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CHAPTER 1

INTRODUCTION

It is reoarkeble that the great philosovher Aristo-
tle, who definitely was the first man ever to study the hu~
men being and 1ts organizatlon in a logic manner and was so
keen in pronosings theories, never mentionned anvthing about
breathing and Science had to walt centuries until Lavoisier
made the first experinent on regpiration, It is true however
that other people in the ieanwhile have talked about the
" Breath of Life " mostly in a nystical way, but their con-
gidera*ions were so devoid of scientific foundations " that
they can have now but little value exzxcept as an higtoric re-
cord of the trend of scientific thoughts at that tine 7 ,

( Benedict, F,0. 1935, )

So Lavolsier was the Tirst man 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
4id he realized the role of oxvgen in the body, bubt he fabri-

cated a copper nask, held in place about the neck by ceent

-1-
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and atteupted direect weasureuents of oryson conswmition and
carbon dioxide production, The study of netabolisn of liv ng
beings had started,

The study of nctabolisi: and its variations brourhb
the biologints vo consider differont factors to explain its
varving rate in different animals, Rameaur. and Sarrus, two
{rench biologists, were the first to consider metabolisn
in its relation %o body size, In fact, in a paper published
in 1838 and subnitted to the " Acadénie Rovale des Sciencos "
they deduced mainly from philosophical and matheatical cone
siderations, that metabolism would depend on the surface
of the animal and not on its volune { wei~ht ). This was the
beginning of the so-called surface-law, Laber on, Hichetb,
in 1888, published in France a survey of all the work done
on this subject up to that time, and Rubner's celebrated ox-
perinents on doge ( 1894 ) and other marrals established the
surface law as a general nrirciple in the relation between
metabolisn and body size, especlally in homeo’ ermic anirals,

Froul the results of nodern research, it apnears thhit
there is no genoral T™ile for thie reletion between nmetsbolisn
and body sizme. In intraspecific cormarison, that is, corpa-
ring the netabolism of aninels of the sane species and of

different size over the growth neriod, different forms of the

University of Ottawa,
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size-metabolisr: relation are found in the differcent classes

of the aninal kingdon,

In this way, Rertalantfy {( revicws 1949 and 1951, )
based upon an extensive material rerresentiag many inver
tebrate as well as verteurate classes, has stated differcnt
" metabolic types " with rosnect o the relation of metabow
lisn to body size, and hag shovm that they ave related to
corrcsnonding * growth types " with respect to growth curves
acecordirs to his theory on tho relation bebween metabolism
and growith:

First type : Respiration following surface rule or 3/3 po-
wer of wei:ht, Holds Tor vertevrates, especially
£ish, and certalir inverte rates such as crusta-
ceans, clars, ete.,

Seccnd tyme: Hesniratiom mroportional to weirhd liself: ine
sect larvae, Orthoptera, Helleidae,

Third type : Kesniration interrediate between the two pre-
vious twpes, i.e. 2/3 { ¥ { 1 : Plan-rbidee,
Limnaes. (1)

Interspecific corparison, i.e, comarison of metabow
lisn of ..ature aninwels of differont specios, shows that the

rolation between bLasal netabolisil and body silze in nariwels

1 - Cf. equavsion {1} », 19,

University of Ottawa,




o
follows rather a 3/4 power rule rather than the surface or
2/3 power rule, This was ostablished 1n interspecific corme-
risons by Kleiber ( 1932, 1947, ) and independently by
Brody { 1945 ) and it corrcsrond also to the extensive work
of Benedlct and his co-workers (1) { 1938 )} notwithstanding
the latter authorts scepticism against logaritimic oxprose-
sions of the relation between metabolisn and body size,
Considering intraspecific corperisonsg of groving nai-

mals, it is surprising how snell is the numicr of available
modern deta and how 1little consistent they arce notwithstan-
ding the fact that is was narmals which gove the prinary
bagis for stating the surface rule, In a review on the sube-
ject, Kleiner ( 1947, ¢f, p. 531 ) nontions that " in the
three snecles, nice, rabhits and dogs, the differences in
gize are corgiderable and on analysis of the relation bet-
ween body size and setabolic rate within these three svecies
gseeng rore prondsing than in the other specics with nore
uniforn size ",

The regression line for netabolic rate of :ice given
by Benedict ( 2 ) { 1938 ) as a function of thelr body weighb

t0.89

would Indicate a function: Weigh , would best £it the

1 - Sce Figure 1 page 11,
2 -~ See Firure 2b page 13,

University of Ottawa.
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data, Kleiber is of the opinion however that these results
were affected by a group of four endocrinologieally abnormal
dwarf mice, If the recression line is estimated through the
other results, the best fitting power funetion then would

be 0,76,

According to the same author, the regression line
given for rats {( FPigure 2a, p.13 )} indicates that, intraspe=
c¢ifically, they follow the surface law and their metabolic
rate are most nearly proportional to the 0,67 power of bo-
dy welght,.

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
quoted by Kleiber, " the range of body size in these rabbits
would have to be four Limes as great as it is, to denonstra-
e a significant depariture of rabbits from the hypothesis that
metabolic Tate is proportional to the 8/3 power of body weight "|

The data on three groups of dogs reported by Galvao
( 1942 ) indicate proporiionality of metabolic rate to the
0.84 power of body welght, and since the variability in this
case geens rather small, the deviation from the surface law
and even from the 3/4 power rule appears significant and so

does the deviation from the hypothesis that the metabolie

University of Ottawa,
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rate of these doge s prororéicnal o thelr body weisht.
These resulis are nob in eccordancs with the data of Lusk
Runde and Steirhauss as ealeulsted by Penedict { 1938 )
{ Pirure 1 » ahown with other srecios studied by the sane
authoy ) ho found that the netabolie rate of dogs is nost
roarly nrocortional to the 0,08 powsr of body welzht,

80 far as suall rodents are concerned, thers sre also
the investigetions of Carr and Krents ( 1945 ) on ninety
twe rato and the experinente of Sherwood ( 1) ( 1936 ) ree
gults of whlech gppear on Tacle 1L { p.a2 ) for comparison
with Denodliotts date s showmn in FPipure 2, a and b (p.13) (2)

1 - Sherwood's resuliy were ex-rossell in celories poy dey
and eanlories —or gnuare .eter of murface, They wero
romgaleulated wniformly in o2 Og/hr for tho purpose
of oormarlaon,

8 - All of Benodiob¥s datn conld not De used in thls study
boocgugs In sevorel Inste cos feanlts ware conlenlated
in eclories rov square mebtor of surface, Since (he evhe
luntion of surfege deperds or the forrula used, rosults
a0 peklished emnnot be randlly comared with other data,
™is 1= one of the reasom why we have cnlouloted ocur
resu-ta in ge Oxvgen pey hour por tobol gro welrht of
the enimal,

University of Ottawa.
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It is hard to compare Carr and Krantz ( 1945 } re-

sulte to other data since they are not caloculated on a come
pareble basis { 1 ), However, the mean of the number of ca-
lories of heat production they obtained for the twenty four
hour period was 1040 calories with a mean respiratory quo-
tlent of ,725, somewhat higher than Benediet { 1938 ) who
had found 880 calories for the rat at 28° ¢, This aifferen-
ce however, is due to the faet that different constants were
uged when calculsting the area of the animal ( 8 ) since
the results are expressed in calories per unit surface, Cal-
culated with similar formulae, the results of Carr and Krantz
are very close to the data eonpiled by Benedict, while Sherw
woodts (L936Y3) data are slightly lower in values, We find
however, that little attention was paid, in all these experi-
ments, toc rats below 100 grams in weight, and so small animals
d4id not enter into the final tabulations,

1 ~« Carr and Krantz grouped thelr animals, averaged their
welght and averaged their results ( for each group ) which
were crleulated either in grams 0 per 100 gram rat per
hour or Calories per square meter per 24 hour, It is only
therefore p oasible to compare with mean values for simi-
ler groups obtained by other authors. { Resulits shown
in Table 1 p.12 .

