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INTRODUCTI OM

It 48 @« basic physiolegieal faet that the metabolism of animal
organisma, as measured by oxy en ecnsumptien or calorie preduction, ie
aet s comstant magnitude but is dependent on, and eontrolled by, many
differeat factors. Body sise, hormonal and ernvironmeatal influences are
resegnized as being important fastors im this respect.

It is known fer mere than 100 years that weightespeoific bdasal
metabolie rate in memmals decreases with inereasing body-size. This is
ovidenced by the surfece rule which states that metabolic rate per unit
weight decreases with inmcreasiag body size, bdut is comstant per umit
surface. The surfase rule is found to apply to many invertebdrate emd
vertebrate classes (Bertalanffy, 1951 (a))e As far as mammals are
comcerned, it has been shown recently (Rascine, 1951, unpublished) that
the surface rule applies to growing rate, in se far as the general trend
of the depemucnce of basal metabolism on bedy weight is comcerned,
although ism detail the rel: tiom is more complex. In man the well-known
DuBois formmla, as applied in ¢linical tests, amounts dimensiomally to
the surface rule. |

Similarly, it is obvious that hormonal factors belong to the
most important regulaters of metabolism, e.g., the thyroid gland end
its hormone, thyroxine, It ap,ems that a combinntion of many hormones
is iavolved im the regulatiom of physiological processes, instead
of the imdividual hormomes being conecerncu .ith Lhe adjustment of one

pertisular proeess in the unimal body. This is espeeially true in the



case of the pituitary hormones, as they appear to influence the
physielegieal prosesses of metabolism, growth, reproduction, lactatiom,
ovulation amd many ether funetivns. Changes in the activity of the
thyroid by way of hyper= and hypothyroidism manifest Lhemeelves im
sorresponding changes in bdasal metabolismj these chan ve are importent
for diagnesis of thyroid diserders.

The metadolism of the organism as a whole is obviously compesed
of the netabolism of its organs, tissues and ultimately of its cells.
Thus, the prodblem preseats itselfs Vhat is the relatiom between the
metabolism of the entire animal, as measured by its basal metabolic rate,
and the mctabolism of the tissucs composing it? Further, .e must ask
whether the festors regulating metabelism in the entire animal are also
active in its isolsted tissues, and whethcr the astion of those facbhrs
in vivo is reprodusible in vitro.

There is, of course, a large amount ¢f experimental materigl
pertineat to these questions, Closer inspection, however, shows that
these data are rathcr scattered, ungonnected end often contradistory,

The importamee of in vitro study eannot dbe minimized, for there are certain
sdvantages in the gdudy of isolateu tissuess Constant conditions can be
maintained and controlled, and indiiect influences which affect in vivo
investigations can be eliminated, The importu.nce of this problem is well
asknowledged. Thus, Kleiber (1947) statess “the analyesis of these factors
edutrolling the metabolic level in vitro and in vivo appears to be s

mest fruitful field for future research on tissue metadolism.” The present



study aims ut giving mere informetion on some of the questioms eonnected

with the above prodblems.



The questiea of the dependemce of metabolisn on body size can
be studied im two respects, namely imterspecifically, 1.0., sompering
rature animals of differeat spesies of enimals, and jntraspecifieally,
1¢0¢) somparing amimals of the same species but of different body cize.
These aspects are applieable to the size~metabolism relation in the
mstabolism of emtire amimals as .ell as to their tissue metabclism,

There are numerous older investi _ations oa the rel .tioa of
tissue respiration (Qoz) end body esisze which, however, are imconclusive
and often comtradictoryj this older work is reviewed by Bertalanffy and

Pirosynski (1953). Recent investigatione of this problem wer: carried
through, in jintres,ceifie gomparipes by Bertalanffy and Pirosynski (1951 (a)),
1953)s Piresymcki amd Bertaleaffy (1952), end Anierppegific comperigin,
by Krebs (1950).

Bertalanffy and Pirozynski have investigated the question whether
the systematic deline of .eight=specifie basal metadolic rate with
inercasing bedy size, as expressed in the surfsaece rule umd related
formulations (Kleiber, 1947), can be explaimed in terms of a corresponding
desline of tissue respirstion. This work led to the result L-t, in

dniraapecifie comuarigon, asong 7 characteristic tissues of rats ina
series from mew=born to adult (9 gm. to 392 gm. body weight), only the



diaphrega shovs a variatiea in qoz eomparable 4o that of weight-spegific
metabolic rate. With respect te heart, there is a slijht deocreuse in
Qoa with inereasing size, but the eorrelation coefficient is low. The
Q°2 correlation of lumgs 4s similar te thut of heart. The uata obtalnod
from liver seem t0 show a break im the allometric line of the Qo, some-
where in the yioinity ef 100 gme The Qo, values of kidney=cortex remain
practically constamt over the range of body sires investisstei. Brain-
cortex seems t0 show a slight imcrease in the Qoz with inerensing body
8i80¢ As far as liver smmd kidmey are soncerned, recemt work on tissue
respiratien of grewing shiskens (Crandall and smith, 1Y52) has essentially
esonfirmed these results.

A thoreugh study of the imterspesific rolation of tissue
metabolism and bedy size was made by Krebs (1950). Investigating §
tissues (lung, liver, kidmey-cortex, braia=cortex and spleea) of 9
mammalian species, ranging from the mouse to the herse, he found that
in general, the Q02 values of the larger speeies were somewhat lewer than

the hemolegous values of small species. HHowever, there is no parallel
decreass in the differeat tissues, nor a sonsistent relation to the
desrease of veight-specific basal metabolic rate with increasing sise.
Not finding & systematie differense in tissue respiration which would
sorrespoad to the differences in total metabolism in the marwalien series,
Krebs ttridbutes these differences to variatien im the Qop of nusculature
tissue, whieh was not stiudied in his experiments,

To a eertain degree, Krebs hypothesis is supperted by Bertalanffy



and Piresymski's findiags, since in their experimemts, the digphragm
as the enly sirialed musele imvestigated, was also the only ome to

show a cecrease in qoz ccaparsble to that of weightespesific metabolis
rates 7his wus emphesized by Schmidt-Nielsen (1951). Bertalanffy

and Pirosynski (1951 (b)) replied that, on the basis of a quantitative
estimnive, a doslime im tissue respirution of museulature, even if it
would ve of thu same order as th-t found im the diaphragm, would not be
suffieieat 10 account fer the deelime of metabolie rate of the entire
aniaal.

Thus, part of the present work is coneserned with a further study
of the size=depenuence of tissue respiration of museulature, posing the
follewing questicmss

1) Whet is the releties of the Qg of skoletal musele te
body size?

2) 1s the relation between Q0, of tissue and bedy size which
is established for the digphragm, as highly significant, dependent on
external festors spplieable in vitre?

Part of the results olisined in these studies has already been
yublished (Bertalenrfy and Estwiek, 1953).

The influence of the thyroid hormone on total metadolism is well

known, There is a tremendous smount of literature on this subject, as



reviewed, ¢.g., by Selye (1952)c Im this thesis omly s few recemt
findings shall be meatiomed, which hay a pessidble relation teo the
preblea embodying the subject matter of this imvestigation.
The fast that thyroxine sdmimistration er hyperthyroidism
leads $o an imcruased basal metabolie rate is familiar, and the latter
is weed as a clinienl criterion in diagnesing thyroid disorders. It
must be torme in mind, hewever, that the influence of thyroxine on lasal
metabolic rate is not sbsolutely comeistent. Balogh et al. (1951),
having given doses of thyroxime, 0,1 to O.5mgm. subocutameously to mermsl,
thyrddectomized amd hypophyseotomised rats, ebserved that subsutameous
injection is usually follewed by a rise in basal metabolic rate within
2 hours, Hewever, normal and hypophysectomiszed rats respond ocecasionally
with @ decline of oxygen consumptiom. Werner and Humiltem (1951) have
indieated a number of cases of hyperthyroidiem witheut spparent hypere
netadolism, These ebservations shsuld be of speeial imterest to eliniciens
wvhe rely maismly em B.M.R. in disgnesis of thyreid hype- and hyperfunetion.
It is to be moted further, that the effect of thyroxine varies
relative te the mede of administration. Grad amd Leblond (1950) imdieated
the eoffcet of tiyroxime om oxygen consumptien and heart rate, following
bile duet ligation and partial hepztectemy. Their resulis revealed,
“that thyroxine was less effestive by the intraperitomeal t an the
subsutameocus route. Presumably, this was due to the fact that he
mgterial absorbed from the peritoneal cavity through the portal veins



has a better chamce of eom.ng im direct eontact with the liver than

that absordbed from under the skin througiis the systemie cirsulatiom.

Thus, the deereased astivity of thyroxine after imtraperiioneal injection
suggested that the liver reduced the smoumt available to the tissues.

The effectiveness of thyroxine was mot reduced by the liver as completely
a® that of most steroids, fer, even after iutreaperitoneal injeotiom,
thyrexine has a definite effect on the heart rate, while steroids were
almest caomplotely ingestivated whem admimistered by the same route.,”

Their results were taken to indic:te that the liver exsreted and
inactivates cxcess smeumts of thyroid hormene.

Variation im response te thyroxine is not limited to differeat
tissues, but seems to be based aleo on spesies differences., Iarrow and
se=workers (1951) compared the effects of experimental hyperthyrocidism and
hypethyreidisa on resistance to smoxia in rats and mice. Their results
showed that the effeet of thyroxine cn the degree of anoxia to whish the
animal esould de exposed varied  uite markedly im the rate and the mouse.
They attribute this differemee to the difference in the output of
thyroxine by the twe species. If one sonsiders the mouse as &« species
sseretin,; less than optimal amount of thyroxime, it is Qpﬂét that the
initial effect of thyroxime administration would be te inerease resistance;
as the desage imercuses, the o.timum would be passed and a deeoreased
resistance obtaimed. Comversely, in the rat with an optimal normal
output of thyroxine, the initial effect must L2 to decrease survival time,

In similar mamner ths failure to obtain geod protestion with thiourseil



in the mouse may be explaimed by the fast that this species is already

in s hypothroid state.
2. Respiration of Isolated Tiscuss from Thyrexine-.rjected Animalse

Adxinistrution of thyroxime in vivo seems to ineroase not only
basal met :bolism of the emtire enimal, but also tissus metabolisa as
observed iam vitre by the varburg teshnique, although the results do met
ssem very consisteat. GComversely, thyroidestomiszed animals show not oaly
lewer basal metabolism but also show lower tissue metsbolism. A survey
of the older literature on this subject has been given by Krebs and
Johmsoa (1948), and Reppert, Canzamelli and Guild (1946). It was showm
by the latter, that thyroidectemy causes a depressiom im oxygen consumption
of the tissues (liver and kidmey) imvestigated and rendered the liver
sensitive to subsequent thyroxime admimistration. In the case of the
kidney, while provious thirddestomy decreases the cxygen comsumption, it
does not apparently sensitisze the tissue to the effests of thyroxine.

