under the influence of the oxtrncts used 

and that all elements of the ergon participate in it. 

The effeet af grovth horaono on total metaboliam and tiaaue 

metaboliam has received lose attention. Soas axperlaantal work was conducted 

by Kleiber ana Colo, (1939)* to inveetigate body else sind energy metabolism 

in grovth horaono rata* The metabolio rate per unit body weight of rata mad* 

gloat by chronic injectlone of growth hormone waa aignifieontly nnnller than 

ths metabolic rata per unit body weight of their litter-mate controle which 

had normal alio. The metabolic rata in vitro per unit dry weight of the 

diaphragm of the giant rnta waa also lower than the corresponding rate of 

the diaphragm of the controls. It scorns evident by thooo sxpsriasnts thnt 

chronic doses sf pituitary extract reoult in a depression of basal uetabolio 

rate anc ex' oxygon ooneuaptlon in the isolated diaphragm. 

The present study offora cone data on the relation of the hypophysis 
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ts tlssns mstabeliaa, investigation being aade of QQ of tlocuos froa 

hypophyo cteaited rets am' pituitary drnrf alec in eompariaon with their 

total aotaboliem* The ooapllcatad Interrelatlonohip of the pituit ry 

hormones io illu: trated in Fig* 5* 

A few other faetora poaoibly influencing tissue rssplration 

were alas inveatigated in the prooont atudy. Since thooo experiments are 

more ia the nature of a firat orientation some pertinent literature will 

bo quoted in connection with the results* 
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smumwnawmoiia 

MfilTMnM m smfflQaw 

In the present oxpsrlaonto nolo and female albino rats (Wiatar 

strain) wore used rsaglng froa 10 to 384 ga* body weight* They wore 

aaiataiaeu on Purina Fox-chow diet and water given ad libitum. The 

aniaala wore starved for 12 to 18 houre prior to sacrifice. They were 

killed by a bio* at the nnpe of the nook* 

ttypophyssetsailed animals and normal controls of the same age 

ana weight were purchased from Hormone Assay Lnbratory, Chicago. The 

animals ware fed on diet consisting of bread, milk* raw carrots, and moat 

(canned dog food)* and were sacrificed within one week to 18 days after 

hypophyooetoay. The grovth rutes and othor fnetoro of LypophyB«ctomized 

sninals aapleycd la thess oxporlaonto were similar to those characteristic of 

' ypofhyooctomiiod rata n s sho*n by Shan and Creep (1949)* 

Other exporiaontc were enrriod through with mice. Two different 

otraiae of mice ware used. 0ns van n atrain of white mice inbred for 

generations at this laboratory, end hereafter referred to as "gfttfffu l t rn\rr* 

Ths other was a atrain sf pituitary dv*rf mice, carrying the rececoive gene 

" d w " which* duo to hypofunetion of the hypophysis, causes dwarfism. 

This strain was obtained from Jnokoon Memorial Laboiatory, Bar Harbour, Maine. 

Ths gene for drarfian ia a rececoive gone (4 w)oarrlod by phonotypienlly 

normal breeders (£g fv*) in heterosygouo oonuition. Cur strnins alao 

contained, bsoldCE the dwarf gone, genes for different coloura (spotted 
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blank, agent 1, alblne) and gone for brushy tr.il. Mating of two brooders 

givss a Mendslian ratio af 1/* dwarf a (djg dn,), 2/4 phenotyplonlly normal 

currlere (dv. dv*), sad 1/4 aoraal hoaotygouo onianls (dj* dv*). In thia way, 

3/4 normal litter-mates nt-pcar. The hoaexygous animals stsp growth at 

about 10 gm. body anight* "Dwarfism is caused by a hypofunction of the 

anterior lobe. Injection of anterior lobe extract stimulates the growth 

of the drarfo so that they reach almost noraal wsight. It waa shown that 

the dwaria are lacking the growth hormone whioh is formed by the eosinophilic 

calls of the anterior lobs." (After Bertalanffy, 1951 (•)). 

The required organe wore oxoised lnmodiately after sacrifioo and 

placed la veeaele oonteining lce-oolu oaline surrounded by ice-cubes. 

Slicing af the ticsuoe .as done by means of Stodie Ri^gs Microtome (1940)* 

In the case of cardiac aaaenlaturo and liver, alieee ware made about 0.4 am. 

la thickness. It is of great lmportaneo that elieeo be aa much as possible, 

uniformly thick. Marked variation in the thioknooe of slices reeults in 

variation in QQ vnluee. 

Sketetal musslss from the thigh snd leg were used at random froa 

animals between 10 end 30 gn* In animals abeve thia veight, fibers were 

selected from the musculus rsctus femorio by way of laolating muaelo atrtpe 

frea the connective tissue ana carefully teasing ths musolo. As control 

sxperimsnts revonlod, fibers isolnted in thia way give consiotont Qg, 

values for a longer time than sliees. 

Disphrsgas wore cut in small pioccc ranging froa 3*0 to 10.0 mg. dry 

weight. Cutlng into amallor pieess vaa fayourable in order to obtain maniinun 

http://tr.il
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QQ (oxygen consumption)* 

QQ (al Qj ag* dry veight/ hour) vaa determined by Warburg*a 

direet method aceording to Uabroit et al* (1949)» at a taaaerntttra of 

37* 0»1*C* aad ia pare oxygon. Zt woo oaleulatod on the basic of the 

dry weight of tlooue slieeo according to ths fsmulni 

...fl^L/. h k 
x - Aasaat of gas sxshangsd e h k flank eonctant 

alteration 
in reeding 
on open am 
of aanometer 

h x Obeorvec. change in Kononotor reading in mm. 

¥_ ; Telune of gen phone in flask including connecting tubus* 

Tf s Foluae of fluid in vssssl. 

F_ - 7ft0 aa* Hg* (atandnrd pressure) expressed in terms 
sf ths nanometer fluid* 

Thus PQ s 7b0 x 13*60 (shore 13*60 io ths specific 
gravity of mercury) / specific gravity 
sf aanoaentsr flaid* 

T n Tsaperatare af bath ia abeolute degrees 
(273 « Temp, in *C.) 

n s Solubility sf liquid in veoeel of gun involved 
sxprsssad as al* gsn/ml* liquid when ",as is at 
n prsssnrs sf ens atmosphere (7ft0 mn.. Hg*) nt 
tsaperature T. 

In ths largo wall of oneb aanometrie flask was place: 1 cc. . 

af medium with gluooee, 5.*A« The alicoa were then plaevd into the 

large wells. In the small central valla vere plaeed 0*2 al* of 10^ potassium 
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hyoroxide solution, into which sanll plecoo of f i l t e r pnper were saturated. 

Ths f lasks wsrs ssei l lated in the wnter bath for about 10 nlnutee with etop-

oosk open* Aftor this squilibration period, the nsnsursasnt was started* 

The manometers ere ooeillatoc about 70 times per ointtte. Readings were 

taken at iatorval of 10 alaatee duriag n period sf 60 minutes. Ths pH 

(7*4) sf the medium aeaaured aftor the completion of experimento shoved 

only alight change. At the end af the 60 minute period the t issue s i loes 

wsrs washed in noun dootll lata and dried in an oven of 110°C. for about 

12 to 16 hoars. 

The time froa aaorifloo to the beginning of equilibration was 

shout 15 to 20 mi-ntes. The asdiua generally applied was Krebo-Rln^er-

aelation, Medium I I , type A, according to Kreba (1950), with glucose and l t h 

or without mstabsliteo us indinnted in the individunl experimental ssriss** 

The medium i s composed as to correspond to the ionic composition of ths 

mammalian osrum* 

In ths esse of the thyroxine oxperiaonte, thyroxine won added 

directly to the medium oftor gssalng with pure oxygen fer one hour* I t 

was found expedient to add froa about 0*1 te 0*5 ngm. In 100 ec of medium 

or a s m , ia order te obtain the docirod concentration af hormone per ce 

of medium* More cpecifio concentrations v i l l bs indicated in Chapter I I I , 

Recultc. The pfl measured after the addition of thyroxine showed no change* 

x) 83 parte 0.92 InCl, 4 parts 1.15* KC1, 1 part 2.11" KH^PO., 
1 part 3*8$ ngS04, 3 parts 1.3 NaHCOi, 18 parts buffer 
(100 parts 1.78X Na2HP04 o 25 p*xto I.38JC NaH2P04), 5 parte 
5*4Jf glaeooo, 4 parte O.lftM Na-pyruvate, 7 parte 0.1M Ma-fungrate, 
4 porta O.lftM Na-glutnaato. 
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Generally, thyroglobulln vaa given in concentration sf O.s Mg/20cc of 

Mediun,ffon which 1 oc was placed in each munometrie flask. However, in 

one experiment v>hsrs the of foot of thyroxine end thyroglobulln wae eoapurod, 

the concentration of thyroglobulln won made eo as to oorreopond to the Ij 

content of thyroxine employed. Thle wa» done aocording to the eetlmato given 

by Cenxnnslli and Rapport (1937)* However, lower eoneontrotiono of 

thyroglobuliit has alao vhown oimilar effect. Thyroglobulln as found to be 

soluble in 0.9jt NaCl solution. 

The otatiotiool evaluation af the data *aa carried through in 

vnrione «nya acording to the nature of the o. perlaK nte. In the case of 

the experiments on tlooue rooplratlon in relation to body also, the data 

were plotted according to the allometrie expression! 

T - b x aor leg y a log b a log ., x being QQ,, 

x, body eeight, g the slope of the regreooion line, 

£ the integration constant for x • 1. The valuea of a, b, 

* log v . lo^ x (otandard error) andf (correlation ooeficiont) were 

calculated according te the method indicated by Brody (1945, p. 378 ff.). 

Whet neceusary, the standard error wae calculated according to 

the usual fcranial 

(kfj- (8X)2A«Sx2 

T = ax2 

n-l 

s a y?~ 

• •> 



22 

Rhcn neocseary, the £-tcst was applied u^ing ths 

formula: 

(»1*M2 f^2«Ug) 

xi 1 X2 t s 1_ 



24 

CHAPTtai I I I 
SBuCSSSou^Ba^IBB 

1* Tissue Rsaoiration and Body Site 

n) gkn^aj « I M ' ' 1 U H f 

The relation of tlesue met-bolisa of okeletal muscle to tody 

sits was studisd in ths tvo opecieo, rat and mouse. 