2 = The surface area was a%}gulated by the formula set forth
by Diak : S = 7.64 x W for fasted rats,

Benedict used as constent : 9.13
% - See Table 1, p.18. Re~calculated in ce 0g/hour,

University of Ottawa.
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Brody ( 19453 Kibler and Brody, 1942. ) has done ex-
tensive work on the subject both on basal and resting metabo-
l1ism, In his method of ealculation { 1 ) he separated the allo=
metrie line into several hypothetical seetions, While we 4id
net, in this study, £ind a speclal exponent for rats of the
28 - 40 gram range, our resulis for large rats are very similar,.
In absolute values, Brody's basal metabolism values &re some-
what higher than Benedict's (Cf., Figure 2a for Benedictts va-
lues and Figure 3 for Brody's ) the former however covering
a greater part of the weight range of the rat,

Basal metabolism in relation to body size was investi-
geted by I, Mueller and Bertalanffy ( 2 ). These date will be
used in the course of the preaent paper,

The present work gives a re-gxamination of the pro-
blen under two viewpoinks:

1) The relation of basal netabolism to body size in
growing rats and mice is investigated using a suf=-
Picient nunber of animals 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 yvet, For this reason, that relation

was studied not only under basal conditions, but

1 - In this study the same method of calculationsg was used,
2 « Results unpublished,

University eof Ottawa,
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algo under different conditions of temperature
nutritive status and exercise,

Total nmetaebolism, in homeothermic aninal, can be
congldered as composed of the following main components:

Total metabollsm = Basal metabolisn 4 axpense for

digestion + expense foy thermo-
regulation 4 expense for exterw
nal work,

Bagal nmetebollism measured as Oxygen consumption, ca-
lories or COs production, is defined as the minimum metabo-
lic rate under the conditions of fasting, rest and thermoe
neutral environnent, In a mature animal it represents the
minimm necessary for the maintenence of the organism, in-
cluding the energy necessary for the mirimm Ffunctional ac-
tivity ( of the life impértant organs, heart, lungs, respi-
ratory nmusculature, liver, kidneys, ete. )} and for the consw
tant renewal of tissues. In a growing organism, the energy
needed for the synthesis of buillding materials and growth
is to be added, The amount of energy uneeded for protein syne
thesis, with respect to maintenance and growth, sppears
however, to be small as compared to the other components of
metabolisnm,

If the animal is not fasting, its metabolisn is in-

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

cretion, ete, and to the specific dynamic action c¢f proteins

University ef Ottawa,
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{ if any ). Thus resting mebabolism 1s defined as mebabolism

under the condition of non-fasting, but inactivity and thermo-
neutrality,
If the environment is not thermoneutral, additional

energy ls needed for thermoresulation, Correspondingly,

migculayr work naturally inoreases metabolisn,

It 1s one of the main results of the present study
that the sige-nmetabolism relation varies for different metaw

bolic conditions.

University ef Ottawa,
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Body welsht  Om O peor 100 Averege Sody
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CHAPTER 11

METHODS AND MATERIAL

Rats

White rate of the Wistar strain, bred ir this labo-
ratory, were used for the experiments, The animals were
fed on Purina Chow, The experiments were done at a tempe-
rature of 290 - 30° C, which for rats corresponds to therw
moneutrelity, For basel metabolism determination, the ani-
mals weighing more than 80 grams were fasted for 18 hours
prior the experiments, while those of less weight were fas-
ted for periods of 6 to 8 hours at the wuost, For the deter-
minations done in summer, the rats were glven a clinmatiza-
tion period of 15 - 18 hours at 260 - 280 ¢, prior the expe~
riments. The animalg were left in the resnirometer for one
to two hours before starting the determinations, O0xygen cone
sumption as well as COg production were measured, giving reg-
piratory quotients wvarying between ,70 to .94 . Experinmentsg
giving a respiratory quotient greaster than ,80 were dls-
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 AL, and 4 P,M,

wl G
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Decause, further, ¥ the tining of the rythnie activity in
aninelsa, depends on the nnture of their visusl apparatus ¥
all exverirer-ts were cnrried throush in brisht licht,

Por non-basal conditions, all anirmle were fasted
Sur ben hours and then glven food ad L1Mitum ond the expoe
rients were done 49 « €0 minutes after feoding, This prow
eadure was grmiled in order that all sainals sob prior the
exporiiwnte, 0F courge there is no Mmarantee Kot they wore
all at the same stage of dlpestion, and this noy nossibly
aceound for tho seadvtering of the remilts. { Tavie IV, p 40,
Filgure 11 ond 18; p. 45 and 46, )

Az additional date, o serios of debernineti ng { une
rublished | carried throwh by I, ‘meliler and lertalonfy
a¥ Zoologleal Ingtitube, Unlverplity of Vienna, susiria,
was used, Thens experinenta wore done with a o 8ll race
of albine rate, inhred Por vears at the Vienno Poologcioal
Ingtitute, There are siminusly gonetie an woll as environ.
netel Aifforeaes nebwoon the Vienns an! the Obtawa 6w
periaonta, The nutritional sbebus of the Viena anl--ls 1uns
maeh poorer { L )} than that of the Ottewa rots, the first
heing fof & mived Alet of bresd, potutoos, nats, veretahles,
neat, twice a week with additiong of vitoming, The exporie

1 ~ Personpd oovvmunisatlon,

University of Ottawa,




wlTw
mental procedure was similar to that applied in the experi-
ments described above, Animals under 40 grame in weight wee
re fasted 5 - & hours, larger ones, fasted for 17 - 22 hours.
The determinations were made at a temperature of 27° C,
{ elightly less than in the present experiments )} . Mo attene
tion was given to obtain minimum values, but the values
irdicated in Table 11 are simply averages of the experimene

tal. pericd of % hour { periods of activity exeluded )

Hice

For these experlments, albinc mice, inbred for gene-
rationg at this Deparinent, were used. They were fed on
Purina Chow., As much as posgible, different animals were
ugsed in all experiments in order to exclude individual dif-
ferences, However, usually three doterminations were made
with the same animal t¢ provide sound averazes, Wo special
selection was applied besides excluding individuals fighting
each other, too quiet, or showing other signs of abnormgli-
ty « Pregnant females were included in the general graph for
females,

In basal netebolism deternminations, animals smaller
than 10 grams ware fasted for & hours, those of a larger
weight, were Tasted for 12 hours. Water was provided ad
libitum. Bxperiments were made at a temperature of 30° - 320

C. In the experinents done during the sumer, the animals

University eof Ottawa,
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were given a climatization period of 15 - 18 hours at 26° -
290 C, p rior to experiment,

In the experiments with exercise, only males were
used because of the Aifficuliy of getting large feoiales to
run regularly, Small animals usually, needed 1i%tle training
while those of welghts between 15 -~ 85 grams had to be gie
ven several exercises before running without interruption

or " riding the cage " .,

Caleulation of the results.

As mentioned sbove, the usual dursvion of an experi-
ment was one hour, sizx determinations being taken at a 10
minute interva;, and periods where the aninal was not at
complete rest, being discarded, For the purpose of the calcu=
lation of the regression line, an gversage wag taken of the
three determinations {( each of 10 minutes ) lying closest
to each other and fronm this averase, 0g consumption per hour
was calculated, Naoturally the average so calculated dces
not give the lowest absolute values observed, bul it was
deemed that this way of calculation gives the mnet consistent
values comsldering the variations during one, and of the
different experiments.

The dependance of motabolism on body size is best de-

termined by en ellometric plot. Hetabolierm being proportio-
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nal to some power of weight, we have:
Y =bx® (1)
where Y is the metabolism of the animal, X the weight,
b and a constantas., According to:

Log Y = logb 4+ aloegX ( 2)
the logaritimic plet gives a sitraight line, the slope of
which yields the relation weanted, A tangent O = 2/3 in-
dicates provortionality to surface while tangent Q = 1
indica .es proportionality to weight.

Since the equatior ( 2 ) has two unknowns, we must
have two eguations to solve it,. These two normal equations
are obtained by multiplying the equation first by the coef-
ficient of log b ( which is unity )} and then by the coeffi-
cient of @ ( which is log X ) . We thus have:

log ¥ = loghba« alogX
ang sumiing up all the points:

TiocY = W logb 4 a LlogX (3)
where N is the number of points in the graph. This is our
first no~wl equation, Multiplying {( 2 ) by the coefficient
of g to get the second normal equation we haves ( after
summing up for all the points }

S logX1logY w logbLllogX 4 a i (10e2X) ( &)
Dividing equation { 3 } by N and equation ( 4 ) by ZMg pA
and then subtracting ( 3 ) from ( 4 ) we elininate unknown
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log b and then can solve for g . We solve for log b by
replacing proper velue for 2 in any one equalion, Equation
( 1) is then solved, Y and X being measured, b and a calcu=
lated as above,

We now nced a test to ascertain the scatter of the
data points about the regression line expresscd by the equa=

tion { 1 ), This best is called the Standard error of cobirife

te the forrmula for which is:

82 ag 5
yx"ﬁr_ { )

in which 4 represents a single deviation of the actual value
of ¥ from the value computed from the equation, N' is the

* degree of freedom " ( whieh is expressed by the nunber of
data points less the number of constants in the equation ) .

