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INTRODUCTION

Growth is extremely complex, and, being a continuous process fronm
conception to matuiiﬁy, will be influenced by genstic and envirommental
agencies acting at all levels of development and on many different phy=-
siological processes. . The normal co~drdina£ed functioning of many

physiological processes is necessary for the growth and development of

en animal, and éany physiologists have been concerned with the mechenisms
" through vhich growth is controlled, For example, post natel growth in
memmals is dependent on the normel functioning of the endocrines, health
and appetite and many other factors, Geneticists have studied growth
from a different aspect, They have shown that many patterns of growth

| arée gene-controlled and therefore heritable, and that heritable differ-
ences betwesn animals can be used for the production of divergent strains
by selection: As yet,. however, fow studies hafe been made of the effect
of selection for'particular characters on the basic physiology of an
animal, The present study was undertaken with the intention of tracing
differences in the physiology of strains of mice having 1érge or small
body size in'responae to previous seleétion.

Characters which are controlled by the action of a number of genes,
such as body size, are known as quantitative characters; Our under-
standing of quantitative inheritance is based on the multiple gene hypo=-
thesis which vas first postulated in 1910 by Nilsson~Ehle &nd by East, -
working independehtly. This hypothesis explains the normal continugus;
range of variation found in quantitative characters‘by-proposing that the
inheritance of these characters is accounted for by the action and segre-

gation of a number of genes, each having a small effect but capable of -
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acting comilatively., This hypothesis reconciled the continuous varie-
¢tion found in the inheritance of quantitative characters with the . r-
ticulate nature of Mendelian segregations, The hypothesis has uﬁdorgon@
many refinements and amplifieatiéns since it was first proposéd9 for
éxample, the assumptioﬂ of the additive action of genes confliets with
recent dats vhich indicate that geno substitutions may have a geometric
rathor than an arithmetic effect (lacArthur 1944a).

The genotic variation arising from a large number of genes with
small individual effects provides the basis for the production of diver-
gent strains by neans of seledtion, Goodale (1937, 1938, 1941) produced
an increase of 70 in the adult body weight of mice as a rosult of selece
tion for increased body size, More extensive selection experiments with
mice have since been carried out by MacArthur (1944 a & b, 1949) and by
Falconer (1948, 1953) and by Falconer and King (1953). MacArthur selec-
ted 11nes’of mice for large and small body size at 60 days of age, and
- found an equal response to selection in the two lines, the changes in
body size béing correlated with changes in the relative proportions, time
of onset of sexual maturity, and size of litter. He showed that as
genetic variability in succeésive-generations decreased, envirénmental
variability inéreased, leaving phenotypic variability unchanged, Fale=
conexr’s results, based on selection at six_weeké of age, agreed in all
important respects with those obtainéd by MacArthur, But in contrast
to MacArthur, Falconer found that the rate of progress was greater in
the small line, i.e, there was anagymmetry of responée which could be
entirely attributed to a maternal efféct on weaning weight, as the weight
gained from 3-6 weeks showed nossymmetry (Falconer 1955), Falcomer esti-

nated that many loci were concerned in determining body size,
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A study of the physiologicsl sspects of & quantitative character such
as body size should help to elucidate the processes by which an organiem -
adquires its adult form and- funstion, - Knowledge of the physioclogy of -
large and amall selected lines of mice might lead to a better understand.
ing of the growth process in these lines and of the physiological mechanw
iens through which this control yae,-'béi‘ng ‘exorted. - The following work is
therefaz?a cén'cérned largely vit.h the éﬁ_’epp':gf’i geleqtion for large and
small body size on grc‘:’wth, utilisation of ‘féo&etuffs, carcags composition.
and varimzs aspects of metabolism, A few studies ha've been made by other
werkers of some aepects of f.he physiology of solected phenotypes, Strain
differences in efficiency ef.‘ food txbilisatien end body composi‘tion have
heen‘-repor,hed in two gens 11y distinet strains of yats by Palmer f5)
als (1946)s - They also investigated tha‘eﬁféct'of.tm,aid adninistration. |
on gmﬁ.h, and “suggested thet the high .e_fficiegcy strain of rats normelly .
secreted less thyroxine then the low efficiency strain which had g higher

basal matabolisme ' Falconer and Latyssewski (1952) selected for increased
body size in mice bot!i ‘on high and low plane diets, After 8 generations _of‘%&
selection, groups from both planes of nutrition were rearsd om a full diet
and analysed for abdominal fat, Offspring derived from parents en full
diet had 2% more fat than those derived from parents on restricted diet;
and vheréas offspring of low diet parents meintained pareﬁtfii ngh ip=
eresses on & full diét, offspring of full diet parents did not maintein
parental weight incréases when reared on a restricted diet, . .Séine have alse
been eelected for high or low feed requirements and Dickerseon (1947) has,foxm'cl‘
that low feed requirements tended to be positively correlated with rapid fat
deposition and poor suckling ebility, Beird gf gl. (1952) etudied the

causes of the different rates of growth in swine selected for rapid and
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slov rates of gain and indicated that the rapid line consiotently secreted
lorger emounts of growth hormonc at all ages than the slow line, although
in velation to body weight the pituitory weight was not significantly
different in the ¢vo lines,

- lore is lmoum of the mamner in vhich single genes may affect normal
geowth, The action of a single mutant gene may have a considerable effect
on a quantitativo character such as bedy size, Sone single geno substi-
tutions such as 'pituitery dvorficm® (du) and pigmy® (pz) reduce body:
sizo in mics, Pituitary dwarfism vas firot discovered by Spmell in 1929,
Aninols homozygous for this gene show reduced body size from 12 deys of
age, and have shorter snouts, ears, and tails than their normal mates,.
The primary dofect appeared to he an aziomaly of the anterioer pitﬁitarj
in vhich the nunber of acidophilic cells was very much reduced .and tho
gland contained very iittla-p if eny, growtb-promoting hormone (Smith &
MacDowell 1930, 19315 Francis 1944). The gene ‘pigmy®; which is nob
allelomorphic with !pituitary dwarfism®, also reduced body size cnd has
& characteristic phenotype (King 1950), Grecne (1940) found o simple o
Eecessive gene causing dwarfism in Polish rabbits. ’ %@
St Single gené substitutions can alsocause an inerease in body aiﬁe in
tho mouse. Dickerson and Gowen (1947) showed that 'Yollow!(sY) an autom
gomal dominant only found in the heterozygous condition produces obesity
in nice by influcneing food utilisation, Yollows wore loss active than
normal litter mates, consequently energy expenditure per unit gain was
reduced and the extra veight was entirely fat tissue, Benedict and Lee
(1936) had provicusly demonstrated a lower basal motabolisin in *Yellow?
mico than in normal litter mates, Tho roproductive period is also
shortened in Yellow' mice, suggesting an condocrine imbalence in which the
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normally operating balance of food intake to energy expenditure is
impaired, A recessive gene 'obese! (ob) also causes obesity ih mice
whereby homozygous animals increase in weight very rapidly until they