Some rccent work, (Balegh et al. (1951), scems to emphasise
that the time festor has to de sonsidered as playing an important role with
respect te thyrexine astion, This was further imdieated by Barker amd
Kliteges. o (1952) whe poimted out that mo tissue studied exhibited any
metabolic change at 6 hours after injection of thyroxine. Hewever, %2
of heart, skeletal muscle, smooth muscle, diaphragm, liver kidmey und
gastric mueosa was elevated in vayring amounts Ly 12 heurs after imjection,

These values econtinue to increase for 4 days and started downward after
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eix days. Chaage in metadolisa of c.rdiac musele increased from 100

t0 edout 160X in twe days, 220X in 4 daysj this was the maximum inersease.
The maxinum imerease for skeletal museuluture was sbout 190X im 6 days.
Anether important ebservation in their experimeats is the fast that

spleen, brain and tectis showed lack of change in tissue metaboliem
follewing a single injectiom of thyroxime, while ether tissues imvestigated
showed varying ehanges in metabolism. The maximum imer:ase in Qz is
observed from 4 $0 6 days after admimistration of thyroxine. Skeletal
smseulature showed oaly slight imerease as compared with cardias museulcture
and other tisswes. The result of Anselmime et ale (1929) was somewhat
differeat. They cbserved mo effeet or slight imerease in oxygen consumption
of liver, spleem and kidmey 24 hours to ¥ days sfter injection of

thyroxine. Pagl (1933)), also imdieated that tissue treated with thyroxime
in vitro ove:r a 24 hour periocd showed significant inercase in Q:. More
resent werk by Ullriek and Whitehera (1952), who sdministeresc desicated
thyroid powder Rer 88y has indiecated that sertzin tissues are more

subject to the imfluenece of thyroxime than others, a further iadisstiom

of variatien in thyrexinme astionm.

3+ Baspiratios of Isclated Ticcue Treated Riregtly wish Thyroxine

The influenee of . irect aprlieatien of thyreid hormone oa
ia vitro metabolisn (oxygea comsumption), has received wide attention.
Ho«over, scme of the results edtained werc mot in agresment with the
general semcept of the thyroid as astivator of meilabolism. On one hand,



there are a number of experiments which indieate a positive influence

on im vitro metabolism when thyroxime is edded direotly to the tissues
iavestigated. On the eother hamd, there are sxperiments which indicate

ne offect of thyroxine. To mention a fev werkers vhose results fall

in the latter growp, Hieks (1932), has worked with mineed skeletal russulsture
of raddits under similar experimental eomditions as the present erk,
Hopping (1930), has imvestigated the direct application of thyroxine
(squidbd) to alligator blood, snd in anether series of cxperiments imjested
thyroxine in the animal. After 3 cays exygen consumption of bleood from
injested animals showed an imeresse of from 150 to 190 percent above emtrel,
wvhile nome of the experiments where thyroxine was srplied direetly showed
inorease im oxygen oconsum,tion. A complete survey of the older literature
is ,iven by Ressiter (1940) end need not be repested here. A fow workers,
Bing (1932), Verebely (1932), Davis snd Hasting (1936), have indieated
eoms positive effeet, but their rosults have failed to receive more

recent suppert im spite of improved workiamg conditions smd techniquese.

‘o kti {

Reviewing seme of these in vitro experiments, the : ork of Rossite
(1940), 18 very significant. He added thyroxine to brei and dispersiom
preparations in the presence of glucose or sodium pyruvete. Many experiments
were done ecovering a wide range of thyroxime concentrations. The author
observed that in vitro sddition of thyroxine dd not cause an inersase in

oxygen uptake of brei and dispersion preparations of rat brain im the



presence of glusose or sedium pyruvate. A number of in vitro experiments
wore eonuucsioed «ith thyroglebulin and hLere Lhe effest was very consistent
being presenti in all experiments except in experiments where thyroglobulim
used hed Leen kept im solution for three weeks at 0°C. There was mn
inerease in eo.yyen uptake from 1.5 to 345, an average of 15.2% when glusocse
(VeOl M) was used as substrate in brei prepurationg smd from 5.5 to Te5%s
oA aversge of 6% when Na-pyruvate (0.02 M) was used. In dispersion preperation
the inerease wes lower witi. glucose (0.0l M) as substrate, being from

3 to 16X, an average of 9.56%. The inorease in oxygen uptake with thyro-
globulin waus mamimal the first 30 minutes, and ususlly very smsall by the
end of 60 minutes.

Cenzanelli ot al. (1937, 1939) have condusted a number ef

experiments with testis, brain, kidney, heart, and liver of guinea pig,

in an at.c. pt to establish the role of thyroglobulin on tissus metubolism.
The duration of experiments was ome hour, and three dif.eremt types of
medium were used in the respiratory flaskss a) 0.85% NeCl in a SOrensen
buffer mixture with ¥180 glucose, the PO, being in either Ilu0 or Il,s
coneentrations b) Ringer's solution in similer soncentrstiuns of PO,

snd glusceej ¢) horse serum, nade almost bicarbonate free by being shaken ih
HCl at a pH of 6,0 to 6.5, then brought to physiological pH with NaOH,
This serus entained no fermentable suger, and had almost SU mge £ reduced
substances. In sme exp eriments glucose was added to the serumn te a

concentration of M
180¢ Thyroglebulin amd thyroxine were used in iodine

¢y zentrutions of a simil.r order emd mignitude. About 200 Jamma of



b\ )

thyroxine was usually added to eash flask, the amount actually im
solution at physiuvlogical pii as shown by I, determinations, varying
with the medium, leing greatest in sevrua,

The eomelusion drusn frem this provious work with thyroglobulin,
is that under specifiec conditions thyroglodulin gcts us an astivater
of asrodbic emidations in kidney, testis, heart ani liver. The comditions
appear %o be that the metabolic rate of the tissus before the addition ef
thyreglobulin shall not be at a very high level. It was suggested that
there seems t0 be a ceiliny abeve which thyregledulin ssmnot further elevate
netab lisn, '

Thyroxine, im comtrast to thyrogledulia, caused no umequivocal
rise in oxyzen censumption in any of the tissues in salt duffer mixture;
though in one observetion earried through in serum, thyrexine was shown to
have elevated Q(.,zot heart snd kidmey. The authors believe that there was
the peeeibility thut umder gertain .oonditim the physiolegieal preperties
of thyroxime may de altereu by eontest with serum,

The preseat s tudy offers soms more material om the astion of thyrexine
snd thyroglobulin on tissus respir tion after their mpplicstion in vitre.
The present sork has beem conducted with oom ercially highly purified thyroe
glotulin in comtrast with the older experiments where the thyroglodulin used
wes sudbjest to bacteri:l sontaminmotion because of the method of extractiong

G MIARGLIGM MR PITUITARY
1. Pitultary qp . @cntr.) Regulofige of tormone Bu.anee

A question whieh often ariscs when comsidering the shenges in funetion
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produced by administration of pituitary extrasts or related procedures,

is whoether the effcots in whole or in part are a result of direet action of
some comstituents of the extrnct, or whether tiey ure the gonsegucnce of the
stimmlation of some other endoorime gland for which the extract oamployed
contaim: a specific ageat,

80 far as influence on tissue and total metabolism are ooncornod‘,
pituitary activity may be espeeially comasidered inm relation to the thyroid
gland, by way of the pituitarye-thyroid rel:.tiomship. “The thyretropie
hormome seercted by the basophilic cells of the anterior pituitary stimulates
eynthesis of the thyroid hormcne by the gland, and it is also necess ry
for the rolease of this hormone ‘fron the thyreid gland, The eycle of
reciprocal regulition is completed by the eirculutimg thyroxime sci:n: buek
on the anterior pituit.ry, large smounts depressimg small amounis stimulating
the secretion aad releuse of the thyrotrepie hormome. There ies a delisate
equilibrium between the muaufacture, storage sn. disch:rge ef this seeretion
of the thyroia dand.” (Magseed, 1952). Although >thoro are many :aps in
our knowledge of the pituitarys-thyreid imterrelationship, this cuncepti seame
plausible at the presont time. EKExperimental evidence showimg & decr.ese of
banal metabolie rate after thyreidectomy and hypophsestomy may be interpreted
in terms of the pituiteryethyroid relationship. Furither, hypophysestomized
animals also shos atrephie thyroids and adrenals (Long, 1943).

Qe u o @r ¢ ]

Another pituitary fastor possibly ecnneeted sith metabolism is the

growth hormone. T e assosintion of the anterior pituitary with growth
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prometion was noted in individuals suffering frem pituitery tumors.

Early experimcatal .emonstration that the growth rate of mammals cun be
asceleruted by injection ef amterior pituitary extrasts ..as carried out
by Evans and Loag (1921), who showed that true gigantism coul: be produced
in rats by this mepns. A, :rt from the clinieal evidence (gigantism,
acreamegaly in hyperimction of the pituitary, ets.), it seums that the
offeet of zrowth hormome is commected with proteim synthesis in the liver,
Lee and Freemsn (1940) have Hund that, although the average livir weight
was significantly greater in animals treated with growth hormone, the number
of cells per gram of tissue remained umshanged. They consluded that the
liver oxhibits ¢ true hyperplasia under the influence of the extracts used
and that all elements of the ergan partieipate in it,

The effect of growth hormone on total metabolism and tisaue
metabolism has received less attention. Some experimental work was coanducted
by Kleiber anu Cole, (1939), to investigate body size :nd energy metabolism
in grewth hormone rats. The metabolic rate per unit body weight of rats made
glunt by ehromie injections of growth hormone was significantly smaller them
the metabolie rate per unit body weight of their litter-mate controls which
had normal size. The metabolic rate in vitro per unit dry wei ht of the
diephra m of the giant rats was also lower tham the corresponding rate of
the digphraga of the controls. It seems evident by these experiments that
chronic doses ef pituitaery extract result in a depression of bassl metabolie
rate amc eI oxygen eonsumption in the isolated diepi.regm.

The preseant study offers some data onm the relation of the hypophysis
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10 tissue metadelism, inv.stigation being made of QOz of tissues from
hypophys. stomigsed rats am‘ pituitary drarf mice in comparison with their
total metabolisme The cemplicated interrelationship of the pituit ry

hormones is illu: trated im Fig. 5.

A fow other factors possidbly influencing tissue respiration
vere also investigated in the preseat study. 8ince these experiments are
more in the mature of a first erientation some pertinent literature will

be quoted im comnection with the results.
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MADRIAL AND MLIHORO

In the preseat experiments male and {emale aldino rats (Vistar
strain) were used rangimg frem 10 to 384 gm. body wcights, They were
meintaineu on Purina Fex-chow diet and water given gd libitume The
antimals were starved for 12 to 18 hours prior to sacrifices They were
killed by a blow at the nape of the neek,

Hypophysectomized snimals and normel controls of the samc age
una weijht were purchased from Hormone Assa; Labratory, Chicagos The
animals were fod on diet comsisting of btroed, milk, rew cerrots, ond meat
(csnned dog food), and were sperificed within one week to 18 days after
hypophysectomy. The growth rates and othor factors of Lypophysvetomized
snimals employed in these experiments esecre similar to those churacteristis of
cyporhysectomised rats .8 shosm by Shaw and Greep (1949).

Other experiments were c-rrud. through with mice. Two different
strains of mice were used. One was a strain of white mice inbred for
goneratiens at this lrloratory, and hereafter referred to as “Qttawy girain”.
The other was a strain of pituitary dwerf mice, carrying the recessive gene
" d g ® whichj due to hypofunction of the hypophysis, causes dwarfiem.

This strain was obtained frem Jackeon Memorial Labo:atory, Bar Harbour, Maine.
The gene for drarfisn is a rccessive sene (4 y)esrried by phemotypically
aornal breeders (§u 43®) in heterosygous condition. OCur strains also

containeu, beside the dwarf gene, genes fer different eolours (spotted



black, agouti, albime) and gene for brashy tril. Mgting of two breeders
gives u Mendeliam ratio ef 1/4 dwarfs (dy dy), 2/4 phemotypically normal
sarriers (dy 4x®)s smd 1/4 mormal homosygous amimals (dy® dw®). In this way,
3/4 nermal litter-mates a j;ear. The homosygews animals stop growth at

about 10 gm. bedy weight. "Dwarfism is cauvsed by a hypofunction of the
snterior lobe. Injection of anterior lobe extrast stimul: tes the growth

of the drarfs so that they reach almost normal weight. It was shown that
the dwar.s arc lacking the growth hormeme which is formed by the eosinophilie
sells of the anterior lobe.” (After Bertalanffy, 1951 (b)).