The following general Tormula ig used to solve the problem:

2 2, .oz _ 2 - X !
S“},ag v log x = { log® v 3 }_ﬁﬁ_@,ﬁ' {log Y) aklo, log ¥ *6)

The standard error, thus caeleculated, is the differcnce between
two logarithms, since the dilference between bwo logarithms

is & ratio, to express the standard error in percent we rust
assume a hase such as 100 along the equation line to work from,
The logarithn of 100 is 2,0000, adding the standard error
obtained from the above formala { which is €.85., 055 for mae
le rats in summer } we have 2,085 ., The antilog of 2,055

is 113.,5 or a positive error of 13.5% , Sinilarly, the nego=
tive error is calculated by subtracting 0.055 from 2,0000
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giving a negative error of 11.2%. The value of the standard
error of estinate rieans that two thirds of the time tho me-
tabolisn computed fron this equation will agree with the
obperved metabolism within 4 15,5 % and - 11.9 % .

The coefficient of correlation, expressed by ‘3 can
be caleulated with the following formula:

2. a (X lom xlogy) (7)
r F log ©y
which are values already used in the course of solving equa=
tion ( 1 ) and the standard errcr of esti'.atc ( 6 ) { pe 19
and 20, ) This nathematical treatient follows the procedurs
ag indicated by lordy { 1945, pp. 398 £ ) .

Basal ::ectabolisn waluecs, measured in cubic corblineter
of Og wor hour con be transforied into calories on the basis
of 4,7 calories rer liter of Oxigen at a res iratory quetient
of approxinntely .70 . Calories per day should unt He calouw
lated from the cxperinents lasting one hour, since such values
would no% rerresent o true metabolic pisture Tor a whole day
becaguse of the diurnal cyele in nmetebolisn of rodents,

Preference was given to the expression of valucs in
terms of welght instead of terns of surface, the weight of an
aninal being a botier oriterlon of comparison that the surface.
Futhermore, differert authors ap-iv different formulae to cale

culate surface and such calculation appears Lo be problenatie
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la view of the differences of true surface and radiationg
surface and various types of Insulation like furs, tissues,
eto,
All vealues before plotting were reduced to Wornale
Temperature~Prossure { 0° C. and 1 atmosphere ) and theo taw

ble of Bordy { 13245, p. 320 £, ) was used for this purpose.

e reD

University of Ottawa,



CHAPTUR 111

vrm APPARATUS Uspp ()

This chapter contains all the pertinent data, i,e, dese
cription, copacity, functioning procedure of the apparatvuses
used, Tor the sake of e¢larity, it has becn divided into three
gcctions:

1) A general degcription of the apparatus used.,
11) Explanationg on the funchtioning,

111) Cepacity of the apparatus used,

Since 2ll the experiments were carried out with the
types of apparatuses 1llusirated in Figure 4 and 5 along
with a few improvesents as we becamo acqualnbted with the pro-
blens involved, description will be given in tue first secw
cion of cnly one apnaretus used, nentionirg the feabures
which caracterize the otlhers.

The second Sectlion will deal with geqeral notes and
cormnents or the funcilpning and specizl arrva-ge :ente of the
apraretuses, while the third Section will show the thoeoreti-
col ecapacity of the apparatus in the 1ight of pump/aninal

container ratio.

1 - A description of a gimilar arparatus has been given
by Benedict { 1930 },

s
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Section 1

A general depscription of bthe avporcius used,

Sircc in ocr oxeriweabs it uas necosnary to obtnin
accurate ..easiyoe ents of Lle oxrygen consaiod et difforent
borreratures e the amount of carbon dioxide produced in or-
der to ealeculate the respiragbory quotient, 1t was decided to
ugse the ciosed grston araratus,.

In this g rsten we have a pump which circulates the
internal at.ws here of vhe anirael conbalacy through a carbon
dioxice absormin_ solutlon end returns it to the co.tainer,
As CQg is abrorbed the liternel nressure decreoses and OXLy-
gen is released Tror. a reservolyr to the ani nl cuanber or

eatios chiolrer, 9o bthat the intorial pressure is kept within

P

Tized linits with respoct to tho abuwspi.eric pressure. In
this way, 0g consumptlon is neasured in e¢c of a waber column;
C0g productlon is msasured by titration of the bariu bydro-
~ide usod for gonsorptlon.

™mms Je soe chat the apparatug is couposed of three
differont parts:

a) The aniual container and its accessories.

b) The purifying system,

¢} The oxvgen suymly systern,

Bach of thesge paris are clogely interlocked and calibrated
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A
in such & way to sult the aniiials under experinentation and
obtain sound results,

a) The aninal contaoiner and its accessories,

The animal chambor was a glass jar of about two litres
in capacity and large opening, In order that the animal does
not rest on the glass, { 1 } a suell secreening covered the bote
to: of the jar or betber yet the inbernal bottom -art of the
Jar was heevily alumirum coated, The top was & heavy rubber
stopper and gave an ailr tisht £it with the jar at the same time
carrying the accessories and the tube openings to the chamber,
The thernoeter, ¢alihrated o 4° C, was pushed in tho animal
chamber through the rubber top about three inches while the
internal vart was covered with a small wire mesh to avoid diw
rect contact with the animel in the chember., The mancmeter was
also connected through the rub.er top { See figure 4 ), It is
important that the manometer be as close as possible 1o the
aninal chaiber .nd that the conneeting rubher tube be quite
large and not curved vo show exact precsure variations in the

chanber i1:i little dolavs.

b) The purifyi;z system,

The purifying oysten which co.wuricetes throuch the rube

ber stopper to the animel chaiber comprises: the pumm, the

1 ~ A ret or niice is always scared and teoascd vrcr walking on
a snooth surface like glass, Screening nmakes then conforw
table,
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carbon dioxide absorbing tower, the moisture absorbent and
the heating chamber,

The pump was a Rotasrator, modified, dlephragnm type,
alr proof, 1,600 cc capacity per minute, Since the motor wos
nounted on g different base from the pump itself, the circula-
ting air was practically unheated at the outlet which was an
important factor in the low temperature experinonts,

The carbon dicoxide ahbsorbing tower contained the hydroe
xide through whieh the air was circulated and COs ahsorbed,
Several hydroxides were tried { XOH, Wa0H ) before selecting
barium hydroxide for ite gensitivity. To increase the surface
ebsorption of the liquid, about 50 cc of glass beats were ine
serted in the tower with the liquid,

The water absorbing tower contained aprroxinately five
grans of caleium chloride ( porous ) placed bebween two pie-
ces of cotton to avold ecireulation of chloride dust to the
aninal chamber { whieh provoques irritation to the animal ),

The heating chamber, used only on the apnaratus for
rats { Figure 6 ) was nmade as small as posasible, For this
purpose, an ordinary glass Jar 100 cc was used with a 30 vatt
carboh light, placed inslde. Since mueh of the heat produced
by a lemp is, by condustion, absorbed by the socket, the connecw
ting wires were soldered direetly on the lamp 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 circult and could be thrown in the"off" 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 conditlons, we can hardly
tolerate the animel being in a constant draught. This is par-
ticularly important in the case of mice who ave very sensitive
to air novements, In order to lower the speed of air at the
aninal container, very large tubing must be used, In the case
of the apparatus shown in Figure 5, which was used for nice,
this has been achieved by placing the carbon dioxide absor-
bent in the same container as the animal, Since the inlet of
the pump is connected to the top of the bell ( gless contai-
ner ) and the outlet at the bottom, ( inside the carbon dio-
xide absorbent } the entire animal chamber can be considered
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=
gsed, This is the mein difference between the purifying system

of the apparatus used for rats and the one used for mnice,

¢) The oxygen supply gysbem,
This supply system is formed by an ordinary 250 cec or

1 -~ In this case there is no return tube for purified air since
the COp absorbent is placed inside the aningl chamber{Figd
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500 cc bottle which has been previously filled with pure oxXy-
gen, The top of the bottle is connected to a water burette
{ filled with ordinary woter ), As water goes in the bottle,
by displacernent, vhen valve D in Figure 4 is opened, oxygen
will enter the heating chamber ( ghown in Figure 6 )} if this
is iIncorporated in the apparatus or the anial chamber { Figu-
re 5 ) in the case of mice. A manometer can be atbached if de-
sired to the oxygen contoiner to indicate the pressure condiw
tions of the oxygen - it should be £illed with “rodyls solubtion
and not mercury since theo varlations are very small, It is also
important that the oxygen pressure - before leotting in water -
be equal to atmospheric pressure, If not; we would not know

the true amount of oxvegen golng to the animal,

Section ;g

Explanations on the funchioning.