l are about four times the weight of normal litter mates (Ingalls, Dickie

& Snell 1950), Investigations int§ genetic-, traumatic~, and environm
medtai;induced obesity have been carried out by Mayer (1953, 1955) who
showed that the hyperglycemic syndrome associated with heriditary obesity
was probably ‘due to a disturbance in acetate métaboiismq Until recently,
obese animals were considered sterile but Lane and Dickie (1954} have
shoun that obese males will breed if, by restricting food intake, they |
were kept below 25-30 gms, weight, Wrenshall et a}. (1955) have shown
that the obese hypeféi&eemié syndrome of mice is characterised by an ine
crease in the insulin content of the pancreas with associated hyperplasia
and degranulation of the beta cells, Several coat colour genes are re=-
ported to influence body sizé in the mouse, The effect of some of these
gehes is undoubted1& due to a dﬁreét physiological action of the genes
themselves, In other cases, sizd génes.without known qualitative effects
but which are closely linked genetically to the colour genes are probably
respongible for influencing body size (see Gruneberg 1952).

Hany factors are involved in7%ﬁe control of growth and will influence
the rate of’growth of an animsl. In all adult animals there is generally
a delicate balance between energy intake and total energy expenditure,
This adjustment might be achieved in either of two ways; energy expendi-
ture might be limited by food intake or alternatively might determine food
intake, The latter type of adjustment is generally thought to oceur,
Growth will only occur, however, if total energy intake exceeds energy.
outbput. As far as is known., only when food intéke is suboptimal does it



‘bocome a limiting factor in determining the rate of growth. In turm,
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1itilic 1S Kiaowi Of LU® WECLANLSHS ULACh FEgUuLauS L0Ga 1nuVakS,  Luugsy
may be associated with a lowering of the blood sugar by stimilation of
the normal gastric hunger contractions (darlaon 1919) although Scott gk

" al. {1938) have beon unable to correlate spontaneous fluctuations of
blood sugar t-rith the desire for food, The hypothalamus is apparently
concorned in the control of food intake; fLor example, disturbances of
the mechanisms regulating food inteke can be induced by hypotﬁalamic
lesions giving rise %o thrpothalamie obesity® (Hetherington & Ransom
1942, Brooks 1946, I-xayer 1955).

Total energy expenditure can be Asubdivi;leei into. thres main compon-
-ents, that energy éssen‘tial for the maintenance of the animal, the enérgy
required for body activity, and the energy cost .associated with growthe -
The energy fequired~ Jfor ;-naintehame. can be Mher subdivided into the
enexrgy’ expended’ iﬁ'maintéining the basal metabolic rate and that energy
expended due %0 the specific dynemic action of foodstuffs (SDA), The
SDA offoo&étuffs is the energy waste d\ﬁé +t0 many intermediate reactions
incident to food utildsation, Theoretically, by selection for & parti-
.eular geno‘typep one could reach a stage where the maintenance reqm.rew
ments of the animal vere so grea:b that growth would be vex'y mueh reducad,
Fox emple, it is known that large changes in the basal metabolic rate
are associated with disorders of the thyroid gland, such that maintenance
. energy is increased or decreased twofoid.‘ ’ :

Some energy will be expended in body activity. While the aétivity
of an animal need not be either a direct cause of, 62‘ in any way related
%o the size of the animal, changes' in body size are sometimes associated

with chanees in levels of activitv. The increased body weight of
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hereditery obese mice, for examplo, has besn found to be closoly assocs
iabed with differences in levels of activity; the gene bbese' (gb) dras-
tically reduced activity almost %o nil (Mayer 1955), and Tollow mice (&)
are heavier and less active than normal litter mates (Dickerson & Gowen
1947).  On the other hand, reduced activity may also be associated with
small body size, a depressed metabolic rate, and & low body temperature,
as in pituitery dvarfiom (dy) (Benedict & Lee 1936; Schonholz & Osborn
1949).. Behaviour pattorns will therefore affect the energy spent in
gpontancous activity, and these patierns may also be genotically detéf-
nmined and capable of modification by selection. Activity may also be
influenced by the endocrines, e.g. the sex hormones (Slonaker 1924)
Many physiolog:cal processes are subject to hormonal control, and
selectxon~for=largs.or small body size may exert its effect through tho
endocrines, Several hormories afe knoun to be of fundemental importance
in d@termining:growth ratess The growth hormone seécreted by the anterior
pituitary is essential for normal development, and adminisﬁration 6f growth
hormone is generally accompanied by increased growth and nitrogen retens
tion through its effects on protein and fat metabolism (Lee & Schaffer
1934 Li & Evens 1948; Greenbaum & Haclean 1953; and others).
Thyroxin, which is essential for maintaining the normal bagal metabolic
rate, is also necessary for mormal growth and development particularly
in young animals, and in its absence, protein deposition is very much
reduced (Leathem, quoted by Gaunt 1954}, The androgenic steroids pro-
duced by the testis and to a lesser extent by the adrenal cortex cxert
a definite but limited effect on overall growth (Kochakian 19463 van
Wagenen 1928, 1949; and others), Growth hovmone, thyroxine, end the

androgens 21l act as growth stimulants, and selection for large or small



body size might act direcctly. on the levels of these or other endogenous
hornonos,

The prosent work is concorned with some aspects -of the basic physiow
logy of mice which have been :seiected_,fo_'r largo ox emall body. size, the
intention being -to dAnvestigate the mechanisns through which growth rates
are being controlled, - A gtudy has been made -of the effects of solection .
on total body weight during growth and maturity, and these effects have
been relatcd to. the rate of deposition of fat and.protein in the body,-
futrition experiments were undertaken to determine the quantity of food
consumed. and the efficiency of food utilisation and to discovor whether
larger enimals consumed more food and utilised it more efficiently, The
digestibility of foodstuffs, food balances, total energy expenditure, and
the activity of large and small mice were studied as factors determining
the efficiency with vhich foodstuffs are converted into body tissue,
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MATERIAL .