In rata, animala of the Victor atrain wore used, as mentioned 

previously. The detorainations comprioc a complete esrioo of weights from 

10 ga* to 384 gm., n totnl of 36 animals and about 144 individunl dotormin-

tttiono. The recultc arc indicated ia Table 1 vhieh alao givea the 

statistical correlation of the data. The avoragee of 4 - ft individual 

determinutione of tisauo of the came aniaal are plotted doublo-

logarithaieally in fig* 1, vhieh also shows ths logarithmic regression and 

standard error* 

Aa theee experlmenta show, tlsoue rooplratlon of okeletal muaelo 

of growing rata shows but slight variation with increasing body alto, the 

slope of the logarithmic regrooolon lino being Q{a -0,06, while 

noosrding to ths surface er 3/4 pewer rule of metabolism, the elops would 

bo - 0*33 or 0*25, respectively. 

In nice, dctcrminationo of QQ of sksletnl mussls were mods with 

tvo group0 of animals, anall (oa* 10 gm.) und large ones (oa 25 ga*), of 

tvo differoat strains* One strain Inveatigated were white alee, inbred 

for generations in our laboratory and referred te as O^rovfl s<rr Tiling 
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The other series of aaiaala uued was phenotypic&lly normal Individuals 

of the strain Pitultnry dvarf. vhieh ;{ir<,'j r ise to normal animals as 

wall as hoaotygous dwarfs, aa in- leafed in Chapter II under Material and 

nsthode* Ths netabolie bohsvlor of tho dwarfa wi l l be considered later . 

T o valuea obtained are plotted in f i g . 2, and tho s tut ie t ica l 

ovnluation ia given in Table I I . 

From thedbtaralnations mentioned, and oo far as the relation of 

QQ. end bsdy else can bo oetabllohod froa a rogreesion 11ns dra*-n through 

ths means of tvo groupe lnvestigatod, i t appears thnt ths relation 

aontiomed i s nuch acre pronounced in nice than in rats . The regression 

l ines of both etraine are nearly pnrnlloXtCXbaing 0*245 for noraal, 

Ottmwn atrain. and 0*340 for the pituitary atrain. The valuea of both 

vslght groans l i s sonswhat higher in the noraal individuals of the 

pituitary drafts, than in the Ottava strain,, but ths paralleliaa of tho 

QQ - body also relation io obvious* 
2 

As far as ^nftsrgsojciflc coaparigon of r»ts and mice i e concerned 

i t appears that no definite relation between Q0 end body also of tho 

species in quootlon eon be estsblishsd* With r*spsot to nature animals 

the Q. of adult also (25-30 ga. body veight) i s - 3*492 0*17 (28 experiments), 

This i s much nasilor than tho aorrcopending value for rata of the same e l se , 

and similar t e that nf adult rata (sf. tig. 1 ) . Ths QQ of skeletal 

nanclo of young noraal flwarf itTa!" «*«• (* to 10 g a . ) , and Ottawa atrain. 

(ft t s 8 ga*), in 5*72 0.27 (11 oxporlaontc) and 4*92 0*23 (1ft oxperiaonts) 

respectively. Thooo volume are in tho range of valuea obtained with rats 
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volghlng 10 ga* 

b) Pigphjfga, 

An mentioned provisaoly, the diaphraga waa the only tlooue 

among thooo etudied in rata by Bertalanffy and Piroxynoki (1951 (n) , 1953) 

to ohow n definite correlation of QQ with body o l i o , tho elope of the 

regression lino being Q(- m 0.2ft with a high correlation coefficient 

]Z 0*93* This haa been further la-eetigated la the proaent studies. 

Bertalanffy and Plroiynokl'c dotominationo were carried through 

in Krebs-Hingsr-phosphate colution without glucose* It waa of interoot 

te inveotigate whether a alnilnr QQ • al io relation, or n eonoietant 

chungs sf i t , can be found under different nutritional conditions. For 

thic reason, determinations over ths entire range of body veight were carried 

through in Krsbs Madiaa I I , typs A, with additioa af gluooee and further, 

with addition af the netubolitee of the Krebo Cycles (Na-pyrurate, 

Rn-fuaarate, Nm-glutaunts)* 

A total of about lift individunl determin tione were carried 

through* The results are given in f i g . 3» whloh also ehowo the regression 

lino of the dats of Bortnlnnffy and Pirocynekl. The s tat iat iea l evaluation 

in given in Table 3* 

An eon bs coon froa these data, the earlier reeulte are confirmed. 

As i s to be expected, the abcoluto QQ vnluss are higher when gluooee 

and metabollteo are added. Tho slops of the re^roojion l ine , (ft , also 

the correlation coefficient, / , are, however, similrr in a l l three 
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eerlee in differoat asdln* There ;.re difforoneoe in the elope of the 

rogreanion lino, ( (X)» but it doee not seem that iaproved nutritional 

ecaditione on weald eorroopond to tho oorieo (saline alone, addition 

of glueoee, addition of aetabolitoc of the Krebo cycle), would load to 

a ocnnlatent change of tho QQ - body also relation. 

In interspecific comparison, the QQ 2 of diaphragm of rata vaa 

compared vlth th t of adult miee (veight 25*30 ga.). The QQ 2 of tho 

diaphraga af adult ales in tho Medium mentioned ie 9*042 0,27 (15 

experiments). Thle correopor.de te diaphraga of rnto voighing en. 30 ga., 

aad la about tviee the value of adult rata (over 300 ga.), as has 

previously boon etated by Meyerhof snd Hinvioh 1924. Thus, tho Inter­

specific relation between QQ and body else is different vlth reopeot 

to okeletal oiueelc snd to diaphraga. 

2. Influonce of Thyroid Hor one on Tissue Rooplratlon In Vitro 

In view af the contrasting results asatlonsd previously in this 

paper, ths influenoo in vitro of thyroid horacac on tissus rooplratlon 

von etudied in different vaye. 

Thyroxine (Squibb) van added ts asdiua into which tlosus fsr 

larhurg dotomination were placed no dooerlbod in Chapter II. The range 

of horaono concentration was froa 0.01 te 0*05 mgm./ oc. of Modlua. 

n) JisnunutaaV 

Diaphragm af rata with body wsight froa 11 to 290gn. was placed 

http://correopor.de
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into Medium II, type A with gluooee, end with addition of thyroxine ae 

dooerlbod. Tho results of theoe experiments are given in Table 5* As 

can bs seen, the £-teat doee not reveal a aignifleatit ohonge af QQ with 

er without thyroxine. 

b) Musculature from I),oonhysectomiiod ,,Luia 

It could be aooumod that an influence of thyroxine on tissue 

respiration in vitro, although not prooont in noraal anlmala, would be 

enhaneed by a condition af hypothyroidlcm. Aa mentioned previouoly 

(Zorrov and ee-workoro, 1951)• it seems that rate arc normally la a atate 

of oaturation, eo to opeak, with tho thyroid factor or faetora. The 

additional administration of thyroxine in vitro, therefore, would chow 

little effect* If, however, tho animal la in a atate of hypsthrsidlsm 

it is pooolble thnt thyroxine administration would chow a greater effect 

en tissue reepirstioa. Thle hen boon domonctrated with ths livsr of 

thyroideetomixed rata by Rapport, Cansanelli and Qui Id (194ft). Tho animals 

were thyroldoetomliod 4 te ft weeko prior to experiment and d-1 thyroxine, 

20 rn^rn. per kilo., waa injected eubcutaneeualy 48 houro before the experiment, 

in n eingle done. There was an increase in Q 0 of 21? in liver from normal 

injected aainala, and an increase of 4&$ in liver from throideetomisod 

anlmala. 

As will bs discussed later in this thesis, hypsphysectony leode to 

a dopreeeion of both total and tlooue rooplratlon. Thle effect could bo 

attributed, at least pertly, to an influence of the thyroid via the 
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thyrotropic horaono af the anterior lobs* Atrophy of the thyroid 

(Long, 1943), end tho pituitary-thyroid relatlonahlp as deaeribed by 
w 

Mmqeood (1953) further emphaoiie ths relatlonohlp of oheee glando. If 

thle reasoning ia eerreet, an Influence of thyroxine administration in 

vitro on tlooue respiration would be detectable in hypophyoectomiiod 

iri-f^f whieh ie not obosrvsd in aoraal specimens. 

Ia order to verify thle expectation, exporlaonto were carried 

through vith hyposhyssctealBod anlmala. The oxperiaonts wore conducted 

froa a week to 18 days after hypophyoeeteny. Tissue roepiration of 

musculature was detorainod aeeording to tho procedure indicated in 

Chapter II, and in Medium II, type A* (Krebo, 1950)* Thyroxine was 

applied in concentration of 0*05 ngnw/se. Medium. The rosultc ore given 

in Table 9* The valuea obtained compare favourably with thooo obtained 

in thyroxine-free medium. No oignifioat effect of thyroxine adminiatratioa 

in vitro on umseulaturo froa hypophyoeotoaizsd anlaals was detected, 

vbils aocording to Barker end Klitganrd (1952), okeletal nueeulaturo hue 

ahevn psoltlvs rsopsnss to subcutaneous odmlniotration of thyroxine* 

In one pilot axpcrlaoat vhsrs higher concentration of thyroxine was 

applied (100 ganmn/ so Medium), tho roeult waa also negative, giving a 

Qn value of 2*45 vith thyroxine and 2*65 without thyroxine* 
^ 2 

The experimento mentioned show that in different tiseues, oush 

se heart, diaphragm, aad okeletal muooulature, under nomal conditions on 

veil no after hypsphysectoay, thyroxine administration in vitro is unable to 

chow signifienht iafluenee on tiaaue respirntion. The tissuss inyestlgntsd 
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were ehoooa *ith n view that ouch influence should ho eepeeially 

nanifeot in the tissues snd conditions chooon. The diaphragm la a 

tiacue which faoilitateo a minimum of oxporiaentnl injury for purpooe 

of tlooue metabolioa atudy, since it io only cut into small pieces and 

no siloing nor piercing ie neeeeeary. As ths studies on eize-dependenee 

af Qn show, thle tlooue seems to reapond to regulating influeneoc aors 

°2 

definitely than others* Skslstal ausoulaturo was uood because the 

influence of thyroxine on banal metabolioa of the entire aninnl ia 

doubtlooo duo to a large extent, to increased oxidation in the nueeulaturo. 

Diax et al. (1947) has ahovn that muscular activity in hyperthyroidlea 

ic eoneiderably affected, Inferring a strong influence of tho thyroid 

on ffl*»-s-lian skeletal muaelo* Tho authorc concluded thnt hyperthyroid 

otate la associated with general muscular wsnknsss and increased 

eueceptibility to fatigus. Tho failure to mnlntaia tetanus tenoion from 

nerve etimalation together with aornnl response to direct etimulation 

suggests that ths factor af aeuromuoeular transmission nay be involved. 