The apparatus was desipned so that an aninagl could be
placed in the charber without having an experinondt under wav,
In fact, by closing valves G, A, F, and opening B, Dy E; in Fi-
gure 4, the barium hydroxide tower is by-passed and the circula-
tion of air is estavlished with the atmcsrhere, This pernits
to choose the conditions we want the aninal for investigation,
wether complete rest, awake, quiet, etc. Thig also permits to
give the animal a cerdtain time to climmtize iteelf to the chame

ber before starting an experinent, an important factor since
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rats and nice never rest well when they are transferred from one
Place to another, This temporary excitement disannears, however,
after the animal is climstired to it's new plsce,

Because oxygen readings can be taken at any desired ine
terval, e.2., every five or ten minutes, it is possible to plot
oxyien consurption curves for single experiuents, while for care
bon dioxide values, the entire experiment has %o be completed
before titration is done, This 1s a reason why it ls inportant
to provide the arraratus with special means for byepassing the
parvon diozide absorbent as the animal's state varies during
the experinent and periofds when the animal is not at rest are to
be excluded., Otherwise the resulis of titration would be mere
average valies under varving conditions, while what we desire

ig true values for determined conditions,
Section 111

Capacity of the apparstus used,

As mentioned in Hection L of this Chapter, we used in

this gtudy the closed svsben apparatus. In this syoten, since

we are returning to the animal chamber the internal atuosvhere
after purirication, we shall be facing the dilutlon principle,
i.8. the pumn will only circulate in a gilven tine a percentags

of the gir present in the entire system and the hydroxide will

only absorb a nercentage of the COg present in the circulated alr,

Making the absorption of €Oy as perfect as possible we see that

University eof Ottawa.
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the two controlling foctors will be the capaclty of the pump
and ‘the size of the animal container, The quantity of carbon

dloxide removed at any tiwe can be calcuiated as follows

a+b*a)
( B0 Eg C0g = cc of total COp/ sec. ( 8)
T /

where a = the capaclity of the animel containery b, the canacity

of all comnected wvessels ia the purilying system; ¢, the space
occupised in all these contalnors { animals, che .leculs ete )3

P, puzp capacity in cc per second and Ky the concentrvatlion of

CO0p at any t time, TFactors a, b, o, are divided by 60 to express
them in cc/second { same bagis as the oump ). Ky €0z { when there
ig an animal in the chamber } is the anliwl production of COp

per unit time ( exrressed as a concentrabion ).

When there 1s an animal l1n the chamber, there is accunu-
lation of COp at the beginning of the experiucnt, Decause of
this increased concentration, the percentage of C0p removed is
increesed, This state of inereasing councentration will continue
until the COp produced by ihe animal equals the COg removed by
the hydroxide (1), Then there is ecuilibriuwm, 'The >roblem thus
consist of finding when the system becoues stationary and, what
is the coneentratlon, at that time, since iv is imnortant that
carbon dioxide is not accumlabted beyond a ceriain linit which

would cause unphvsiologicel conditioms.

1 - This depends on the capacity of the pump if the chenicel
has a sufficient strenght,
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This brings us to consider if the apraratus has a suf-
flcient capacity to avoid, with a large animal inside the chane-
ber, all accumlation of COp beyond & %, Figure 7 shows curves
of animals rejecting {( & ) 300 ce/houwr (1) and ( b ) 150 cc/
hour, It can be seen that in the case of ( a ),when the svsten
stobilizes itself, tne concentration is only 0,33 & which is
rach below our 1Lt of 2 % COp goncentration,

To be gure that carbon-dioxide absorption is neintai-
ned at a high level, s small amount of barium hydroxide can be
placed in a small tuve {2) on the path of the outgoing airflow,
If the cerbon dloxide absorptlon decreases, there will be a pre~
cipitate of bariun carbonate which will appear in the tube

lidicating the maln solution of the hydroxide is weakening,

The Threadmill

Barly experl orts of Op congumpbion on rumning anie
mala, were done with a threadmill { 3 ) imersed in water. The

arimal chambor consisted of a screened dram revolving inside

1 -~ An animal of approxl.ctely 275 grams body woisht will ree
ject this amount of COp under non-basal conditions { Ted ).

2 -~ The barium hydroxide is dlssolived in distilled wabter and
filtered, The solution must be chano:2d often if we desire
to have good reliablllity.

3 -~ This apparatus was borrowed fronm National Rescoreh Coungil,
A 7ull demoription of it iz given by J.8, Tert, { 1950,)
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a waterproof container., The desired rate of erercisce wis Ob-
tained from a varisble sneed motor mounted on the screened
drum shaft, The internal atnospheric temerature donended on
the tempersture of the water bath, The nmurifying system -pump,
tube conneetions, moisture absorbent, ete - and the C0g absor-
vent weare essentially the ssme as described for the other appa-
ratuses, A sinpler apparatus ( 1 ) was bullt later on to extend

the study to a larger number of animale under a conatant tempom

rature,

1 - Siniler vo the anove description but omitting the watber
bath and the water proof drum conbteiner,

University of Ottawa,
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Figure 7

REMOVAL OF CARBON DIOXIDE

FROM ANIMAL CHAMBER
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CHAPTER 1V
RESULTS,

Rats, Basal Metabolism,
The average Op vonsumption for 1 hour, calculated accor=-

ding to procedure outlined on page 17, is given in Tables 1l
and 111, ( pr.43.4e ) with the average respiratory quotients
of the animals considered, The statistical eveluation, indicaw
ting values for O ( alopé of the regression line ), b { intew
gration constant ), Sijog y log x { Btandard error of estinate )
and { correlation coefficient )} e¢an be found in Tables Y;
and V1 ( pp.sg . 53] while the results are plotted in log-log
scale in Figures & « 1 | pPredte=49 ). I;rom this material,

the followlng facts can be seent

1) Compering the summer and the winter series of experiments
it appears that O consumption in winter is slightly higher
than in summer, especislly in so far as small animals ( 1 )
are concerned, As previously mentioned ( page 15 ) the animals
were given, in the summer ezperiments, a climatization period
at 27° ¢, prior the experiments, It cannot be said from the
present experiments wether the effect mentioned is due to the

1 - Up to 100 grang,

.
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seasongl variation, %o elinatizetion, or wothi bub 1t ean “e geen
that keening &b hizher tommerature lowers slichtly owotabollan
esncelislly in small aninols whore sonslisterd8irferoc nog of the
arder of 10 to 17% were founfl as corpared with Shemesod { 19306 )
who found 4ifferonces of 88% when nossured in calorice per unid
of surface aroa amd 429 when megsuwred in eolories poe ker, (1)
2} A1 sories -~ ualas and fewles, swror and winter expori-
rents « ghow songistontly dhat the slome of She nllooirie line
iz stegpor in gmnll, as corpered %o leorgor aninale. For oolote
lation rurnones, 1t wos sosuod that $here is a break in the
allonetrlic line b about 1IN0 prang body weicht, This, of cours
oe, is only a ¢onveniomt method of prozentation, for there i
noturally no abrupt ehange fron the first to the socond porlod,
nor ¢on it be upheld that the transition cccurs arxactly at this
body wolcht end corrvesronding develomentsl stage, Althoush
fletitions in the senge nonbioned, the saleuladtion of w0 PO
gression lines vp to and from 110 crane body welsht, clonyly
shows the character of Yhe relation bdotwoen netobolisn and Bow
dv size, Up 4o 110 graneg in wolsht, hesal ~wbtabolisn i approw
xinately provortional to weisht (O 221 ) whille the nlope
in the second poriod, from 110 graw in weicht up to the lore
gost sninels i rush sealler and of the ordor of M AY 0,3 -
0.4 o« If however & rerression line is scaleulated for all sizes
{ whish gives of course, o poor €i%, being too high for tho
arnell and too low for the lerge anirals } 4ts slope i noar

T Q& aﬁgg fgggkgégfgigiﬁﬁgmgf
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2/3 according to the surface rule (X = 0,57 to 0,71 for the four
geries of experiments, )
3) Basal metabolism values are not markedly different with respect
to the sexes, We do not consider the differences in the individuel
o and qrvaluea with resrect to males and females, summer and wine
ter as significant enough to drew further conclugions, apart from
the significant differences between the first and second periods
as degerived in 32,

The values of P'( correlation coefficient ) for femnles over
110 grams are somewhat lower than those for males. This larger scaf]
tering of the data for females may be due Ho the fact that some of
the females were in ocestrus and thus have a higher metabolienm, (1)

Comparing our results with those of former investigations,
the following can be stated with respect 4o the abgolute values of
our determinations: They are in the range of the basal metabolism
values as found by others in rats, although owing to the method of
caleulation used ( see page 18 } lower values than ours can be ob-
served and were also found in our experiments, Table X11 ( p. 81 )
gives a survey of the different results obtained by several authors)
using warying methods, while Tables 1X, X and XL { pp. 58 - 60 )
show the range of Op varlations in the experiments of thls study
and Table V111 { p. 57 } gives the values as calculated fram the
re gression lines,

There ave few data In the literature which give the depenw

dence of metabolism on body size over the entire range of weights,
For rabs under basal metabolie regime, Kibler and

1 = Personal commmnication from Dr, A, Gagnon,
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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 3, p.l4)
This corresponds well with the present resnlts for animalg under
vesel conditions without climmtization perlod { Winbter experi-
ments ), 0.92 for small and 0,33 for larger fenalesi 0,94 and
0.32 for males respectively { Table Vi, Figure 8 and 9, Pp.