.Lerge and small lines of mice from Falconer's selection programme
vere mainly used for the. study, his construction.of the foundation popul-
ation and method.of selection being as followe, .The foundation popul-
ation wvas derived from;a four-ugy. cross. of inbred strains, GBA females .
were crosced to RILI meles and C37 females to A males, and reciprocal
crosses nade of the FI's, This foundation population (generation 0)
was regarded as random bred, and two lines were selected from it
Selection vaps based on body weight at six weeks of oge;:one line being
selected for lerge size and the other for small, Individuals wers.
selected on deviations from their litter means, selection therefore being
entirely within litters, Litter size was standardised as far as possible
to eight nice, Six pair matings within each line represented one gener-
ation, and the rate of inbreeding was kept to a minimum by the choice of
least related pairs, The original four-way cross maintained without
selection constituted the confrol line (for further details sce Falconer
1953). |

Mice not required for the continuance of Falconer's selection experiw
ment vere used for the physiological investigation, They were taken from
generations 21-26 in the small line (RNS), 10-12 in the control line (RIC),
and 25-30 in the large line (RWF)., Over these generations the mean body
veight of males at six weeks of age was 14.1, 21,2 and 30,0 gms., in small,
control and large lines respectively. The progress that had already been
made in response to selection is showm in Fig, 1. The large and small
lines provided suitable material for the study, as not only were the differ-
ences in adult body weight already very marked, but both lines originated

from the same foundation population, It was hoped that such an
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investigation might indicate the underlying causes of the asymmetry of
responsc observed hy Falconer (1953). - For comparison, the control line
existed vhich had baen constructed at'a later dete than the sclected linos
but which was nevertheless derived:from the same four-uay cross of inbred
lines, - During the course of ozlection the gensration interval. im the
gmall line hed -increased as emall 1line animels vere slou to reach sesual
naturity, hence. comparisons between large end small lines wers nccessarily
limited %o the gencrations available during the course of the investigation.
Another strain of mice (ChL), selected for large body size and un-
rolated to Falconer's selection line, was algo used, This strain pro-
vided a comparison with Falconer's large strain (RUF), as they were of
comparable body weight and had beeh selected on similar criteria,
Details of the:derivation and meintenance of the CRL strain will be

given later (see p, 19).






CHAPTER 1
GROWTH STUDIES.

The growth of large, control and small lines was studied with two
prinary aims, First, a complete study wes made of the growth patterns
of the three lines from birth to maturity., Growth rates and body weights
were conpered to determine at what age differences in body weight between
tho three lines vere first measurable, when the differences in growth rate
wore greatest, and whether differences in body size of the three lines
were maintained throughout life, Secondly, relative growth rates were
also compared in order to take into account the body weight at the be=
ginning of the period of measurement as well as the absolute rate of gain,

Growth from birth to veaning is dependent both on the animal's own
genotypé and on the suckling ability of the mother, whereas subsequent
growth is determined largely by the animars oun genotype. Comparisons
that havé been made will therefore be based on differences vhich may be

a result of maternal influences or the animal's own genotype.

METHOD

Growth in large, control and small lines was studied by talking body
voights from birth to 30 weeks, Matings of large, control and small
lines were examined for births daily, and the error in age of offspring
could therefore be up to 24 hours. Hhole litters wore weighed at birth,
and the litter size was then reduced to eight where larger. Whole
litters were weighod again at twelve days, and the mean weight of offw-
spring at birth and at tuvelve days was calculated, Litters were weaned

and sexed at 21 days and placed in storage cages (usually 6 to a cage).
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Variations in body weight due to number, size and age of cage mates,
and to temperature and diet, were miniﬁised as far as possible, Indie
vidual weights vere recorded from 21 days of age,

Three series of veights were taken of the three lines. 1In the
first series, males and femalos were weighed at intervals from birth
tovtwalve weéks. In'the second, a group of males gﬁézlweighéd up fo
30 weaks of age to obtain data on later g;owth (Series 2), Finally,
in the third series, some mcles wére weighed at two day intervals from |
21 to 43 days for more precise inform;tion about the period of most rapid
grawth.(Serieé 3). Weights were usually taken between 2.30 PoRte and
5.30 pom, Taylor (unpuh1¢shed) has shown that the body weight of a
mouse generally falls during the morning, but remains relat:ve;y constant
during the afﬁernoang Afternoon wéights were therefore considered to be.
more reliable, | ‘ | .

In the data on body weights, no correction has been made for litter
size, The mean 1itter.size of the lerge line (7.2) waszﬁighsr than that
of the amall line (5.3), the controla being intermediate (6.8)9 Correcw
tions made for differences in litter size would therefore exaggerate any
&iffarances in mean body weight between the three lines for litter size
is negatively correlated with aﬁdividual birth weights, Litter number.
vas found to have no effect on mean three week weight of mice in the small
lines The mean weight of males from first and second litters was 6:5 gms,
This was not significantly different (t-test) from the meanvweight of meles
from the fifth litter or more (653$&§h3n litter size was standardised to
five or six for the coaparison; Lmtter number hag therefore also been

ignored in data on mean body waights of all linesg,~
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RESULTS'
Moan birth weights and mean litter size (i.e, young born alive)
of the three lines a?evgiven in Table 1. The differences in birxth
voights were significant (P <‘,01),
The mean body weights for tho three lines from birth to twelve
" wooks (Series 1) are given in Table 1 and piotted in Fig, 2, Ths mean
weight of females in eny particuler line vas alveys higher than the mean
ueightAof malas in the lightér line (Mg, 2). At the time of the invese
tigation, large difforences existed in the weight of large, cmell and con=
%rol lines, Theée differences cxpreessed as a percentege of the control

line afe shoun in Table 2w
Table 29’

. \\\\\ff? Birth 12 days 3 weeks 6 veeks 12 vecks
Difﬁefence 5 |

as % of
control weight

Males 49.5 75,0 © © 70,4

49,5 73.5 = 69.5

Ponales

The mean body weights of meles weighed up to 30 weeks of age (Series
2) are given in Teble 3 end their growth curves ave plotted in Pigs 3. '
During the investigation the small line was s%ill responding to selection, :
consequently these malés were lighter than those weighed up to 12 wecks
which came fromban earlier generation, The large line shoved 1little or
no response to selection during the course of these ezperimentéu though a
slight decrease in weaning weight vas apparent. Differences in mean
bedy weight botween the thvee lines were fully maintaiﬁed up to 30 weeks
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of age, suggesting that the differences are permanent,

