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CHAPTER 1 

mmoniJCTioii 

It is remarkable that the great philosopher Aristo­

tle, who definitely was the first man ever to study the hu­

man being and its organization in a logic manner and was so 

keen in proposing theories, never nientionned anything about 

breathing and Science had to wait centuries until Lavoisier 

made the first experinent on respiration. It is true however 

that other people in the jieanwhiie have talked about the 

n Breath of Life n mostly in a mystical way, but their con­

siderations were so devoid of scientific foundations " that 

they can have now but little value except as an historic re­

cord of the trend of scientific thoughts at that time " • 

( Benedict, F,G. 1935. } 

So Lavoisier was the f irot raan ever to consider oxygen 

as a " burning fuel " of the body. So advanced was he in his 

theories that, as reported by Seguin, a co-worker, not only 

did he realized the role of oxygen in the body, but he fabri­

cated a copper mask, held in place about the neck by cer.ent 

-1-
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and attempted direct Measurements of oxygon consumption and 

carbon dioxide production. The study of netabolasn of liv ng 

beinos had started. 

The study of nctabolisn and its variations brought 

the biologists t>o consider different factors to explain its 

varying rate in different oninals. Raiieaux and Sarrus, two 

freneh biologists, were the first to consider netabolisn 

in its relation to body size. In fact, in a paper published 

in 1838 and subnitted to the " Acad6nie Royale des Sciences " 

they deduced nainly from philosophical and mathematical con­

siderations, that metabolism v/ould depend on the surface 

of the aninol and not on its volune ( v/eâ ht ) . This was the 

beginning of the so-called surface-law. Later on, Richet, 

in 1888, published in France a survey of all the work done 

j on this subject up to that time, and Eubner*s celebrated ex­

periments on dogs { 1894 } and other naraials established the 
g 

surface law as a general principle in the relation between 

metabolisn and body size, especially in honeo^ ermic anir.als. \ 

Froii the results of riodern research, it ap-oears that 

there is no general rule for the relation between netobolisn 

and body siKe* In intraspecific corjnarison, that is, compa­

ring the netabolisia of aniriols of tho sane species and of 

different sise over the grotfth period, different forns of the 

University of Ottawa. 
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size-inetabolisn relation are found in the different classes 

of the animal kingdon. 

In this way, Bertalanffy ( reviews 1949 and 1951. ) 

based unon an extensive material representing many inver­

tebrate as well as vorteurate classes, lias stated different 

" metabolic types n with respect to the relation of cietabo-

listi to body size, and has shown that they are related to 

corresponding " growth types " with respect to growth curves 

according to M s theo^ on tho relation between metabolism 

and growth: j 

First type : Respirabio1; following surface rule or 2/5 po~ I 

wer of weight * Holds for vertebrates, especially I 

fish, and certain inverte urates such as crusta- 1 

ceans, Claris, etc. 

Second tyne: Respiration proportional to weirJit itself: in-

sect larvae, Orthoptera, Helieidae, 

Third type j Respiration infcerriediate between the two pre­

vious types, i.e. 2/3 ( M l : Plan->rbidoef | 

Linaaaea. (1) 

Interspecific conpnrison, i.e. comparison of metabo-

lisn of mature aninals of different specios, shows that the 

rolation between basal itetabolisn and body size in naiLials 

1 - Cf. equation (1) p. 19. 

University of Ottawa. 
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follows rather a 3/4 power rule rather than the surface or 

2/3 power rule. This was established in interspecific coripa-
! 

risons by Kleiber ( 1932, 1947, ) and independently by 

Brody ( 1945 } and it correspond also to the extensive work 

of Benedict and his co-workers (1) ( 1958 ) notwithstanding 

the latter author's scepticism against logarithmic expres­

sions of the relation between netabolisn and body size* \ 

Considering intraspecif ic comparisons of growing nara-

mals, it is surprising how snail is the numuer of available 

raodern data and how little consistent they are notwithstan­

ding the fact that is was nannals which gave the prinary j 

basis for stating the surface rule. In a review on the sub- I 

ject, Kleiber ( 194?, cft p. 531 } mentions that " in the 

three species, mice, rabbits and dogs, the differences in 

size are considerable and an analysis of the relation bet­

ween bod;/ size and raetabolic rate within these tliree species 

seems wore pronising than in the other species with nore 

unifona sise H« 

The regression line for netabolic rate of ri.ee given 

^S Benedict ( S ) ( 1938 ) as a function of their body weight 

would indicate a function 1 Weight • , would best fit the 

1 - See Figure 1 page 11» 
2 - See Fir rare 2b page 15. 

University of Ottawa. 
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data. Kleiber is of the opinion however that these results 

were affected by a group of four endoerinologically abnormal 

dwarf mice. If the recession line is estimated through the 

other results, the best fitting power function then would 

be 0.76. 

According to the same author, the regression line 

given for rats { ?igur© 2a# p.lS ) indicates that, intraspe-

eifieally, they follow the surface law and their metabolic 

rate are most nearly proportional to the 0.67 power of bo­

dy weight. 

Regression lines concerning rabbit data were published 

by Lee { 1939 } who found that metabolic rate is most nearly 

proportional to the 0,82 power of body weight although, as 

1 quoted by Kleiber, " th© range of body siae in these rabbits 

I would have to b© four tines as great as it is, to demons tra-

te a significant departure of rabbits from the hypothesis that 

metabolic rate is proportional to the 2/3 power of body weight n 

The data on three groups of dogs reported by (Jalvao 

{ 1942 ) indicate proportionality of metabolic rate to the 

0.84 power of body weight, and since th© variability in this 

case seens rather small, the deviation from the surface law 

and even from th© 3/4 power rule appears significant and so 

does the deviation from the hypothesis that the metabolic 

University of Ottawa. 



rat® of th«M Ho®& la pvc^r t tonal %® their body waifiht. 

Th©s© r^siaita &y© not to &®eos»&<inc® with the datia of hunk 

Kfcmda ajsd st^lsih&ttnis a© ealoulatad "by Be&a&let ( 1936 ) 

( Firttra X *» atoom with othor sp®©ie^ «tudled by the SMSS® 

author ) ~*$v> Tcwad that th* aeta'oolto rat© of dag© la i%M3t 

poorly jjror^ortlonsl to tho o#35 p » w of hody weight* 

0® far a® araall x»a»t@ ore eono^rnod, tharo ar© also 

the InvoBtlGatlont of C@rr ant K&&nt& { 1940 ) on ninety 

two rots cmd ths egperlnenta of Sherwood ( 1 ) ( 1936 ) r©» 

ouita of which asppsw? on Taoie a. ( p«x& ) for comparison 

with nene&ieVft date, as shown In Ficw?@ &f a and h {$*XS3 (E) 

X «* Sh^iwood'o results ww© esciresaed la ealori©o p«33? day 
aaA ©alc»i€« ?«• isqiitsr© Lister oaf 3urface* fh©y were 
recalculated tmlfersaily la ®$ % A r tor the purpose 
of eomarlson* 

3 * JXi of Banaftiet*® data ecn&d not he \ased la this study 
bocaitu^ in several l-istc: ®m results were calculated 
In salaries r-cr square meter of auarfaee* Since yie w&«* 
loa^-len osf m»?fa$© 4@p3r.te on t^e fomula uoed# results 
so published eoxmot he readily eorpared with other data* 
*£?ti® Is on© of the reason why we haw ©a! ciliated our 
result* in ®e Oxygen i » hour par to ta l gron weipjvt of 
the anlnal* 

Universi ty of Ottawa. 
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It is hard to coiapare Carr and Krantz ( 1945 5 re­

sults to other data since they are not calculated on a com­

parable basis ( 1 ). However, the mean of the number of ea-

lories of heat production they obtained for the twenty four 

hour period was 1040 calories with a mean respiratory quo­

tient of *7£S, somewhat higher than Benedict { 1938 ) who 

had found 880 calories for the rat at 28° C* 'This differen­

ce ̂however, is due to the fact that different constants were 

used when calculating the area of the animal { 2 ) since 

the results are expressed in calories per unit surface* Cal­

culated with similar forraulae* the result® of Carr and Krantz | 

are very close to the data coop lied by Benedict, while Sher­

wood1 s (1936X3) data are slightly lower in values. We find j 

however, that little attention was paid, in all these experi­

ments, to rats below 100 ̂ raras in weight, and so small aninals | 

did not enter into the final tabulations, 

1 - Carr and Krants grouped their animals, averaged their 
weight and averaged their results ( for each group ) which 
were calculated either in grams O3 per 100 gram rat per 
hour or Calories per square meter per S4 hour. It is only 
therefore p ossible to coa^are with mean values for simi­
lar groups obtained by other authors* ( Results shown 
in Table 1 p,12 # 

S - Th© surface area was calculated by th© formula set forth 
by Diak : S • 7*64 x Ws/3 for fasted rats* 
Benedict used as constant : 9.13 

3 - See Table 1, p«12. Re-calculated In c© Og/hour* 

University of Ottawa. 



Brody { 1945 j Kibler ana Broay, 1942, ) has acme ex­

tensive work on the subject both on basal and resting metabo­

lism, la his method of calculation { 1 % he separated the allo-

metrie line into several hypothetical sections * While we did 

not, in this study, find a special exponent for rats of the 

2© - 40 gram range, our results for large rate are very similar. 

In absolute values, Brody*s basal metabolisja values are some-
• 

what higher than, Benedict»s (Of. Figure Sa for Benedicts va­

lues and Figure 3 for 3ro&y*s } the former however covering 

a greater part of the weight range of the rat. 

Basal metabolism in relation to body size was investi­

gated by I, meller and Bertalanffy ( S ) . These data will be 

used in the course of the present paper. 

The present work gives a re-examination of the pro­

blem under two viewpoint®t 

I 1) The relation of basal metabolism to body size in 
f 
I 

growing rat® and mice is investigated using a suf­

ficient number of animal® of varying sizes to de­

termine exactly this relationship. 

2) The question of the dependence of the size-metabo­

lism relation under varying conditions is hardly 

investigated as yet. For this reason, that relation 

was studied not only under basal conditions, but 

1 - In this study the same method of calculations was used. 
2 - Eesults unpublished. 

University of Ottawa, 
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also under different conditions of temperature 

nutritive status and exercise. 