The required organs were excised immedistely after sacrifice and
placed in vessels conmtainimg ice~colu saline surrounded by ice-gubes,
slicing of the tissues .as dome by meens of Stedie Ri,gs Microtome (1940),
Ia the case of cardiac mmsculature end liver, slices werc mede ebout U.4 am.
in thiekness. It is of great importance that elices be as much as possidble,
unifermly thick. Marked varistion in ithe thickness of slices results in

variation in %2 values.

Sketetal museles from the thizh and leg were used at random from
aninals between 10 and 30 gme, In animals abeve this weight, fibers were
selected from the museculus rectus femoris by way of isolating muscle strips
frem the semnective tissue ana earefully teasimg the muscle, As eomtrol
experiments revealsd, fibers isolated in this way give consistent ng
values for a longer time tham slices.

Diaphragms were cut in small pieces ranging from 3,0 to 10,0 mg. dry

weight, Cuting into smaller pleces was favourable in order to obtain mamiium
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q°z (oxygen sonsumption).

Qoz (m2 02/ mg. dry weight/ hour) was determined by Warburg's
direct method accerding to Umbreit et al. (1949), st a temperature of
312 0,1%. and i pure exygen. It was caloulated om the basis of the
dry weight of tissue slices asserding to the fersulas

A _3;3_ * VY

X sh shk
Pe
x = Amount of gas exchanged » h k flask comstant
’ alteration
in resding
on open arm

of manometer
h g Observeu. change in canometer reading im mm,

V‘ = Yelume of gas phase in flask includin, comnecting tubes.

't = Volume of fluii in vessel.

e 760 sm, Bg. (standard pressure) expressed in terms
of the mamometer fluid,

Thus P 2 760 x 13.60 (where 13.60 is the speeifie
gravity of mersury) / spesific gravity
of manomenter fluid,

T s Temperature of bath in nbnhto d
(273 « Temp. in %,

e g Solubility of liquid in vessel of gas involved
expressed as ml. gas/ml, liquid when ~as is at
a pressure of ome atmosphere (760 m,. Hg.) at
temperature T,
In the lsrge well of each Menometric flask was place’ 1 cc. .
of medium with glusose, 5.4%. The slices were them placed imto thil

1yrge wells. In the small central wells were plased 0,2 ml. of 10f potassium



hyaroxide selution, into wvhich small picces of filter paper were saturated,
The £lasks were escillated im the water bath for about 10 minutes with stop~
cosk epen, After ithis equilibratiom period, the measurement was started.
The mancaeters ere oscillatec about 70 times par ninwte, Readings were
takem at iaterval of 10 mimutes durimg a period of 60 minutes. The pH
(7.4) of the medium measured after the completion of experiments showed
only slight o!;lngo. At the end of the 60 minute period tke tissue slices
were washed in ggus destillata end dried in an oven of 1109, for about
12 to 16 hours.

The time from saorifice to the beginning of equilibrytion was
about 15 to 20 mi-utes. The medium generally applied was Krebs=Rin er-
selutien, Medium IX, type A, sccerding to Krebs (1950), with glueose and :ith
or without metabelites as indieated in the imdividual experimental series.®
The medium is composed as to oeorrespond to the ionic composition of the
memmalian serum.

In the case ctqth. thyroxine expsriments, thyrexine was sdded
directly to the meiium after gassing with pure exygea for one hour. It
was found expediemt to add from about 0,1 te 0,5 mgm. in 100 sc of medium
or more, im order te obtaim the desired consentration of hormome per ce
of mediume MNore specific eoneentrations will be indicated in Chapter III,

Results, The pH measured after the addi.ion of thyroxine showed no change.

x) 83 purte 0.97 NaCl, 4 parte 1.15X KC1, 1 part 2.11" KH PO,
1 part 3.57 #g504, 3 perts LY N s 18 parts buffer
(100 parts 1.78% NapHPO4 ¢ 25 perts 1.38% NaHoP04), 5 parts
5.4% glucose, 4 purts 0.,16M Naepyruvate, 7 parts O,1M Na-fumgrate,
4 parts 0.16M Na-glutamate,
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Gemerally, thyreglobulin was given in comceniration ef 0.% ug/20cc of
Ioii-.ftm whieh ) ¢¢ was placed in euch manomstric flask. Hoiever, in
ome experiment :.hers the effect of thyroxine and thyroglobulin was compared,
the conmcentration eof thyroglobulin was made so as to correspond to the I,
sontent of thyroxime employed. This was dome according to the estimate given
by Canzanelli and Rapport (1937)e However, lower concentrat.omns of
thyroglebulin hss alse rhown similar offect. Thyroglobulin -as found to be
soludble in 0,9X NaCl selutiom,
The statistical evaluation ef the data sas carried through in
various ways scording to the nature of the e¢. perim«nts. In the case of
the experiments om tissue respiration in relatien to bedy sise, the data
were plotted accordin, to the allometric expression:
Y=bx%wrlogys logbalog 4.,xboingqoz.
& body weight, g the slepe of the regression linme,
) the imteyratiom eonstznt for x @ 1. The values of a, b,
§ 1oz ¥ o log x (standerd error) ond f (correlation coceficient) were
salculated gssording te the method imdicated by Brody (1945, p. 378 £f.).
Whe: necessary, the standard error wes calculated sccordiny te
the usual forsmlas

[_;12]' (n)z/- s S,‘2
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a) Skeietal musgulutuce

The relation of tissue met-bolism of skeletzl musele to iody
sise vas studied in the two species, rat and mouse.

In rats, enimals of the Wister strain were used, as mentioned
previously. The determineations comprise a complete series of weights from
10 gm. to 384 gm., a total of 36 animals and about 144 Miﬂdﬂ determin-
ations. The results are indicated in Table 1L which also gives the
statistical cerrelation of the data. The averages of 4 - 6 individual
detoeruin.tions of tissue of the same animal are plotted doudle~
legarithmically in fig, 1, which also shoss the logarithmic re;ression and
standara errors

As these experiments show, tiseue respiration of skeletel muscle
of growing rats shows but sli.ht variation with increasing body size, the
slepe of the logarithmic regression line being ({z - 0,06, while
ascording to the surface or 3/4 power rule of metabolisa, the slepe would
be = 0.33 or 0.25, respestively.

In mice, determimations of Q°z of skeletal muscle were made with
two grours of unimals, small (cm. 10 gm.) und large ones (ca 25 gm.), of
two different strains. Ome strain investigated were white mice, indbred

for gemerations in our laboratery and referred te as Qttewe Strain,
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The ether serioce of animale uced was phenotypicelly normal individuals
of the strain Pitultary & arf, whioh tiviu rise to normal enimals as
well as homosygous dwarfs, as in icated ir Chapter II under Material and
Methods. The metabolic behavior of the dwarfs will be considered later,

T.o values obtained are pletted in fig. 2, and the stutistical
evaluation is given in Tadle II,

Fron the@terminetions nentioned, snd so fur as the relution of
Q: and tedy size can be esteblished from a regression line dre.n through
the means of two groups imvestigated, it appears that the relation
mentioned is musch more¢ prenounced in mice than in rats. The regressiom
lines of doth strains are mearly parallel,(\ being 0,245 fer mormal,
Ottaera strails and 0,340 for the pituitury strain, The valuwes of both
weight gcreups lie somevhat higher in the normal individuals of the

Rituitary otrain them in the Qtigya atFaln, but the parallelism of the
Qoz = body size relstioan is obvious,.

As for as jnterrpecific somparison of ruts and mice is conoerned
it eppears that no definite relation between Qoz and body size of the
species in question ean be establishec, With reuspest to mature animals
the Cop of adult mise (25-30 gm. body weight) is = 34492 0,17 (28 experiments).
This s much smaller than the correspondin: value for rats of the same esise,
end similar to that of adult rats (of. fig. 1). The Qo, of skeletal
susele of young normal duerf atraiy mice (6 te 10 gme), and Qttnye pirain,
(6 to 8 gm.), 18 5.7% 0,27 (11 experiments) and 4.9% 0,23 (16 experiments)
respeciively, These values are in the range of values obtaimed with rats



wvoighing 10 gm.

%) Riaphregm

As meatiomed previeusly, the disphraga wvas the only tissuwe
smcng those studied in rate by Bertalanffy and Piresynski (1951 (a), 1953)
to show a defimite eorrelation of Qoz with body size, tho slepe of the
regression line being (X= = 0,26 with a high correlation coefficient

f: 0e93c This hes been further im.estigated im the present studies.

Bertalanffy amd Pirosynski's determingtions werc carriec throuh
in Krebe=Ringer-phosphate eolution without glueose. It was ef interest
te investigate whether a similer Qo, - size relation, or a consistant
shamge of it, can be foumd under differemt nutritional eonditioms, For
this reasea, detcrminations over the entire rung.o of body weight were carried
through in Krebs Mediwm II, type A, with addition of gluecose and further,
vith sddition of the metabolites of the Krebs Cycles (Na~pyruvate,
Na-fumarate, Na~-glutamate),

A total of about 116 individual determin. .tions were garried
through. The results are given in fig. 3, which also shows the regression
line of the data of Bertalanffy and Pirosynski. The statistical evalustiom
is givem in Table 3.

As can be seen from these data, the earlier results are comfirmed,
As 1s to be expestec, the sbsolute Qoz values are higher when glucose
and metabolites are adued. The slepe of the re_ression line, ()X , also

the correlatiom coefficient, / s are, however, similcr in all three
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seriees in differeat media. There :re differences in the slope of the
regression line, ( (X ), but it does mot seem that improved mutritional
somditions as weuld eorrespond to the series (esaline ulone, sddition
of glucose, additiom ef mctabolites ef the Krebs eyele), would lesd to
a conpistent ghange of the Qo2 « body size relation,

In interspecific gomparigog, the Q02 of diaphregm of rats was
esompared with th:t of adult miee (weight 25-30 gm.). The Qo, of the
disphregn of adult mice in the Medium mentioned is 9.042 0427 (15
experiments). This correspo.ds te diaphragm of rais weighing ca. 30 gm.,
and is about twice the value of adult rats (over 300 gm.), ac has
previously beea stuted by Meyerhof amd Himwich 1924, Thus, the iater-
specific relatiem bet.een Q02 and body sisze is different with respeet

to skeletal muscle and to diaphregm.

2. Imfluence of Thyreid Hor.one on Tiswue Respiration in Vitro

In view of the eomtresting results mentioned previously im this
paper, the influence in vitre of thyroid hormome on tissue respiration
was studied in different ways.

Thyroxine (8quibd) was added to medium into which tissue for
Werdurg determination vwere plased as deseribed in Chapter II. The range

of hormome concentration was from 0,01 te 0,05 mgm./ ec. of Medium,
a) Riaphrage

Diaphragm of rats with bedy weight from 11 to 290ge. wae placed
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into Medium II, type A with glucose, snd with addition of thyroxine as
deseribed. The results of these experiments aere given in Table 5. As
can be seen, the §-test does not reveal a sigaificmmt change of Qoz with
or without thyroxine.