Both series showed that the growth curves (Figs, 2 and 3) of all
three lines were similar in appearance when plotted arithmetically, but
that the large line grew at a faster rate than the other two, the controle'
being intermediate, Differences in mean body weight at all stages of
growth were highly significont (t-test), Selection had therefore nerkedly
altered absclute growth rate and adult body weight, the differences obe
tained by selection persisting %hrngl_lout;‘ life, HNevertheless, relative.
growth rates did not follow this pattern, as relative growth rétes take
into account the body weight at the beginning of the period of measure-
nent,

Relative growth rates can be calculated as the instantaneous relative
grouth rate (k) from the equation derived by Brody (1945) who has oriti=
cised Minot's equation (2 = W1} for calculating percentage increases, k

W
can be computed numerically as follows:-

1nd, - 1rM1_ where ln¥, is the natural logarithm of the .
k= ; - weight Hz at time "‘02', and 1nW lis tho nataral
ety logarithii of weight“W, at tiue ty.

k is therefore the instantaneous relative rate of growth for a given unit
of time, = Values of k from birth to twelve weeks weré calculated from |
data of Series 1 for large, _sméll and control lines, Values from 12 to,
30 w.eeks were calculated from Series 2, Values of k at various intervals
between birth and 30 wecks are giveh in Table 4 for males and females
sepa:atel’y, values for males from birth to 12 weeks boing graphed in

Fig. 4. Before 12 days, relative growth rates were similar for ell three

lines, but differences occurred from 21 to 35 days. Fron 21-28 days,
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values of k for the large line werc higher than those for the small line,
those of controls being intermediate, Further, an increcase in rolative
grovth from 21 days vhich was found in large and control lines did not
oceur in the spmall line until 24 days and the relative growth in the small
line was highér.than in large and control lines from 28-35 days, indieating
a retardation of growth in the small livne, After 35 days, relative growth
rate (though not absolute growth rate) was fairly similar in all thres
lines, '.

The time of naximum velocity of growth gives a measuie of_the equi-
valent physiological age of different lines (Brody 1945). An estimate of
the time of maximum growth can be obtained by plotting ébsolute gain
ageinst time, Growth increments for two day intervals from 21 to 43
days are shown in Fig., 5. The pattern of absolute gain was similar in
large and control lines, and the time of maximum growth was generally
betueen 24 to 30 days. Therc was considerable variation, however,
between animals within each line in time of maximum growth, After 30
days there was a rapid decrease in weight gained in each two &ay interval,
In contrast, growth increments in the small line showed no definite psak;
instead, the lov level of gain was maintained up to 38 days after‘vhich
time it began to decline, '

DISCUSSIOR.
ﬁoth genetic and environmental factors would contribute to observed
differences in birth weight, growth rate and adult body veights found
betueen large, con£r01 and small lines of mice, However, Venge (1950)
has shouwn that in reciprocal transplanté of oggs between large end small
strains of rabbits, both the.genotyperf the offspring and the uterine
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environment influence hiréh weights, 1In the present.expefiment, ine
herited differences in mean birth weights of'the three lines will there-
fore be influenced by factors such as maternal uterine environment,

litter size, etc., which may be in turn dependent on the genotype of the
mother, The differences in mean litter size of the .three lines may be
pricerily genctic and largely dependent on the number of eggs shed,

Venge (1953) hasrshown that in rabbits there is a relationship between:

+ inherited size and the mean ﬁumber of ova produced per individual at each .
ovulation, but undoubtedly mean litter size will also be influenced by

the capacity of ths uterus to carry'all the embryos,

‘Within each line of mice, litter size is probably the most important
of the non-genetic factors contributing to différences in individual birth
weights. A negative correlation between litter size and individual birth
- weights exists within offspring of a similar genotype (i.e, when genetic
factors affecting mean litter size are excluded), The effect of litter

size on birth weight (Bluhm 1929; Crozier & Enzménn 1935; and others)
‘might be attributed to differences in gestation period, for Venge (1950)
hés ghown that litter size influenced the period of gestation which in
turn influences birth weight, - Other non-genetic factors which may con-
tribute to differesnces in birth weight include site of implantation, re-
| lative number of implants in each horﬁ,(Eckstein & McKeown 1955) and
blood supply to the uterus.

Growth from birth te 14 days is to a large extent dependent on the
suckling ebility of the mother which in turn is partly under genetic cone
trol (Falconef 1947). Despite differences in birth.weight, relative rates
of growth are similar in the three lineé of mice up to 12 days of age which
' indicaies that the_Suékling ability of the small line mothers is not grossly
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impaired, and that their young ars as efficient in thoir growth as off-
spring froa large and control lines, The effcct on body w@igﬁt_of ¢ross
fostering large and small strains of mice was found %o be maxima; at 14
days (Butler and Metrekos 1950), Fostering altered growth rate but the
effect was transitory and the addlt body weight of fostered young-was not
.significantly difforent from non-fostercd litter mates, Butler‘apd_
fletrakos olso showved that weights between 14 and 20 daye are determined
es tuch by the genotype of the offspring s by the milk supply available,
Falconer (1947) hes shoun that inbred lincs suckle heavier littors whoa
the offsprinz arc hybrid cnd that the poor performance of inbred strains
is in part due to the nature of the young. Venge (1953) was not able
to show decisively any persistent effect of maternal influence on eodult
body weight after tronsplantation of ova betueen large and small strains
of rabbits, Differences in weights between the three lineé baefore wean
ing will therefore be a result of a jpint offe?t‘betweén‘uterine and nater-
nal influcnces on the one hahq, and ééneticwpofenﬁialities of the indivie
dual on the other, '

~ Differences in the absolute growth of thé;tﬁree lines are evidont
from birth onverds, and after 12 days differences also become evident in
the relative growth rates of the three lines, the percentage'increase in
the small line being lowest, Both abgsolute and relative differences in
growth rate reach a maxinum from 3 to 5 weeks and decline thereafter.
Also, the period of most rapid grouwth, which Brody (1945) has used as a
noasure of the equivalent physiological age, appcars to be delayed in the
small line when compared with large and control 1iines, The differences
in absolute and relative grovth rate vhich have been described are there-

fore primarily genetic and result from selection for large and small body
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size, The power of selection to alter body size is therefore repeatable,
as has been shown by the results of lacArthur (1944a)and Falcener (1953),
in large and smell mice, and by Goodale {1937) in large micc only.