Total metabolism, in horaeothermie animalc can be 

considered as composed of the following main components: 

Total metabolism s Basal metabolism + expense for 
digestion + expense for thermo­
regulation * expense for exter­
nal work, I 

Basal metabolism measured as Oxygen consumption, ca­

lories or COg production, is defined as the minimum raetabo-

lie rate under the conditions of fasting, rest and thermo-

neutral environment* In a mature animal it represents the 

minimum necessary for the maintenance of the organism, in­

cluding the energy necessary for the minimum functional ac­

tivity ( of the life important organs, heart, lungs, respi­

ratory musculature, liver, kidneys, etc* ) and for the cons-

tant renewal of tissue®* In a growing organism, the energy 

needed for the synthesis of building materials and growth 

is to be added* The amount of energy needed for protein syn­

thesis, with respect to maintenance and growth, appears 

huowevor, to be snail as corrparod to the other components of 

metabolism. 

If the animal is not fasting, its metabolism is in­

creased owing to the work of the intestinal tract, gland se-

eretion, etc, and to the specific dynamic action cf proteins 

University of Ottawa. 



( if any ) # Thus y,eating m^taboXiaa is defined as metabolism 

under the condition of non-fasting, but inactivity and thermo-

neutrality* 

If the environment is not thermoneutral, additional 

energy is needed for theisaoremulation. Correspondingly, 

muscular vtoxt naturally increases metabolism. 

It is one of the main results of the present study 

that the siss^jnetaboliam relation varies for different meta­

bolic conditions. 

University of Ottawa. 
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Figure 2 

Results obtained by Benedict (1) 

i5»gino»o ISO 300 35b toe vss 5bo SJ° feoo 656 700 7.J0 

Rats - Total 24-hour basal heat production 
referred to bodv weight. Hollow circles re­
present males, solid ids, females. 

caii r 1 j r 

ogiY) 10 j o so 4 0 5"o « o 70 

Mice - Total 24-hour basal heat production 
referred to body weight. Solid dots represent 
Benedict's data, hollow circles, values of 
Ebelling and Corey. 
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Figure 3 (l) 

Results obtained by Brody. 

I it 3 
APPROXIM41T A5E.CW5 

T f f? ?rr •* i vtr Tf r ? ? f f ^ Yfy y ^ f p ^ 1 

15—fa 5->W76fl 
gOI^f Vtf KJHT, Gl%. 

^So~Tjd£ 

1 - Reproduced from S„ Brody, Bioerergetics and Growth 1945. 

Reinhold Publishing Corporation. 
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CHOPPER 11 

METHODS mm msmum 

Rats 

White rats of the Wistar strain, bred in this labo­

ratory, were used for the experimented The aniiaals were 

fed on Purina Chow* $he experiments were dona at a tempe­

rature of 290 - go© c, which for rats corresponds to ther-

moneutrality. For basal metabolism determination, the ani-
I 

mala weighing nore than 60 grams were fasted for 18 hours | 

prior the experiment©f while those of less weight were fas­

ted for periods of 6 to 8 hours at the uost. For the deter­

minations done in summer, the rats were given a olimatiza-

tion period of 15 - 18 hours at 26° - 28° C, prior the expe­

riments!, The animals were left in the respirometer for one 

to two hours before starting the determinations. Oxygen con­

sumption as well as C0g> production were measured, giving res­

piratory quotients varying between ,?0 to .94 . Experiments 

giving a respiratory quotient greater than ,80 vrere dis­

carded. Since, as is well known, the metabolism of rats 

shows a diurnal cycle ( Brody, 1945 ) all the experiments we­

re carried through between 10 A»M» and 4 P.M. 

—15— 
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Beeause, further, M the tiaiBs of the rythnle aetivity la 

aninal*, dGpen&a on the n&ti*r© of their viaual apparatus * 

a l l ©xnerinerta war® crawled tftratgh in hrlrht light* 

For non-basal eonditione* a l l aninal* waro fasted 

fusr ten hour* and than givoa food aft l lMtun ana the mp®** 

rir&nt* were dom© 40 *» SO fl&aute* «ft<v feaAine« Shis pro*» 

eed^ire was applied in order that a l l anlr*al0 eat prioi? the 

**&ari;ienteft Of m\mm there ia n® r^arantee Vmt thejj w©»© | 

a l l at the aasie stage of digestion, and thia r>ay possibly 

aeeount for the Mattering of the r*imlt*» { flabl* XV, p 40, 

Figure 11 and IB, p # 45 eo6 46* } 

As additional data, a s®*ios of detflaniinpti -na ( un* j 

ruallahed ! carried tftreufjh t»y 1# Mac&ler a-icl :s«rt&X&n£;fy j 

at Zoological Institute* tJrlrcroity of Vienna, Austria, 

was used* tSh&Bm «*3>erinenfc* T«?# tei# with a a. a l l r&e® 

of alhisio r a t s , inlsred f « yeara at the Vienna. Eoolsgiaal 

Institute* tfher* are efoeiousiy genetle aa woll ®s environ* 

n<n t a l differaneejp rtetoaeen the Vienna an*1 the Ottawa ex* 

perittsnts* Ww nutritional statu* of the Viesvna nni-rls \ms 

aueh poorer { 1 J then that of the Ottawa r a t s , the tiret 

b*in£ f*A e PtibBSd diet of bread* potatoes, oat©, veceta^lea, 

neat , twiee a weat with addition* of Titnnin*, The m$mi* 

1 - PereonaX eonramieatlon* 

University of Ottawa. 
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mental procedure was stellar to that applied in the experi­

ments described above, .Animals under 40 grams in weight we­

re fasted 5 - 6 hours, larger ones, fasted for 17 - 22 hours. 

The determinations were made at a temperature of 27° C, 

{ slightly less than in the present experiments ) * Ho atten­

tion was given to obtain minimum values* but the values 

indicated in Table 11 are simply averages of the experimen­

tal period of i hour ( periods of activity excluded ) . 

Mice 

For these experiments, albino mice, inbred for gene-

rations at this Department, ware used. They were fed on 

Purina Chow. As much as possible, different animals were 

used in all experiments in order to exclude individual dif-

ferences. However, usually three determinations were made 

with the same animal to provide sound averages. Ho special 

selection was applied besides excluding individuals fighting 

each other, too quiet, or showing other signs of abnormali­

ty » ̂ Pregnant females were included in the general graph for 

females. 

In basal metabolism determinations, animals smaller 

than 10 grams '̂ ere fasted for 6 hours, those of a larger 

weight, were fasted for IS hours. Water was provided ad 

libitum. Experiments were made at a temperature of 30° - 32° 

G. In the experiments done during the surnraer, the animals 

University of Ottawa. 
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were given a climatization period of 15 - 18 hours at 36° -

S90 C. p rior to experiment. 

In the experinents with exercise, only males were 

used because of the difficulty of getting large feuales to 

run regularly* Snail animals usually, needed little training 

while those of weights between 15 - 85 grams had to be gi­

ven several exorcises before running without interruption 

or « riding the cage " # 

Calculation of the results 

As mentioned above, the usual duration of an experi­

ment was one hour, six determinations being taken at a 10 

minute interval, and periods where the animal was not at 

complete rest, beixy; discarded. For the purpose of the calcu­

lation of the regression line, an average was taken of the 

three determinations { each of 10 minutes } lying closest 

to each other and fron this av^srage, Qz consumption per hour 

was calculated* Naturally the average so calculated does 

not give the lowest absolute values observed, but it was 

deemed that this way of calculation gives the moat consistent 

values considering the variations during one, and of the 

different experiments. 

The dependence of metabolism on body size is best de­

termined by an allometric plot* Metabolism being proportio-

University of Ottawa. 
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nal to some power of weight, we have: 

Y «]»tf (!) 

where Y is the metabolism of the animal, X the weight, 

b and a constants* According to: 

Log Y s log b + a log X ( Z ) 

the logarithmic plot ̂ ives a straight line, the slop© of 

which yields the relation wanted* A tangent O s Z/Z in­

dicates proportionality to surface while tangent & » 1 

indica-es proportionality to weight* 

Since the equation ( 2 ) has two unknowns, we must 

have two equations te solve it. These two normal equations 

are obtained by multiplying the equation first by the coef­

ficient of loff b { which is unity ) and then by the coeffi­

cient of a { which i* log X ) * We thus haves 

Log Y m log b -f a log X 

ans summing up all the points: 

2Ll»Qg Y * H log b 4. a 21 log X ( 5 ) 

where N is the number of points in the graph. This is our 

first normal equation* Multiplying { S ) by the coefficient 

of a to get the second normal equation we haves ( after 

summing up for all the points } 

X log X log Y » log b Z-log I ^ a l ( log2 X ) ( 4 ) 

Dividing equation { 3 } by N and equation ( 4 ) by Zlog X 

and then subtracting { 3 ) from ( 4 ) we eliminate unknown, 
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log *> and then can solve for & . We solve for lop; b by-

replacing proper value for & in any one equation. Equation 

( 1 ) is then solved, Y and 2 being measured, b and a calcu­

lated as above. 

We now need a test to ascertain the scatter of the 

data points about the regression line expressed by the equa-

tion ( 1 ) , This test is called the Standard error of estima­

te the f omnia for which iss 

in which d represent© a single deviation of the actual value 

of Y from the value coniputed from the equation, Nf is the 
n degree of freedom w ( which is expressed by the number of 

data points less the nutabecr of constants in the equation ) . 

The following general foroula is used to solve the problems 

sSiog y log % s i EPS?,T i r , IP® fryfrotf *). », afliofi *JLiML33 

The standard error, thus calculated, is the difference between 

two logarithms, since the difference between two logarithms 

is a ratio, to espreso the standard error in percent we nust 

assume a base such as 100 alone the equation line to work from. 

The logarithm of 100 is 2*0000, adding the standard error 

obtained from the above formula ( which is e.g., .055 for ma­

le rats in sumaer } we have 8.055 . The ant Hoe of S.055 

is 113*5 or a positive error of 15,555 • Similarly, the nega­

tive error is calculated by subtracting 0.055 from 2.0000 

University of Ottawa. 
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giving a negative error of 11.9$. Trie value of the standard 

error of estiriate neans that two th i rds of the t ine tho me­

tabolism eoroputed fron t h i s equation wi l l agree with the 

observed metabolism within + 1 3 , 5 % and - 11.9 % , 

3?he coefficient of correlat ion, expressed by 0 can 

be calculated with the following formula: 

P S • -ft. iZr,%9^ K>ft Y) , „. ( 7 ) 
j jr log n y 

which are values already used in the course of solving equa­

tion ( 1 ) and the standard error of estimate ( 6 ) ( p* 19 

and 20* ) This nathaaatical treatment follows the procedure 

as indicated by Dordy { 1945, pp. 598 ff ) . 