®) Xugeulature frqm U cophveeciomiged i wls

It eould be gesumed that an influence of thyroxine on tissue
respiration in vitro, althouzh not present in normal animals, would be
enhaneed by a camdition e&f hypothyroidism, As mentioned previously
(2arrew and eeevorkers, 1951), it seems that rats are normally in a state
of saturation, so to speak, with the thyreid faetor or feetors. The
additional administratioa of thyroxine in vitro, therefore, would show
1little offeet. If, however, the animal is in a state of hypethreidiem
it is possidble that thyroxine adsinistration would show a greater offect
on tissue respirstion. This has been demomstrated with the liver eof
thyroidestomized rats by Rappert, Canzemelli and Guild (1946). The snimals
were thyroidectomised 4 te 6 weeks prior to experiment and d=l thyroxine,
20 mgm. per kilo., was imjected subgutaneously 48 hours before the experiment,
in a simgle dose. There was an inerease in Q°z of 217 in liver from normal
injected snimals, and an increase of 48K in liver from throidectomized
enimals.

As will be diecussed later in thie thesis, hypephysectomy leads to
a depression of both total and tissue reepiration. This effect could be

attridbuted, at least pertly, to an influence of the thyroid via the
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thyrotropie hormome of the anterier lobe. Atrephy of the thyroid
(Leag, 1943), end the pituitary=thyroid relationship as described by
Mageood (1953) further emphasisze the rolat.h-ohip of chese glande., If
this reasoning is sorrect, an imfluence of thyroxine administration im
vitro on tissue respiration would be detectable in hypophysectomized
snimals whieh is noet edserved in mormal specimenme,

In order te verify this erpectation, experiments were carried
through with hypephysectomized animals. The experiments were oconducted
from a week to 18 days after hypophysestomy. Tissue respirstioa of
musculature was determined sceerdimg to the procedure indicated in
Chapter II, amd im Medium II, type A. (Krebs, 1950)¢ Thyroxine was
eapplied in comcentration of 0.05 mgm./es. Medium. The results are given
in Table 9. The values obtaimed compare favourebly with those obtained
in thyrexine~free medium. No sigaifieat effect of thyroxine edministration
in vitro on saseculature from hypophysectomized animals was detected,
while ascording to Barker and Klitgaard (1952), skeletal musculature has
shown pesitive respense to subcutaneous administretion ef thyroxine,

In one pilet experimeat vhere higher congeatration of thyroxine was
applied (100 gamme/ ec Medium), the result was also negative, giving a
Qoz value of 2,45 with thyroxine and 2,65 without thyrexime.

The experiments mentioned shew that in different tissues, sush
as heart, diasphragm, snd skeletal mussulature, under normal econditions a8
wvell as after hypephysectomy, thyroxine adminietration in vitro is umadle to
show signifiecatt influenee on tissue respiratiosm, The tissues investigated
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were chosem sith a view that sush influeace should be espeeially
manifest in the tissuos and eonditions chosen. The diephragm is a
tissue which facilitates a minimum of experimental injury for purpose

of tissuc metabolism study, since it is only cut into small pleces and
no slieing mor plereing is nesessary. As the studies on si:e~dependence
of Qo2 show, this tissue seems to respond to regulating influences more
definitely than others. Skeletal musculasture was used because the
influence of thyroxine on basal metabolisam of the entire animal is
doubtless due to a lurge extent, to increased oxidation in the mugcul.ture.
Cias et al. (1947) has shown that musculer activity in hyperthyroidisa
is considerably affected, inferring a stromg influence of the thyroid

on 3&..=lian skeletal muscle. The authors concluded that hyperthyroid
state is associanted with gemeral musculsr weskness and incercased
susceptibility to fatigue. The failure to maintain tetanus terneion from
nerve stimulation together with normal respemse to direcct stimmlatien
auggests that the factor of neuromuscular transmission may be involved.
Thyroidestomised animals were used beosuse of the sonditions previously
mentioned,

It aprears, therefore, that the tissues and conditions chosen
weie such as to provide partieularly favourable conditions for a possible
astion of i1hyrexime on tissue respiration in vitro, so that other tissues
and conditioms would even be less favourablce to demomstrate such action,
No positive results were obtained in any of these series,

This, of course, corresponds to the negative results obtained
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by ether investigaters, as indieateu previously im the r.view of

literature.

o) Imfluonce of Thyrorlobulin cn Tiasue Respirmtion

Differemt results were obtained with thyregledbulia, Although the
peTeentage ot inerease varied, the trend was comsis ent,

Thyroglobulin, pure, cbtuined frem Delta Chemioal Works, was
spplied in eonceatratiom of 0.5 mgn/20 ce. of Medium, from which 1 cc.
was plased in eash manometrie flask, sad in one series 2,5 mgm, per ce.
was epplied. Thus, according to Cansanelli and Reppert (1937), 2.5 mgm.
of thyroglobulin weuld eentain sbout 15 gamma ef 12| this amount of I,
would be present in adout 22,5 gemme «f thyrexine. Thyroglodulin was
found soluble 4in 6.# NaCl solutiocn as was previously memtioned by
Ressiter (1940),

Mest of the experiments woere econducted with cardiac muscle of
rats, and slices wer. ebtained by empleyimg the Stadie Riggs microtome
ascording te the precedure indieated umder Materi:l amd Methods, Chapter Il.
Heart tissus vas chosen beasuse acserdimg to experiments by Barker and
Klitgaard (1952), Ullrick and whitehorn (1952), oerdisc musculature seems
to be quite sensitive to injected thyroxine, and thyroxine administr:tiom
ReL_88-

As seen frem Table T, thyregledbulin applied to tissues in vitro
leads to an increese eof QOz which 4s statistically significant, the value
of % being 3,57 vhen compared with untreated tissues and 8,92 whea oomparcd
with thyroxine treatec tissues, It seems probable theat thyroxine has a
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slight depreseing effect ascording to the esonditioms of this experiment
corr. spondingly, the values of p are < 0,01 for both series. As
memtioned previously, Cansanelli et al. (1937, 1939} have also found

aa in vitro astiom of thyroglodbulin on qoz of tissues, as contrasted

%0 the lask of sush astion of thyrozine. However, relatively few
experiments with thyroglebulin were dame, doubtless due to the fact that
the preparatiom was net obtainable ecmmercially for a long time. The
preseat experiment seems to comfirm that, while thyroxime is ineffective
in vitro in influemeing ticsue respiratiem of those investigated,
thyroglodbulin is effeetive in this respect.

3. oph - egpiretio)

a) Iisaue Respirgtion in Hypophysectomized Rats

It is & well known fast that hypophysectomy causes a somsiderable
deerease in total (basal) metabolism of the entire animal (Selye, 1947 (a..
This was eonfirmed by some experimeats condusted in this laboratory by
I. Biekise These determinrtions give basal metabolism values for
hypophysestomized rats as beimg about one half the velues of normsl
animals of the same sise.

As already memtioned, hypophysoctomized rats .ere obtained from
Hormome Assay laboratory. The animals were in good state of health
ani fed as indicated under Material and Methods, Chapter 11, In another

series of experiments where esmperimental animals were fed foxe-chow diet
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oqppl.-ontod'by raw earrota once weekly, and also on a special
syntietic diet described by Griffin et al. (1948),* it has been
observed thxt survival time for hypophysectomized animale fed with
Fox=chow diet as indieated here has been well over 120 days in esontrast
10 112 days reported by Shaw and Greep (1949). We have found that
Fex-shov supplemented by earrots once weekly, is not inferior to the
synthetie diet proposed by the authors mentiomed above., The death of
shimals over a peried of 120 days was 17 percent as against 30 to 40
perceat for 112 uays as reporteu by these :uthors. Feeding with
synthetie diet didi not seen to impreve the geueral state of health not
alter the weigzhteless which is unavoidable with hypephysectomized animals.
The qo of tissues from hypophysectomized animels was determined
ia the usual manner and comparisom made with mormal comtrols of the
same sirain. The values with tissues from hypophysectomized animals
compared favorably with those indicated inm Table 9, which represeat an
independent series of experiments conductec to determine the influence

of thyrexime on tissuwes from hypophyseetomized animals.

x Casein 18% giuco-o monohydrate 737, eorn oil (Masola) 5%.
Salt aixture To eash Kilo of the diet 30 prepared add
tiyzine hydrochloride 3.0 mg., ridoflavin 2,0 mg., caleium
pantothenate 7.0 ng., pyridoxine hydveshloride 2.’ mz., and
choline 0.5 =ge

1 8alt mixture (parts by weight):
NaCl 1470, C (PO ) 2086, ugo..mio 588, Kcl 1680,

2940 0 206 340, MgCO, 672
Ih.g:3.l 0 ;.2. zso‘) : lZﬁPo 1.2, éllso‘o 0 ;04.
| 1M 4 4. and KX 02.
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b) Cardias and Skeletal Musguluture

The efiect of hypopliysectomy on oxygen consuuption of carcdiae
and skeletal mseulature is quite definite when eompured with similar
tissues from mormal rets. This is indicated in Tables 6 end 10
respecitively. Not omly was there a sharp deecline inm oxygen consumptionm,
but thies decline becamé more pronounced whem the imtervel Letween
hypephysectomy amd begimniag of manometiric procedure for determinetion
o qoz values is extendeu. Thus, there was a desrease of 36,5 percent

in Qo2 of cardiac museulature 1l days after hypophysectomy, and a total
decrease of 48,5 percent 18 days after hypophysectomy. The values obtained
with skeletal museulatu:c of 1l days post hypophysectomy are compared

with museulature of normal enimals, amd indicated in Table 10, There is

e decrecase of 43,85 which is 7.3X higher than the figures indicated for
ecardiac muscle., The difference between hypophysectomiied and normal
animals is @0 obvious 1hut the f-~tost was unnecessary to indicute

signifisance,

o) Tissue Respiration in Fituitary Dwerf Mice

While hypophysectiomy is am experimentiul and pheaetypiocal
somdition, pituitary dwarf mice present hy,ofunction of the hypophysis es
a genotypical condition. Thusy comperison of hypophysectomized rats and
pituitary dverf mice offers a valusble opportunity to study the influence

of the pituitary on metabolism
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It qppears that there are no dats in the literature as to
total (basal) anc tissue metabolism of pituitary duarf mice. For this
reasom basal metabolism detormimrtions were oundueteu in our laboratoery
by I. Bickis, the results of which are given im Table 8. It appears
from these data that pituitary dwarf mice show only asbout half the
baszal metabolisa of normal animals of the same strain and samc body
weight. This indicatcs that the cessation of srowth, as found im the
dwarf animals, is eorrelated with a cerrespondingly low total metabolism.
As indicated previously, the normal heterosygous individuals of
pituiteary strain shov somewhat higher values of QQ2 than individuals of
ecorresponiing sises of the Qttavs girain, probably because of zemetical
differences. Cozparison hes to bs mede, therefore, between normal
animals smd dvarfs (homosygeus) of the pituitary siraile As can be seen,
the dearfs have lower Q0, values (Q02.4.5! 0el7) tham the normal animals
of the same size (Q02.5.1.'. 027). The difference is significant, } being
5¢35, p being <ueJl. Howsver, the Qoa of musculature of the dwerfs
(6 to 9 sm.) eerresponds roughly to the Q, of museulature of adult

heterosygous enimals (16 to 20 gm.), as shown im Teble II,
“4e Qther Influences gm Tlx. uo leaiiration

Some pilot ecperiments have been eondueted with respect to a
fow other f actors which may have some influence on metabolism. These
results are not cmmsidered conclusive, but are reported here bLecause

they present seme materi-l relative te the problea in question,
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a) Imswlia