. The components of growth, i.e. the gain in body protein, water and
fat, are obscured by measurements of total woight gained,” The composi-
tion of the weight increases in the selected lines, and the proportions
of gain in body weight which can be attributed to protein and to assoc-
iated water (true growth), or to an increase in bédy fat, will be doe-

eribed in the next chapter,



Table 1,

Large Line (RNF) | : ,'.h_,;;-i?vc;ntrol.,ng:g (BEC) - Smell Lino (RNS)
Age Mean | | Mean Mean
in Males  Females Litter [ales  Pemales Litter Males Pemales Litter
Days Size wocel. . size Sizo
olay MBI @ amed ewaz Latao s
12 T3 6.71 . 5.8 5,96 5,07 5.15
21 11,3%1,78 11,0 9,1%1.14. 8,7 6,821,009 6,7
24 14.6 14.1 11,3 10,5 7.5 72
28 19.5 18,3 142 12,6 9.3 8.3
35 27,0 23,6 18,9 16,3 12,2 10,4
42 30,.@2,73 250 22299 18,1 4.9 - 11,7
O 322 - 2.0 - 23,0 19,0 154 12,3
% 336 - 2603 23 198  16.4 12,7
63 T I X TR 25.3 20,5 17,6 '13.3
70 36,2 2844 26,2 21,2 18 13,8
77 .8 29.4 26,8 2.7 19,0 Lhu,

84 38,783.43 30,2 27.22,30 22,3 102201 147



age
in
Days
21
42
63
84
105
126
u7
168
189
210

Largo Line

10,2

29.6

- 3be2

37.5
40,6
42,7
447

4648

48B4
48,7

"Control Line

Weight in gms,

9.3
2,8
25,7
27,7
30,6

32,2

33.8

3.8

35.6
3646

‘Small Line
Hedght in gnme,

549
12,8
14.9
16,4
17.7
18.1
18.5
19.2
19.6-
19,0



Males - Females Males Females Males Females

13,00 - 12,05 11,88
12221 48 448 513 . 4,38 326 3,01

202 BuA5  T.36 643 6,26 3k - 2,34
228 T2 LT 570 4dB . 533 3.5
28-35  4.64 3,62 K0T 3,59 576 - 3,14
3542 1,5 0,82 1,64 1,50 2,15 1,75

- 42,;49 1,00. 0,55 1,18 0,70 1,27 0.64
LO=56 0,64 0,19~ ‘:‘9,79; 0.,58° 0491 . 0,46
563 042 072 0,5 048 099 . ' 0,70
6370 ‘o;éz,. w0 0.3 0,50 | 0,'52“ 0.39 - 0.5
70-77 0,62 0.8 0,32 0,37 0,65 - 0.58
Tradlh 0,34 0,36 0,32 0,36 . 0,3 0,33
84-105 | ) B

2052126 - Ge23 - o 0,24 0.12
26-147° 022 . 022 . 0,10

147168 0,22 0.15 . 0,17

168189 0,16 0,10 o

‘190 0,03 o 05

Values of k from 0-84 days for ell lines wére calculated from
Series 1,

Values of k from 84-210 days for males of all lines were
calculated from Series 2,
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Figure 2, Growth curves of males and females of large, cone
trol and smell lines from birth to 84 days of age.
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CHAPTER 2

CARCASS _COMPOSITION

Poriodic measurements of eh;née in body veight, ﬁhough 6? consgi=-
deréble use for routine purposes, are not sufficiehtlto measure ;rue
differences in growth between lines, for similar growth patterns 5&y
obscure differences that exist in body (carcass) compoéition. The
folloving analysis-wvas thorefore undertaken to trase any differénces
in carcass composition bet;een large, control and small 1ines\at diffei-
ent ages, the observations being restricted to males,

Two distinct series of analysis were caerried out, In the first
series numberé of carcasses vere analysed for fat and water content at
threé ages, i, 6, 9 and 12 veeks, to determine whether differences in
carcass composition existed betuween these lines,s In the second series,
the analysis géa concerned both with cﬁanges in carcass cﬁmpositien during -
grouth within a line, and with the differences between large and small .
lines during the growing period. ‘ |

Some mico from another strain selected for large body sine were also
analysed for nitrogen, fat and water, This strain (CRL) was completely
unreiated to the RUF line and was derived as follows, Mice of four uﬁ-
related stocks, a crossbred derived from Goodele's and MacArthur's large
strains (Falconer & King 1953), a stock selected for high lactation
(Bateman 1954), and tvo mutant stocks, were crossed and selected for
large body size, Selectiony; which was within familieq,uas based on
weight geined from 3 to 6 wecks of age. The purpose of the annlysis was

to comparc carcass composition of two large strains vhich had been selected

on eimiler criteria,
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IETHOD OF CARCASS ANALYSIS

The aninals were lkilled and bled, The gut was exeised without
 removing any abdominal fat or comnective tissue Irom the carcass., The
carcass was then ueighgd? cut into small pieces, and dried to a constant
wveight at 60°C to 80°C, Temperaﬁures below 600C vere insufficient to
dry the carcass Befqre it decomposedy temperatures above 800C were found
to0 cause vaporisation of fat, - The difference in weight before and after
drying wvas regarded as ¢he yater gontggtAof the carcass, The ether soluble
material of the whole carcass vas then extracted in a Soxhlet Ixtractor
using petroleum ether (B.P. 40°C to 60°C) as solvent, After evaporation
of the petroleun ether the residue wae weighed and this fraction was taken
to represent carcass ggg.A Small quantities of non-fatty acids, e.g,
cholesterol, vhich may be present in the residue as well as fai have been
ignored in the analysis,

fbtal nitrogen vas estimated in tho same carcass by the Kjeldahl
nmethed, uﬁich depends on the conversion of various nitrogenous compounds
into ammonium4sulphate by boiling with concentrated nitrogen-free sulphuric
acid, Subsequent addition of excess sodium hydroxide liberates ammonia
which is collected in saturated boric acid solution and titrated as
anmoniun borate with acid of known strengtﬁ.  The estimsted nitrogen,
multiplied by the factor 6,25 gives tho protein content of tho carcass;
this factor is based on the assumption that carcéas protein contains on
the-average 167 of nitrogen., 1In the éstimation of body nitrogen, sampling
errors were reduced by digesting the entire carcass with sulphuric acid,
and nitrogen'déterminations were made from samples of whole digest. The
difficulty of obtaining a uniform sample of the carcess for analysie was

therefore avoided,
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Control and Small Lines of liice.