)+ The break in the logelog nlot at 110 gram body weight
is arparent in Brody's as well as in our data, The overall ro~
gresalon in these exporiments is 0,56 for fensles, 0,81 for
males; 0.65 and 0,71 respectively Tor the experinients with c¢limaw
tization { Table V, p. 52} Similarly, Benedict obtained 0,67
this value belng c¢o puted from two groups of animals,

If we now congider the experinents done by 'Miller and
Bertalanffy at University of Vienna { 1 ) deseribed on page 16
the computation of which arvear in Fipure 16 { p.62 ) we have
to nobtice that these animals are penetieally and nutritionally
dirferent, The absolute values are higher, owing to the diffe-
rent standards of ealeulation, as nentioned p. 17, The slope
of the allometric line is much smaller { solution gives 0.66
for fermales and 0.68 for males ) in the Vienna experiments, this
being explicable as being the gross solution for all aninals
from 12 grams to 200 grems in weight. The periodization can ale
80 be found { Figure 16 ) the allonetric curve becoriing flatter
with enimals 100 ~ 150 grans in welght, although this could not
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be calculated since there are no animels of greater weight than
200 gremg. These resulis can be compared with the " slow growth ¥
rats of Horst et al { 1934 ) as illustrabted in Table X111l ( p.53)
Also in Horstts experinents the small slope af the regression

line 1is aprerent which gives approxinetely an Q Ry 0.55 ,

Rats, Non Bagal conditiocns,

Under non-basal conditions, thet is, animels resting and
in thermoncutral environment, but fed, the slope of the regres-
sion line is much smaller than under basal conditions. The resultis
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 40 0.94 for small aningls and 0,36 tc 0,38 for larger
aninals depending upon the climmbtization the arinals received
prior the experinents and the season. Under non-basal conditions,
this slope becones 0.5 { Table Vi1, p.B54 ) for smell animals
and 0,3 for larger ones ( Figures 12 and 13, Dp«50 ~ Bl).+ 48 can
be seen, the slope of the regression live is changed in the small
animale, vhile there is no signlficant change in the large ones,
although, of course, the absolute voniues are higher under non-baw
sal than under basal conditions.

It seems to be dubious, however, wether the nethod of cale
culation, i.,e,, presupposing two regression lines, one for the

smaller and one for the larger animals, is gtatistically legiti-

nate in the case of non-bassl conditions. As seen in Table Vil

University of Ottawa,.
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{ pa5g ) the P values are muech lower than in basal metabow
lism condition { Table V and V1, p.52 = §3 ), This is natural
‘since under non-bacal conditlons a greater varistion and less
correlation with body weight is to be expected due to the fact
that the physiolégical gonditions cannot be completely control-
led, However, the f values for aninals over 110 grans are
excoedingly low and the best correlation ( highest fvalues }
are obtained in the overall regression covering the entire
gseries from 40 - 300 grams. This indicates that the break
in the curve at 110 gram body weicht, which is marked under
basal conditions is rather insignificant gtatistically under
non~basal conditions, while at the same time the size metabo~
lism regression is less than would correspond to the surface
rule (Q&20.45 ),

Kibler and Brody have studied resting metebolism in
which food wes given ad libitum . They have obtained ( Figure
Zs Ps L4 ) slopes of 0,90 for small animals and 0.24 for lar-
ger ones, This discrepancy with our results may be due to the
fact that Brody's values are for " resting metabolism Y and
appaerently 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 guarsntee as far

as possible that the deterninations are taken a short time aftexnt
the intake of food, { 1)

1 - Brody's values for resting metabolisn are shown in Figure 3,
(page 14 ).

University of Ottawa,



TABLE 11
RESULTS - FEIALES

Basal Lletabolism

Summer Winter

Body Weight Average used R/Q Body Weight Average used R/Q

in grams in the compu- in grams in the compu-
tation tation
28 55 cc Og 71 30 64 cc Og .70
30 o7 .71 37 72 .72
32 62 74 39 77 .72
35 60 .73 43 79 .70
39,5 67 .76 44,5 80 .72
45 70 .75 46,5 85 .70
48 77 73 53 92 .71
55 79 .70 56.5 102 74
57 89 .78 62 115 .75
60 94 .75 71 112 .71
69.5 101 .75 74 126 W75
76 111 73 80 141 .77
80 124 .75 gl 154 .72
20 129 .71 96 170 .75
95 150 .76 105 170 W73
99 175 .76 110 189 .73
105 le64 .71
113 186 .74 120 187 70
120 174 W72 126 210 76
126 210 77 134 188 73
130 180 W72 151 225 .74
145 220 .72 161 196 .72
150 194 70 179 210 .74
170 190 71 185 232 .75
176 220 .75 200 232 .76
190 200 .72 205 210 .71
200 230 73 246 227 «71
220 197 .70 250 250 e73
250 234 72 275 260 .71
298 260 73 297 270 o 71
330 275 .74
348 292 .75

Averapes used for the computation of the recression lineg.
espiratory guotient are averares of the three experiments consi-

dere@
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Body Weight Average used
in the commu-

in grams

36
38
40
44
45

Averares used for the computation of the rerression lines,
Respiratory quotients are averar~es of *he three experiments

SUMMER'

tation

136
158

180

170
194
200
206
199
236
262

considered,

b st he sme eEbe

TABLE 111

RESULTS - MALES

Basal lMetabolism

R/Q Body weight Averape used
in the corpu-

in prams

.74 37
o 71 38
.71 39
.72 41
.71 4%
73 50
o 74 54
.71 59
«75 64
73 70
74 74
.72 80
75 91
71 100
74 105
73
$77
o782 111
.73 121
«75 136
.71 150
o711 161
.72 180
«71 200

238

251

262

WINTFR

tation
80ce O
80
77
84
90

92

97

100
111
121
1386
145
150
le¢
186

192
196
203
212
215
215
225
236
248
262

2

R/Q

71
.71
.70
72
72

.75
.77
.76
74
.76
.72
.74
.72
.73
77

73
73
73
74

71
72
o 74
73
.71

i T H
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TAHLE 1V

RESULTS = [1ALES and FENALES

Non basal conditions

HMALES FEITALES
Body weight Average used R/Q Body weight Average used R/Q !
in grams in the compu- in grans in the cormpu- i
tation tation ;
43 134 cc Oy 495 45 121 cc Op .91 j
50 136 .90 50 141 .93 §
55 170 «96 55 119 .86 !
60 146 .93 60 159 <94 !
64 125 .88 66 140 .90 ;
71 205 .98 70 184 .95
77 165 .88 76 141 .84 :
90 246 «97 89 154 .87 i
96 171 .90 101 184 «30 é
100 200 .93 106 225 .90 !
117 179 .88 125 204 .94 '
126 295 .98 140 229 .95 ’
131 226 ek 151 200 .90
151 297 95 181 284 .92
200 317 .91 239 239 .91
171 210 .92 200 249 .89
231 258 .88 280 206 .84
250 350 »90 285 264 .89
281 255 90 301 369 .86

Avergges used fo; the computation of the regression ‘lines
Respiratory quotient are averares of the three experi-ients
considered,

i
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Female Rats

Winter Determinptions
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Male Rats

Winter Determinations
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Female Rats

Summer Determinations
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lale Rats
Summer Determinations
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Female Rats
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Male Rats
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TASLE V

. T e A —_r & ax

Rasnl condjriors
:
TIUAT TATS ( Suer 1950 )
i
Calelaoticn of i ' Standard Arror S51o~ v log ¥
cnrven Q} s of Estinmateg
for ~reichts of j —
.-r-
40 - 110 prams 1.07 18,8 ,9597 13.5 11.9 0550
)
110 - 300 grans 3867 78,2 .8937 18,9 15.8 0752 '
40 -~ 300 prons .05 26,8 ,8956 30. 25,1 140

AT D WATS

et e s AT s e e R e

20 = 1310 rravs 1,05 5.2 L.98306 1.0 CLL 0414
110 « 300 erranms e 39 74,72  L,09€9 10,5 9.5 c043%
40 -~ ~00 prera .7 25,3 L0879 25.53 19,5 0944