A review of older literature given by Krebe and Johmeon (1948),
indicates that ths affect of insulin en oxygen comsumption of pigeoa
breast suscle is amall in plain suspension of minced muscle, but is marked if
boiled musele extract or citrate is preseat, and greatest if both extrast
and citrate are added. Insulin was, ascording to Cori et al, the first
example of a hormone imterfering with a known and simple enaymatie
reaction. The phospherylatien of glusose by hexokinase, glusose ¢ AT.P.
__731-““ = & - phosphate ¢ AsDoP, is inhibited by the Houssay factor
of the anterior pituitary and adrenal cortex hormenesg this inhibition 1e
removed in vitro as well as in vivo by imsulin. Reeent experiments by
Ryer and Murlin (1951) have shown that tliere are some effects of imsulin
on metabolism 42 nerwal rabbits. The authors comcluded that imsulin,
§ U/Xg. produses an inereased heat produstion over basal in the first
fully eff.ctive hour, of 26X, part of which may be attributed to induced
epinepirin sesretion. 3elye (1947 (b)) has indicated thet the B.M.R. is
usually net eignifieantly altered either by pancrectectomy er by insulin
overdese, although pamsreatectomy desrecses the respiratory quotient (R.Q)
%0 about 007y probably s a result of deervesed sugar utiliszation, increased
gluoonegerssis or both,

In the present experiments Protemine szinc iasnlin, 40 units per ec.
wus used, 0,05 c.., of insulin was pdded t. cach meamometri: flas: sontaining
1 ece. mediun, Ti.e experiments were sondusted with liv:r glices and

diaphrags as desoribed wnder Chapter II, Matericl and Metiods, in



b))

orier to investigate the aotion of insulin in vitro.
As shown in Table 12, the rcsults are negative, havimg showa

no influenge of insulim on tissue respiration im vitro.
b) tj 0} <1 TP

It i well estadlished that there exist some relatiomship
between mitotie activity and cell respiration. An increase in oxygen
somsumption has been reported in cleavege by Runnetrom (1933), Brachet
(1950)c An excellent presentation has beon given by the latter im his
tooks "Chemical Embryology“, and needs no further elabolution here,

Binece regenerating rat liver is a faverite object in cell-
msstabolisa studies, some determinations were sarried through in order
to eompare the %, of normal liver (whieh is prastieally free of mitosis)
end regemerating liver (which shows a relatively high mitotic activity).

The animals were snesthetised with ether and their livers removd
by pertial heputectomyj they were gsaerifiged within three days after
oper tiom, for Qoz determinstion,

The term rugenerating liver used here, may more appropristely
be described as "eompensatory hyperplasia®, -’meo it is the intact lobes
wvhieh underge a prosess of rapid grewth. It was pointed out by Novikoff
end Potter (1948) that durimg the first 24 heurs after partial hepa-
tectomy the remaining mass inoreases markedly by inorease in cell size
without eell division, The mest astive phase, hovever, @scurs about the

third day efter operatioa when mitotic figures are most numerous.
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Table 13 shows no differense betweea the 002 of normal end
regeasrating liver. This indieates thut, eith.r the emergy require~
ments of mitotic astivity are too small to signifieantly influence
the resting metabolism of tissue, or th:t the energy for mitotie
as:ivity is not provided by respiretory processes but rather by
angerobic glycolysis; this was founc Ly 0'Comnor (1950), on the basis
of determin tions of the number of dividing cells, rate of respiration

eid rate of aerodie glyeolysis in the mid=brain ef chiek embrye.

o) Llxdergine-Methensulfonate

Favourable sliniesl snd experimental results im varicus
peripheral disorders such as hypertension, Reynaud’s sad BDuerger's
digease, post traumatic vescular disturbances, gangerene, frostbite,
ote. (JoH. Hafkenschiol et alsy, (1950), A Kappert anu w. Hedorn (1950),
Re Jo Popkin (1950) and Ll A. Hurley et al. (1951), of resently developed
ergot derivatives lemd partieulur interest to their mode of action,

According te Rothlin (1946/47) the following aotions of ergot
alkaloids can be distinguisheds

1, Effects with point of attack im the semtral nervous
systems respiration, eireul tion, relation between respiration amd
cireul~tion, thermoregulation, emesis, sedative effects., It is possible
that the ccpressive astion on metabolism (Oxygen consumption) J.E. Roberts,

Le C. Massepust, Jr., and A.R. Buchanan) may be alco added to this

group.
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2. Kffects with peripheral points of attacke.

a) Patent offestss uircct stimulution of smoeth museulature,
®.8ey the uterus; b) lautent effectss sympathicolytie action, i.e.
imihibition of functiuons controlled by the sympathetic system of
sdreasline.

Some experimental work was dome in this luboratory with eam
erget derivative, Hydergine (trade name for a combinution in equal
a_vunts of dihydroeergoeristime, nihydroergokriptine, and
dihyaroergoeornine), which seemsto point at u direct depressing, but
not necessarily toxic aetion of this drug on tissue respirction in
vitre. This would open the perspective that, besidos the astiom
queted,; sympathicolytic aubstances may have a direct action on eelilular
metabolism. In view of the importance of this problem, some reosults
are included in the present paper, ulthou h the results are not cone
slusive and would need mush further elaboration. As seen from Table l4,l4a
hydergine lesds to a depr.ssiom of Qoz. Results obtained by J, Krywien-
e3yk im this leboratory seem to show further, that the depressive action
of hydergine om tissue respirestion eem be compensated or even over-
seapensated by addition of met:boiites ef the Krebs cycle.

This would inuieute .hat, besides the effect of ergot alkaloius
on the central anu. periphsral nervous system, there is a direet action
on cellular metabolisa which scem:to be based on some interference in
the Krebs cyele, amd can, therefore, be compensated by an abundance of

setubolites of the Krebs cycle. This, however, is only in the way of a



tentative hypothesis, and would need more experimentul mgteriul to be
firaly established. The data referred to, are given because they seem
to be indieative of an interestin; end theoretically importont effect,
but it is felt that they are net conclusive and th.t further inveetigation
is needed,

Hydergine was applied in concentration of 4.5 mg. pereemt by
sdding 0.1 ee. of olution ef 4.5.mge hydergime im 10 cc. of double
destilled water, to 1 ec. medium, The values represeat mean Q02 values

of about 4 imdividual ceterminutioms of snimals between 120 and 200 gme.
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Table 1. 002 of skeletal mussulature from normel rats (10 te 384 ym.)
using Medium IX type A with gluecese. 0,9 KaCl substitutec for
metadolites (Na-pyruvate, Ne=fumarate and Na~glutamute). Values

represent Mean QO2 of 4 t0 6 individual determinations.

Body q Body

Weight Y2 Weight Qoz
10 .10 120 4,27
1n 5¢32 146 4:30
13 4.99 158 4,22
U 5059 1‘8 ‘.05
8 5.60 170 4.15
18 4.93 170 4,12
18 4,55 170 4,56
20 5.3 172 3.76
22 4,74 174 4,50
24 4,76 282 4,76
26 4.80 300 4,24
28 4,76 390 3.83
30 4.93 300 4.59
36 4,21 306 3,88
40 4.15 362 4,21
68 4,25 364 344
84 4.7 384 4.39

Statistical 'valustion
d s 0.065
., gz S 95

S(Aok Ya 8L &) = Us039

/: 0.664



Fige 1. Qoz of skeletal musele of rat im relatiom to body
size. Medium IX, type A (Krebs, 1950) with glucose, 0.9% NeCl
substituted for Na-pyruvate, Na=fumarate, sad Ne-glumatate. The
ceniral line inaieates the logarithaic rezression, the twe
parallel lines give the standard error ia pereent, ineluding 2/3
of the cases. Lach peimt represents the average of 4-6 individual

determinations of tissues of the same animal,
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Table 2, Q°z of skeletal musculature from normal mice (25 te 30 gm.),
using Medium II type A with glueose. 9% NaCl substituted fer
metado_ites (Na=pyruvate, Na=fumarate and Ne=glutemate). Values

reproesent Mean qoz of 4 to b individual determinations.

:::;ht Q°2
2 ' 3023
28 3.02
28 3498
30 3.07
32 3.96
28 3.82

Moan 3.‘” 001'



Fig. 2. Qoz of skeletal musculature from mice of normal
strainy and Pituitary dwarf eirain using Medium II type A with
glucose. 0.9% NaCl substituted for metabolites (Naepyruvate,
Na-fumarate and Na-glutemate). Each poini represents an aversge

of 12 individual determinations, = = « = = =3 Pituitary strain

animals 8 and 18 gm. s Normal strain animals 7 end

28 gle
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Table 3. q02 of diaphragm from normal ruts (11 to 364 gm.), using
Medium II type A with gluccse. 0.9, NaCl substituted for metabulites
(Na=pyruvate, Na=fumerace und Naeglutamate); also Medium II $ype A

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

determinstions.
with ] 'With glucose and j
glucose with metabolites
:::th %, ﬁiiim | %, ::gm Qoz
1 9.87 11 14,03
13 9.67 20 13.80
16 9.10 110 6497 26 11,62
18 9.55 150 Tol7 31 12,25
26 8.37 208 6430 4 13.8¢4
30 8.69 220 6434 712 11.45
40 7.81 220 5.09 90 11,75
' a8 7.87 290 6,97 110 12.03
178 8.07 317 5.79 180 8455
82 T.20 220 8.69
96 7.98 364 T52

Statistion kvalugtion

(F. = 0.148 A = oan

14.14 b = 22,84

o
n

a(log Yy o log x) = 0.034 8(10g y. log x) s 0.047

0,909 /9;- 0,876

o



Fige. 3. QO2 of diaphragm of rats in relation to body size
and in different medim.=-«3 Krebs-Rin-er phosphate solution, data
from Bertalanffy and Pirozynski; @ s Medium II, type A, with glueose;
©®t Medium II, type A, '.ith Na=pyruvate, Na=fumsrate, Na=glutamate and
glucose (Krebs, 1950). Points, regression lines and standard error

as in Fig, 1.
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Table 4. Q°2 of diaphragm from normal mice (25 to 30 gm.) using
Medium II type A with glueocse. 0.9% NaCl substituted for metabolic
(Na=pyruvate, Na=fumarate and Na-gluiamate). Values represent

individual determinations.

Qoz
954 —ceme
8.45 8.33
:?:’ht 11.95 8.86
eights
25 %o 30 gae| 8+18 8.58
8.29 8.01
9.21 10.54
9.07  9.84
8.36 8.40

Mean 9. 0‘!00 21



Table 5. qoz of disphragm from normal rats (11 to 290 gm.) using
Medium IXI type A with glucose, with and without addition of thyroxine.
0.9X NKaCl substituted f or metabolites (Na-pyruvate, Na-fumsrate and

Ne=glutamate). Thyroxine was given in coneentration of 0,05 mgm. per

¢c. Medium,
Body Without
Weight Thyroxine Thyroxine
1 9.51 10.24
18 9.24 9.87
30 9.77 8.13
48 8.47 1.7
78 8.13 8.70
110 Te52 T.25
150 7.19 T.17
220 6.57 634
290 649 6.51
Mean 8.09¢ 0,41 7.928% 0.45
% = 0.952

s 0.456
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Fige. 4. 40, of diaphragm from normel 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=fumerate and
Na=_lutam:te). lach puint represents individual Q02 value. eoe9!