Thyroideetoniied animals were uasd beoauae of the eonditlone previously 

mentioned. 

It appears, therefore, that the tiasuee end eonditlone chooon 

woic such as to provide partioularly favourable oenditionc for n poooiblo 

astion of thyroxine on tlooue reopimtion in vitro, co that other tla&uoo 

aad conditions would even bo loos favourable, to doaoastrata aueh action. 

Mo pooitive rooulto wore obtained In any of theoe eerieo. 

Thle, of course, eorreapondc to tho nogntivo rooulto obtained 
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by other lavestigatere, aa indisntou prvyiously ia tho r-view of 

literature. 

o) Influonco of Thyroglobulln on Tiseua Respiration 

Differoat results were obtained with thyroglobulln. Although ths 

percentage sf iasrease varied, the trend van coasts1 ent. 

Thyroglobulin, pure, obtained froa Deltn Chomionl wor'to, waa 

applisd in concentration of 0*5 aga/20 ec. of Msdlua, froa vhieh 1 cc. 

vaa plneed in cash nenomotric flask, and in one series 2*5 ngm. per co. 

was applied* Thus, according to Cansanolli and Rapport (1937)• 2.5 nga. 

of thyroglobulin would contain about 15 gamma af I % this amount of I2 

would be present in about 22*5 gamma af thyroxine. Thyroglobnlin was 

found soluble in 0.9J& RnCl solution aa van previously asationed by 

Reeeiter (1940)* 

Most sf ths experiments wore conducted vith eardiac musolo of 

rata, and slieeo wer< obtained by eaplsying ths Stadia Riggs nlerotoas 

according to the preoodure indicated under Matori 1 and Methods, Chsptsr II* 

Heart tissue was chooon beannss according to sxperiaente by Barker and 

Klitgnnrd (1952), Olirioxsnd thitehorn (1952), cardiac musculature seems 

to be quite oonsitive to injected thyroxine, and thyroxine administration 

An seen froa Table 7, thyroglobulin npplied to tiosuoo in vitro 

loodo to an increase of Q W which is statistically olgnlfleant, the vnlus 

of X heing 3*57 vhsn compared with untreated tiosuss and 8.92 vhon oomparod 

vith thyroxine treated tissuss. It seems probable that thyroxine has a 
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alight doprenoing effect aocording to tho eonditlone of this experiment| 

eorr epondingly, the values of JJ are ̂ 0 . 01 for both eerieo. As 

aentioned previously. Cansone111 et el* (1937* 1939s have alao found 

an la vitro notion of thyroglobulin on QQ of tissuee, aa centranted 

to tho look af anon astisa af thyroxine. However, relatively fev 

experiments vith thyroglobulin were done, doubt lose duo to tho font that 

the preparation was not obtsinsbls eoamsreiully for a long tins* Ths 

prooont experiment seems to oeafira that, while thyroxins is ineffective 

in vitro in influencing tisene rooplratlon of thooo lnvootigotod, 

thyroglobulln io effective in thle reopeet. 

3. HvLOPhysla m d Tiaaue Peapirrtion 

n) Tiaaue Rooplratlon in Hyuop^Yim*!?"^ *•<* Rate 

It is n wall known fast that hypephyneetony cauaee a ecneiderable 

decrease in totnl (basal) astnbslina of the entire animal (Solye, 1947 (a . 

Thin wan eonfirmed by some sxpsriaeate conducted in thle laboratory by 

I. Bieklo* Thooo determinations give basnl mstsboliom valuea for 

hypophyeeetoaised rats as being about one half the valuea of noraal 

aaiaala of tho came nice* 

As already aentioned, hypophyooctomised rats ore obtained from 

Hormone Aneay laboratory. The aninnlo were in good state of health 

and fed aa indicated under Material and Methode, Chapter II* In another 

eerieo of experiments where experimental aniaals wore fed fox-ohov diet 
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supplemented by raw oarrota onoe weekly, and alao on a special 

ayathetio diet described by Griffin et al. (1948),* it has bsen 

observed th&t ourvival tine for hypophyceotoaliod animals fed with 

Fox-ohoo diet on indisated here has bsen well over 120 deyc in oontraat 

to 112 days reported by Shaw and Creep (1949)* We have found thnt 

Fex-ehow supplemented by eorrote once weekly, ie not inferior to tho 

oynthotis diet proposed by the authors aentioned above. Tho death of 

animate over a period of 120 days wae 17 percent as against 30 to 40 

percent for 112 aays as reporter by these uthoro. Feeding with 

oynthotie diet did not seem to Imprsvs ths gsnsrnl stnte of honlth now 

alter tho weight-loss which is unavoidable vith hypophysoetomliod animals. 

Ths o of tissuss froa hypophysootoaisod anlmah waa determined 
^ 2 

in ths usual manner aad conparioon aade with normal controls of tho 

suae strain. Ths values with tioouoo froa hypophyssetoalxed aaiaala 

compared favorably vith those indicated in Table 9, vhieh roprenent an 

independent eerieo of sxpsriasnts conducted to aetoralno the influence 

of thyroxine on tissues froa hypophyoeetomisod animals. 

x Caaein lA% glucose nonohydrata 73#» oorn oil (Matola) $%• 
Salt mixture1 4jC* To each Kilo of tho diet so prepared add 
thymine hydrochloride 3*0 ng«, riboflavin 2.0 mg., ealeiua 
paatothenato 7*0 mg., pyridoxins hydrochloride 2»'y mg., end 
oholine 0*5 ng* 

* Snlt nixturs (parts by weight)i 
NaCl 1470, Cs.(P0 ) 208ft, US804.7H20 588, KC1 1680, 
CoCfts 2940, FvP04.4ll20 20ft, KH9PO. 4340, MgCO, 672, 
MnSO^.H-0 3*2, K2AL,(S04L, 12fl20 1*2, CuS04.5H?0 5*4, 
NaT 7.4t snd KX 1.2. * 
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b) Cardlae and Skeletal Musculature 

Tho efiect of hypophyeectoay on oxygen eoncuiuption of cardiac 

and okeletal msoulaturo is quite definite when compared with oimilar 

tissues froa noraal rata. Thia ie iadieated In Tnblee ft and 10 

respectively. Not only waa there a uharp decline in oxygen consumption, 

but this decline become more pronounced when tho interval between 

hypophyooctomy and beginning of menonetrie procedure for determination 

of Q. valuea io extendeu. Thus, there was a decrease of 36*5 percent 
^ 2 

in 0« of cardiac nussulaturs 11 days aftor hypophyooctomy, snd a total 

decrease of 48.5 percent 16 dayo after hypophyoeetomy. Tho valuce obtained 

vith okeletal massulatuie sf 11 days poet hypophyooctomy ore compared 

with musculature of noraal animals, and Indicated in Table 10. There 1c 

a decrease of 43*8/1 which io 7*3^ higher then the figuroe indicated for 

cardiac nuscle. The difference between hypophysectamixed end normal 

nrf-Tilf is so obvious that the £-tost was unnseeeoary to indicate 

signifissnee* 

o) Tioouo Respiration in Pituitary Dwarf Mice 

While hypophyoeetomy is on experimental and phenetypioal 

condition, pituitary dvnrf mice prooont hypofunction of tho hypophyelc as 

n goaotypieal condition. Thuo, eomperieon of hypophycectomixod rata and 

pituitary dwarf mice offera a valuable opportunity to otudy the influence 

of tho pituitary on metaboliem 
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I t appears that there are no data in the literature aa to 

total (baaal) one tlooue metabolism of pituitary d.erf mice. For thia 

reason basal metaboliam determln^iono wore conducted in our laboratory 

by I . Biokie, the results of which are given in Tnblo 8. I t appears 

from thooo data thnt pituitary dwarf miss show only shout half the 

baaal metaboliam af normal anlmala of tho same otroin and aame body 

veight. Thia indieatea that the cessation of grovth, on found in tho 

dvnrf aaiaala, ia eorrelatsd with a correspondingly lav total aotabolism. 

As indicated previously, tho normal hateroiygoua individuala of 

pituitary atrain anew ecaovhat higher values of 0- than Individuals of 
^ 2 

corresponding s i tes of the Ottawa atrain. probably beoauss of geaotionl 

differences. Comparison has to bs mads, therefore, between noraal 

an 1 amis aad dwarf a (homoiyfcoaa) of tho pituitary ntflel- As oan be aeon, 

the dsarfs have lower QQ valneo (Q0 u4*5S 0*17) than the normal animals 

of the came else (QQ a5«72 0*27). The difference i e oignifleant, £ being 

5*35, £ being < J J . J 1 . However, the QQ of muoeulature of tho dworfo 
2 

(6 to 9 <^>.) oorreapondo roughly to ths QQ. of muoeulature of adult 

hoterosygouo animals (1ft to 20 ga*), as shown in Table I I . 

4 . rflher Influoncce, on, y i B l »
e rooyUmttvn 

Seas pi lot e-cpsriaants have been conducted with reopcet to a 

f ev other f netors which any have eons inf luonoc on astabolisa* Thoso 

rooulto ore not considered conducive, but arc reported here beeouss 

they prooont seas aaterlrl relative t s ths prsblsa in question* 
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a) *»«»"fi 

A review of older literature given by Krebo snd Johnoon (1946), 

indicntcc that the effect of insulin sn oxygen consumption of plgoon 

breast auasls is aanll in plain easpenuion sf aineed musolo, but Is narked if 

boiled nussls sxtrnct or citrate ia prooont, end greatest if both extract 

and citrate ore added. Insulin was, according to Cori et al* the first 

sxnapln of a horaono interfering with a known end slapls onaymatie 

reaction. The phosphorylation of gluooee by hexoklnnsc, gluooee « A*T,P. 