”53"!‘ §




Calculation of

curves

for weights of

40
110
40

110
40

110 grams
300 gramns

300 grams

110 gramns
300 grams
300 grams

a
.92
.33
057

943
32
.610

TABL.E V1

Basal. Conditions

FEMALE KATS

4+
23,0 ,958%7 12
83,0 .8346 16

35,0 ,8881 30

FALE RATS

1.0 .9798 11.
98.4 ,9480 7
34,7 .9278 23

o D5 e

Standard Error
of Estimatés

cuown

10.7
14,
23.1

10
6.6
18,7

( Winter 1950)
SlOg v log x

0490
.0640
«1130

.0450
.0290
.0899

b e et i e
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TABLE V11

Non Basal Conditilonsg

FIMATLE RATS

Calculation of Standard Error S1
curves O g fj of Estirates or v log X
for weights of :
‘f‘ F

40 - 110 grams ,552 53,0 .85986 42 29.5 . 1828
110 - 300 grans ,274 102. 2625 53.5 34.8 1861

40 - 300 grams .431 66,2 s 7963 79. 44,2 .2528

MATE RATS

40 - 110 grams .497 60,0 24570 62 38 .2095
110 - 300 grams ,31l1 106, 2175 70.7 41 ,4 2322
40 -~ 300 grams ,460 7L.8 6986 70,5 41, e 2317

v R vy
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Theoretical renresentation of the shift in Metabolism
under varying conditiors ( Regression Lines ).
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P

Weight in
grams

200

225
250
275
300
325

TABLE V11l

Theoretical values of Os consumption
under different conditions, calcula-
ted from the regression lines.

Sumner
Males

46 cc
60

76

02
107
123
133
152

1e5
196
210
218

225
2395
240
250
258

Basal C

Females

48 cce
64
80
a5
110
125
140
154

186
200
210
218

225
235
240
250
258

onditions

Males

55 ce
72
90
106
122
140
155
172

200
210
220
236

237
245
250
258
265

- 5%

Winter

Females

e e o ST USEIUIDVSIIUSIURUS S SRS PIREVEIL LA S Rt P
- e s T

Non-basal

Conditions
Males Females
105 cec 95¢ce
124 115
140 132
153 145
165 160
178 168
190 182
200 194
235 215
246 228
260 240
270 250
280 258
290 265
300 272
310 282
318 288

. e —— Ty

s

P




RANGE OF VARIATION IN Op CONSUMPTION

Females

Body weight

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

R

5 s 2

TABLE

1X

Summer Results

Range of Og
variations
D3 - 37 eec Uz
55 - 60
55 - 65
58 - 62
60 - 70
68 - 80
70 - 92
76 - R4
83 - 92
89 - 98
91 - 112
104 - 120
115 - 138
119 - 140
142 - 168
165 - 178
153 - 174
178 - 220
154 - 180
200 - 240
170 - 190
210 - 250
185 - 205
180 - 210
205 - 2%5
195 - 208
189 - 260
189 - 240
215 - 270
245 - 270
240 - 300
264 - 320

wBlw

siales
Body weight  Range of Og
in grams variations

36 58 - 72 cc Ug
38 55 - 68

40 60 - 74
44 62 - 69

45 60 - 74
48 72 - 78

50 74 - 86

56 74 - 87

62 85 - 105
68 95 - 116
70 101 - 140
75 110 - 120
8l 117 - 139
93 124 - 140
100 149 - 1786
105 151 - 168
110 170 - 189
120 162 -~ 198
131 185 - 230
149 190 - 215
170 189 - 215
190 190 - 210
250 215 - 265
300 246 - 280

P

ey ik




Femalesg

Body Weight
in grams

30
37
39
43
44,5
46,5

53

185
200
205
246
250
275
297

TABLE X
RANGE OF VARTIATION IN Op CONSUMPTION

Winter Results

HRange of Og
variations
58 -~ 70 ce¢ Og
68 - 75
70 - 80
77 - 86
76 - 90
79 - 91
84 - 96
94 - 108
103 - 125
98 - 122
118 - 130
128 - 150
144 - 164
155 - 185
149 - 185
165 - 205
175 - 200
165 - 190
195 - 220
210 - 250
185 - 200
185 - 215
218 - 245
215 - 244
195 - 230
212 - 235
235 = 255
2472 - 275
254 - 2886

-0

Body Weight
in grams

37
38
39
41
47

50
o4
59
64
70
74
80
91
100
105

111
121
136
150
16l
180
200
238
231
262

Males

Range of Op
variations

76 - 84 cc O

75 ~ 88
75 - 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 - 285
240 - 275

v e sk A M o b T T L ek e heas 1 etk e Tt T BTN




RANGE OF VARTIATION IN Op CONSUMPTION

Body weight
in grams

TASLE X1

Non Bagsal Conditions

Females

Range of Op
variations
115 = 130 cc Og
125 - 150
100 - 140
148 ~ 168
128 - 145
170 - 196
124 -~ 153
144 - 165
175 - 200
200 - 250
185 - 240
220 - 240
175 - 225
275 - 300
225 - 250
220 - 270
190 - 220
245 - 280
340 - 385

wB0m

Males
Bodv weight Range of Og
in grams variations
43 120 « 160 cc Og
50 125 - 150
55 158 - 180
60 120 - 170
64 115 - 135
71 190 - 220
77 150 - 200
90 200 - 280
a6 155 - 210
100 186 -« 215
117 170 - 194
126 275 - 310
131 215 - 240
151 275 - 325
200 300 - 330
171 195 - 225
231 245 - 280
250 320 = 370
281 220 - 310

+ oy st

SRR VR PN

A AN 2 S b dS

b acrre s s b et




Table 71

Commarison of Tasal T'etaholiam i4n

-
wats

as determined by different authors,

Authors 'eisht of Calories
animals in ner Adaw
erans

D-~vies 150 20.6

Tenedict 150 17 (2)

srodv (2) 150 32.8 (3)

St 200 22.5

mield ©° al 150 1.5

Carr (73) 170 24,5

Shervwood 151 I leg: 21.0

Females: 20,5

Mller and
BertalaiofPTy 150 "ales: 28 .4

148 Temeoles: 29.3
Present work 150 T les: 22.5

150 Tersles: 2.8

1 - Cc Os per ho'r were c¢' anr,ed to calories snd vice-versa on
the %asis of 4,7 calorics = 1 liter of ox gen in fasted

animals { rats ),
9 -« 170 gllowence rnade for diurnal c-cle.

% -~ Allowcnces made for diurral cvele,

wfilm

Ce Og mer
hour (1)
227 - 075
150
250
198
l64.5
217.6
177,

181.5

250
265
200
194




BASAL }ETABOLISIHT TN RATS
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Unpublished experiments by kMiiller and Bertalanffy.

These experiments were done

at the University of Vienna,
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Bagal lMetabolism of " Slow Growth " Rats, (1)

TABLE X111

Number Age Range

of rats (davs)
7 42 - 45
11 56 - 70
12 7L - 85
14 87 - 99
7 101- 126
17 131 - 148
8 170 - 226
13 232 - 302

1 - Torst & al, 1934,

= e [P R e TR SV VR U v

Averagre Weirht

83 grams
119
140
175
218
248
341
359

o

Averare calories

per 200 gram,

56.5
30.6
27,6
25,8
23,2
21,3
18,6
18.8

cC 0
per

133
160
170
196

232
277
296
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L
Mice, Basal Metabolism,

The results are indicated in Tables X1V, XVl and Figu-
re 16 { DPsgs « 70 )e Male mice follow rather closely the surw
face rule {Q =~ 0,68 ) while female mice show a much steeper
slope (U ® 0,88 ). This may, in some way, be commected with
the fact that pregnant animals were not excluded from the expe-
riments.,

If we consider the absolute values of our experiments
corpared to those of other investigators, we find that Benew
dict ( 1938 ) obtained for animals of approxinately 25 granms,
4 to 5 calories per day as basal metabolisn, while Ebeling
and Corey ( 1 ) although in the same range of valuecs had ro-
sults slightly higher than Benedict's { See Figure 2b, p. 13 ).
From the results shown in Table X1V § ?N?)sae that an animal of
24 grams gove, Tor the sake of comparison, on a per diem calcus
ldtion, 4.9 calories, although this method of calculation wag
not used, For 30 gramg animels our velues eoxceeds slightly
those of Benedict { 1938 ) being close to 6.8 calories for fe=
males and 6 calories per day for meles, If however, the lowest
values are used for the compubation, instead of averages, our
results are very close and not in excess to Benedlet's ( 1938 )

although our computation becomes more difficult because of the
dispersion of the data,

Mice 2 310 Ce
In an environment whieh is not thermoneutral, the sbso-

1 - Results published with Benedict's ( 1928 ) { Same paper)

University of Ottawa.
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lute values of Op consumption are, of coirse, higher than
under thermoneutrality, owing to the energy expense for there
moregulation, thus, under basal metabolism conditions, 35.6 ce¢
and 49 ce¢ Op per hour were consuned at a temperature of 2¢° -
310 ¢, by animals of 17 grams and 30 grams body weight respece
tively, while at 21° O, the seme animals took respectively
108 cc and 145 ecc per hour, which values ere glightly In ex~
cess to the ones Tound by Hart ( 1950b ).