Basal r.otabolisn values, neasured in cubic ceitineter 

of O2 per hour can be transfer led into calories on the baais 

of 4*7 calories per liter of Oacjgen at a respiratory quotient 

of approximately *?0 * Calories per day should not be caleu- \ 

lated fro™ the exoeririents lasting one hour, since such values 

would not represent a true metabolic picture for a whole day 

because of the diurnal cycle in raetabolisa of rodents* 

Preference was given to the expression of values in 

terms of weicht instead of terns of surface, the weight of an 

aniroal being a better criterion of comparison that the surface. 

Futhernore, different authors ap-*ly different formulae to cal­

culate surface and such calculation appears to be problematic 
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in view of the differences of true surface and radiations 

surfaoe and various types of insulation like furs, tissues, 

etc* 

MX values before plotting were reduced to normal-

tetterature-Prassure ( 0° C* and 1 atmosphere ) and the ta­

ble of Bor&y ( 1345, p. 300 f, ) was used for this purpose. 

University of Ottawa. 



CHAP2nR 1 1 1 

TO..ATORATPB mm ^ 

Kiis chapter contains all the pertinent data, i.e. des­

cription, capacity, functioning procedure of the apparatuses 

used. For the sake of clarity, it has been divided into three 

sectionsj 

1) A general description of the apparatus used. 

11) Explanations on the functioning, 

111) Capacity of the apparatus used* 

Since all the experiments were carried out with the 

types of apparatuses illustrated in Figure 4 and 5 along 

with a few improva-aents as vie became acquainted with the pro­

blems involved, description will be given in tue first sec­

tion of only one apparatus used* nentionir.g the features 

which caracterige the others* 

The second Section will deal with geieral notes and 

eossaents OT- the functioning and special arrange :eits of the 

apparatuses, while the third Section will show the theoreti­

cal capacity of the apparatus in the lifjht of puxap/aninal 

container ratio, 

1 - A description of a similar apparatus has "been given 
by Benedict { 1930 )* 

-2J3-
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geotiofi ^ 

A general .description, of tho a-pioo.rr.Lus, used.* 

Since in QCT ozveri'vie.its i t i/as necessary to obtain 

accurate -.easx.rc loats of ILe oar/gen consorioc1 at different 

torrperatxjres and the saaount of carbon dioxide produced in or­

der to calculate the respiratory quotient, i t was decidod to j 

us© the closed s-rsteaa ar-saratus. 

In t h i s $;'stexa w© have a pump which circulates tlio 

in ternal atnos^here of the anirj&l container through a carbon 
i 

dioxide absorbir.j solution arid returns i t to the container* 

As COg i s absorbed the i^ternel pressure decreases and oxy- j 

gen i s released froi- a reservoir to the an l ' n l cliariber or i 

I heat*^^ caaioer# so that the inter lal pressure i s feept wifehin 

i fixed l i r i i t s with respect to tho atmospheric pressure* In 

t h i s w^y* ®2 consuatptioa i s neasured ia ec of a water column; 

COg production i s neantired "by t i t r a t i o n of the hariua hydro-

?:ide used for absorption, 

Thus je see oliat the apparatus i s co-uposed of three 1 

different p a r t s : 

a) Tim aaiiial container and i t s accessories* 

b) The purifying system. 

c) ??ho oxygen sm-oly system. 

Each of these par ts are closely interlocked and calibrated 

University of Ottawa. 
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in such a way to suit the aniuals under experiziontation and 

obtain sound results* 

,a). The aiilraal container and its accessories * 

The animal chamber was a glass Jar of about two litres 

in capacity and largo opening. In order that the anicial dooa 

not rest on the glass, ( 1 ) a srj&ll screening covered tho bot> 

to:: of the jar or botter jet the internal bottom jart of the 

Jar was heavily aluminum coated. The top was a heavy rubber 

stopper and GOTO an air ti?ht fit with the jar at the same tira© 

carrying the accessories and the tube openings to the chamber. 

ffiie thomoneter# ealihratefl to i° 0. was pushed In tho animal 

chamber through the rubber top about three inches while the 

internal part was covered with a snail wire mesh to avoid di­

rect contact with the animal in the chamber* The nanometer was 

j also connected through the rubber top ( See figure 4 }* It is 
j 
J important that the xa&noiaster be as close as possible to the 

animal chamber *xml that the connecting rubber tube be quite 

large and not curved no show ®xact pressure variations in the 

ehariber l;i little delays* 

The purifying system which co. oir-icatos through the rub­

ber stopper to tha animal ehaiiber comprisesi the pump, the 

1 - A rat or nice is always scared and tensed when walking on 
a smooth surface like glass* Screening raakes then confor-
table* 
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carbon dioxide absorbing tower, the moisture absorbent and 

the heating chamber. 

The purop was a Botaerator, modified, diaphragm type, ! 

air proof, 1,600 cc eapactty per minute, since the motor was 

mounted on a different base from the purap itself# the circula­

ting air was practically unhe&ted at the outlet which viae an J 

isrportant factor in the low temperature experiments* 

The carbon dioxide absorbing tower contained the hydro* 

xide through uhieh the air was circulated and COg absorbed* 

Several hydroxides were tried ( KOH, NaOH ) before selecting 

barium hydroxide for its sensitivity* To increase the surface 

absorption of the liquid, about 50 cc of glass beats were in-
I 

sorted in the tower with the liquid, 
The water absorbing tower contained approximately five ) 

i 

j grams of calcium chloride ( porou© ) placed between two pie-

ces of cotton to avoid circulation of chloride dust to the I 
I 

animal chamber { which prorogues irritation to the animal } * 

The heating chamber* used only on the apparatus for 

rats ( Figure 6 } was mad© as small as possible. For this 

purpose, an ordinary glass jar 100 cc was used with a 30 watt 

carbon light, placed inside. Since much of the heat produced 

by a lamp is, by conduction, absorbed by the socket, the connec­

ting wires were soldered directly on the larap base and no socket 

was used, The heat thus produced could be absorbed only by the 
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circulating air and the container, A switch was placed in the 

lamp circuit and could be thrown in theMoff" position when 

the proper temperature was reached. 

An important factor is the size of the tubing between 

each one of these parts. Since it is desired to have the ani­

mal at complete rest, under basal conditions, we can hardly 

tolerate the animal being in a constant draught. This is par­

ticularly important in the ease of mice who are very sensitive 

to air movements* In order to lower the speed of air at the 

aninal containert very large tubing must be used. In the caeej 

of the apparatus shown in Figure 5, which was used for nice, j 

this has been achieved by placing the carbon dioxide absor- I 

bent in the same container as the animal. Since the inlet of j 

the pump is connected to the top of the bell ( glass contai-

ner ) and the outlet at the bottom, ( inside the carbon dio- j 

xide absorbent } the entire animal chamber can be considered j 

as the return tube for purified air, ( 1 ) since the bell has 

a cross area about two hundred times larger than the tubing 

used, the speed of air around the animal is considerably decrea-

sed* This is the main difference between the purifying system 

of the apparatus used for rats and the one used for mice. 

o) The ozy^en supply gygtan,. 

This supply system is farcied by an ordinary 250 cc or 

1 - In this case there is no return tube for purified air since 
the GOg absorbent is placed inside the anirial chamber.{FigJ§ 

University of Ottawa. 
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500 oc bottle which has been previously filled with pure oxy­

gen* The top of the bottle is connected to a water burette 

{ filled with ordinary water )» As water goes in the bottle, 

by dieplacenent, when valve D in Figure 4 is opened, oxygen 

will enter the heating chamber ( shown in Figure 6 ) if this 

is incorporated in the apparatus or the animal chamber ( Figu­

re 5 ) in the case of nice* A manometer can be attached if de­

sired to the oxygen container to indicate the pressure condi-* 

tions of the oxygen - it should be filled with irody'e solution 

and not mercury since tho variations are very snail* It is also 

important that the oxygen pressure - before letting in water -

be equal to atmospheric pressure. If not, w© would not know 

the true amount of oxygen going to the animal* 

Section^, 

^planatipns, on the functioning 

fhe apparatus was designed, so that an ani:ial could be 

placed in the ohatiber without having an experiment under way* 

In fact, by closing valves 0, A, F, and opening B, Df !, in Fi­

gure 4, the barium hydroxide tower is by-passed and the circula­

tion of air is established with the atmosphere* This pernita 

to choose the conditions \<m want the aninal for investigation, 

wether complete rest, awake, quiet, etc. This also permits to 

give the animal a certain time to eliraatize itself to the cham­

ber before starting an experiiient, an important factor since 

University *f Ottawa. 



-£9~ 

rats and nice never rest well when they are transferred from one 

place to another* This temporary excitement disappears, however, 

after the animal is climati^ed to itfs new place. 

Because oxygen readings can be taken at any desired in­

terval j e*g,» every five or ten minutes, it is possible to plot 

oxygen consumption curves for single experiments, while for car­

bon dioxide values» the entire experiment has to be completed 

before titration is done, This is a reason why it is important 

to provide the apparatus with special neans for by-passing the 

carbon dioxide absorbent as the animal's state varies during 

the experinent and periods •when the animal is not at rest are to 

be excluded* otherwise the results of titration would be mere 

average values under varying conditions, while what we desire 

is true values for determined conditions* 

As mentioned in Section 1 of this Chapter, we used in 

this study the closed system apparatus. In this system, since 

we are returning to the animal chamber the internal atmosphere 

after purification, we shall be facing the dilution principle, 

i*e» the punrp will only circulate in a given tine a percentage 

of the &ir present in the entire system and the hydroxide will 

only absorb a -percentage of the COg present in the circulated air. 