^glnsose - ft - phosphate • A*D*P* is inhibitsd by ths Houssay factor 

of the anterior pituitary and adrenal cortex hormone) thle inhibition io 

removed in vitro aa well as in vivo by insulin. Recent experimento by 

Iyer sad Marlin (1951) have shown that titers are some offoots of Insulin 

on metaboliam ia aenaal rabbita. The authors concluded that insulin, 

t O/Kg. produces on increased heat production oyer basal in tho first 

fully offmotive hour, of 2ftjt, part of whloh nay bo attributed to induced 

opinophrin secretion. Solye (1947 (b)) has indisated that the B.M.R. io 

nsnnlly not oignifiosntly altered either by pancreatectomy or by Insulin 

everdeee, although psasreatectony decre&sss tho respiratory quotient (R»Q} 

te about 0*7, probably aa a result af deeruaoed eugar utilisation, inereanod 

gluoonegeeosis or both* 

In tho prooont experiaento Protamine cine incnlin, 40 units psr cc. 

vus ussd. 0*05 C-. of Insulin won added to each manometrio flas> containing 

1 ec. nsdiuoi. Ti.e experimento wore eondustod vith liv r slices and 

disphrsgm ns dsccribod under Chsptsr II, Mutsrlal snd Metnods, in 
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ardor ts inveotlgete ths astion of insulin in vitro. 

An shown in Tnblo 12, tho results ore negative, having shown 

BO Influence of insulin on tissue rooplratlon in vitro* 

b) Rooplr tion in Redone;: tin*- Liver 

It is well established that there exist eons relationship 

between mitotic activity and coll rooplratlon. An Inoreaae in oxygen 

consumption has been reported in cleavage by Runnetron (1933)t Br no hot 

(1950). An excellent preeentntion hue been given by the latter in his 

took1 "Chemical Embryology", and neodo no further elabolfation here. 

Since regenerating rat liver ia a favorite object in cell-

mstaholism stadiss, sane detemiantlono were earried through in order 

to sonparo the QQ of noraal liver (which io pmotlonlly frse of mitoeio) 

and regenerating liver (vhieh ohovs n reletivsly high aitotie activity). 

Tho animals wore aneothetioed with other and their livero reaovd 

by partial hspeteetaayi they were sacrificed vithin three daya after 

oper tioa, for QQ determination. 

Ths tsrm rugsnsrnting liver used here, nay more appropriately 

bs dsscrlbsd on "eomponaatory hyperplasia", alnee it ia the intnet loboe 

vhieh undergo a prooooo of rapid growth. It vac pointed out by Novlkoff 

snd Potter (1948) that during the first 24 hours after partial hepa-

tectomy tho roanining mace inorenees narkedly by inoronss in cell sixe 

vithoat sell division. The meet active phase, however, aeours about the 

third day after operation vhon mitotic figures are moat numerous. 
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Table 13 ohovs no difference between the Q 0 of noraal and 
2 

regenerating liver. Thin indicatoe that, either ths energy requiro-

manta of altetie activity are tee email to oignifiocntly influence 

the rooting notoholion of tissus, or th-1 the energy for mitotic 

activity ia not provided by reapiratory prooossee but rather by 

anaerobic glyeolyaiof thle was founu ly O'Connor (1950), on tho basis 

af detomin tlono of tho number of dividing cello, rate of rooplratlon 

and rate af aerobic glycolysis in tho odd-brain of ohiek embryo. 

0) Hrderglne-Methanaulfon«to 

Favourable clinical and experimental rooulto in varioua 

peripheral dioordere ouch aa hypertennion, Reynaud'e and Buerger'e 

dleonoo, poet traumatic vaaeular dleturbaneeo, gangerone, frootbite, 

etc. (J.H. Hnfkenoehiol ot al., (1950), A Knppert ana W* Hadorn (1950), 

R. J* Popkin (1950) an* LI* A. Hurley et al. (1951), of recently developed 

ergot derivntiveo lend particular interect to their node of action. 

According to Rotblin (1946/47) the following actions of ergot 

alkaloids can be distinguished 1 

1* Effeeto with point of attach ia tho central nervous 

system1 rooplratlon, circul tion, relation between reoperation and 

eirculr.tlon, thermoregulation, emoale, aedative effects. It is poooiblo 

that thedtprenoive action on aetabollam (Oxygen eoneuaption) J.E. Roberts, 

L. C. Monoopnst, Jr., and A.R. Buchanan) nay bo also addod to this 

group. 
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2* Effeeto with peripheral pointo of attack. 

n) Patent offsetsi ulrect otimulatlon of omooth muooulature, 

e.g., the uterus| b) latent offeeto• aympsthioolytio notion, i.e., 

inihibltion of functions controlled by the cyapathetic system of 

adrenaline. 

Some experiment al work waa done in this laboratory with an 

ergot derivative, Mydergine (trade name for a combination in squal 

amounts of dihydroergoeriotine, oihydroorgokriptino, end 

dihyarotrgooornine), which oeeosto point at u direct depressing, but 

not neceecarily toxic action of thle drug on ti&ouo respiration in 

vitro. Thle would open the perspective that, besides tho notion 

quoted, spmpathioolytie aubstancoo may have a direet action on cellular 

metabolism. In view of the importance of thle problem, come results 

arc included in the present paper, although tho rooulto are not con­

clusive and would need much further clnborntlon* As ssen from Table 14,14a 

hydergino loade to a dopricolon of QQ • Rooulto obtained by J. Kryvien-

csyk in thic laboratory ooem to show further, that the dsprsssivs notion 

sf hydergino on tissus respiration can bo compensated or oven over-

cempansatod by addition of nethboiitos of the Krebo cycle. 

Thic would inoiet.to ohat, bocidoc the effect of ergot alkaloiue 

on tho central ana peripheral nervoue cyctom, there ic n direct action 

on cellular metaboliam which seem: to be baaed on some interference in 

tho Krebo cyolo, sad can, therefore, be compensated by an abundance of 

i^taboliteo of the Krebo cycle. Thle, however, ic only in tho way of a 
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tentative hypothesis, and weald need aore experiaoatal aatsriul to be 

firaly sstabliahed* The data referred to, ere given boeauao they coom 

to bs indicative of en interesting and theoretically important effect, 

but it io felt that they are net concluoivo and thut further investigation 

ia needed* 

Hydergino won applied in concentration of 4.5 ag. percent by 

adding 0.1 ee. of solution of 4.5-«g. hydergino la 10 ee* of double 

doatilled water, to 1 cc. medium* The valuea roprooeat mean Q Q valneo 

of about 4 indiyidunl aetermincitlona of animals between 120 and 200 gm* 
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Tunis 1* QQ of skslstal musculature from noraal rata (10 to 384 ga.) 

uaing Medium II typo A with gluooee. 0*9/ KaCl substituted for 

notnholitro (nu-pyruvate, Na-fumarate and Na-glutaaMte). Values 

represent Mean QQ af 4 to ft Individual determinations. 

Body 
Weight 

10 
11 
13 
15 
16 
18 
18 
18 
20 
22 
24 
2ft 
28 
30 
36 
40 
68 
84 

<v u2 

5.10 
5.32 
4.99 
5.59 
4.69 
5.60 
4.93 
4.55 
5.23 
4.74 
4.76 
4.80 
4.76 
4.93 
4.21 
4.15 
• .25 
4.77 

Body 
Weight 

120 
14ft 
158 
168 
168 
170 
170 
170 
172 
174 
282 
300 
300 
300 
306 
3ft2 
364 
384 

Qo 
^ 2 

4.27 
4*30 
4*22 
4*05 
4*18 
4.15 
4*12 
4.5ft 
3.76 
4*50 
4.76 
4.24 
3.83 
4.59 
3.88 
4*21 
3.44 
4.39 

nittrtavtA 'rftl"*U9B 

( # 8 0.065 

1 s 5.95 
8(a9I 1% lU ») = ^.039 

fz 0*ftft4 
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Fig. 1* QQ of skeletal muscle of rat in relation to body 

olio. Medium II, type A (Krebo, 1950) with glucose, 0.9* NsCl 

substituted for Nu-pyruvate, Na-fumarate, and Na-gluaatate. The 

central line indicates the logarithmic rogroosion, tho too 

paraxial linea give tho otandard error ia poreoat, Ineludlng 2/3 

of tho eaoee. Eaeh point reprecontc the average af 4-ft individual 

determinations of tissues sf ths seas animal. 
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Table 2. QQ of skslstal musculature froa normal nioo (25 to 30 gm.), 

uaing Msdlua II type A vlth glusooo. *9Jt NsCl substituted far 

mstabo-ltcc (Na-pyruvate, Na-fumarate and Na-glutaaate). Valuea 

repreaoat Moan QQ of 4 to 6 Individual detemlnationa. 

Body 
weight 

2ft 

28 

26 

30 

32 

26 

Moan 

\ 

3.23 

3.02 

3.98 

3.07 

3.9ft 

3.82 

3.491 0*17 
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Fig. 2. QQ of skeletal musculature froa mice of noraal 

strain, and Pituitary dwarf strain uaing Mediun II type A vith 

glucose. 0.9^ NsCl substituted for aotabolites (Na-pyruvate, 

Na-fumarate and Nn-glutamate). Eaeh point repreeenta an average 

of 12 individual determinations. - - - - - -i Pituitary atrain 

anlmala 8 and 18 ga. i Noraal atrain aniaala 7 and 

28 ga. 
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Table 3. QQ of diaphragn from normal rate (11 to 364 gm.), using 

Medium II type A with gluooee. 0.?/ NaCl substituted for metabolites 

(Na-pyruvate, Na-fumarate end Na-glutamate)| also Medium II type A 

with above metabolites. Values represent Mean QQ of 4 to 6 individual 

determinations. 

(?••-

/ ' 

With 
glucose 

Body 
Weight 

11 

13 

16 

18 

26 

30 

40 

48 

78 

82 

96 

s 
9.87 

9.67 

9.10 

9.55 

8.37 

8.69 

7.81 

7.87 

8.07 

7.20 

7.98 

Body 
Weight 

110 

150 

208 

220 

220 

290 

317 

'with glueose and 
vith motabolitoe 

\ 

6.97 

7.17 

6.30 

6.34 

5.09 

6.97 

5.79 

Body Q0 

Weight 2 

11 14*03 

20 I3.8O 

26 11*62 

31 12*25 

41 13.84 

72 11.45 

90 11.75 

110 12.03 

180 8.55 

220 8*69 

364 7.51 

Statistieal Evaluation 

0.148 

14.14 

8 ( log y . log x) : 0.034 

0.909 

Q{ a 0.171 

b. a 22*84 

8 ( log y. log x) a 0.047 

PZ 0.876 
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Fig. 3* Qn o f diaphragm of rats in relation to body size u2 

and in different media.—i Krebs-Rin^er phosphate solution, data 

from Bertalanffy and Pirosynski; Q t Medium I I , type A, with glucocci 

<§>t Medium I I , type A, .ith Na-pyruvate, Na-fumarate, Na-glutamatc cad 

glucose (Krebs, 1950). Points, regression l ines and standard error 

as in Fig. 1. 
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Table 4* QQ af diaphragm froa nomal nice (25 to 30 gn.) ucing 

Mediun II type A vith gluooee. 0.9j( NnCl eubstltutod for metabolic 

(Na-pyruvate, Na-funarate and Na-glutanate). Values reprecont 

individual determinations. 