As the increase in Ozygen uptake is teking place , the
slope of the sllometric becomes significantly smaller:Q = 0.68
at 290 - 310 ¢, temperature and O = 0,60 at 21° ¢, { Table XV}
Figures 17 and 19 { ppog an®s ).

Mice, RFunning,

The results for running animals are very scattered due
to the fact that it is herdly possible to control the experiw
ment completely, The larsge oxygen consumption is obvious: un-
der basal metabolism conditions, animals of 20 grams and 28 granﬁ
Yook reaspectively 40 cc and 49 ec per hour while animals
of 18 groms and 25 grams consumed respectively 140 ce and 165 co
0o per hour while running, Again it appears that the slope
of the allometrie line is decreased { O z 0,60 at rest and
o = 0,52 when running at controlled speed } { Figure 19b
pP3 ). Owing to the scattering of the points the flgures for
A i n the experiments with exercise are o be considered

a8 a guslitative indication for the body sizs-uetabolism

University of Ottawa,
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relation, rather than in their numerical values, As seen in
Table XV1, the f values are very low, indicating that under
conditions of activity not body size is the main factor in cone
trolling metabolic rate, but rather the work done { rumning
speed, ebe ) Pactors which were not completely controlled in
‘the present prelininary experiments, Sody size, while being
a predominant factor in metabolic rabte under basal conditious
{( and also under non-basal conditions of thermoresgulation in
non-thermoneutral enviromuont } is & factor of only sccondary
Importance under conditions of musculer exercise,

Degling with groupe of 4 nice having average body weight
of 26,72 gramg, [lert has sbudied the Oxygen consumption under
different conditions, ( Figure 18b, p.72 ). This group can be
compared to rumning miee, trained, running at controlled speed
as shown in Figure 1%b, ( p.¥3 ) although we made no differen-
ces vetween light and nmoderate work,

when comparing the 0g consumption of rumning animals in
relation to body weight, the main problem consists in finding
the particular speeds at which small and large animals should
run to do the same spr¥oximate work. The difficulty of solving
this problem resides in the fact that smaller animals run bot-
ter than larger ones, We thus have to consider the factor of

training for large animals, (1)

1 = The training consisted of 4 to 5 neriods of running fronm
10 o 20 minubtes each given during the evening, Large ani-
mals who could not run or could not reasonadvly increasse
their speed were rejected,

University of Ottawa.
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1) Without trainingi If we run the animals at 15 em per

gecond, the larger animalsg cannot maintain this speed
end will soon ride the cage while amaller enimals,
though they can run that speed, soon show signg of Tatie
gue, They can be bhoth, small and lerge aninals, conside-
red as working heavily at that speed, and the oxygen
consumption in such cases 1s shown in Table XV, ( p.yg )
and Tigure 18a ( p.73), giving a slope of O = 0.262
as comparsd to QA g 0,68 at rest { under BJi. ).

2) With training: If all animals are given a few trailning

exerelses, trying to speed up the larger animals and
slow down the smaller ones, we see lLhoat siall animals
can easily take a speed of 10 to 12 em per second while
larger ones can be made to follow the cage easily ehough
at 12 to 14 em/see, Then the Op consumption becomes as
shown in Figure 19 { p,73) the slope of the allometric
line belng & » 0.523 ,

It does not seem that further slowing down of smaller anis
mels or speed increase for larger ones will re~cstablish the orim
ginal slope, In fact it seems as if further training would have
made the animals all run at the same speed, medium weight gni-
nals being best while small and lerge ones were first tired.

It is to be noted that the animels were ileft running

about 5 to 10 minutes before any determinations viere done,

University of Ottawa.
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Bodv Teirnht
in pgrams

10
11
12
13
14
15
15.5
16
17
18
19

2
20.5
22
22.5
24
26
27
28
30

Basal Conditions

TABLE X1V

Results - ..ice

Ce 02 / hr
Average of
three lowest
exneriments

24 cc 02
26,6
26.8
A0 ¢ 3
30
30,6
43,3
3)L.6
35.6
34
37
40
45,3
39,3
50.3
44,3
49,6
44,6
49,6
49

Females

Bodr Weirht
in erams

&8

Ce Op / hr
Averace of

three lowest
exnerimenrts

22 c¢¢ 02
2247
23,8
24,1
26,6
3L.6
30.3
34,3
37
42
39,6
39,6
44,5
45,6
41,6
50,6
49,3
47,6
48,5
48,3
ol.1

et nm e s e S m
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At 210 ¢,

lody Weicht
in grams

17.5
19,8
21,7
21.9
22.6
24
25.2
25.8
27
32
35

ce O

pr/h%
109.6
123.7
123,7
128.6
135,7
137.8
133.6
138,5
147

151.8
177.1

TARLE XV

Non Basal Conditions

Running ( untrained )

Running ( trained )
Body ‘/eight ce Oo
in grams pr/hr

16 138

17.5 129

18 146

19.1 141

19.3 106
22.1 188.6

24,9 180

25 176
25,3 159.5

26 142
32,5 187 .4

—— =2 e

70

Bodv Weight
in grams

13
15
15,3
15.6
17
180
20
20,3
22
23,4
26.5
26.8
28

ce 02
pr/hr

125
140
146
154
170
150
144
192
180
170
165
200
185

B




4::%’
Males 0.676
Females 0.86
21° ¢, .s8012
Running.,
(No training) .262

Running,
(With training) .5238

TABLE XV1

RESTTLTS = I'TCE

Basal Conditions

Standard Error
0 e of estimsdles
e /
- A -
24,2 8575 9.5 8.6
21 .0 0751 11. 9.93

Non Basnl Conditions

Talces
80,21 .9315 3448 343
102.3 e 2362 17.6 14,7
100.5 . 3162 15,3 13.2

P A o o s oS M e

S

loe v loagx

.0393
.0454

.0148

.0704

.0618
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CHIAPTER ¥

DISCUSSION
From the materisl presented here, the following conclu~
eiong can be drawn:

1} The relation between mebabolisn end body size varies under
different metabolic econdivions. The slope of the logarithe
nic regression line indicating the relation of metabolism
and body size 1s highest under basal conditions and dscreaw
sos guccesslvely for conditiovus of nop~fasting, nRON=Hhermnow
neutral environmont and muscular exercise., The fact that
small snimals are nmore versatile $n external changes and
thelr netabollism can underge greaber end quicker changes
than lorger animals when submitied to varying conditions
poems To be the best explanasion for the shift of the allo=-
netrlic line, On the obther hand, genetic and environmental
factors rebarding growbh secemg 1o lead 4o a smaller slope
of the regression line, as is the cage in !Mller's and
THorstts experiments ( p, 68 and 63. Table X111l and Figure 16)

2} The surface rule (W = 2/3 ) applics:

a) to rats, nales and fenales, under basal conditions, as a
gross approximation over the whole range of weight.

b} bo mice, males, under basal conditionsi in females, pre-

7 e
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gnency 1s possibly the reason for the devistion frou the surfow
ce rule,
The surface rule {Q = 2/5 } does not apply to the relation
between basal metabolisn and body size in rats in detail, the
first part of the curve being considercbly steeper and the so-
cond more level than a solutlon according to the surface law.
3) In groving rats, a break in the metabolism~body size curve
is found in both sezes, This break, dividing the allonetrie
line into two sections and taking place st aboud 110 - 130
gramg body welght, ls sharp under sasal conditions aad less
marked { probably not existant ) under nonw~basal conditions
of resting metobollism,

There seens to be no doubt that at +his size, corresponding

to oz vime of vegimning of puberty, a deep-reaching metabo
1llc change taker place in rats. It manifests itsell in seve~
ral different and indepernderntly investigated phenomenas

a) The change in metabolism, This change is guice noticeable

as wreporited by Brody { Figure 3, p., 14 ) and as found in
this sbudy and 1llustrated in Figures 8, ¢, 19 and 1k
{ Do 46 = 49 )

b) Growbh curves, as found in the calculation of Growth of
the white reb ard nice., Absolute and relative growbth show
a decrease and subsequent incleagse in the perlod in quege
tion { in raus, ca 100 gn, body weisht ) Accordingly, the-

re is a change in the constants of the growth equation

University of Ottawa.




c)

a)

e)

4)

7 G
caleulated amccording to formula ¢ ( below ), The growth
for length and weight ( dote from Donaldson, calculated
by Bertalenffy ) are shown in Figure 21 where the cycles
of the growbh curves nay be seen,
Belative growth of the liver, Sinmllar to the general growth

cvrve of the rat, the relative growth of the liver shows

a " periodigzation " ir its development ( Firure 20, ve80Q )
{ Bertalanffy and Pyrozinski, 1952, )

Growth of thymus, The growth curve of thils orgen also is

* neriodized *, makimum develomnent being attained at appros
Zinately 100 grame body welight before involution begins,
{ Bertalanffy and Pyrozinski, 1952, )

Tissue respiration, In a study on tissue resviration Berta-

lanffy and Pyrozinski { in press } reported as follows:
Apert from the thymig, the liver is the only one among the
organs studied to show in the allometric curve of Qﬁz

occurring at sbout 100 gram body weight,.