Making the absorption of 00g as perfect as possible we see that 

University of Ottawa. 
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the two controlling factors will be the capacity of the pump 

and the eise of the animal container* The quantity of carbon 

dioxide removed at any time can be calculated as follows $ 

Kt 00n » cc of total COg/ sec. ( 8 ) 

where a » the capacity of she aninal container; b, the capacity 

of all connected vessels in the purifying system; c, the space 

occupied in all these containers ( animals, chemicals etc ) ; 

P, punp capacity in cc per second and Kt the concentration of 

COg at any t time. Factors a, b, c„ are divided b^ 60 to express 

them in cc/second ( sane basis as the ousap )* Kt COg ( when there 

is an anioial in the chamber ) is the aniiial production of COg 

per unit time { expressed as a concentration ) • 

When there is an animal in the chamber, there is accumu­

lation of GOg at the beginning of the ©xpar&ionb* Because of 

this increased concentration, the percentage of 00g removed is 

increased, This state of increasing concentration will continue 

until the COg produced by the animal equals the 00g removed by 

the hydroxide (1) • Then there is equilibrium. 'i?he jroblera thus 

consist of finding when the systeia becowes stationary and, what 

is the concentration, at that time, since it is important that 

carbon dioxide is not accruroulated beyond a certain Unit which 

would cause unphysiological conditions. 

i n »' nil II • i n i » n » i l i i i n inn Ill I I I i K'li I I I • » il I • il 

1 - IMs depends on the capacity of the pump if the chemical 
has a sufficient strenght. 

University of Ottawa. 
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This brings us to consider if the apparatus has a suf­

ficient capacity to avoid, with a large aniraal inside the cham­

ber, all accumulation of G0% beyond 3 $# Figure 7 shows curves 

of aaiaals rejecting ( a ) 300 cc/hour (1) and ( b ) 150 ce/ 

hour* It can be seen that in the ease of ( a ) #x»?hen the Bjstesn. 

stabilizes itself, the concentration is only 0*35 fo which is 

rrwh below our lluit of 2 % CO2 concentration. 

To be sure that earbon-diosride absorption is naintai-

ned at a high level, a small amount of barium hydroxide can be 

placed in a small tu»e (S) on the path of the outgoing airflow. 

If the carbon dioxide absorption decreases, there will be a pre­

cipitate of bariun carbonate which will appear in the tube 

iidicating the main solution of the hydroxide is weakening* 

The Threadmi^l 

Sarly experl >erts of Og consumption on running ani­

mals, were done with, a tlireadraill { 3 5 imnersed in water • The 

animal chamber consisted of a screened drum revolving inside 

1 - An animal of approximately 275 graras body vroirht will re­
ject this amount of GOg under non-basal conditions ( fed ) . 

S - The barium hydroxide is dissolved in distilled water and 
filtered* The solution must be c^-wed often if we desire 
to have good reliability, 

5 - Tills apparatus was borrowed from National Research Council, 
A full"description of it is given by 3",S# Hart, ( 1950.) 
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a waterproof container* The desired rate of exercise wis ob­

tained from & variable speed motor nounted on the screened 

drum shaft* The internal atmospheric temperature defended on 

the temperature of the water bath* The purifying system -pump, 

tube connections, moisture absorbent, etc. - and the GOg absor­

bent were essentially the same as described for the other appa­

ratuses* A ainpler apparatus { 1 ) was built later on to extend 

the study to a larger n̂ iaber of animals under a constant tempe­

rature* 

1 - Similar to the above description but omitting the water 
bath and the water,proo£ drum container. 
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Figure 7 

REMOVAL OF CARBON DIOXIDE 
FROM ANIMAL CHAMBER 

Note: Curve A is the end of curve a . It is inter­
na oted in the middle to show both ends of itj 

a) The building un of CO concentration at the 
beginning of the experiment. 

A) The approach to a steady state, after which 
time the concentration will remain constant, 
the pump removing the same quantity of CO2 
that the animal is producing. 
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Rats, Basal Metabolism, 

»'"'•'« • " • » MI n i l ii n .mi ~ j inm mffll 

fhe average Og ©onsufflption for 1 hour, calculated aecor** 

ding to procedure outlined on page 17 > is given in Tables 11 

and 111, ( pp443*44 ) with the average respiratory quotients 

of the animals considered., The statistical evaluation, indica­

ting values for 01 ( alopfc of the regression line ), b ( inte­

gration constant }» Slog y log x ( Standard error of estimate ) 

and P { correlation coefficient ) ©an be found in Tables X * 

and tl ( pp*52 m §$} while the results are plotted in log^log 

scale in Figures 0 *» & { pp*46-49 }* From this material* 

the following facts can be seen? 

1) Comparing the summer and the winter series of experiments 

it appears that Og consumption in winter is slightly higher 

than in sunnier* especially in so far as small animal® ( 1 ) 

are concerned. As previously mentioned ( page 15 ) the animals 

were given * in the summer experiments, a climatization period 

at 37° 0, prior the experiments • It cannot be said from the 

present experiments wether the effect mentioned is due to the 

X * Ep to 100 grams* 

-37-
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seasonal variation, to o l t a t i m t i o a * or bothg but i% eon '>e soon 

that tossing at higher tewporaturo taws slightly rtf»tabolion 

©^oeially in onsIX anlnaio ^!*3ro eonaisteribdiffero nag of tlie 

order of 10 to 1?% woro found a# oonparod with mioswmod { 1956 1 

who found diffsronoos affile vmom neaniret i s ©uXori©® por unit 

of *arf&M ©rem a** d^S «Mt Bspuwl In oalorlos $or fe&# 111 

2) i l l ®o:eie® «• tinles ond fetfeleo* ounrsar and winter ex&orl* 

nento •» ©how oonsiotontly that the slo^o of the ollo:'<otrlo l ine 

i s stoopar ±n snail* a® oor$*red to larger f i n a l s * Fop oolou* 

l&tlon ^wposo&# i t w aoourwl ttefe thoro i s a Isro&Jg In the 

allonetrio l ine «t about 110 ewaas Uody weight* ©lie, of ©otir-

oe t i s «oly a oowosiois* method of ^eeentat lon, for n%mm ie 

naturally BO etan&t eha&ge frou the f i r s t to the oeeond poriod# 

nor eon i t bo upheld that the transition oeeur* eacootly at thin 

hfMj weight and ©orrospoaftiyig dovelo^DOntal @tage* Although 

fiotitlotto in the eenoe iientiomed* the oa3Loulatlo',t of two re» 

greeaion linos wp to and from 110 ©rone ^od3r weight, olosarly 

Bh&m the ehayaoter of t in relation "between aet&bollam a»d b©*» 

dy also* % to 110 eraae in weight* t*eoal rrotabolisn 1® ssppro* 

£Lna£ely proportional to weight I Qt ^ 1 ) while t i» slope 

in th® aeeoBd poriot# from 110 gross in wight tip to ttte lar* 

geet assfcal® in fm&h mmlXm? oM of the o r t e of Of ̂  0.3 * 

0#4 * If however a regreoalon lino in ealeul&ted for a l l sisso© 

| istiieh give* of cowee* a poor f i t , beinn too high for tho 

email and too low for the %m?m s t e a l s ) i t s slope l* noor 

r r m ! « « « wrtirisTaoiiifM **» aur © « » of 
% ©©f®^tlof! i s em/nr* Norwood did not m& saol l aa£» 
« l s feolow l i d grisai* 
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S/3 according to the surface rule (0( * 0*57 to 0,71 for the four 

series of eicpertoents» ) 

3} Basal metabolism values are not markedly different with respect 

to the sezes. We do not consider the differences in the individual 

Ot and vvalues with respect to males and females, sumer and win­

ter as significant enough to draw further conclusions, apart from 

the significant differences between the first and second periods 

as described in 2. 

$he values of p { correlation coefficient ) for females ovei 

110 grams are somewhat lower than those for moles* Tht® larger scat 

taring of the data for females may be due to the fact that some of 

the feraales were in oestrus and thus have a higher metabolism. (!) 

Comparing our results with those of former investigations, 

the following can be stated with respect to the absolute values of 

our determinationss fhey are in the rang© of the basal metabolism 

j calculation used ( see -Dago IS ) lower values than ours can be ob~ 

served a M were also found in our experiments, ̂ abl© X H { p. 61 } 

gives a survey of the different results obtained by several authors 

using varying methods, while Tables 1X$ X and 30. { pp. 58 ~ 60 ) 

show the range of Og variations in the experiments of this study 

and fable Till { p« 57 } gives the values as calculated from the 

re session lines. 

there are few data in the literature which give the depen­

dence of metabolism on body sise over the entire range of weights* 

For rata under basal metabolic regime ft Kibler and 

1 -»• personal coMssunieation from Br* A. G-agnon. 
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Brody ( 1945 ) calculated a slope of the regression line of 0,84 

for small animals and 0*35 for larger ones { See Figure 5, p#14) 

This corresponds well with the present results for anlaals under 

base! conditions without citaatization period { Winter experi­

ments } t 0.93 for small and 0,33 for larger fetialesj 0*94 and 

0*33 for males respectively ( Table VI, Figure 8 and 9, pp* 

) * The break in the log~log plot at 110 gram body weight 

is apparent in Brody*s as well as in our data* The overall re-
• 

gresoion in those experiments is 0*56 for fenales, 0*61 for 

males? 0*65 and 0*71 respectively for the experiments with clima-

tisation ( Table V, p. 52) Similarly* Benedict obtained 0*67 

this value, being co puted from two groups of animals* 

If we now consider the experiments done by roller and 

Bertalanffy at University of Vienna { 1 5 described on page 16 

| the computation of which ap-oear in Figure 16 ( p*6S ) we have 
I 

\ to notice that these animals are genetically and nutritionally 

different* The absolute values are higher, owing to the diffe­

rent standards of calculation, as mentioned p. 17* The slope 

of the alloraetric line is much smaller { solution gives 0*66 

for females and 0*68 for males ) in the Vienna experiments, this 

being explicable as being the gross solution for all aninale 

from 12 grams to 200 grams in weight. The periodisation can al­

so be found ( figure 16 } the allonetric curve beconing flatter 

with animals 100 - 150 grans la weight, although this could not 

1 • Unpublished, 
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be calculated sine© there are no animals of greater weight than 

800 grain©. These results ©an be compared with the n slow growth n 

rats of Horst et al { 1934 5 a® illustrated in Table 33.11 ( p#6J) 

Also in Horst*s experinents the small slope of the regression 

line is apparent which gives appropriately an Q ^ 0.55 . 