Body 
Weight! 
25 to 30 gm. 

S 
9.54 

8.45 8.33 

11.95 8.8ft 

8.18 8.58 

8.29 8.01 

9.21 10.54 

9.07 9.84 

8.36 8.40 

Moan 9.0420.27 
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Tabic 5* Qn of diaphraga froa noraal rate (11 to 290 gm.) uaing 
2 

Medium II typo A with glucose, vith end without addition of thyroxlno. 

0.9^ NnCl cubctltuted for notubolitoc (Nu-pyruvatc, Na-fumarate and 

Na-glutamate). Thyroxine waa given in concentration of 0.05 ngm. per 

ee. Medium. 

Body 
weight 

11 

18 

30 

48 

78 

110 

150 

220 

290 

Thyroxine 

9.51 

9.24 

9.77 

8.47 

8.13 

7.52 

7.11 

ft.57 

6*49 

Without 
Thyroxine 

10.24 

9.87 

8.13 

7.71 

8.70 

7.25 

7.17 

6.34 

6.51 

Mean 8.09*. 0.41 7.92* 0.45 

1 : 0.952 

£ a 0.456 
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Fig. 4. Î Q of diaphragm from normal rats (11 to 290 gm.) using 

Medium II type A with glucose, with and without addition of thyroxine. 

0»9% NaCl substituted for metabolites (Na-pyruvate, Na-fumOTute and 

Na-0lutanute). iach point represents individual QQ value. s c a f < 

Thyroxine treated, o o o i Without thyroxine. 
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Table 6. QQ of cardiac musculature from normal control animals using 

Medium II type A with glucose, and with glucose and metabolites} also 

enrdiao musculature of hypophysectomiied aninals of 11 and 18 days poet 

hypophysoetomy. Values represent individual determinations. Weight 

range of animalsi 104 to 220 gm. 

lontro l with 
•metabolites 

12.49 

10.47 

10.45 

12.67 

10*90 

11.53 

12.25 

11.28 
L 

Control with 
glueoco 

10.14 

10.59 

9.16 

9.91 

7.44 

11.38 

9.90 

9.19 

11 days poet 
hypophyooctomy 

6.84 

6.22 

ft.08 

5.58 

6.81 

6.38 

5.26 

18 days poet 
hypophysoetomy 

5.08 

6.22 

6.56 

6.20 

5.87 

5.38 

4.03 

5.68 

5.08 

3.98 

4.43 

4.72 

5.17 

3.81 

4.35 

3.09 

Moan 11.4O20*35 9.7x2 0.41 6.162 0.22 5*002 0.24 
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Table 7* Qoj of oardiae musculature using Mediun II typo A with glaoooo, 

with the additioa af thyroxine end thyroglobulin respectively. 0.9JC 

NsCl substituted far metabolites (Na-pyruvate, Ma-fumaratd and Na-glutaaate). 

The two parts of table M B.J reprecont different independent osriss of 

oxporimemto whieh, nevertheleoo, ;.ivo tho came results. ,Thyroglobulia 

vus applied in concentration of 0*5 ng. in 20 oc. Mediun, frea which 1 ee. 

van placed into sash nanonetrlc flask. Thyroxine was applied in 

concentration of 0*05 ngm* / 20 so. Tho values reproeent moan values of 

3 Individual deioraiaatioas. 

A. B. 

(n) 
Control 

8.87 
1 io.5ft 

8.53 

9.52 

10*98 

9.a 

(hi 
With Thyro­
globulin 

10*50 

10.91 

9.ft5 

11.32 

11.29 

10.08 

with 
Thyroxins 

8.5* 

9.20 

8*51 

9o83 

8*05 

10.00 

( 0 ) 
With Thyro­
globulin 

9.52 

10*90 

9.41 

11.58 

10*67 

11.20 

Moon 9.61 10.62 9.02 10*54 

t (n and b) n 3*57 1 (e and d) = 8*92 

p ^0.01 p, <^0*01 

t (n and 0) s 2*58 

« a 0.39 
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Fig. 5. Diagram after H. B. Van Dvko (1941) indicating tho 

eoaplictited interrelnt ions hip nf the pituitary hormones* 
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Table 8. Oxygen eoneuiaptiea under basal condition, t of hoacaygouo 

dwarf (10 gm.), hoterosygoue dvarf atrain (10 and 20 ,5m. reopectively) 

end noraal Ottawa atrain (8 gm.) i Experiments bv 1. i ickia. 

Strain 

nana* 
dwarf 

1 dvarf, 
c 

djorx 
• 

Ottawa 
atrain 

Wsight 
in gm. 

9.4 
10.0 

10.0 
9.5 

20.0 
21*0 

8.0 
8.0 

ft. Q. 

0.77 
0.78 

0.77 
0.74 

0.75 
0.76 

o.8o 
0.78 

co2 
in cam. 

10*1 
10.1 

16*8 
15.7 

29.0 
31.4 

17.9 
17.9 

Oj 
in oram. 

13.1 
12.9 

21.8 
21.0 

38.6 
41.5 

21*8 
23.8 

Moon 2 

13.0 

21.4 

40.0 

22.4 
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Table 9. QQ* , f okolotal noueulature froa hypophonjsjatcmlsod rats 

uaing Medina II type A vith glnceoe, with and vithoat nddition of 

thyrnxlno. 0.9* NnCl substituted for astahoUtoa (Nn-pyruvats, 

Na fwnvtfruta and la^la»aaato.) fslaos roproaant individual dstominutions. 

Tbyronias van npplind in ooaoeatrntlsa af 0,05 aga./oe. 

Thyroxlaa 

2.01 

3.«4 

2.81 

3*28 

2.01 

2.44 

3*07 

Without 
thyroxine 

2.42 
*** 

3.18 

2.53 

1.11 

3.44 

2.83 

1.46 

Mono 2.65! 0.1ft 2.64* 0.17 
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Tnblo 10* QQ of skslstal aunculeture from hypophyoootoaissd rate 

eoapurod with normal ruto of aims strain, and maintained under 

idsmtleal oeaditloao, uaing Modiun II typo A vith gluooee. 0*9* 

NaCl substituted far uttabollteo (Na-pyruvate, Na-fumarate and 

Nn-glntnaats). Vnlaas repressat individual dotomlnationo. 

Hypophyoeetoaiiod 

2.85 

2.83 

1.51 

2.03 

2.25 

3.28 

3.78 

Normal Control 

3.74 

3.61 

4.84 

5.25 

5.31 

6*49 

3.66 

noon 2.64* 0*29 4*70S 0.41 
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Table 11. Q* of okolotal uoculaturo from a) adult pituitary dvarf 

aloe (ft to 9 on . ) , b) nomal adult of pituitary ctrain (16 to 20 gm.), 

o) young, noraal Ottawa atrain (6 to 8 gm.), d) young noraal of 

pituitary strala (6 to 10 g a . ) , using Msdlun II typs A with glucose. 

0.9J. NsCl sabstitutsd for metabolites (Na-pyruvoto, Na-fumarate and 

N.,-glutaaate). Tallies reproeent indiyidunl determinatione. 

(n) 
Adult 

pituitary 
dwarf 

4.60 

4.39 

4.80 

3.93 

3.91 

4.37 

- — 

4.43 

3.26 

4.82 

5.77 

4.39 

5.03 

- — 

(b) 

Noraal adult 
pituitary atrain 

3.59 

5.85 

4.74 

3.03 

3.74 

4*36 

- — 

4.5ft 

3.58 

5.89 

4.03 

4.58 

4.04 

(c) 

Young 
noraal also 

6.31 

5.25 

4.61 

5.73 

5.26 

4.72 

5.28 

4.11 

6.00 

6.30 

4.72 

4.78 

5.31 

4.27 

3.09 

3*21 

(a) 

Young normal 
pituitary strain 

5.25 

6.99 

5.68 

5.40 

6.68 

3.*7 

. — 

6.04 

5.59 

6.34 

4.98 

ft. 27 

w — 

*» «•«• 

- — 

Mean 7.520.17 4.32 0*25 4.9320.23 5.720.27 

i (a A d) a 5.35 

it - C 0.01 
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Fig. 6. Sise relationship of Noraal and Pituitary etnin mice. 

K)t rhenotypleally normal pituitary strain mouae (18 gm.) of 

six weeks. B)i Normal strain mouae (30 gm.) of 20 woeke* 0)i 

Pituitary dwarf, littormat© of A). (? gm.). 
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Table 12* QQ- of dluphraga and liver clicoc from noraal rata 

(134 to 330 ga*) using Msdlua II typo A vith glueoco, with and 

vithoat additioa af Insulin. 0.9*" NaCl eubstltutod for metabolites 

(Na-pyruvate, Na-fumarate and Na-glutamate). faluec represent 

Individual determinations. Insulin was applied in concentration of 

0.05 oc. in 1 ee. Mediun* 

Oinphrnga 

Control 

. — 

- — 

6.46 

6*34 

6.93 

7.42 

8*40 

6.53 

7.05 

5.75 

Insulin 

. .. 

5.11 

5.14 

6.67 

7.89 

6.84 

4.90 

6.64 

6.3ft 

Liver 

Control 

8.95 

8.54 

9.15 

10.46 

6.78 

T.75 

7.59 

7.17 

6.13 

7.62 

6.52 

Insulin 

8.16 

7.88 

8*45 

6.17 

6.14 

7.42 

ft.94 

6.91 

6.42 

7.10 

7.8ft 

Moon 6.862 0*28 6.1920.36 7.672o*38 7.2220.24 
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Table 13. QQ of regenerating and noraal l ivor 3 aaya after partial 

hepatectoay, using Medium II typs A with glusooo. 0.9^ NaCl 

substituted for metabolites (Na-pyruvate, Nn-funnrsts sad Na-glutamate). 

Values rsproaoat Individual deterain- tions* 

Noraal liver 

7.87 

6*15 

ft.73 

10.2ft 

9.94 

8.95 

ft.73 

Rogonemting 
liver 

7.01 

9.03 

7.4ft 

10.7ft 

10.40 

9.73 

7.4ft 

Mean 8*372 0*53 8.83,0.57 

* 3 0.9ft7 

H - 0*46 
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Tnlfcfi 14 

BosLltutlon of nornnfl roaplratlon of tho r a t diaohraiaa. 