The mean velues for fat and water content of the carcass of mice

from large, control and small lines at 6, 9 and 12 weeks of age are given
in Table 5, Altogether, 92 mice were analysed (Table 5), and the deta
was troated statictically, A comparison of the proportion of fat and
water in the carcass showed that animals in the large line consistently
had more fat and leco wabor than those of the small line at the three ages
(P(0.0S), The porcentage of fat increased with age in both lines but
relatively faster in the large line, Control animals had a similar
carcass composition to the small line at the three ages testod degpite
large differences in body weight,

Analygis 2,

The quantity of carcass proﬁein as vell as grams of fat and water
were determined in this analysis. The carcasses of 31 mice from the large
line and 25 from the small line were analysed at irreguler intervals from
13 to 107 days of age, The mean body composition, i.e, the meah amounts
of protoin, water and fat in the carcass of mice selected for large or
small body size using the results obtained from énalyses 1l end 2, are
plotted against age in Figs. 6 and 7. Values for carcass protein, water
and fat are plotted against carcass weight in Figs, 8 and 9. All data
15 given in Tables 6 and 7.

The jotal smounts of each body component will first be considered.
Potal body protein per carcass in mice of the large line showed an approxie

mately linear increase up to 40 days of age after which time the rate of



protein deposition was reduced,

Protein formed 2 constant proportion of the carcass of animals of
the large line up to a weight of approximately 22 grams, but above this
weight the proportion of body protein appeared to decline (Fig, 8), The
increase in carcass water in the large line was closely associated with
carcass protein and showed a linear increase up to about 40 days of age,
followed by a decrease after 40 days, The degree of hydration of body
protein (i.e. the water/protein ratio) decreased with increasing age
(Table 6), the decrease being most marked up to 46 days of age, This
decrease in the waten/proﬁein ratio nmay be due to loss of extra~cellular
water, In the large line fat was deposited at a slow rate before 35 days,
so that prior to this age gain in weight was largely due to an increase in
protein and associated water., From 35-60 days of age, however, the fat
content of ﬂlargé mice! increased considerably (Fig, 6), and represented
most of the total increase in body weight during this period, After 60
days there was a reduction in the rate of gain of body fat.

In the small line protein was deposited at a slower and more even
rate over a longer period than in the large line and formed a constant
proportion of the carcass at all carcass weights (Figs. 7 & 8). The water
content of mice of the small line was closely correlated with body protein
as in the large line, increased at an even rate over a longer period of
time, and was fairly similar to, though sligbtly lower than, that of the
large line for identical carcass weights despite large differences in age.
The degree of hydration of body protein decreased with increasing age in
a manner similar to that found in the large line, In contrast to mice of
the large line there was no sudden increase in the sﬁall line in the rate

of fat deposition at 35 days of age, the fat content of the carcass showing
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a continuously slow but steady.rate of increase, The amount of fat in
ths small line was approximately similar to, though slightly higher than,
that of the large line for identical carcass weights, despite large age
differences,

The porcentase compogitions of carcasses plotted cgainst age for the
large and small lines are shovn in Figs. 10 and 11, The percentage of.
protein decreased slightly after approxlmately 40 days of ago in the
large line, vhereas in the small line there was little, if any, change
in the proportion of body protain over the whole age range (Fig., 10),

The slight £all in % protein in the large 1ine vas largely due to a sube
stantiel increase in body fat (see below),

The percentage of fat was similar in the two lines up to 40 days
of age (Fig, 11}, The substantial increase in proportion of body fat,
which had already been found in the first analysis from 6 weeks of age,
actually began at about 38-40 days of age. | In the small lipe, the ine
crease in percentage fat was slight and gradnal, The proportion of body
fat and water after six weeks of age in’ mice of the large line agreed
closely with results from the first amalysis; in-mice from the small line,
hovever, the proportion of body fat was lower and the percentage of water
vas higher after 6 wecks of age than found in the first analysis. But,
at the time of the second analysis, the mean carcass weight had also de-
clined in the small line, The decrease in veigh% at 6 wecks of age be-
tween the time of the first and second analysis (1.4 gn) was probably largely
due to a further decrease in fat in responss to selection, for the amount
of decreass in fat (0,51 gms.) was greater than the proportional decrease
of any other component of the carcass, and repiesented approximately onew

third of the total decrease in carcass weight.
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The increase in percentige fet was in contrast to the decrease in per-
centage water vwith increasing age (Fig. 11). The percontage of water
in the carcass was similar in the two lines until about 40 days,’ and
thereafter vas less in ti;e large line, As was to be expected, the per-
centege water was negatively correlated with percentage fat (Fig, 11),
The fall in percentage water found in the large line from 40 days was
due not only to a decrease in the rate of water deposition associated
u:l't‘;h a reduced rate of protein deposition, but also to-a substantial
inerease in fat deposition, To summarise the results of both analyses,
growth in the large line from 11;40 days was largely due to increases in
protein and aseociated water, whereas after this age increass in weight
was caused mainly by fat deposition, In the smell line, however, pro=-
tein and associated water and faﬁ were deposited at -a more constant rate

during the vhole period of grouth, ' ‘ B '

Mice of two large strains (CRL and RUF) wore analysed to trace differ-
ences in the composition of carcasses of. similar weight and age, and to
compare -thelr carcass composition’ after selection for large size on slightly
different criteria, (Strain ERL included mice of two sub-strains CFL and
CRL,, Both vere derived from the same population and selected on weight
gained from 3 to 6 woeks-of age, but ORL mice were fed on a low plane diet,
and CFL mice on a full diet between the ages of 3 to 6 weeks, No signi-
ficant differences in carcass composition were found between the two gub-
strains, and for the pfe:s’ent purposes they will both be designated CRL).
Data on RUF carcasses has been given previously in .Ana.lyses I and 11,

CRL mice were analysed at six and eight weeks of age only; details of
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their'carcass composition are given in Table 8 which also includes mean
values for RNE mice at similar ages for comparison,

Although CRL mice were enalysed at 6 and 8 weeks only, their carcass
wveights ranged from 19,2 to 32,5 gns, TFor similar carcass weights, the
protein and water content was higher and the fat content lower in CRL than
in RNF mice,

The mean percentages of fat and water for CRL mice of six weeks of
age were compared with similar values found in the first analysis for RUF
mice of the same age, The percentage of fat (9,0%) end wate?.(67.0$)
in CRL mice differed significantly (P(0,05) from those in RNF mice (15,1%
and 61,2% respectively).