Bats* HOB Basal condition®* 

Under non-basal conditions, that is* animals resting and 

in thenaorieutral environment* but fed, the slope of the regrea-

sion line is much siaaller than under basal conditions* The results 

of the determinations in non-basal conditions are given in Table 

IV { p.45 ) * For males under basal conditions, the slope varied 

from 1,05 to 0*94 for small aniraals and 0*36 tc 0*58 for larger 

animals depending upon the clira&tisation the anlnals received 

prior the experiments and the season* Under non-basal conditions*. 

this slope becomes 0*5 { fable Vll* p»*S4 5 for small anisials 

and 0*3 for larger ones ( figures IS and 13, pp*©0 - S3,}* A© ean 

be seen, the slop© of the regression line is changed In the small . 

animals, while there is no significant change in the large ones, 

although, of course, the absolute values are higher under non-ba­

sal than under basal conditions* 

It seems to be dubious, however, wether the method of cal­

culation, l*e*, presupposing two regression lines, one for the 

smaller and one for the larger animals, is statistically legiti­

mate in the case of non-basal conditions. As seen in Table ¥11 

University of Ottawa. 



( P> 54 ) the p values are men lower than in basal metabo­

lism condition { Table V and VI» p»5S - 53 ), This is natural 

'since ufo&er non-b?»cal conditions a greater variation and less 

correlation with body weight is to be expected due to the fact 

that the physiological Conditions cannot be completely control­

led. However t the P values for animals over 110 grass are 

exceedingly low and the b©st correlation ( highest Rvalues 1 

are obtained in the overall regression covering the entire 

series from 40 - 300 grams. This indicates that the break 

in the curve at 110 gram body weight, which is marked under 

basal conditions is rather insignificant statistically under 

non-basal conditions, while at the same time the size metabo­

lism regression is less than would correspond to the surface 

rule (Qfc>0,45 ), 

Kibler and Brody have studied resting metabolism in 

which food was given ad libjtuta , They have obtained ( Figure 

3, p, 14 ) slopes of 0,90 for small animals and 0.S4 for lar­

ger ones. This discrepancy with1 our results may be due to the 

fact that 3rody»s values are for ° resting metabolism " and 

apparently no special care was taken that the animals are in 

post-absortive condition after feeding, while our experiments 

were arranged in such a way { page 16 ) as to guarantee as far 

as possible that the deterninations are taken a short time after 

the intake of food, ( 1 ) 

1 - Brody1s values for resting metabolism are shown in Figure 3, 
(page 14 ), 

University of Ottawa. 



TABLE 11 

RESULTS - FE1 TALES 

Basal Metabolism 

Summer Winter 

Body Weight Average used R/Q, Body Weight Average used R/Q, 
in grams 

28 
30 
32 
35 
39.5 
45 

48 
55 
57 
60 
69.5 
76 
80 
90 
95 
99 
105 

113 
120 
126 
130 
145 
150 
170 
176 
190 
200 
220 
250 
298 
330 
348 

Averages 

in the compu­
tation 
55 cc O2 
57 
62 
60 
67 
70 

77 
79 
89. 
94 
101 
111 
124 
129 
150 
175 
164 

186 
174 
210 
180 
220 
194 
190 
220 
200 
230 
197 
234 
260 
275 
292 

.71 

.71 

.74 

.73 

.76 

.75 

.73 

.70 

.78 

.75 

.75 

.73 

.75 

.71 

.76 

.76 

.71 

.74 

.72 

.77 

.72 

.72 

.70 

.71 

.75 

.72 

.73 

.70 

.72 

.73 

.74 

.75 

u-sed for the computation 

in grams 

30 
37 
39 
43 
44.5 
46.5 

53 
56.5 
62 
71 
74 
80 
91 
96 
105 
110 

120 
126 
134 
151 
161 
179 
185 
200 
205 
246 
250 
275 
297 

in the compu­
tation 
64 cc 0g 
72 
77 
79 
80 
85 

92 
102 
115 
112 
126 
141 
154 
170 
170 
189 

187 
210 
188 
225 
196 
210 
232 
232 
210 
227 
250 
260 
270 

of the regression lines. 

.70 

.72 

.72 

.70 

.72 

.70 

.71 

.74 

.75 

.71 

.75 

.77 

.72 

.75 

.73 

.73 

.70 

.76 

.73 

.74 

.72 

.74 

.75 

.76 

.71 

.71 

.73 

.71 

.71 

Respiratory quotient are averages of the three experiments consi­
dered. 



TABLE 111 

RESULTS - 14ALES 

Basal Metabolism 

SUMMER' WINTER 
Body Weight Average used R/Q, Body weight Average used R/Q 
in grams in the comnu- in prams in the compu­

tation tation 
36 
38 
40 
44 
45 

48 
50 
56 
62 
68 
70 
,75 
81 
93 
100 
105 
110 

120 
131 
149 
170 
190 
250 
300 

65 cc 0g 
62 
68 
66 
70 

74 
78.5 
78 
90 
101 
111 
115 
129 
136 
158 
160 
180 

170 
194 
200 
206 
199 
236 
262 

.74 

.71 

.71 

.72 

.71 

.73 

.74 

.71 

.75 

.73 

.74 

.72 

.75 

.71 

.74 

.73 

.77 

.72 

.73 

.75 

.71 

.71 

.72 

.71 

37 
38 
39 
41 
47 

50 
54 
59 
64 
70 
74 
80 
91 
100 
105 

111 
121 
136 
150 
161 
180 
200 
238 
251 
262 

80cc Oo 
80 ^ 
77 
84 
90 

92 
97 
100 
111 
121 
136 
145 
150 
169 
186 

192 
196 
203 
212 
215 
215 
225 
236 
248 
262 

.71 

.71 

.70 

.72 

.72 

.75 

.77 

.76 

.74 

.76 

.72 

.74 

.72 

.73 

.77 

.73 

.73 

.75 

.74 

.76 

.71 

.72 

.74 

.73 

.71 

Averages used for the computation of the rerression lines. 
Respirator quotients are averages of the three experiments 
considered. 



TAKLE IV 

RESULTS - 1 TALES and FEI TALES 

Non basal conditions 

Body weight 
in grams 

43 
50 
55 
60 
64 
71 
77 
90 
96 
100 

117 
126 
131 
151 
200 
171 
231 
250 
281 

HALES 

Average 
in the c 
tatioi 

134 cc 
136 
170 
146 
125 
205 
165 
246 
171 
200 

179 
295 
226 
297 
317 
210 
258 
350 
255 

used 
ompu-

°2 

R/Q 

.95 

.90 

.96 

.93 

.88 

.98 

.88 

.97 

.90 

.93 

.88 

.98 

.93 

.95 

.91 

.92 

.88 

.90 

.90 

Body weight 
in grans 

45 
50 
55 
60 
66 
70 
76 
89 
101 
106 

125 
140 
151 
181 
239 
200 
280 
285 
301 

FEIIALES 

Average 

i 

used 
in the compu­
tation 

121 cc 
141 
119 
159 
140 
184 
141 
154 
184 
225 

204 
229 
200 
284 
239 
249 
206 
264 
369 

02 

R/Q 

.91 

.93 

.86 

.94 

.90 

.95 

.84 

.87 

.90 

.90 

.94 

.95 

.90 

.92 

.91 

.89 

.84 

.89 

.86 

Averages used for the computation of the repression 'lines 
Respiratory quotient are averages of the three experiments 
considered. 
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Male Rats 

Winter Determinations 



Female Rats 

Summer Determinations 
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Hale Rats 

Sumner Determinations 

Eats, Males, Basal Metabolism. 
Experiments in sunsaer ( With 
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TABLE V 

1:>>asal ooriel3 r,j_ong 

FET;ALE EATS ( S u t l e r 1950 ) 

Calm"1 o + ion of 
curves 

f o r Trei r"rits of 

4-0 - 110 prams 

11^ - .300 varans 

40 - 300 f r - r . s 

a I 
1.07 16.8 .9597 

.367 78.2 .8937 

.05 26.8 .8956 

St and a: 
of Es t 

•f 
13 .5 

18 .9 

3 0 . 

L*d E r r o r 
I na t e s 

—• 

11 .9 

15 .8 

25 .1 

a , 
k J l 0 ? y l 0 £ X 

.0550 

.075?, j 

.114-0 

I'ALE T;AT8 

40 - 110 rr.-ît: 1.05 15.2 .9836 10 °.l 

1?0 - 300 prans .3^ 74.2 .0969 10.5 9.5 

40 - 500 rvp.m .71 23.3 .no/79 25..3 19.5 

,0414 

,0435 

,0944 

*»5Sw 



TABLE VI 

Basal Conditions 

FEMALE RATS { Winter 1950) 

Calculation of 
curves 

for weights of 

40 - 110 grams 

110 - 300 grans 

40 - 300 grams 

a 
.92 

.33 

.57 

; 

23.0 

83.0 

35.0 

r 
.9557 

.8346 

.8P.81 

oiiti.uu.tt.JU. Jiixx u r 

of Estimates 

12 

16 

30 

10.7 

14. 

23.1 

log y log X 

.0490 

.0640 

.1130 

MALE RATS 

40 - 110 grams 

110 - 300 grams 

40 - 300 grams 

.943 19.0 .9798 

.32 98.4 .9480 

.610 34.7 .9276 

11, 

7 

23 

10 

6.6 

18.7 

.0450 

.0290 

.0899 

<*5S* 
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TABLE V l l 

Non Basal Cordi t lons 

FEMALE RATS 

Calculation of 
curves 

for weights of 

40 - 110 grams 

110 - 300 grans 

40 - 300 grams 

o /r 

. 552 

. 274 

. 4 3 1 

5 3 . 0 

1 0 2 . 

6 6 . 2 

.6596 

.2625 

.7963 

Standard Error 
of Estimates 

+ 
42 

5 3 . 5 

7 9 . 

»*• 

2 9 . 5 

3 4 . 8 

4 4 . 2 

I O P y lop- x 

.1522 

. 1 8 6 1 

.2528 

I1ALE RATS 

40 - 110 grams .497 60.0 ,4570 62 38 

110 - 300 grams .311 106. .2175 70.7 41.4 

40 - 300 grams .460 71.8 .6986 70.5 41. 