Ey E d i t i o n , aftsi on hour. Nf.-fumpratet 

Fxperlments by J . Krv .ioncivh 

^OS 
*̂2 

Ocatrols 

-8.79 
-10.22 
- 7.88 
- 6.01 
- 8.65 
- 9.08 
- 6.85 
- 9.15 

1st hr. 

With Hydergino 

-10.08 
-11.12 
- 8.64 
- 6.54 
- 9.21 

: t f . 
•10.00 

Coatrola 

-11.89 
-10,62 
- 6*23 
- 7.04 
- 9.13 
- 7.85 
- 6.43 
* 6.79 

QOo , 2ad hr. 
With Hydergino, 
Na-fum rate added 

-12.11, 
-12.68x 
- 6.52x 
- 6.25 
- 7.84 
- 7.56 
- 6.23 
* 5.36 

The QQ valuce are aversgee sf 4 determinations (x 3 determia t i >na) 
^*2 

1_ r *.47 $ : 0.27ft 

4 <£ 0.001 A s 0.78 
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Tabic 14 (a). Q. of diaphraga from rata 120 to 200 gm. vith 
^2 

aad vithout addition of Hydergino and using Msdlua II typs A 

with gluooee. 0.9JC NnCl substituted for motabolitec (Ne-pyruvite, 

Na-fuaarate and Na-glutanate). The valuea roprooent moan QQ for 

4 individnal detorainatioas. Hydergino vae applied in ooneentn tion 

of 4.5 mg. psrssnt by addiag 0.1 oc. of solution of 4.5 **> hydergino 

In 10 oc. of double doatilled water, to 1 ee. a.edium. 

Hydergino 

5.9* 

5.73 

ftai 

4.74 

4.22 

4.89 

Without 
hydergino 

6.90 

5.8ft 

6.85 

5.21 

5.06 

6.32 

Mean 5.27 6*03 

1 s 8.798 

4 <C 0.01 
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unuuwnunvnsab 

1 . Tlgt i t Rliajfnwlof. M'l i tnt S i l t 

Ths relation betvoen astabslism and s i t s , sn oxprsoood in the 

deereaae of wolght-opeeifle basal metabolio rates with increasing body 

e l se , snd found intm-spoeif ical ly (coaparison of animals of the some 

apeciee and different s i t e ) as well as interopeoifically (soaparlcon of 

adult aniaala of different sposisn) i s known v e i l over hundred years| but 

none of tho sxplsnnticno given for thic phsnoacnon ie satiofactory. 

( t lo lber , 1947, bertalanffy, 1951 (a ) ) . Bertalanffy and Flrosynokl (1953) 

eame tc the conclusion th I none of the conventional oxplnnntionc of tho 

decrease sf wolght-opoeific metabolio rate vith increasing body e l se , 

ouch as explanation in terms of therasrsgulation, of muscular act iv i ty , 

of the relative decrease in "mstabolisnlly active" organs during grovth, 

end of age, io eonsidersd to bo sufficient. They emphasize th t no 

decline in tlooue rooplratlon of the organa investigated can bo found 

viich would correspond to the decline in banal retabolic ret? of the 

entire aninals. I t appears, therefore, that the latter depends upon 

rogulati o f actors lying in tho organism aa a whole. 

The prooont experiment* were conducted with a opeeinl view en 

n recently propounded thoory, v i s . , thnt the "charnotoristlo differences 

in the basal rate of ho:t production in anlmala of different s i ir arc 
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in bs attributed aalnly ts variation In a. of the musculature." 
^ 2 

(Krebo, 1950). 

Krebo did not investigate the QQ cf usoloe in sninalc of 

different sice. His conclusion is fc«.\aeu upon ths fact that the muscles 

play n leading part in thsravjrogulaiion which, according to tho elaselesl 

explanation given by ftubaer, ie at the base of the eurfaee rule. Krebo 

offers this explanation for interspecific comparison of metabolio rateo 

ia ths ssriss of anvnuda, but naturally it eould also be applied to 

intmspaoif is eonpnrieon. 

This hypothesis was rejected hy Bertalsaffy snd Plrosynckl 

nainly far thoorotical roassna. They anphnalis that the surface or 3/4 pover 

rule of Metabolism anplieo not only to nnwnnls, but nice oold blooded 

vertebrates w*J certain Invnrtebrnte elansas (Bsrtolsnffy, H$l (n)| 

snrttdanffy and Kryvienccyk, 1953). for thic reason, hoasotherny and 

auseular aetivity In its serviee cannot bo considered the basic principle 

la tho else c<pendcaco cf netabolien. A siapls snleulnticn ohowo, further, 

thtt oven if o decline cf the QQ cf aasculature according to tho surface or 

3/* pover rule is nssuasd, this factor would not be sufficient to aecount 

for tho decline of banal aetabolie rate of tho entire aniaal. 

Ooaparo tvo rats of a) 270 gn., b) 10 gn. body veight. n) 

Aooording to Doaaldeon (1924, tabis 129, p. 184), ausoulature is about no 

half (45J0 of total body weight in adult aninals. According to Field 

et al., (1937). rooplratlon of muooulature aoeounte for about one half of 

euum&ted tissue respiration in anture anianls. Hence it ic fair to assume 
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thnt, in tho largo aniaal, the average Qo2 for "rest of body" and for 

"musculature" are roughly equal. Denote the metabolic quotiei t for 

"root of body" and far "auueulature* by a. and rj, r^apeetivoly. Then, 

for tho anture aniaal, | s Q. Tho basal motabelie rote of a rut of 

270 ga* io aboat 250 co* Op/ hr* Thic, ancordiag to the consider tiona 

given above, can be erpreoeed by 250 a 270 £ • £ - 270 fj. 

b) In s rat sf 10 gn., about tS% ia aasoulsturo, 15% rsst of 

body (Poaalnssa, 1924). lines, according to hypothesis, ths nnin role 

ia ths decline of basal aetabollsa is attributed to variations sf ths 

Q- sf mnseulaturo and saalrionlly little change in ths QQJ of other 

orgsnn is observed, it nay bs assumed thnt g (avsrsgs QQ. for rest of 

body) is rsughly equal in the 10 gm. and tho 270 gn. aniaal. If £ (average 

Q» sf aaacttlature) follows tho surface rule ( (ft = - 1/3) it vill, in 

opass af vslght 1 i 27* decline in a ratio 1 • 27 " ^ s 1 • 0*33. 

According to tho 3/4 paver formula ($a - 1/4* A ail ioeline in a ratio 

1 i 2T"V* . i | o#44. if, therefore, p, IO the netabolle quotiet of 

aaoele f sr lsrgs aniaal, £ that for aanll animal, fi s 3 & s 3 1, or A ; 

2*29 A c 2.29 At respectively end, according to tho vsv ncsuaptlono 

asatlonodt totnl respiratisa for sn aniaal sf 10 gm. would bet 

10. 3/4. - • 10. 1/4. 3 m « 15 m, or 

10. 3/4. a « 10. 1/4. 2.29 a a 13. 225 a. 

The rntlo of tho astabolie rateo sf ths 10 ga. aniaal aad the 

270 gn. enianl io therefore 15 a i 270 a a 1 I 18, or 13. 225 a • 270 a 

: 20. 4. 

Actually, banal aetabolie rate of a rat of 10 gm. la about 25 ee. 

°2/ hr., ss that tho ratio let 
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25 • 250 • 1 • 10* 

laterally, this sstlmats is based upon erudo cad over-

slanliflsd assumptions. It ohowo, howsver, thnt, no far aa iatrn-

sposifis ssaaarlaoa is eoneerned, n dsereuse of ruooular QQ nooerdlng 

to the surfsso or 3/4 pewer rule vould not noeouat for tho dssrsaoo in 

veight-epoeifle metabolic rate. 

For the reasons mentioned, Bertalanffy snd Plreiynekl sans 

ts ths ssaolnnica that, "there ceeas ts bs ns lndlsntisa that ths 

danroass of weight specific metabolio rats io to be explained by 

variations of Qn of aasculature*" 
°2 

grebe (1950) oaphnaiioo that data obtained on isolated muscle 

bear no siapls relation to tho baoal respiratory rate of aueole la efttju. 

vhieh ie regulated by the oxigenoiee of theraorsgulation, snd for tho 

dotsrmination af vhieh there is ns yst ns estief eatery experimental 

procedure. It ie to bs bsms in alnd, however, that thomoregulatlon, 

and naasular aetivity in ita ssrvioo, althoagh playing an iapertant 

role ia tho energy sconeay of hoassthsras, onnnst bo the bnaio principle 

in the depeadsaoe of metabolio rate on body olio, for tho eurfneo rule 

also applying to poikilsthsrais vertebrates and even to certain 

invertebrate classes. Bines there is hardly any ovldeneo thnt factors like 

aacels teas arc sossntlally different in sou 11 as sonpared to largo 

opsoinens, it appeara that, notwithstanding Krsb'a prsviso, inveotigetion 

of isolated muaelo chonld contribute te deoide vhether variation in 

respiration of tho aasculature sen bs ooneldored tho main factor for tho 
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deereaoe of aetaholio rate vlth lncrsasiag bsdy siio. 

Tho present results add experiment '1 evideaee no to tho 

dopondcace of ths QQ_ of okolotal mueole on bedy sise. As for sn ths 

rut is ooscomed, tho regression of QQ cf okeletal muscle is small 

and actually aaaller than ascaacd in the previously indicated calculation, 

being (ft- 0.07 for skslstal imiocle. Appsrsntly, it dees not account for 

the difference in vclght-spseifie metabolic rate of the entire aniasle. 

This ooafIran ths oonalooieno drawn by Bortalanffy snd Plrotynckl. 

The prooont rooulto arc some hat different vith respect to 

the nouns, ths tvo else clasaos investigated (oa. 7 * 28 ga. and 8 & 18 

gn.) ehovlag n steeper elope of tho regression, vith(j(s 0.245 and 0.345 

respectively. The latter valuce eorrocpend to the 3/4 pover rule. 

Those rooulto shov that one has to bo very c ireful ir oxtrspolstlons 

froa oae ts another spesiss, even if they are rather closely related. 