Some rearks may be made as to the cornnection between metabow
lism and growth according to Berbalenify's coiprehensive
theory of growth, This theory is based upon tlc assumption
that growth may be considered the result of bullding up and
breaking down, anabolisn and catabolism of building materials

ag expressed by:

a
N R (o)

University of Ottawa,
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where )L and ){.are constants of anabolism and catabolism rege
pectively and the exponents m and n indicate that the latter
are proportional to some powers of body weight y. It appears
that 1t is possible to establish a strict connection between
growth types and metabolie types and examples on each of these
types was given on page 3 ( Bertalanffy, 195L, )
As Tar as growth in marmals is concerned, Bortalanffy 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 curve in mammals is sub-divided into
* cycles " which can be seen dlstinetly in mice and rat and
are most marked in the growth curve of man, These cycles into
which the growth curve is sub-divided are not arvitrarily age
guned as 1s the case with the sub~diviesion of the growth curve
into sections for the purpose of fitting the curve to a cere
tain mathenatieal formula as done by many authorsy they are
objectively characterized by a decrease and subsequent increase
of growth rates ( Bertalanffy, 1938, } and correspond to fun-
damental changes in the hormonal balance, especlally in puberty.

Under the assumption that memmels belong to the " First "
metabolie and growth type " ( surface rule of metabolism ) Ber-
talanffy, 1938, 195la ) has given a detailed analysis of growth
in the albino rat ( Data of Donaldson ), the nale 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 ) and mouse can be
caleulated with good f£it aend accounting for all details, by
neans of the growth formulee deduced from theory, in much better
approximation indeed than by other, often much more coplicated
and physiologically meaningless growth formlae, It cannot be
emphasized too strongly, however, that these caleulations are
considered by Bertalanffy more as illustrations for hls theory
than as inexorable " laws * of growth for the specles in ques~
tion, which Justly can be doubted for so complex a phenomenon

Actually, almost every worker In this field has tried to
ropregent the classical Donaldson data by meang of a particular
forrmula, supposedly inapplicable to other sets of data. It ape
pears tha% the growth curve in rats is highly dependant on the
experimental conditions and nutrition standards { Zueker, 1941,
Fisure 22, p.801 ). Different growth curves ¢an be obtained une
der different reginme so that the formulae fitting one experinent
do not apply to other experiments ( Dunn et al, 1947 ). This
corresponds o what was said above about the dependence of mew
taboliéMwsiza relation on different conditions,

Bearing in mind these qualifications, it appears that
Bertalanffy!s conception is applicable to memmelian growth ,
although only in the way of a schematization of a highly compli-
cated process. The following relevant points ean be made with

respect to the results presented In this paper:
1) Bertalanffy assuxes that growth in the nomnals under

University »f Ottawa,




A

investigation, belongs %o the " First type " in which the
surface rule applies to growing individuels of different
size, This according to the present results is correct
with respeet to the general trend of the relation of basal
metabolism to body size in rats, although, in detail, the
slope of the first part is greater and of the second part
13 smaller than Q1 « £2/3, Under nonebasal conditions, it
is found that Q { 2/3, which, however would not essen-
tlally alter the general sghape of the growth curve { 1 )
only the point of inflexion being shifted., In msle mice,
o also is m, 2/3 under basal conditions and somewhat less

under non-basal conditions,

l - If, in the firast type, -%-%—a )lffa ... D{y {9)

the point of inflexion is calculated as followst
Bquating { 1 ) to zero, we have,
)La?{‘!'l/s { ¥ 2 final weight )

Hence 4 7 = XYm/:;s yz/;v, _’){y’
S A a/sj(vl/sy"‘lfs-ﬂ( = 0

and therefore we Tind the point of inflexions

W3 o 2/5 /3
v¥ =« 8/27Y

University of Ottawa,
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=B
It .)\~<: 2/3, for example % , it follows correspondingly:

4= N2 -y
)\a){y&/a
-§5§;-=‘)( e a/z J('y
-—%2-—&—” %X‘l’é v”%vx g 0

yd& =3y
Thus & value of N 2/3 shifts the point of inflexien of
the curve, but does not alter its general sigmoid shape.

University of Ottawa,
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3)
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In Bertalanffy's caloulation of the growth in rats, a growth
cycle is supposed whieh 1s shown by the decrease and subsoe-
quent increase of growth rates. Acecording to theory, this
growth ¢yele should sorrespond to a metabolie eyele,
l.e., 2 change in the metabolismm-size relation, The break
should be at about 100 gram body weight according to the
calculation of the growth curve ( according to equation
( 9 ) Bertalanffy, 1938, ) This is verified by the present
resulta,.
According to theory, there should be a correspondence bhete
ween the ratioc of tha‘YL‘s { constants of anabolism in dif-
ferent growth curves ) and that of the metabolic rates in
different groups of animale under comparison, This was ve~
rified in the case of the Guppy { lebistes reticulatus ).
This small fish shows marked sexual difference in the growth
curves, the values of )\, as calculated from the latter,
standing in a relation of 1 : 1% for females and males res-
pectively, Corresponding to theory, the same ratio 1 : 13
was found in the metabolie rates of females and males
( Bertalanffy, 1941, Bertalanffy end ¥M#ller,1943 )} The ma=
terial presented here offers a similar comparison, From

the growth equation: _4 % - lyafﬁ - K.y

Pollows thab )Z = Y4/3 with Y s Final welght

University eof Ottawa.
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According to the caleulations made by Bertalanffy ( 1938 )} for
nale mice { second cycle ) and albino rates { first oyele ) the
following results were obtained:
N week = 1.04 ( p.296 )
ﬁyl week =» 1,58 { »,297 )
for mice and rat respectively.

The ratio between the )L valuss of mouse apnd rabt is thew
refore approximately 1 ¢t 1.5 « According to theory, it is exe-
pected therefore that & rat has a somewhat higher metabolic rate
them a mouse of the same gize, This is actually found since the
basel metabolic rate of a male mouse of 30 grams is approximoe
tely 49 cc Op/hr and of a male rat of the same wélight, approxi-
mately 55 - 60 ce Op/hr,

Thus the results of the present investigation suggest
thet Bertalanffy*s convepbions are essentially eorroet if only
ag a schematic picture, Though possible, it would be rather fu~
tile to re-~caloulate the different growth curves es offered by
a good number of invesiigators, toking indo account the details
of the metabolism-slize curve and introducing them into the
growth formulae nentionsd. Congldering the variations in the
growtk curves as-well as In the metabolic curves unfer different
conditions such curve fitting would be of little value, It seens
however, that the general prineiple ls correct as shown by the

econsiderations given above unfer 1 « 3,

University of Ottawa.
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1) The relation of metabolism to body size was studied in rate
and mice, under basal and none~basel conditions,

2) A simple respirometer sultable for this purpose is descri-
bed,

3) The surface rule applies to the general trend of the corre
lation between hody size and basal metabolism in rats of
both sexes, It also applies to male nice,

4) In detail, however, the asllometrie line ( logarithmic rew
gression line of Op consumption against body weight ) indie
cating the metabolism-size relation in rats is in the first
part steeper, and its second part more level than would
correspond to the surface rule, The bresk in the curve core
responds to o body welght of about 110 -~ 130 grams,

5) Conditions of hasal mebabolism, resting metabolism, none
thermoneutral environment, slight and hesvy exercise, lead
to a ghif$ in the metabolismesize relatlon, the slope of thd
allometric line of Op consumption against weight decreasing
in the sequence nemed, It appears that under basal conditions
and in thermoreguletion Iin non-thermoneutral environment
the dependence of bedy weight is a predominant factor for
metabolic rate, Under conditions of musecular activity, hoe
wever, dependence on body size of metabolic rate is only
a factor of secondary importance,

6) No marked differences in the metabolism of male and female
rats of equal body size are found, In mice, small animals

“B5m
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of equal sizes have approxzinately the same metabolism while
the values for larger females are slightly higher than those of
nales of the same body weilzht,
7} A discussion of the results in connectio:. with other data
on metabolism and with the theory of growth ls given,

Univeraity af Ottawa.
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