1% was concluded from the above data that for similar carcass weights
or ages the percentage of protein and associated water was higher, and
the proportion of fat lower in CRL than in RUF mice,

DISCUSSION

Falconer's selection programme for large and small body eize, based
on weight at six weeks of age, has altered both the total amounts of
protein, water and fat in the carcass and also the percentages of these
components in the carcass., The percentage com?oaition of mice of the
large and small lines wes f;irly similar during the period up to 35 days,
i.e, when most of the increase in wéighﬁ in both lines con;d be attributed
to 'true growth! (protein deposition and bone growth), There was a con=
siderable increase in the amount,of carcass fat in mice of the large line

from 35 days, however, which resulted in a lower percentage of protein
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and water and a higher: percentage of carcass fat in the large than in the
small line after this age, Different rates of growth may account for some
of the differences in percentage composition found between the large and
small. lines, = In most animals g period of ‘true growth! is followed by
further increases in weight which can mainly be attributed to deposition
of fat, lMice of the small line apparently fail to reach the atage of .
~ fat deposition, but continue itrue growth! to advanced ages, If the
percentage composition of mice of the large and small lines are compa:ed
during the period of ‘true growth', the proportion of body fat is higher
and body protein and associated water is lower in the small than in the .
large line for similar carcaés weights.although the differences are slight,
Some of the differences in carcass composition within a strain can there-
fore be attributed to different growth rates, so that at any absolute age
each line; being at a relatively_differént stage in development (1.es .
different physiologicel age), will havg a different carcass composition.
Hodification of the growth rate by seclection has altered the specific
body composition of the thres lines, as well as adult body size, Increased
body weight with rapid gains and iﬁéreased\efficiency of utilis@tion”of
foodgtgffs,h§§=oﬂtgp been found to be associated with an increese in fatness
of the carcass, éalmer et al. (1946) .and Diékereon (1947) have studied
carcass compoaition‘&n,rggs and pige .in relation to inherited differences

in efficiency of foodfl, .isatipn and rate and economy of gain>respeetivelya

In tuwo genetically distinct strains of rats which had been selected for
high .and low efficiency of food utilisation, the low efficiency strain hed
a higher percentgge of water and a lower percentage of .fat than th@ high
effieiency strain (Palmer gt gl. 1946),  Similarly, Dickerson (1947),

working on hog carcasses found that increased rate and economy of gein
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vas moro largely associated with increased fat deposition than in bone
and muscle growth, and that low feced requirements and rapid fat deposi-
tion were positively correlated, ‘

Growth data alone, based on total body woight, may therefore bo mige
leading in that similar growth patterns may obscure real differences in
the character of the veight gains, A Falconer made his selection on body‘
veight et six veeks of age; atbt this age; houover, fat is being depositéd
rapidly and protein dapositiqn io nearly. eompleted'so that differences
between animals in protein content may be obscured by variations in the
amount of fat alrsady deposited, If, hovever , scloetion had been nade
at 5 weeks of age,; when fab ‘deposition has barely commenced, the differ=
‘ences in weight between animels would have been entirely éttributable to
differences in protein end associsted water, end heriteble differences in
fatnoss mnight therefore have becn excluded,

1t may be, however; that body protein is highly correlated with body
fat, i.e, en increase in protein contemt of the carcass would be associated
with an increase in carcass fats Selection against carcass fat might them
be difficult, . The correlations bertwéan thg body components in the ]arge
line (RVF) were therefore calculated, - Body protein was very highly cor=
related with body water over all ages (r = 0,99) which may be expected for
water is bound to protein in the tissues to maintain,.qsmotic equilibria,
Body vater has therefore beca used as em index of the totel protein cone
tent of the carcass, In contrast, fat deposition is Imowmnot to be 85500~
jated with an increase in body water. The correlatien coefficients be-
twveen body fat and body water were found to bo +0,04, +0,63 and +0.38 at
six, nine and tt-felvé weeks respeetively; Body fat and body water are
therefore positively correlated but as body water is almost emtirely-- '
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associated with carcass protein_ it should be possible to eslecd against
carcass fat, thereby increasing improvement in carcass protein and assocs
iated water,

The changes in body components in response to seleotion for large

and small body size are as follows:e

SMALL LINE LARGE LINE
. Change in Body Change in Body
Weight from % Change Weight from % Change
Control Mean Control lMean
Total change «5.4 gms, _ +6.,5 gnms.
*Protein change 1,36 gmse 25,2 +1,26 gms, 19.4
HYater change -3,90 gms, 72,2 +3,22 gns, 495
Fat change =0,14 gms. 2,6 +2,02 gns, 311

*Also includes changes in mineral, e.g. bone growth
(see Tables 6 and 7)

Selection for small size has mainly affected deposition of protein and
associated water, whereas selection for increased size has had the effect
of increasing fat deposition as well as protein deposition, This asym-
metrical response may be a result of selection at six weeks of age, because
selection for increased body size will be made not only for those animalsg
with increased protein deposition but also for thgs_g animals in vhich fat
deposition is accelerated and occurs at an earlier age, It is conceiv-
able that acceleration of fat deposition prior to the time df selection
may bo made at the expense of body protein and water, Carcass fat in
the control line ranged from 6.3% to 11% of the carcess weight at six
weeks indicating that there was considerable variation in carcass fat in

the control line upon which selection might operate., Analysis of the



2w

carcass of control animals prior to six weeks would give the time of de-
position of fat with respect to protein depositibn, and it would then be
possgible to.lgietermine whether acceleration of fat deposition in addition
to the amount deposited had actually occurred in the large line, In
contrast to this, selcction for decreased body size has retarded both
protein and fat ﬁepoéition with a result that percentage composition

of the carcass of small line mice was similar to that of unselected con-
t.rols..

Very little is at present knoun of the factors causing an asymmetry
of response to selection, In the stralns at present being analysed,
Falconer (1953, 1955) suggested that most of tho asymmetry in total body
wveight could be attributed to a matermal influence on weaning weight of
the offspring; large mothers boing of relatively lower suckling ability
as there was little asymmetry in weight gained from three to six weeks,

.~ This implies that en increase in fat cantemt. of the carcass tends to be
associated with relatively poor suckling aﬁﬁiﬁy vhich in turn may affect
the weaning weight of the offspring, end is in egreement with Dickerson
(1947) and Dickerson and Grimes (1947) vho showed that in sovs, suckling
ability tended to be negatively correlated with rapid fat deposition and