Thyroxine treateds o0 0o ¢ Without thyroxine.
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Table 6. Qoz of cardiac musculature from normal control animals using
Medium II type A with glucose, and with glucose and metabolites; also
c-rdias musculature of hypophysectomized animals of 11 and 18 days post
hypophysectomy, Values represent individual determinations. Weight

range of animals: 104 to 220 gm,

oatrol with Control with 11 days post 18 deys post
metabolites glucose hypophysectomy hypophysectomy
12.49 10,14 6.84 5.08 5.08
10.47 10,59 6.22 6.22 3,98
10.45 9.16 6,08 6.56 4.43
12,67 9.91 5.58 6.20 4.72
10.90 T.44 6.81 5.87 5.17
11.53 11,38 6.38 5.38 3.81
12.25 9.90 5.26 4.03 4.35

L 11.28 9.19 - - 5.68 3.09

Mean 11,40%0,35 9.712 0,41 6.162 0,22 5,00¢ 0,24



n

Teble 7. Qp, of oardias musculature using Medium II type A with glueose,
with the addition of thyroxime cmd thyroglobulim respectively. 0.9%

NaCl substituted for metabolites (Na-pyruvate, Ne-fumuraté and Naeglutamate).
The two parts of table (L & B,) represent different independent series of
experiments whish, nevortheless, ;ive the sane results, ,Thyreglebulia

was applied im comeentration of 0,5 mge in 20 ce. Medium, from whieh 1 ee.
vas plased into esch manometric flask. Thyroxime wes applied in
coneentration of 0,05 mgm, / 20 eec The values represent mean values of

3 individual determinztions.

Ao Be
(a) (») () (4)
Cemtrel With Thyro- With With Thyro-
gledulin Thyroxine glebulin
| 8.8Y 10.50 8.58 9.52
' 10,56 10.91 920 10.90
| 8453 9.65 8.51 ekl
9.52 il.32 9483 11,58
10,98 11,29 8,05 10,67
9.21 10,08 10,00 11,20
Meoan ’.‘1 10.‘2 ’001 1005‘
t (a and b) 8 3,57 3 (c end 4) = 8,92
p £ 0,01 g2 < 0,01

t (aande) = 2,58
R = 0039 '
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Fig. 5. Disgrem after H, B, Yan Dyke (1943) incieating the

complicuted interrelationship ef the pituitary hormones.
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Table 8. Oxygen eonsuiptien under basal eonditiom,, ¢f homesygous

dvart (10 gm.), heterosygous dwarf strain (10 end 20 .m. respectively)
and normal Ottawa strain (8 gm.) s+ Experiments by I, :iekiss

Weight o,
Struin | in gm. Re Qo 4in omn, in crem, Meam

| Sxaxf 9.4 0,17  10.1 13.1
dwarf | 10,0 Ce?8 10,1 12.9 1340

| dwarf 10.0 0.77 16,8 21,8
U 9 9.5 0.1‘ 15.’ 21.0 21,4

dvart | 20.0 0.75  29.0 38.6
L 21,0 e 76 31. 4 ‘105 40,0

straina 8.0 0010 1709 23.8 2204
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Teble 9 .0' of skeletal museulaturs from hypophjpesetonized rate

using Nedium II type A with glusese, with and without eddition of
thyrexine, 0.9% NaOl substituted fer metabolites (Neepyruvate,
Neg=fwnerste snd Na~glutenate.) Values represeant individual determinutiouns,
Thyrenine vas wpplied in eencentration of 0,05 agn./ee.

- Wthout
Thwrulingj_t:_ilwrcaino
200 242
3004 3.18
2.81 2.53
3028 .8
2,01 3.4
2,44 2,83
3.00 2,46
2,60 2,66

Moan  2,65! 0,16 2,66 0,17
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Table 10. 002 of skeletal mussulature from hypephysectomiszed rats
eompared with nermal rats of same strain, amd maintained under
identical eemditiems, using Nedium II type A with glucose. 0.9%
NaCl substituted fer mctabolites (Na=pyruvate, Na=fumarate and
Ne~glutamate). Valwes represeat individual determinatioms.

Rypophysectomized Normal Comtrol
2.85 3.74
2.83 3e61
1.5 4,84
2.03 5.25
2.25 5.31
3028 6049
3.18 3.68

Mean 2,642 0,29 4,702 0.41
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Taeble 11, °o,“ skeletal .usculature from a) adult pituitary dwerf

mice (6 to 9 cme), b) mormal adult of pituitary strain (16 to 20 ym.),

¢) young normal Ottawa strain (6 to 8 gm.), d) young normal of

pituitary strain (6 to 10 gm,), using Medium IX type A with glucose.

0.9% NeCl substituted for metabolites (Na=pyruvate, Ne~fumerate snd

Ki=glutamate). Values represent individual determinstionms.

‘::it (v) (c) (&)
pituitary Normal sdult Young Young nermal
dvarf pituitary strain noermal miee pituitary strain

460 4.43 3¢59 4.56 6.31 6,00 5.25 6.04
439 3.28 5.85 3.58 5.25 6.30 6.99 5.59
4,80 4,82 4.74 5.89 4,61 4,72 5.68 634
3.93 5. 3.03 4.03 5.13  4.78 5.40 4.98
3.91 439 3.74 4,58 5,26  5.31 6468 6.27
4.371 5.03 4,36 4.04 4,72 4. 347 o -
. es @ e - o= . - 5.28  3.09 - o= - -
coe o ee - - - o 411  3.21 . - . o
Mean 1,5%0,17 4,38 0,25 4,9320,23 5.720.27

3 (a2 4) s 5.35

&

<_ 0401




Fi . 6. Size relaticnshiy, of Normal and Pituitsry strein mice,
A)s Thenotypically normel pituitary str:in mouse (18 gm,) of
6ix weeks., B)s Normsl strain mouse (30 gms) of 20 weekees 0)s

Pituitory dwert, littermate of A)e (9 gm.).
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Table 12, QO’ of diephregn and liver slices from nersal rats
(134 to 330 gm.) wsing Medium II type A with glucose, with and
without sdditiom of Imsulin, 0,9< NaCl substituted for metabolitcs
(Ra=pyruvate, Na-fumarate and Na-glutsmate). Values recpreseat
individual determimations. Iasulin was applied im ooncentr-tiom of

0005 08, in 1 cc. Medium,

Diephraga Liver
Control Insulin Contrel Insulin
- oo . o= 8.95 8.16
. - - -- 8.54 7.88
- o= - - 9,15 8e45
6046 5.11 10,46 6.17
6034 5.14 6,76 6.14
6.93 6.67 1.5 T.42
T.42 7.89 7.59 6.94
8.40 6.84 1.17 6.91
6.53 4.90 6.13 6,42
7.05 6.64 71.62 10
5.15 6.36 6.52 7.86

Mean 6.86% 0,28 6.1920.36 7.8Y%20,38  7.22%0.24
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Table 13. Qot of regenerating smd mormal liver 3 uays after partiasl
hepatectomy, usimg Medium II type A with glueose. 0.9 NaCl
substituted for metabolites (Ne=pyruvate, Ka=fumsrate and Na-glutaaate).

Values reproseat imdividual cetermin.tionse

Regenerating
Nermal liver liver
7.87 1.0
8.15 9.03
6.73 T.46
10,26 10.76
9.94 10.40
8.95 9.13
6.73 T.46

Mean 8,372 0,53  8.830.57
% = 0.967
n ped 0.“
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Resiitution of norme) respirskion of the rat disphregm,

3] tdaition .1 hyur - rate
Fx snte b iy
1st hr, - 24 hr
Q°2’ %"uth uy:mgm-.

Geatrols With Rydergine Coatrols Na-fum:rate added

‘8 ) 1, .100 N -11.39 -12. ux
-100 22 -11. 12 ‘10.62 -12. 681

- 1.88 - 8.“ - 6.23 - 6‘521

- 6001 - 605‘ - 1.04 - 6.25

- 8.65 - ’.21 - ,.13 - 1084

- 9008 - 9. 6 - 1.&5 - 1.56

- 6.85 - 7 - 60‘3 - 6.23

- 9015 .10.‘00 - 6.’9 . 5.36

The Qoi values are sversizes of 4 determinstions {x 3} determin.tins)
R £ 0,001 B 2 0.78
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Table 14 (o). Qo’ of diaphragm from rats 120 to 200 gme with

and without gpddition of Nydergine and wsing Medium II type A

with glusose. 0.9% NaCl substituted for metabolites (Neepyruvite,
Na=fumarate snd Neeglutamate). The values represemt moan Qo, for

4 individual determinatiomns, Rydergine was applied in concentr: iion
of 4.5 mg. pereent by addimg O.) ac, of solution of 4,5 m: . hydorgine
in 10 ece of doudle destilled water, to 1 cc, mnedium,

without
Rydergine hydergine

5.96 6.90

5.13 5.86

611 6.85

4.74 5.21

4022 5.06

4.89 6.32
Mean 5.27 6.03
3= 8.798

R 4 0,01
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i Fhevd W91 §
DISCURSION
1o Iiasus Respiratior ung Resx Clie

The felation bDetween metasbelism and size, as expressed in the
deorease of weightespecific basal metadolic rates with inerecasing body
size, and found intra-specifically (comparison of animels of the same
species and different size) as well as interspecifiozlly (eomparison of
sdult snimals of different species) is known well over hundred yearsj dut
none of the explamaticas given for this phenomemon is satisfactory,
(Kleiber, 1947, Bertalanffy, 1951 (a)). Bertalenffy and Pirosynski (1953)
case tc the comclusion tk L none of the eonventional explsnations of the
decrease of weightespesific metabolic rate with inercssing body sise,
sueh as explanation in terms of thermersgulation, of museular activity,
of the relative deercase in "metabolieally active”™ ergans durimg growth,
md of age, is comsidered to be sufficiomt, They emphasize th-t no
desline in tissue respir:tion of the organs imvestigated cun be found
wtich would eorreepend to the desline in basal retabolie rete of the
entire animals. It sppeurs, therefore, that the latter depends upen
regulati- o fastors lyiag ia the organism as a whole.

The present experimentn were comdusted with e specinl view oa
a rocently propounded theory, vis,, that the "characteristic differences
in the basal rate of he.t produstion ir animales of different sisc are
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10 bo attriduted mainly to varietioa in ~2 of the musculature,”
(Krede, 1950).

Krebs did not investigete the Qoz of uscles in animels of
different size. 'Yis conclusion is bLuseu upon the fact that the muscles
play a leeding part in thermsregul=tiion which, accordimg to the sclaseied
explanation yiven by Rubner, le at the base of the surface rules. Krebs
offers this explenstion Cor interspecific comparison of metabolic rates
in the series of mammals, dut naturally it eould also be applied to
intraspesific comparison,

This hypothesis was rejected Ly Bertaleaffy and Pirosymski
sainly fer theeretical rsascns. Theoy emphasise that the surface or 3/4 power
rule of metabelism epplics net only to maumals, bui also cold blooded
vertebrates smi certain invertebrate ciasssy (Bertoluaffy, ¥51 (a)j
Bert.lamffy und Krywisncsyk, 1953). For this reascn, homsethermy and
mugoular activity in its service camnct be considered the basie prineiple
in the size ¢ pendence ¢f aetabolism, A siaple caleulstion shows, further,
th: v even Af a deeline ef the Q02 of musoulature aceording to the surfece or
3/4 pewer rule is assumed, this fastor would not be suffisient to aceount
for the decline of basal astabolic rute of ithe entire animal.