It appears that there re Important phyciological differences iotween 

rat cad mouse* For inetaneo, there io in ths rat a eoatinuous incroaoo 

in body veight over tho whole life, vhils in the nouso grovth coaoc tc a 

step. Another well known difference seems to exist vlth rsspsst to 

thyroid function, as emphasised by Zarrow and oo-vorkorc (1951)* end 

aentioned in Chapter I under "Metabolioa and the Thyroid Oland." To 

cash epeelee-opacific physiological dlfforoncoo, ic to bo added the 

difference in the rolotionohip of tlesue rsepirrtlon of musoulature and 

bsdy else. It vill bo eorthvhilo, to study these opoeics-spselfle differences 

and thsir inter-relation. 
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With respect to tho diaphraga, the present sxporiaente show that 

tho ehnractorlotic dopondonoo cf QQ on body sice, no expreeoed by the 

slope of tho regreanion line, is not connistsntly changed with nltsration 

of the USA ILLS* 

Interspoeiflcolly, ths QQ. of diaphragm of adult alee obtained 

ia the Medium mentioned ie 9*042 0.27 (15 oxpsriasnto). Thle eerreepondo 

to the Q« of diaphragm of rate weighing cj, 30 go., aad lo ia ths range 

of tho value for aoult rats (over 300 ga.), no has bsea stated previously 

by Meyorhof snd Rial eh (1924). 

Thus, ns far aa intsrspssifie eompariaon ia coneemod, the rooulto 

differ vith respect to diaphraga and okeletal aueole. In tho tvo 

epsciss investigated, the QQ of tho diaphragm appears to be dependant 

on tho sits of adult anianls, being mush higher in ndult miss than in 

adult rats. This, however, is not tho ease vith ths QQ of okeletal 

muscle, this being similar ir. adult alee and rata. Alao thia consideration 

gives no indication that differsness in anosular respiration of rate 

play a decisive role in the regulation of banal aetabolie rate aooording 

to body cite. 

Further, interepeelfie correlation between QQ and body veight 

io similar te intraapeelfic correlation in the ease of the diaphraga, 

bat different la tho case of skeletal muscle. Thic ic further evidence 

for ths fact that intrnepeoifie and intsrspssifis siss dependence do 

not neoocearily corrcopsad, ns it was found in ths variation of QQ of 

various organs cad also in nerphelogieal phsnomenn, (Bertalanffy and 

Plroiynski, 1952, 1953). 
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2* Influence of Thyroxine «md •> hrraulnbulin on Tie ana Ronplrntion 

Tho prooont results of tho applic tion of thyroid horm.no in 

vitro on tlooue respiration eon bo cuooKrisod ac followst 

1) Thyroxine doee not increase the QQ values of diaphragm, 

heart, and skslet 1 muooulature. 

2) Applieuticn of thyroxine in vitro io also ineffective 

vith tiesues (okeletal muscle) of hypophyoeetoaissd anlnale vhieh chow 

lowered baaal metabolioa and vhieh, as a consequence of tho operation, 

any be c ppoeod to bo in n etate af hypothyroidism. 

3) In contrast to the aetion of thyroxine, tho application of 

thyroglstulin in vitro leads to a oignifleant Increase in tissue 

resplreiisn of earless nuseulature. Thooo rooulto essentially oonf l m 

tho jrork of Canxanelli et al. (1937* 1939)* these authors having worked 

with tootle, brain, kidney, heart anil liver of guinea pi,.,. 

Ths present rooulto offer some more data for drawing eoneluoiono. 

Msverthslsfis, th ee results rather puss than solve a nunber of pasjblomsi 

1) Administration of thyroxine in vivo by v, ay of injection, 

, enerall. , althou,;h vith some sttnlif ications lsads to en insrease of 

total feasal) metabolic rata in the entire animal. It alee leade te an 

increase of Qc2 of icolated tiscuoo* If, 1- oontraat, thyroxlno applied 

ia vitro fails to show on influenee on the oxygen oonouaptioa of icolated 

tioouoo, it would bo reasonable to assuao that the thyroid horaono doee 

not act directly on tissue notabollan but primarily acts on tho ortianisn 

ns a whole, or, In other toras, that thyroid aetion Is dependent on sons 

http://horm.no
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factor or footers which are present only in tho entire organism and 

net reproducible in vitro, ouch intorprot*tlon von ouggectod by 

Garrard and MeIntyre (1933). 

Ths ooneept of a roetrietod thyroxine notion with reepeet to 

CvB» central system en the norvouo systsm, as suggsstsd by Pnssoh 

sad Reinvaia (1929)* cannot be fully ondoreed, in spite of tho failure cf 

thyroxlno to inflnsnco oxygon oonounption sf isolated tlooue. It hac 

been demonstrated by Ring, Pworkin and fincq (1931)* that tho reeponso to 

thyroxins injection was unelenaged when sympathetic chains in oatc were 

removed, shoving that ths eymputhstie chains had no influence on 

thyronine action* 

Tho "organianie" Interpretation aentioned would cover the 

positive offset of applioatica ia vivo cf thyroxlno on baaal and tissus 

motebolism, and tho lank of euch effect in in vitro application. It 

does not, however, cover.the positive offeet of thyrsglsbulin in vitro* 

2) The effect of thyroglobulin oseao paradoxicnl. Thyroxine is 

a low moleeular subotsnso (aoleeulsr veight 776.8), while thyroglobulln 

io s protein of a high nolocular weight of about 700,00. (gluten, 1940). 

Zt would bo reasonable to ananas that thyroxine ensily penstratec into 

the cello and oxerto soma Influence on eollular nstsholisa* On the other 

hand, it ie anon aero diffioult te ooncoive the large aolseules of thyro­

globulin as penetrating into ths colic. Ths prooont experimental 

findings, however, confirm th-t thyroxlno ic Ineffective and thyroglobulin 

effective in vitro with reepeet to oardiae musculature. 
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3) At present nore eaphaola seems to be plnoed en thyro* 

globulin than tiyroxino aa being tho uetlvo principle* Solye (1947 (c)) 

mentions i "The viev that thyroxine ic not tho native hormone is baaed 

upon ths observation that, compared on the baoie of iodine content, 

thyroxine is less active than thyroglobulin or tho glandular tissus 

itself." If thyroglobulin, rather than thyroxlno lo tho active principle 

cf the thyroid action, lto activity in vitro no compared to lack of ouch 

aetion of thyroxine would be understandable. However, thia doee not 

oelve ths preblea posed under 2). 

4) It ic generally understood th«tIhyroglsbulin an auoh doee 

not leave ths folllcloo. Leblond end Gross (1948), conducted expsrinmnts 

to determine vhsthor the thyroid esll secretee thyroglobulin only in the 

direction of tho collsid or sloe releases some directly into circulation. 

Their experimento revealed th-t th*» secretary aetivity of tho cello waa 

oxsluslvsly orientated toward tho colloid. An hypothesis has bssa 

offorad, therefore, that possibly thyroglobulin is broken down, by 

prsteolytlo eniyaee, inte ite eoaponont polypoptidso, psptsnss, or amino 

acids end Is thus extruded vith thyroxine, into tho blood stream to be 

oynthooiied again by tho tissuss themselves. 

Thyreoglobulin hen born found in the general circulation of 

dogs* but Lorman (1940), emphasised that thio has tu bs attributed to 

trauma of tho gland since tho general belief is thnt under noraal 

eonditlone thyroglobulln does not leeve the follielee, noraal or hyper-

plnstic, sn sueh. Thle has alao be<n cup*, cried by Leblond and Greco (1948). 
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There are tvo eohoolc of thought in regard to the mechanism of tho 

release of colloid. According to one eehool, the release is intra­

cellular. The eolloid is reabsorbed by the aeinous epithelium, 

vhieh in turn dischargee into the circulation. The other eehool statec 

that tho colloid pasoos between epithelial eello and in this way reaches 

the circulation. Evidence in oupport of tho intercellular release 

of eolloid was furnished by Zefya Hlrsehlerowa (1927). In her opinion 

the eolloid ic directed into circulation through eanalieuli vhieh she 

calls "Ansfflarungskalalchen", (conductive canal). Thia opinion ie, 

however, contraindieatod aocording to more recent work by Leblond and 

Cross, (1948), Leblond (1950). 

Thus, it could be assumed that thyroglobulin is broken down to 

roach tho tiopues, and in the cello re-united with some protein fraction 

to give tho aetive principle. This would, account for tho fact that the 

thyroxine-protoin compound, namely thyroglobulln, io active on cellular 

metabolism if administered direetly to tho tissue. On the other hand, 

ieolatod cells vould not be capable, at leact during the experimental period, 

of eynthoeising thyroxine into the active hormone} for this reason, 

thyroxine vould fail to show an in vitro effect under the same eonditlone. 

Although thic coneept seems not to contradict current opinion, it ie 

difficult to conceive how thyroglobulin, a high nolocular substance, is 

able to overcome the cellular barrier. 

As this diseuscion shove, the present experiments do rot lead to 

any easy answer to the problem in qucctlon. Thoy seem to offer, however, 
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sons aatsrial to bo considered In subooquent study of the problem. 

a) The Influence of ttTfr9whmo*9KY 

Ths pituitary-thyroid relationehlp hen been fairly veil oetabliahod 

end there ore numerous exporiaoatal evidence ohoving a decrease in B.M.R. 

snd rslatod funstlen following hypephysoctoay as well sn thyroidectomy, 

(Rmpport et al* (1946), Gordon et al* (1946), Disk-Guerrero, Thoapson and 

Mines (1947)* Marvin, lingo and Anderson (1950), Zarrow st al* (1951). 

So far aa ieolatod tlscuoa are eonoornsd, extracto froa tho pituitary coom 

to hove varying effects. Osapbsll and Davideon (1950), pointed out that 

anterior pituitary extract v/hen added directly to the medium did act 

influence sigmifioantly tho oxygen uptake of liver clicoo, while administrat­

ion by way of oubsutansous injection of an anterior pituitary preparation 

(AFP) to fasting rate insrsused ths uptaks of oxygen* The latter finding 

indicates that sadogeaoas substrates wore utilised at an inereanod rate. 

The AFP ussd vsn found to contain about 4 percent of grovth hormone end nbout 

1.7 percent adrenocorticotropic horaono. Thle reeult ie in eontrust to ths 

result sf Klslbsr snd Cols (1939)* vho found that ohronie doses of 

pituitary extract reault in n depression of banal aetabolie rate and oxygen 

oonnaaption in tho icolated diaphraga. 