.2095 

.2317 



Theoret ical renresenta t ior of the shi f t in Mdtabolism 
under varying c~>rditiors„ ( ^egression Lines ) . 
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Theoretical representation of the shift in Metabolism 
under varying conditiors ( Regression Lines ). 
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TABLE Vlll | 

Theoretical values of Og consumption 
under different conditions, calcula­

ted from the repression lines. 

Basal Conditions Non-basal 
Sumner Winter Conditions 

"lales 

46 cc 
60 
76 
92 
107 
123 
133 
152 

185 
196 
210 
218 

225 
235 
240 
250 
258 

Females 

48 cc 
64 
80 
95 
110 
125 
140 
154 

186 
200 
210 
218 

225 
235 
240 
250 
258 

Males 

55 cc 
72 
90 
106 
122 
140 
155 
172 

200 
210 
220 
236 

237 
245 
250 
258 
265 

Females 

56 cc 
74 
90 
104 
120 
135 
152 
165 

190 
210 
220 
230 

240 
245 
255 
263 
270 

Males 

105 cc 
124 
140 
153 
165 
176 
190 
200 

235 
246 
260 
270 

280 
290 
300 
310 
318 

Femal 

95cc 
115 
132 
145 
160 
168 
182 
194 

215 
228 
240 
250 

258 
265 
272 
282 
288 

-57-



TABLE IX 

RANGE OF VARIATION IN OR CONSUMPTION 

Suramer Resul ts 

Females Males 

Body weight Range of O2 Body weight Range of O2 
in grams variations in grams variations 

28 
30 
32 
35 
39.5 
45 

48 
55 
57 
60 
69.5 
76 
80 
90 
95 
99 
105 

113 
120 
126 
130 
145 
150 
170 
176 
190 
200 
220 
250 
298 
330 
348 

53 
55 
55 
58 
60 
68 

70 
76 
83 
89 
91 

104 
115 
119 
142 
165 
153 

178 
154 
200 
170 
210 
185 
180 
205 
195 
189 
189 
215 
245 
240 
264 

-
— 
-
— 
— 
-

_ 

— 
— 
-
-
-
— 
— 
-
— 
— 

— 
— 
— 
— 
— 
• 
— 
-
-
-
— 
-
— 
-
-

57 cc U2 
60 
65 
62 
70 
80 

92 
P4 
92 
98 
112 
120 
138 
140 
166 
178 
174 

220 
180 
240 
190 
250 
205 
210 
255 
208 
260 
240 
270 
270 
300 
320 

36 
38 
40 
44 
45 

48 
50 
56 
62 
68 
70 
75 
81 
93 
100 
105 
110 

> 
120 
131 
149 
170 
190 
250 
300 

58 
55 
60 
62 
60 

72 
74 
74 
85 
95 

101 
110 
117 
124 
149 
151 
170 

162 
185 
190 
189 
190 
215 
246 

-
-
-
— 
— 

mm 

-
— 
— 
— 
— 
— 
— 
— 
-
-
— 

-
-
-
— 
— 
-
-

72 cc 
68 
74 
69 
74 

78 
86 
87 
105 
116 
140 
120 
139 
140 
176 
168 
189 

198 
230 
215 
215 
210 
265 
280 

«*B8« 



TABLE X 

RANGE OF VARIATION IN Og CONSUMPTION 

Winter Results 

Females 

Body Weight 
in ferams 

30 
37 
39 
43 
44.5 
46.5 

53 
56.5 
62 
71 
74 
80 
91 
96 
105 
110 

120 
134 
126 
151 
161 
179 
185 
200 
205 
246 
250 
275 
297 

Range of O2 
variations 

58 
68 
70 
77 
76 
79 

84 
94 
103 
98 
118 
128 
144 
155 
149 
165 

175 
165 
195 
210 
185 
185 
218 
215 
195 
212 
235 
242 
254 

_ 

-
— 
-
-

" 

-
— 
— 
-
— 
— 
-
— 
— 

— 

-
— 
-
-
-
— 
-
-
-
-
-
-
-

70 oc 0 2 

75 
80 
86 
90 
91 

96 
108 
125 
122 
130 
150 
164 
185 
185 
205 

200 
190 
220 
250 
200 
215 
245 
244 
230 
235 
255 
275 
286 

Mai 

Body Weipht 
in grams 

37 
38 
39 
41 
47 

50 
54 
59 
64 
70 
74 
80 
91 
100 
105 

111 
121 
136 
150 
161 
180 
200 
238 
251 
262 

es 

Range of Og 
variations 

76 - 84 cc Og 
75 - 88 
73 - 80 
80 - 90 
82 - 100 

88 - 103 
93 - 106 
95 - 108 
98 - 117 
110 - 122 
122 - 142 
138 - 160 
135 - 160 
148 - 180 
175 - 195 

180 - 196 
175 - 200 
183 - 210 
190 - 218 
196 - 225 
205 - 228 
208 - 235 
215 - 245 
230 - 265 
240 - 275 
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TABLE XI 

RANGE OE VARIATION IN Og CONSUMPTION 

Non Basal Conditions 

Females Males 

Body weight Range of Og Body weight Range of Og 
in grams variations in grams variations 

45 
50 
55 
60 
66 
70 
76 
89 
101 
106 

125 
140 
151 
181 
239 
200 
280 
285 
301 

115 
125 
100 
148 
128 
170 
124 
144 
175 
200 

185 
220 
175 
275 
225 
220 
190 
245 
340 

-
— 
— 
— 
— 
_ 
_ 
_ 
_ 

-

w 

— 
— 
— 
— 
— 
-
— 
-

130 cc 
150 
140 
168 
145 
196 
153 
165 
200 
250 

240 
240 
225 
300 
250 
270 
220 
280 
385 

02 43 
50 
55 
60 
64 
71 
77 
90 
96 
100 

117 
126 
131 
151 
200 
171 
231 
250 
281 

120 
125 
158 
120 
115 
190 
150 
200 
155 
186 

170 
275 
215 
275 
300 
195 
245 
320 
220 

-
-
— 
-
-
-
-
-
-
— 

— 

-
-
-
-
-
-
-
-

160 cc 
150 
180 
170 
135 
220 
200 
280 
210 
215 

194 
310 
240 
325 
330 
225 
280 
370 
310 
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'able Til 

Conmarison of ~'asal rotaboli-^ in "̂ ats 
as determined by different authors. 

Authors 

D°vi es 

" v i e d i c t 

i3rody (3) 

Srnu-f-

F i e l d ." a l 

Carr (3) 

S'leT/ood 

TIttller and 
B o r t a l W f y 

P r e s e n t work 

'eip-ht 
an i r ia l 
p;rans 

150 

150 

150 

800 

150 

170 

151 

of 
s i n 

I - l e s : 

Fe:ma3 os : 

150 

148 r« 

150 

H a l e s : 

smales : 

I T ' l e s : 

150 P e n a l e s : 

Oalori es 
"ner fla^ 

85.6 

17 (2) 

38 .8 (3) 

38.5 

i r . 5 

84.5 

81.0 

20 .5 

28 .4 

89 .3 

CJ iZi « ZJ 

31.8 

Co 02 pe r 
hour ( l ) 

387 - 2^5 

150 

250 

198 

164 .5 

817.6 

1^7. 

181 .5 

850 

265 

300 

194 

1 - Co 0c per ho^r were c1 anr,ed to calories and vice-versa on 
the basis of 4.7 calorics = 1 liter of ox p;en in fasted 
aniiials ( rats ) . 

2 - Fo allowance nade for diurnal ccle. 

3 - Allowrices ruade for diurnal c^cle. 



BASAL JTETABOLISI? IN RATS 

Unpublished experiments by Mtlller and Ber ta lanf fy . 
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These experiraents were done 
at the University of Vienna. 



TABLE Xlll 

Number 
of rats 

7 

11 

12 

14 

7 

17 

8 

13 

Ape Range 
(da^s) 

42 - 45 

56 - 70 

71 - 85 

87 - 99 

101- 126 

131 - 148 

170 - 226 

232 - 302 

Basal Metabolism of " Slow Growth " Rats. (1) 

Averape Weirht Averare calories UC Op 

per 200 pram. per nr. 

83 prams 36.5 133 

119 30.6 160 

140 27.6 170 

175 25.8 196 

218 23.2 223 

248 21.3 232 

341 18.6 277 

359 18.8 296 

1 - lorst & al, 1934. 

•**%3t$8?* 
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M*P«t Py^,, Metabolism,, 

The results are indicated in Tables XLV, X\n and Figu­

re 16 ( pp* eg » 70 ) , Male mice follow rather closely the sur­

face rule |Q( » 0#68 ) while female mice show a imch steeper 

slope (0< » 0,88 )• ©lis may, in some way, be connected with 

the fact that pregnant animals were not excluded from th© expe* 

riments, 

If we consider the absolute values of our experiments 

compared to those of other investigators, we find that Bene* 

diet ( 1938 ) obtained for aniiaals of approximately 25 graxas, 

4 to 5 calories -per day as basal metabolism, while Ebelixjg 

and Gorey ( 1 ) although in the same range of values had re­

sults slightly higher than Benedict*® ( See Figure &b, p, 15 ) * 

From the results shown in fable XlYf we see that an animal of 

24 grams gave, for the sake of comparison, on a per diem calcu­

lation, 4»9 calories, although this method of calculation was 

not used* For 30 grams animals our values exceeds slightly 

those of Benedict { 1938 ) being close to 6»8 calories for fe­

males and 6 calories per day for males* If however, the lowest 

values are used for the computation, instead of averages, our 

results are very close and not in excess to Benedict's ( 1938 } 

although our computation becomes more difficult because of the 

dispersion of the data. 

In an environment which is not thersaoneutral, the abso-

1 - Kesults published with Benedict's ( 1938 ) { Same paper) 

University of Ottawa. 
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lute values of Og consumption are, of course, higher than 

under thenaoneutrality, owing to the energy expense for ther­

moregulation, thus, under basal metabolism conditions, 35.6 cc 

and 49 cc Og per hour were consumed at a t&Bperature of £0° -

51° 0. by animals of 17 grams and 50 grams body weight respec­

tively, while at 21° C. the saia© animals took respectively 

109 ee and 145 cc per hour, which values are slightly in ex­

cess to the ones found by Hart ( 1950b ) • 

A3 the increase in Oxygen uptake is taking place , the 

slope of the allometric becomes significantly smaller iQ « 0.68 

at £9© - 31° G. teiaperature and a * 0.60 at 21° 0. { Table TO. 