Gempare two rats of a) 270 gme, b) 10 gm. body weighte a)
Acserding to Domaldson (1924, table 129, p. 184), musculature is about me
half (45%) of total body weight in adult snimals., Aecording to Field
et al., (1937), respiration of wmuseulature ascounts for ebout one half of

swimated tissue respiration in mature enimals. Hence it is fair to assume
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that, in the large amimal, the aversge Qo, for "rest of body"” emd for
*":;ugeulature” are roughly equ:.l. Denote the metabolic quotie: t for
“rest of dedy” andi fer "museulature™ by p snd p, ruspecstively. Then,
for the mature animel, g s p. The basal metadelic rate of a rat of
210 gm. 18 about 250 ee. 0,/ hr. This, ascording to the eonsider-tions
given abeve, ean be epressed by 250 z 270 § ¢ §:-210p

») In aret of 10 gu., sbout 25K is museulature, 75X rest of
bdedy (Demaldsen, 1924). Since, accerding te hypothesis, the main role
in the decline of basal metadolism is attributed te varistions ef the
°°2 of musculeture snd empiriecally little shange in the Qog of other
orgmms is observed, it may be essumed that g (aversge Qop for rest of
bedy) is reughly equal in the 10 gm. amd the 270 gm, enimal. If g (average
S, o museulsture) follows the surfase rule ( (A = - 1/3) it will, in
pese of weight 1 4 27, deeline in a retio 1 s 27 "3 - 14 033,
Asserding to the 3/4 pewer formula ((Ks = 1/4, g vil. deeline im & ratio
19 277Y4 . 14 0,44, 1If, therefors, g is the metabolic quotiet of
musele for large animal, g that for small mnimal, g =3 p=z3myo0rgs
2:29 @ = 2,29 g, respectively and, aseording to the twe assumptions
asationed, tetal respiration for an mnimal of 10 zm. would bes

10s 3/4. & ¢ 10, }/3: I} m g 15 my or

10, 3/8. m ¢ 10, 1/4¢ 2.29 m g 13, 225 m,

The ratio of the metabolic rates of the 10 ga. snimal and the
210 gu. snimal is therefore 15 m ¢ 270 m a1l 9 18, or 13, 225 m 1 210
= 20, 4

Astually, basal metadolic rate of a rat of 10 ym. is sbout 25 ce.

2/ hre, so that the ratio 1es



251 250 01 ¢ 10,

Neturally, this estimate is based upon orude amd ovore
simplified assumptions. It shews, however, that, as far as intre=
specific cemparison is someeraed, a desrease of rusoular Q: aseording
te the surfase or 3/4 pewer rule weuld mot acecumt for the decrease in
weight-gpesific metadelie rate.

For the reasens mentioned, Bertalenffy and Pirezynski eame
te the emmelunsion that, "therc seems to be no imdisatien that the
dosrease of weight speeifie meteadelic rate is to be explained by
veristions of Qo2 of museulsture,”

Kreds (1950) emphasizes that data obtained on isolated musecle
bear no simple relatien $0 the basal respiratery rute of muscle Ap situ,
wvhieh is regulated by the exigeneies of thermoregulation, and for the
determination cl_-huh there is as yot no satisfastory experimental
proeedure. It is to be berme in mind, however, that thermoregulatiom,
and mmscular ectivity ia its service, sltheugh playimg an impertant
rele in the emergy osoncmy of homeetherms, eannot be the basic primeiple
in the d ependense of metabolic rate on dedy sisze, for the surfase rule
alse applying te poikilethermis vertebrates and even to sertain
invertebrate slasses. 8ince there is herdly smy evidemce that factors like
musele tene are uanttdli different in sm-ll as eompared to large
sposinmens, it appears that, notuithstending Kreb's previso, investigatiom
of isolated mmsele should eontribute te deside whether variction in

respir.tion of the musesulature can be oonsidered the main factor for tho
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doorease of metadbelie rate with incressing body sise.

The preseat results add experiment-l evidence as 40 the
dependenge of the Q’ of skeletal musele on dedy sise, As fer as the
rat is conecermed, the regreesion of Qoz of skeletal musele is small
and astually smaller than assumed in the previeusly indicated oeleulsation,
being (K= 0,07 for skeletal musele. Apparently, it dees not account fer
the difference in weightegpecifis metabolic rate of the entire animals.
This confirms the eomalusions drawn by Bertelanffy and Pirosynski.

The present results are some het different with respeet to
the mouse, the two size elasses investigated (ca. 7 & 28 gms and 8 & 18
gme) showing a stecper slepe of the regression, with((s 0.245 and 0,345
respectively. The latter values eorrespend to the 3/4 power rule.

These results show that one has to be very cireful ir extrapelations
frem one to anothcr spesies, even if they are rather closely related.

I% appears that there se importent physiological ditferences tLetween

rat sad mousey Fer instunce, there is in the rat a eontinuous inerease
in btody weight over the whole life, while in the mouse growth comes to a
stop. Anether well known difference seems to exist vith respest te
thyreid funetiom, as emphasised by Zarrow amd co~workers (1951), amd
mentioned in Chapter I umder "Metabolism and the Thyreid Gland.™ Te
such epesies-s pecifie physiolegieal differences, is to be added the
difference in the relatiomship of tissue reppirrtion of musculature and
bedy size. It will be worthwhile, to study thece sproies=-specific differencos

and their intererelation.



With respest to the disphragm, the present experimente shew that
the charscteristic depeadence of q°z en body sise, as expressed by the
slepe of the regrossion line, is not comsistently shanged with alteration
of the me iux,.

Interspecifically, the %’ of disphregm of adult mice odbtained
in the Melium mentioned is 9,042 0,27 (15 experiments). This cerresponds
totbQoszmdntlnL;hhgu:iOm..-dui.uthormo
of the value feor sault rats (over 300 ga.), as has been stuted previously
by Meyorhof and Him ich (1924).

Thus, as far as interspeeific comparison is coneermed, the results
differ with respect to disphregm ani skeletal muscle, In the two
specios investigated, the Qoz of the disphrega appears io Le depemdent
on the size of sdult mnimals, being mueh higher im sdult mice than in
siult rats. This, Bowever, is not the case with the Go, of skeletal
suscle, this bLeing similar ir edult miece and rats. Also this considerution
gives no indieatiom that differemces in musculsr respireation of rats
play a desizive role ia the rezulation of desal metabolic rute aseording
to body sisze.

Furiher, interspecifis sorrelation betvween 002 and body weight
is similar te intraspecific correlatien in the case of the diaphragm,
but differert im the eese of skeletal muscle. This is further evidenes
for the fast that intraspeeific and interspeeifis size dependence do
net nedessarily sorrespyend, as it was found in the variatien of Qoz of
various org:ns and siso im merphelozieal phenomens, (Bertalanffy emnd
Pirosynski, 1952, 1953).



2. W EOX d ih b Tig:

The presemt rosults of the applie tion of thyroid horm. ne im
vitre on tissue respiration con be surierized as followss

1) Thyroxine dees mnot inerease the , values of diaphregm,
heart, and skelet 1 mugeulature, '

2) Applicetiem of thyroxine im vitro is also imeffective
with tissues (skeletal mussle) of hypophysectomized smimals which shew
lowered basal metaboliem =nd which, as a comsequence of the eper:tiom,
may be s pposed 10 be in a state of hypethyroidisa,

3) 1In eontrast to the mction of thyroxine, the applieation of
thyrogletulin im vitro leads to a signifiesnt ineorcase in tissue
respiretion of caridec musculature. These results essentielly confirm
the sork of Canzanelll ot al. (1937, 1939), these authors havimg worked
with testis, brain, kidney, heart an! liver of guines jpi, .

The present results offer some more deta for drawing coneclusions.
Nevertheless, th se results rather p we than solve a number of pweblems:

1) AMministration of thyroxine im vive by way of injestiom,
.enerall -, althou h with some qualifisations lesds to cn imerease of
total basal) meteboliec rate in the emtire animal. It also leads to an
inerease of Qc, of isoloted tissucs. If, i- eontrast, thyrexine applied
in vitro fails © show an influence on the oxygen consumption of isolated
tissues, it would be ressomable te assume that the thyroid hormone does
not act directly on tissue metabolism but primurily scte on the orvenisa

as a whole, or, in other terms, that thyroid action is dependent on sume
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factor or factors whieh arv preseat enly in the entire organisa end
net repreducidble im vitro. Bueh interpretstior was suggested by
Gerrard snd MeImtyrs (1933)e

The conscept of a restirieted thyroxime actiom with respect to
s.mo central system as the nervous systea, as sugzested by Passch
and Reinwein (1929), samnet be fully endersed, in apite of the failure of
thyrexine to influemce oxygen eonsumption of isolated tissue., It hus
besn demomstrated by Ring, Dworkin and Basq (1931), that the response to
thyrexine injeetion wes wnehenged when sympathetic chains in cats were
removed, shoving that the symputhetic chains had no influence on
thyrexine action.

The "organismie™ imterpretation mentioned would cover the
positive effect of appliecutiemn in vive of thyroxime om dbasal end tiscue
metzboliem, and the lack of sush effeet in im vitro sppliocation. It
does not, however, eover.the pesitive effoct of thyreglebulin in vitro,

2) The effeet of thyrojlobulin seems paradoxieml. Thyroxine is
a lov melesular substance (molecular weight 776.8), while thyreglobulin
48 & protein of a high molesular weight of asbout 700,00, (8aten 1940).
It would be reasonable to assume that thyrexine easily pemetrates into
the cells and exerts some influence on cellular metabolisms On the other
hand, it is much more difficult te conceive the large molecules of thyroe
glebulin as pemetrating into the ceils. The preseat experimental

findings, however, confirm th:t thyroxine is ineffective and thyroglobulin

offestive in vitro with respeét to eardiass museulature,
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3) A% present more emphasis secems 10 be placed on thyroe
gledulin than hyroxine as being the astive prineiple. Selye (1947 (¢))
mentions » "The view that thyroxine is not the native hormone is based
upen the observation that, gomp:red on the basis of iodine sontent,
thyrexine is less astive than thyrogledbulin er the glandular tissue
iteelf." If thyroglobulin, rather than thyrexine is the active prineiple
of the thyroid aetion, its sstivi‘y in vitro as cempared to leck of sush
action ef thyroxime would be undorstandable, However, this dces mot
selve the predlem posed umder 2).

4) It is generally understood thetthyroglebulin as sueh does
not leave the follieles. Ledlomd and Gross (1948), eomducted experiments
to determine whether the thyroid sell gecretes thyroglobulin only in the
direction of the colleid or also releases some direstly into eirculation.
Their experiments revealed th-t the ceeretary sstivity of the eelle was
sxslusively orientated teward the colloid, An hypethesis has been
offered, therefore, that pessibly thyroglodbulin is brokem dewn, by
proteolytis enzymes, inte its compenent polypeptides, peptenes, or amino
asids and is thus extruded with thyroxine, into the Blocd stream to be
synthesised agaim by the tissues themselves.

Thyregledulin has becn foumnd in the general cireulation of
dogs, but Lerman (1940), emphasizcd that thic has tu be attridbuted te
trauma of the gland sineo the genersl belief is that under normal
eonditions thyregledulin does not leave the follicle:z, normel or hypere

plastie, as such. This has also becn sup.orted dy Leblond and Gress (1948),
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There are two schools of thought in regurd to the mechanism of the
release of colloid. According to one school, the release is intrae
cellular, The colleid is reabsorbed by the ascinous epithelium,

which in tura discharges into the circulatioms The other school states
that the colloid passes between epithelial sells and in this way reaches
the sirculation. Evidence in suppert of the intercellular release

of solloid was furnished by Zefya Hirschlerowa (1927). In her opinion
the colloid is directed into eirculation through canaliculi which she
calls “Ausffhrungskalalchen", (condustive eanal). This opinion is,
however, contraindicated according to more recent work by Leblond and
Gross, (1948), Leblond (1950).