•est of tho experiments direetly en tissus level seem to have 

boon sondustsd vith hypotbroid anlmala. Thia author has bssn unable to 
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find any recent experimental work en nussular notabollan (oxygen 

caesium; tion) following hy^ophy ceo tony. A ooaplsts survey of older 

litsmture by Krebo and Johnson (1948), indicntoc experiments vith 

testis from ruto (infantile) shaving deoreaeo in oxygon consumption 

14 daya aftor hypephysootoay sad a further deeroaoe 44 daya after 

hypophysoetomy. A dsslins in oxygon ecMuaptlca froa 10.6 to 6.1 hue 

boon obeerved. 

It io reasonable to nssaao, however, thnt aotnbollo chnnges 

following hypephynootsay vill bs similar ts thooo obeerved in thyroid-

eetonlasd anianls because of the veil-known pituitary thyroid relationship. 

Tho present work has inuisstsd sons of these changes. 

A mrrkea deeroaoe in QQ of cardiac and skeletal musculature 

fallowing nypophysootoay •••—a observed, which can be eomprrod to the 

decreace in B.M.R. of the entire animal. Of courco it is difficult to 

ascertain whether thooo aetabolie offoots are te bo attributed directly 

te herasanl soatrol cf metabolism aa influenced by Lypophyoio, er to the 

general (and in the long run detrimental) sffsetc sf hypophy»eetomy9 

vhieh lends ts goner*1 voakness, voigks loss snd inhibition of grovth, 

end many ether effects sash an, Iocs of hair, tropic ehangoe in nolle 

and skin, ntrophy cf genital organo, atorility, muscular weaknoas, 

dooreased blood prsoouro and body temperature (Hypotherain), annaln, ate* 

Ths Inttor was recently discussed by Silbergleit (1951). Ths eolor index 

is usually lass than one, and the henoglobulin averages 50% (Selye, 

1947 (*))• There is alao atrophy sf ths adrenals ss indicated by Long 
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(1943)* Irrespective cf whether the offeeto asnifsetsd after 

hypophyaostsay ere a direct reeult cf a diaturbanee of homonal balance, 

er merely sn indirect effect cf the operation, vo vould oxpeet the 

dsprsssion nere narksd on aetabolie funetlono the longer the tine 

olnpss betvoea hypophyeostcay aad exporiaent. Cenooquently, in the 

proaent experiment a dsereaee in QQ, vnlus is ssen 11 dnyo, snd 

still more asrksu at 18 days after hypophyoeotony. 

Bearing in mind tho oualifieationc Juat stated, it sssas 

reasonable ta acauae that the ehnnges en the cellular level as nanifeetcd 

by ths narked decrease sf QQ,, are rather a factor ia, than a aero 

oonsequenes sf ths general affect af hypophyooctomy ns nanifeutod by 

voahnnse, weight,loeo, etc. 

b) fltu^uTl Piatf hUvf 

Tho results sbtainsd vith hypsphyceetonlsed aalnale eon be 

osaporcd to thoeo obtained vlth pituitary dvarf nice. In the latter oaao, 

wo do not hnva an experimental injury the effects of vhieh arc dstrimsntd 

la tho long run, bat mther n genotionl ooaditlsa loading to a oeasotlon 

of grovth (snd to eterllity) la the dvarfa, and leaving ths individuals 

snnnanl ia other reepeetc. 

The soaparissa is ts bs aads betvoea pituitary dvarf (homsiygous in 

tho 4 J gone), phsnstyplsslly noraal littoraatos sad noranl nice of normal 

atrain. 

Ths interpretation sf tho reculte, as given in Chapter III under 

"Tissus Rsspimtlon in Pituitary Dvarf Mies", vill depend on whether vo 
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eoapars "adult" aaiaala, sr rather aninals of the oome body .oi ht, 

irreapeo lvo of whether thle is reached aa the final developmental 

condition (ia tho dvarfo) or as a tranaitory eondition within tho 

grovth proeeeo (in tho noraal sniasl). Applying ths first standard, 

Qn sf akeletal ausfulaturs froa adult dvnrf nlss (6 to 9 ga.) oerrecpendc 

favourably to that obtained froa phonstypieally aoraal adult litternatee 

(1ft ts 20 im.). Previous experiaeatsl rooulto froa aoraal adult alee 

(25 to 30 ga.) and under eladlar eonditlone have given slightly lover 

moan QQ (3.482 0.17). Thle, hovovor, is understandable in view of the 

difference cf vnlght, end goaotio eoaotltution. 

It esoas aero corroet, hovovor, to aaks tho eonparlaon between 

snlanlc of some vnlght irrecpectlve sf whether they are adult (dvorfs) 

or still groving (noraal). In such eeaparisoa, we find ths Q0 of 

nuseulature significantly sanller in dvarfs than in noranl aninals, as 

indicated in Table fj. Correspondingly, basal metaboliam of the dvarf 

anlmala la much aacller than of noraal anianls sf eons strain and ssas 

body veight on shown in Tnblo 8. From this oomparieon it any bo concluded 

that tie hereditary disfunction sf ths pituitary as ahovn in tho dvarfa, 

which loads to a dsereess in totnl ns wsll as tiaeuo metaboliam, asy 

bs at ths bone af their inability ts grov to noraal final veight. In 

this vay, tho recultc as obtained vith pitaitary dvarf alee oorronpcad to 

thooo vith hypophyssstsnisod rata* slthough it nuct bs saphuaised th t 

ths dsprossion of QQ ic much noro Barked ia the inttor case. This* 

hovovor, is underct ndoble bsosuae hypophyaectony, as aentioned provioualy 
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oerioanly influeners the general condition of tho aniaal vhils 

hereditary disfunction of tho hypophyais in d»nrf nice leavee other 

functions acre or lcce ncraal. 

Thooo differoncec ohould obviously bs intsrprsted in tsras of 

the different pituitary homou o. Dvarf lea probably concerns only tho 

grovth homons produeed by the oooinephllic oclle whieh are degenerated 

in the dsarf anianls. Hypophyssstony on the other hand reaoves the entire 

gland snd thus ebUterates the production of pituitary hormones ia 

general. Such Interpretation vould, however, presupposeo a muoh more 

detailed otudy of tho iafluenee of ths various pituitary hormones than 

ia given in the previous oxporiasats. 

Althoagh tho lntsrpretatisn Just given eeeas te bo concictont 

ns fsr as it gee:, it ic to bo anphasised again that a number of tho 

sxperiaonts eoneeming the influcnes of pituitary hormones on metabolism 

seems conflicting. As aentioned previously, Kleiber end Cole (1939) found 

n doprecolcn of totil metabolioa on voll on tiosue astabollsm of diaphraga, 

aftor chronic injection of growth hornone loading to gigantiaa. On the 

ether hrnd, tho prooont experiasnta ohov that deficiency of growth horaono as 

effected by hypophyscotoay or geaeticnl faetora, alao loads to ouch 

n depression. Ts this vould correspond that, necording to Caapbsll 

Davidson (1950), adadmstratloa sf APP in vivo loedo to incr aco of total 

as voll aa tisous notsbolica. It any vsll bs that these differences rssult 

from different preparations and toehmlques used, so that the contrasting 

results are te bs attributed to different pituitary hormonec. This 
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obviously rsqulros further oaporiaeatatlea and is indicative of tho 

sonplaxlty of pituitary action* 
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sunauuml 

1) Sane lnflusmoec on the renpimtory metabolism (QO2) ** 

ieolatod tiesuee In vitro have been investigated. 

2) The QQ. of skeletal aasoulnture of rets, ranging froa 

10 ga. to 384 gm. body weight, shows hut a slight deoreaeo with 

inertosing body sias, ths oorrslatisa between body veight and Q-

being rather low. 

3) Prsviotts reeulte shoving n definite dependence of tho 

0^ of diophrngn in ruts arc eonfimod. Applying different asdia, tho 

C-, valuea are increased la tho sequencet saline alone, addition af 

glueooe, and glusooo and astabolitss of the Krebo cycle. There ic no 

eonoiotont ehmgo of tho slope of tho regreooion lino vith increasingly 

favourable nutritional oonditione af the medium. In mice, tho QQ. 

cf okeletal nasels sf two different strains and taksn in tvo groups 

en 8 A 16 gm. and 7 a 28 ja. body might ohov a more marked dependence 

on body vaight (steeper slope of the regression line) titan is found 

in rata. 

4) In lntsrspeoifio ooapurtson, the QQ of ekeletal muooulature 

of adult odee is sinllnr ts thnt sf adult rata, while the Qn of small 
2 

alee (10 ga.) is similar ts thet sf rate of eorreoponding vaight. Than, 

eoaparing interepeeifieully nature spscimsns of both speclee, no narked 

dependence en bsdy elss of aueeulature Q u yound, 
2 

5) Interspecific oeapnrison of the QQJ 6f dlaphmgm in alee and 

rats chow that tho QQ. sf adult also oorrocpondc te that of rnto 
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voighing en 30 ga., and ie than about tvloo the value for adult 

rats. 

ft) Interspecific sorrelutlon of Q Q . snd bedy weight than io 

slailor te intmspecific correlation in tho onoe of the diaphragm, but 

ia different in the 01 so af okolotel musculature. 

7) Tho hypothssic thst the docrcnee of vaight specific basal 

netabolio rate is -uo to varintion in QQ of nuseulature is rejected. 

6) Mo Influence of thyroxine applied ia vitro on tissue of 

rut diaphraga van found. 

9) Also with tissijee sf hypophyseet catted rats, adainiatratloa 

of thyroxine in vitro foils] to sho< an effect on tisaue respiration of 

okolotal muscle. « 

umminial 10) Thyroglobulln administration in vitro leads to a oignifleant 

inere ee of Qo- of cardlae muscle sf tho rat. 

11) Hypophysoetomliod aninals have a much lower baaal metal oliem 

than noraal aninals. Correspondingly* tissus respiration ( Q Q 9 ) of 

s&rdlas and skeletal musculature is about one half that of aoraal 

individuals • 

12) Basal astaholioB of pituitary dvarf aloe is only nbout one 

half of that of noraal individuslo af the ceas site. 

13) Tissus respiration of okolotal nuncio of pituitary dvarf0 

ia clgnifloontly saaller thaa that of their phenotypieall« noraal 

littermttec of the ssms bsdy vslght, although it ic similar to that of 

nature anlmala. 
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14) Me offoet of inoulin administration in vitro on QQ 

van fsand. 

15) Noranl sad rsgsasrtiting rat liver show the enae QQ 

value. 

lft) ayderglas, an argot proparatien, eoone to lend to n 

depression sf Q̂ , vhieh ie {.sasibly eonnected vith an intorferoneo 

In the Krsbs sysls of oxidation. 

17) The rooulto ere diseusaod in their various theoretical 

aspects. 
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