Figures 17 and 19 C pp«69 and^s }. 

Mice. .Runnlna* 

Th& results for running animals are very scattered due j 
I 

j to the fact that it is hardly possible to control the experi-

meat eosxpleteXy. The large osygan consumption is obvious: un­

der basal metabolism conditions, aniioals of SO grams and 26 grasf 

took respectively 40 ee and 49 cc per hour while animals 

of IS gratis and 2,5 grams consumed respectively 140 cc and 165 co 

0g per hour while running. Again it appears that the slope 

of the allometric line is decreased { Oi * 0.60 at rest and 

Q m 0«52 when running at controlled speed } ( Figure 19b 

p^3 ) • Owing to the scattering of the points the figures for 

Oi i n the e&perinents with exercise are to be considered 

as a qualitative indication for the body size-aetabolisa 

University of Ottawa. 
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relation, rather than in their numerical values * As seen in 

Table X?lf the D values are very low, indicating that under 

conditions of activity not "body si&e is the aain factor in con­

trolling metabolic rate, but rather the work done { running j 

speed, etc ) factors which were not completely controlled in 

th© present preliminary experizaents* 3ody size, \Thile being 

a predominant factor in metabolic rat© under basal conditions 

{ and also under non-basal conditions of thermoregulation In 

non-therraoneutral environment } is a factor of only secondary 

importance under condition® of muscular exercise* 

Dealing with groups of 4 nice having average body weight 

of 36*73 grams, Hart has studied the Oxygen consumption under 

different conditions* ( Figure 18b, p.73 ) • This group can be 
1 
I i 

compared to running mice, trained, running at controlled speed 

j as shown in Figure 19b ¥ ( p#¥5 } although we made no differ en- j 

I ces between light and zaodarate work* 

When comparing the 0$ conaisaption of running animals in 

relation to body weight, the aain problem consists in finding 

the particular speeds at which small and large animals should 

run to do the same approximate worfe. The difficulty of solving 

this problem resides in the fact that smaller animals run bet­

ter than larger ones. W© thus have to consider the factor of 

training for large aniiaals. (1) 
: 

mi.i • M L .IIIHIII. I • n.i .i.».n- ,« mi- •im nil 

X - Th© training consisted of 4 to 5 periods of running from 
10 to SO minutes each given during the evening* Large ani­
mals who could not run or could not reasonably increase 
their speed were rejected. 

University of Ottawa. 

file:///Thile


-67* 

1) Without training. If w© run the animals at 15 cm per 

second, the larger animals cannot maintain this speed 

and Mil soon rid© the cage while smaller animals, 

though they can run that speed, soon show signs of fati­

gue* Tfiey can foe both, small and large animals, oonsld©* 

red as working heavily at that speed, and the oxygen 

consumption in such cases is shown in Table Zf, { P«7© ) 

and Figure 19a { p. 73), giving a slope of Q * 0.26S 

as compared to Q s 0.68 at rest ( under B#M, ), 
SJ With training. If all animals are given a f ew training 

exercisest trying to speed up the larger animals and 

slow domi the smaller ones, we see that small animals 

can easily talc© a speed of 10 to 12 cm per second while 

larger ones can be mad© to follow the cage easily efeoagh 

at 12 to 14 caa/see* 5hen the Qg consumption becomes a® 

j shown in Figure 19b ( p#73 ) the slope of the allometric 

line being et a 0»$B$ * 

It does not seera that further slowing down of smaller ani» 

mala or speed increase for larger ones will re-establish the ora*. 

ginal slope# In fact it seems a© if further training would have 

made the animals all run at the same speedt medium weight $ni-

nals being best while small and large ones were first tired« 

It is to be noted that the animals were left running 

about 5 to 10 minutes before any determinations \?ere done. 

University of Ottawa. 



TABLE XIV 

Resu 

Basal 

iiales 

Bodv ,'reirht Cc Og / hr 
in prans Average of 

three lowest 
experiments 

10 
11 
12 
13 
14 
15 
15.5 
16 
17 
18 
19 
SO 
20.5 
22 
22.5 
24 
26 
27 
28 
30 

24 cc 0 2 

26.6 
26.8 
30.3 
30 
30.6 
43.3 
31.6 
35.6 
34 
37 
40 
45.3 
39.3 
50.3 
44.3 
49.6 
44.6 
49.6 
49 

s - .lice 

Conditions 

Females 

Body Weight Cc 0g / hr 
in prams Average of 

three lowest 
ex^erircerts 

10 
11 
12.5 
14 
15 
16 
17 
17.5 
18.5 
18.5 
20 
20.5 
21 
22 
23 
23.5 
25 
26.5 
28 
30 
32 

22 cc 0g 

22.7 
23.8 
24.1 
26.6 
31.6 
30.3 
34.3 
37 
42 
39.6 
39.6 
44.3 
45.6 
41.6 
50.6 
49.3 
47.6 
48.5 
48.3 
51.1 

*»08*» 



BASAi, MhTABOL^ 

ABOYS: Basal Metabolism - Mice 
Females - 29° - 32° C 

BELOW; Basal Metabolism - Mice 
-t Males - 29° - 32* C. 

No climatization in either ease. 

Jj'ifure Xf 
9 j(j &l?&r*fS 



TABLE XV 

Non Basa l Gonclitions 

At 21° C. 

'ody Weight cc 0 
in grams pr/hr 

Running ( trained ) Running ( untrained ) 

Body 'Jeight cc Og 
in grans pr/hr 

Body Weight oc Og 
in grans pr/hr 

17.5 

19.8 

21.7 

21.9 

22.6 

24 

25.2 

25.8 

27 

32 

35 

109.6 

123.7 

123.7 

128.6 

135.7 

137.8 

133.6 

138.5 

147 

151.8 

177.1 

16 

17.5 

18 

19.1 

19.3 

22.1 

24.9 

25 

25.3 

26 

32.5 

138 

129 

146 

141 

106 

188.6 

180 

176 

159.5 

142 

187.4 

13 

15 

15.3 

15.6 

17 

18£ 

20 

20.3 

22 

23.4 

26.5 

26.8 

28 

125 

140 

146 

154 

170 

150 

144 

192 

180 

170 

165 

200 

185 
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TABLE XVI 

RESTiLTS - I ICE 

Basal Conditions 

Males 

Females 

q 
0 . 6 7 6 

0 . 8 6 

2 4 . 2 

2 1 . 0 

p 

. 8575 

. 0 7 5 1 

of e 

9 . 5 

1 1 . 

O.CT.J- U -UjJ 

stiraaife! 3 

8 . 6 

9 . 9 3 

loer v l o g T 

. 0 3 9 3 

. 0 4 5 4 

Non B a n a l C o n d i t i o n s 

: : a l o s 

21° C, .6012 80.21 .9315 3.48 

102.3 .2362 17.6 
Running, 

(No training) .262 

Running. 
(With training).5238 100.5 .3162 15.3 

3.43 

14.7 

13.2 

.0148 

.0704 

.0618 

*+9X*» 



figure 
IB 

E 

«r 
i 

fl)Minimal (•) Naximal(o) oxygen consumption in daily 
metabolic cycle in. relatigr^to temnerature for each 

X 

"hoo 

Z5o 

grouD of rour mice 
T 

-10 

a)Eff 

_L 
O IO to 30 

Effect of temnerature uoon oxygen consumption during 
rest,iight work (speed 4.25 cm/sec) moderate work 
(speed P.9 cm/sec) and maximum work. Data for rest are 
averages of lowest values in daily cycle except at 
37o C. w:iere they are average of lowest values in 
tests lasting three to five hours. 

Reproduced from Canadian Journal 
of Research, Vol 2B. Sec.D. 
Hart.J.S. 
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7 8 9 10 

z9> 02 Consumption in Mice ( Males, untrained ) 
Running at Maximum speed 
(Maximum speed of each animal ) 

Nlefcj ( Males. ) 

it 'i* .. U H *b 

ij 0 2 Consumption in Mjce ( Hales, trained ) 
Running at controlled speed 

1 IS 26 25 30 4© .50 6 7 

c) Og consumption in animals at 21o Cent 
tet l&t i&ft&a tim indieates fcft© X©g&* - lpure 

ffltlssie regression* &©tt§I 3,i»@g 

9 10 



CHAPTBR V 

from the material presented here* the following conclu­

sions can fee drawn? 

1) Tha relation between metabolism and bote si;se varies under 

different metabolic conditions* She slope of the logarith­

mic regression line indicating the relation of metabolism 

and body size is highest under basal conditions end decree* 

see successively for conditions of aon-fasting, non̂ theriao--

neutral environment and lauseular exercise. The fact that 

small animals are xaare versatile to external changes and 

their netaboHsm ©an undergo greater end quicker changes 

than larger animals when submitted to varying conditions 

seems to be the best explanation for the shift of the alio* 

aetrle line. On the other hand, genetic and environmental 

factors retarding growth seems to lead to a ©sailer slope 

of the regression line, as is the case in UQHer's end 

Harot's experiments { p* 68 and 85. Table Xlll and Figure 16) 

B) Txi® surface rule (01 « S/5 } applies i 

a) to rats, aales and feiiales, under basal conditions, as a 

gross approximation over the whole range of weight. 

h) to micSf Eialos, under basal conditions; in females, pre* 

University of Ottawa. 



gnancy is possibly the reason for the deviation froui the surfa-

ce rule. 