Thus, it could be assumed that thyrogiobulin is broken down to
reach the til%ﬂOs, and in the cells re-united with some protein fraction
to give the active principle. This would account for the fact that the
thyroxine-protein compound, namely thyroglobulin, is active on cellular
metabolism if administered directly to the tissue. On the other hand,
isolated cells would not be capable, at least during the experimental period,
of synthesizing thyraxine into the active hormone; for this reason,
thyroxine would feil to show an in vitro effect under the same conditions.
Althouzh this concept seems not to contradict current opinion, it is
difficult to conceive how thyreoglobulin, a high molecular substance, is
able to overcome the cellular barrier.

As this discussion shows, the present experimints do rot lead to

any easy answer to the problem in question. They seem to offer, however,
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some material to be considered im subsequent study of the problem.

3. Ritultary and Netakolisa
») The influence of Hyvophyaectony

The jpituitary=thyreid relationship has been fairly well established
ani there are numerous experimeamtel evidence showing a decrease in E.MsRe
and related fumetion fellewing hypephysesteny as well as thyroidectemy,
(Reppert ot al. (1946), Gerdon et al. (1946), Digs=Guerrero, Thompson and
Hines (1947), Marvim, Wingo and Asderson (1950), Zarrow et al. (1951).
So far as isolated tissues nro ecomcerned, extracts from the pituitary seem
to have vur;ing effccte. Ommpbell and Pavideon (1950), pointed out that
smterior pituitary extrast vhem added direetly to the medium did mot
influence signifieantly the oxygen uptako ¢f liver slices, while administrat-
ion by way of sudbsutsneous imjection of sn anterior pituitary preparstion
(AFP). to fasting rate imereased the upteke of oxygen. The latter finding
indieates that emdogenous sudbstrates were utilized ot an inercased rate,
The APP used was found te somtain about 4 percent of growth hormone and about
1.7 perseat adremocorticotrepie hormome. This result is in contrast to the
result of Kleiber amd Cole (1939), who found thut chronioc doses of
pituitary sxiract result in a depression eof basal metabolic rutc¢ smd oxygen
somsumption in the isolated disphraga,

Most of the experiments direetly on tissue level seom to have
been eomdusted with hypethroid enimals. This asuthor has been unable to
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find sny vecemt experimental werk on museuler metaboliem (oxygen
ssmsumption) following hy,ophysectomy. A semplete survey of olcier
literature by Krebs and Johnsom (1948), indisates experiments with
testis frem rate (infantile) shoving desrease in oxygen comsumptiim
14 days after hypephyseotomy and a further desrsase 44 days sfter
hypephyseotomy. A desline in oxygen comswmptien from 10.6 $0 6.1 has
been observed,

It is reasonable to asswme, however, that metabolioc changes
felleving hypephysestony will be similar te those observed in thyroid-
sstomized snimals becsuse of the welleknown pituitary thyroid relationship.
The present werk has inuiseted some of these chenges.

4 m.rkec d esrease in Qoz of eardiac and skelatal musculature
fellowing nypophyseotony -3 obgerved, which can be comprred to the
deerezse im B.M.R, of the entire animal, Of course it is diffiecult te
ascertain whether ihese metsbolic effests are 40 be attributed directly
teo hermenal sontrol of metabolism as imfluenced by lypophyeis, er to the
goneral (amd in the lemg rum detrimental) effests ¢ hypophyrectomy,
vhich leads to gemer:l weakness, weight loses and inhikition of grewth,
and meny other offeets sush as, loss of hair, tropic changes in nails
and skin, atrophy of ganital organs, sterility, muscular weskness,
desrcased bleod pressure and bedy temperature (Rypothermia), anemie, ete.
The latter was rceently dissussed by Silbergleit (1951). The color index
is usually lees th:m one, and the hemoglobulin averages 50X (Selye,

1947 (4)). There is also atrophy of the adremals as indicated by Long
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(1943)e Irr.spestive of whether the effects manifested after
hypophysectony are a direct result of a disturbemee of hormemal balance,
or merely an indireet effeet of the oper:tion, we would expect the
depression mere marked on metsbolie funotions the longer the time
olapse between hypophysestomy and experiment. Comsequently, im the
present experiment a decresse in Qo, valus is seen 11 days, snd
still more markeu at 18 days after hypophysestoay.

Bearing in mind the qualifications just stated, it seems
reasoasble teo assume that the changes on the sellulsr level as manifested
by the marked desrease of Qoz. are rather a fastor in, than a mere
sonsequense of the gemeral effect of hypophysectomy as manifested by

woakness, wei: ht,loss, ete.

®) Pituitary Duarf Mice

The results edtained with hypephyseetomiszed animals can be
eempared to those ebtained with pituitary dwarf mice, In the latter canse,
we do not have an experimental injury the effects of which are detrimentsl
ia the leng run, but rather a genetiecal somditiom leading to s eessation
of growth (and to sterility) im the dwarfe, and leaving the imdividuals
sgraal in ether respeets, |

The ecmparisen is te be made detween pituitary dwarf (homesygous in
the ¢ y gene), phemetypically normal littermates and normal mise of normal
strain,

The interpretation of the resulds, as givem in Chapter III under
"Tissue Respiration im Pituitery Dwarf Mice", will depemd on whether we
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sompare “"adult” snimals, or rather animals of the same body :ei ht,
irrespec ive of whether this is reashed as the final developmenti-l
condition (im the dwarfs) er as a tremsitory conditiom withim the
growth process (im the mormal gmimal)e Applying the first starderd,
%2 of skeletal mus-ulsture frem adult dwarf miece (6 to 9 gm.) eorresponds
favourably to th:t edtained from phenetypically normel adult littermates
(16 to 20 (m.)e Previows experimental results frem normal adult mice
(25 to 30 gm.) and under similar conditions have given slightly lewer
mean Qoz (34482 0.17)s This, however, is understandable in view of the
differense of waight, end gemetie constitution,

It seems more correct, however, t¢ make the comparison between
saimals ¢f same welght irrespestive of whether they are adult (dwarfs)
or still growing (mormal). In such comperisom, we fimd the Q, of
musculsture signifieantly smaller in dwarfs them in normal animals, as
indicated in Table I, Cerrespondinzly, basal metabolism of the dwarf
snimals is much smeller than of normal animals of some strain and same
bedy weight as shown in Table 8. Frem this comparison it may be concluded
that he hereditary disfunetion of the pituitery as shown in the dwarfs,
whieh leads to a deerease in total as well as tissue metabolism, may
be at the base of their imadbility to grow te nermal final weight, In
this way, the results as abSained with pituitary dwarf mise sorrespend to
those with hypephysestemized rats, although it must be emphasised th ¢
the depression of Qoz is much more marked im the latter case. This,

however, is umderst.mdsble because hypophyseetomy, s memtioned previously
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seriocusly influenccs the gencrul oonditiom of the animel while
hereditary disfumetion of the hypephysis in dyarf mice leaves other
funetl .ns mere or less nermal.

These differences should edviowsly be imterprested in terms of
the different pituitar; hormon s. Dwarfisam prebadly concerns only the
growth hormone preduced by the eosimophilie cells which are Jdcgenerated
in the dwarf snimals, Rypephyseetomy oa the other hand removes the entire
gland and thus ebliterates the predustion of pituitary hormcnes ia
gemcral. Such interpretatiua would, hewvever, presupposes a muoch more
detuiled study of the imfluence of the vurious pituitary hormones than
1s givea in the previeus experiments,

Although the interpretation just given seems to be sonsistent
a8 faras it goes, it is to be emphasised sgrin that = number of the
experiments conceraimg the imflusnce ef pitultery hormoncs on metabolism
sesas sonfliciing. As mentioned previocusly, Kleiber snd Cole (1939) found
a depression of tot:l metabolism as well as tissue metabolism of diaphragm,
after chronic imjcetion of growth hormone leadimy to gigentisme On the
other hsnd, the present experiments show that defisieney ef . rowth hormone as
effected by hypophyseetomy or genetisal factors, also leads to such
a depression. To this would eorrespond th:t, ascerding to Campbell
Davidson (1950), admin siratiom of APP in vivo leeds to incr ase of total
as woll as tissue metabolism, It may well be that these differences result
from differeat preparations and teeimiques used, 80 that the contrasting
regsultes are to bedtriduted to different pituitary hormones. This
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odvicusly requires further esperimeatation mnd is indicative of the
complexity of pituitary astion.



1) Some inflwemces on the respirstery metabolisa (Qoz) of
isolated tissues in vitro have been imvestigated.

2) The o, of skoletal musculaiure of rats, renzing from
10 gme to 384 gme body weight, shows but a slight deeresse with
iner: asing bedy stse, the cerrelastien betwecn bedy weight snd Q02
being rather lew,

3) Previous results shoving a definite dependence ef the
Qg, of dlaphragm is rits are coafirmed, Applyiug different medis, the

(., values are incressed im the sequenses sealine slene, addition of

g::oou, and glueose amd metabolites of the é’ob- eycle. There is no
consistent ch:nge of the slepe of the nmo:loa line with inereceingly
favourable nutritional comditions of the medium. In miee, the Q°2

of skeletal muscle eof two differont strains and taken in twe groups

ca 8 2 18 gn, and 7T A 28 m. body -eight show a more marked dependence
oa bedy weight (steeper slope of the regressien line) than is foumd

in rate.

4) 1In isterspeeific comparison, the Q°z of skeletal musculature
of adult mice i l%d.lu' te thut of gqdult rats, while the Qg 2 of emall
mice (10 gme) is similar te thet of rats of eorresponding weight. Tius,
comparing interspecifically sature speeimens of both species, mo merked

depencence on bedy size of museulature qoz is found,

5) Imterspesific eomparison of the Qop of diephragm in mice and
rats shov that the QO’ of edult miee corresponds to that of rats
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woighing oa 30 ¢mey, and is thus about twice the value for adult
rets.

6) Interspesific eerrelationm of qoz and bedy wei ht thus e
simtlar to intraspesifie eorrelstiem im the oase of the dis hragm, but
is differeat in the cise «f skeletal muscul:ture,

7) The hypothesis that the decrease of weight spesifie beasal
metsdolio rate is _uwe %0 varistioan in %2 of musculature is rejected,

8) Mo influence ef thyroxine applied im vitro on tissue of
ret diaghragn vas found.

9) Also with ¢ s of hypophysectamized rats, administration
of thyroxine im vitro faild to sho: am effect on tissue respiration of
skelotal musele, g

10) Thyroglobulin L&mhistmtion in vitro leads te a eignificant
incre se of qoz of ecardiae mussle of the rat,

11) Rypophyseetomised animale have a muech lower basal metal olism
than normesl animals. Corrcspendingly, tissue respir:tion (%z) of
esurdias and skeletsl musculature is about ome half thut of mormel

individuals,

12) Basal metadolisn of pituitcr; dwarf mice is omly about one
half of thut of normal individuals of the same size,

13) Tissue respiration of skeletal musele of pituitary dvarfs
is signifiegatly saaller thea that of their phenotypically normul
litterm:tes of the same dod; weight, slthough it is similer to that of

mature animals,
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14) No effect of imsulin administration in vitro on Qoz
vas toud.

15) Nermal end regemer:tim: rat liver show the same Qoz
value,

16) Rydergime, an erget preparation, seems to lead to a
depression eof QO2 which is _essidly aonnected with an interference

in the Krebs sycle of oxidatiom.

17) The results are discussed in their various theoretical

aspectise
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