The surface rule { Q « 2/3 } does not apply to the relation 

between basal metabolism and body size in rats in detail, the 

first part of the curve being considerably steeper and the so-* 

cond more level than a solution according to the surface law* 

3) In growing rats* a break in the metabolism-body s^ze curve 

is found in both sexes* This break, dividing the alloiietrio 

line into two sections and taking place at about 110 - ISO 

grams body weight, is sharp under basal conditions and less 

marked { probably not ©distant ) under non-basal conditions 

of resting metabolism* 

There seems to be no doubt that at this sise, corresponding 

to the -Sims of beginning of puberty, a deep-reaching metabo­

lic change takes plae« in rats* It manifests itself in seve­

ral different and independently investigated phenomena: 

a) The change in laetaboliam. This change is quioe noticeable 

as reported by Bro&y I Figure 3, p* 14 } and as found in 

this study and illustrated in Figures 8, S, &Q and 11 

( p* 46 - 49 ) 

b) ̂ gowth curves* as found in the calculation of Growth of 

the white rat and mice. Absolute and relative growth show 

a decrease and subsequent increase in the period in ques­

tion ( in ra-as, ca 100 gja. body weight 5 Accordingly, the­

re is a change in the constants of the grovrbh equation 

University of Ottawa. 



calculated according to f orinula 9 ( below ) # The growth 

for length and weight ( data from Donaldson, calculated 

by Bertalanffy ) are shown in Figure SI where the cycles 

of the growth curves nay be seen* 

o) Felative pgrowth of the liver* Siriilar to the general growth 

ci?rve of the rat# the relative growth of the liver shows 

a " periodissation " in its development ( Figure 201 p*0O ) 

( Bertalanffy and Pyroainski» 195S* ) 

d) Growth of thyou.s^ The growth curve of this organ also is 
n periodised n, majdnum development being attained at appro*> 

ximately 100 grams body weight before involution begins, 

( Bertalanffy and Pyrozlnski, 1952, ) 

e) Tissue respiration* In a study on tissue respiration Berta­

lanf fy and Pyro^inski { in press ) reported as follows: 

Jpart fresit the thysms, the liver is the only one among the 

organs studied to show in the allometrio curve of QQ«, 

occurring at about 100 gram body weight, 

4) Some rerlarks inay be made as to the connection between metabo­

lism and growth according to Bertalanf£y*a couple1 tensive 

theory of growth* This theory Is based upon the assumption 

that growth may be considered the result of building up and 

breaking down, anabolisn and eatabolism of building, materials 

as expressed by: 

-H- z\f -yf <9 > 

University of Ottawa. 
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where }^ and J[ are constants of anabolism and catabolism res­

pectively and the exponents m and n indicate that the latter 

are proportional to some powers of body \ireight y» It appears 

that it is possible to establish a strict connection between 

growth types and metabolic types and examples on each of these 

types was given on page 5 ( Bertalanffy, 1951. ) 

As far as growth in mammals is concerned, Bertalanffy has em­

phasized the complexity of this phenomenon* He has* In particu­

lar, stressed the fact that, as contrasted with simpler cases 

of growth, the growth ourve in mammals is subdivided into 
,r cycles * which can be seen distinctly in nice and rat and 

are most marked in the growth curve of man. These cycles into 

which the growth curve is sub-divided are not arbitrarily as­

sumed as is the case with the sub-division of the growth curve 

into sections for the purpose of fitting the curve to a cer­

tain mathematical formula as done by many authors j they are 

objectively characterised by a decrease and subsequent increase 

of growth rates ( Bertalanffy, 1938» 5 and correspond to fun­

damental changes in the hormonal balance, ©specially in puberty, 

Under the assumption that ra&tonals belong to the " First " 

metabolio and growth type n { surface rule of metabolism ) Ber­

talanffy, 1938* 1951a ) has given a detailed analysis of growth 

in the albino rat { Data of Donaldson ) , the male mouse ( data 

of Stieve ) and man. 

University of Ottawa. 
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He was able to show that assuming two cycles of growth 

the growth curves of rat ( Figure 21, p # so ) a*"i mouse can be 

calculated with good fit and accounting for all details, by 

means of the growth formulae deduced from theory. In much better 

approximation indeed than by other t often much more complicated 

and physiologically meaningless growth formulae* It cannot be 

emphasised too strongly, however, that these calculations are 

considered by Bertalanffy iaore as illustrations for his theory 

than as inexorable " laws H of growth for the species in ques­

tion, which Justly can be doubted for so complex a phenomenon 

Actually, almost every worker in this field has tried to 

represent the classical Donaldson data by means of a particular 

formula, supposedly inapplicable to other sets of data. It ap­

pears that the growth curve in rats is highly, dependent on the 

experimental conditions and nutrition standard® { Zmeker, 1941, 
I 

Figure SS, p .80. ) , Different growth curves can be obtained un*» 

I der different regime so that the formulae fitting one experiment 

do not apply to other experiments ( Dunn et al* 194"? K^his 

corresponds to what was said above about the dependence of me­

tabolism-sis© relation on different conditions. 

Bearing in mind these qualifications, it appears that 

Bertalanffy*s conception is applicable to maisraelian growth , 

although only In the way of a schematiaation of a highly cosq?li-* 

cated process, ©i© following relevant points can bo made with 

respect to the results presented In this paper* 
1) Bertalanffy assumes that growth In the mammals under 

University of Ottawa. 
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lnvestigation, belongs to the n First type « in which the 

surf ace nil© applies to growing individuals of different 

8l%6a This according to the present results is correct 

with respect to the general trend of the relation of basal 

metabolism to body size in rata, although, in detail, the 

slop© of the first part is greater and of the second part 

is smaller than Ol m &/&# tJnder non~basal conditions, it 

is found that (X ̂  2/5, which, however would not ©seen-

tially alter the general shape of the growth curve { 1 } 

only the point of inflexion being shifted* In male mice, 

0( also is % 2/3 under basal conditions and somewhat le®0 

under non-basal conditions. 

1 * If, in the first type, „I|„|,|I m >, //3 . ^ y ( $ ) 

the point of inflexion is calculated as follows! 

Equating { 1 ) to zero, we have, 

Y ^ ( Y = final weight ) 

Hence 

A2 

| | * 3 f vV3 yS/3 ^ y f 

f t » 2/s j>{ Y3*/3 r1/3 - X * ° 
and therefore we find the point of inflexiont 

y**/3 * S/3 Y1'3 

y% 8* 0/27 Y 

University of Ottawa. 
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If f \ \ 3/3, for exauaple & t i t follow© correspondingly * 

yw v § Y* 

r s i t 
Thus a value of 7l ^ S/5 shifts the point of inflexion of 

the curve, but does not al ter i t s general sigmoid shape* 
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S) In Bertalanffy*s calculation of the growth in rats, a growth 

cycle is supposed which is shown by the decrease and subse* 

<juent increase of growth rate®* According to theory, this 

growth cycle should correspond to a metabolic cycle, 

i.e., a change in the aetabolisE*»size relation* The break 

should be at about 100 gra® body weight according to the 

calculation of the growth curve { according to equation 

( 9 ) Bertalanffy, 1938* ) This is verified by the present 

results. 

3) According to theory, there should be a correspondence bet* 

ween the ratio of the X *s ( constants of anabolism in dif­

ferent growth curves 5 and that of the metabolic rates in 

different groups of animals under comparison. This was ve­

rified in the case of the G-uppy { lebistes reticulata® ) . 

This small fish shows xaarked sexual difference In the growth 

curvest the values of ̂ 1 » & s calculated from the latter, 

standing in a relation ef 1 i 1| for females and males res­

pectively. Corresponding to theory, the same ratio 1 : 1& 

was found in the metabolic rates of feiaales and males 

( Bertalanffy, 1941, Bertalanffy and 15811 er ,1943 ) The ma­

terial presented here offers a similar conrparison. From 

the growth equation: d ,,y,, m V^/3 m yf7 

follows that J7 s Y3*/3 with Y s Final weight 

University of Ottawa. 



According to the calculations made by Bertalanffy ( 1938 ) for 

male mice { second cycle } and albino rats ( first cycle ) th© 

following results were obtained! 

l\week * 1,04 { p#S96 ) 

ft weefe * 1«58 i p*297 } 

for mice and rat respectively* 

The ratio between the )l value® of mouse and rat is the­

refore approximately 1 i 1,5 « According to theory, it is ex* 

pected therefor© that a rat has a somewhat higher metabolic rate 

than a aouse of the same slfce* fhis is actually found since the 

basal metabolic ret© of a ffi&le mouse of SO grams ig approxima­

tely 49 ec Og/hr and of a male rat of the same weight, approxi­

mately 55 •* 60 cc Og/hr* 

5?hua the results of the present investigation suggest 

that Bertalanffy* g& conceptions are essentially correct if only 

a© a schematic picture* Tmugh $os*ible* it m>uld b© rather fu­

tile to recalculate the different growth curves as offered by 

a good number of investigators» talcing into account the details 

of the metaboliaa-size curve and introducing them into the 

growth formula© oontiooadU Considering the variations in th© 

growth curves as'well as in the metabolic curves under different 

condition® euch curve fitting would be of little value. It seems 

however, that the general principle is correct as shown by the 

considerations given above under 1 - 5 , 

University of Ottawa. 
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1) The relation of metabolism to body size was studied in rats 

and mice, under basal and non-basal conditions. 

2) A simple respirometer suitable for this purpose is descri­

bed* 

3) tfhe surface rule applies to the general trend of the corre-

lation between ho&y si&e and basal metabolism in rats of 
• 

both sexes. It also applies to male mice* 

4) In detail, howeverf the allometric line { logarithmic re­

gression line of Og consumption against body weight ) indi­

cating the metabolisms-size relation in rats is in the first 

part steeper, and its second part more level than would 
• 

correspond to the surface rule, The brealc in the curve cor­

responds to a body weight of about 110 - 130 grams. 

5) Conditions of basal metabolism, resting metabolism, non-
{ 

thenaoneutral environment, slight and heavy exercise, lead 

to a shift in the metabolism-size relation, the slope of tb*§ 

allometric line of Og consumption against weight decreasing 

in the sequence named* It appears that under basal conditions 

and in thermoregulation in non-theraoneutral environment 

the dependence of body weight is a predominant factor for 

metabolic rate* Under conditions of muscular activity, ho­

wever, dependence on body size of metabolic rate is only 

a factor of secondary importance, 

6} Sfo marked differences in the metabolism of male and female 

rats of e<|ual body size are found. In mice, small animals 

-85-
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of equal sizes have approximately the same metabolism while 

the values for larger fena2.es are slightly higher than those of 

males of the same body weight, 

7) A discussion of the results to connection with other data 

on metabolism and with the theory of growth is given • 

TT».•{•»•«»>.q̂ .-;r ts-F O t t a w a . 
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