lov feed requirements,

Strain differences in carcass c¢omposition were found between CRL and
BYF mice, CRL mice having a higher percentage of protein and associated
water and a lower percentage of fat than BUF mice of the same carcass
woight or age, Specific body composition is therefore under gemetic
control and capable of modification by selection, although within a
strain some of this modification may be directly related to changes in
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the growth rate as described previously. 4s growth rates in the two
large strains analysed were sinmilar, the differences found in carcass
components could not be attributed to differences in growvth rate but
nay be due to a number of other factors, The additive genetic variance
of the foundation population must influence the rate of progress in res-
ponse 'to selection for any character such as body size and the genes pre-
sent in the foundation population will affect the nature of the response,
Falconer‘é large line (RVE) was derived from & foundation population ob=
tained by crossing four highly inbred lincs, two of vhich were related
in origin, He estimated that the additive genetic variance not availeble
because the foundation population was constructed from four inbred lines
would be half of the .total variation in a random=bred population (Falconer
'1953). In the formation of inbred lineé, loci that are inviable in the
homozygote will have been lost; certain genes that are present in an out=
bred stock may therefore have been lost in the formation of inbred lines,
As outbred stocks were used in-the éonstruction of the foundation popule -
ation from vhich the CBL strain was derived, it contained twice the addi-
tive genetic variance of the fouﬁdaﬁ;qp population from vhich the RUF
gtrain vas derived, A large number of genos for increased body size must
' also have been present in this foundation population for one of the outbred
strains was a cross-bred derived from Goodale's and MacArthur's large
strains in vhich selection for genes increasing body size had already been
ma_dg_, T}.,ze. mean body weight in the earlier generationé of selection was
therefore considerably higher in the GEL strain then in the RUE strain.
Moreover, the criteria of selection, although similar, were not
identical., 1In both cases éelect.ion vas made within families but vhereas

RUF mice vere selected on body weight at six weeks of age, CHL mice were

PO
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sclected on weight gained between three and six weecks of ege. Animals
with the greatest weight gain from three to six weeks arc not always the
heaviqst ig the litter., VWhen selection is made at sixz weeks of age?
énégnsiderable proportion of the variation within families may be due to
fat already deposited, Lor fat depositibn is very rapid from 38 to 6
days. The different criteria of selection may therefore have caused
differences in the carcass compositions of the two large lines,

I£ tuo lines derived frqm a foundation population vere selected on
these two éiiteria, it would be of interest to compare carcass compO=
sition of the two linq;~é£gg: some generations of selection., If selec-
tion on total body weiéhg is identical to selection oﬁ weight gained from
three to six ueeka, the rate of progress in response to selection and |
the nature of the responae should be similar in the two lines. 1f this
vere not so, a comparison with the foundation population would shov vhich

line had deviated most during selection,

Physi

Although mean body weight and therefore total amounts.of carcass com-
ponents have been considerably altered by selection for particular genow
types, no substantial increases have been made in the percentage of protein
in tho carcass. Seleotion for increased body size has in one case maine-
tained the proportion of protein in the carcass (ggg) but in the RUF line
fat deposition accounts for a substantial part of the increase in total
weight and percentage protein is even al;ghtly decreased,

If ‘true growth' is required, that 1s, a further increase in body
protein as opposed to fat depositiog, some other criterion than body
weight is necessary for the basis of further selection programmes., For

a gselection programme in which increase in body protein is the primary
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~aim, the rate of improvement is unlikely to be maximum if selection is
made on total body weight and the character of weight gains are not lmown,
as the present work has shown that the relative smounts of fat, protein
and water contributing to total carcase wveight may differ in selection
progrommes in which the absolute réte of increase in wéight is thelsameé
In the appliéat;oq of selectiop p:dgfgﬁmeg toidqﬁeatiq‘%ivestch improve-
ment, increéseAin body prgtgin ('tige‘growth'z‘;s_bbviouslyidesirab;e not
only for production purposes but bécéuée incrgased faﬁness may iead to a
decline in fertility (Lane & Dickie 1954) 0 | ,'

Fat and vater content can now be estimatedlln 1ivvng tlusues by
neasurement of density (Behnke 1942) and by tracer dilut‘on techniquea
(Soberman gt al. 1949; HMayer & Hagman 1953), The use of such techniquea
in a aelectlon programme might increase the rate of improvement for carcass
protein as thelvariatlon in weight due to carcass fat will h&ve been
excluded, It is evident that a method of aésessing carcass composition
on the live animal would be of pracﬁical_value and might imprové the
efficiency of selection for true growth. |

Artificial selection for a qﬁantitative charécter guch ag body size
reveéls genetic variabiiiﬁy and aiters the mean body size far beyond the
limits of variation found in the original population, A move rapid ad-
vance in our unde:standing of quantitative characters might be made if |
selection for particular genes or gene complexes affecting a duantitative
character vas related to basic physiological processes vhich affect growth
and through vhich the 'growth genes' must acte If, prior to selection,
an investigation was made into some of the more basic physiology associated
with growth such as time and onset of fat and protein §eposition and rate

and economy of gain, selection might then be made with reference to at
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least some of the,plwa;ic;ibgical aspects concerned with grouth, A
character such as increased body sizc might them be subdivided into
various physiological units which are directly related to incroased
body size, ony one of vhich might aid further selections

The present physiological invesﬁigation has been mrdo at a time
vhen differences in Sody veight between selagted lines wvere already em-
tremé as ‘considez-able selection had already ;.al,:en place, There is, une
‘fortunately, no data on the physiological make-up of tﬁe foundation |
population and knowledge of this populatiém cen only be derived from the
control line which was constructed at a later date than the selected
lines and vhich, although not deliberately eelected; moy differ from the
original foundation p;)pulation from vhich it was formed, Some informe
ation concerning the physiological differences occminé in fesponae th
selection for body- size has alreedy been presented and further aspeets
relatingi body size to other physiological | processes will be discusged in
later chapters,
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Line

Laxge

Control

Small

. Control -

Large
Small
Large

‘Control

Small

o
(gms.)

298 23,9
d 17.4
1.6 12,0
2.7 225
34,0 28,3
16,8 14,3
WA W
3.6 26,6
19.7 16,9

Carcass Components

Fat' Water
gms, gms,

3,6
1.6
105

3.2

5.8
2.4

9.3

L7
2.8

-14@8'

11.6

7.7
1259

8.6

171
15,5
10,4,

Dry
Non Fat

g8,

- he2
2.8

6.4

6.5
3.3
7.0
6ok

‘% Composition of Carcéss

% Fat

15.123,16

91

11,951.85
13.8

20,453.43

16,524,462

27,652,711

17,7

160 3:’4081

% Vater

,61.223;12- ,'
6
644122,65
57,8

55,982,409
604324429
59;§32§36.; 

58,4
61,624,01

' N%nD§Zt
23.7
2,5
24,0

2344
23.7
23.2
21,6

23,9

22,1



_ ‘Carcass Compésition in gms, 2 Composition of Carcags
fge = Veight Cercass . Protein . Fst . Nater . Rosidue) . Protein . Pat  Water w{aty'
o Protein

(days) (gms,) Weight S S e {dae
(gms. ) ., minerals, |
o - S e , - Ratio

13 6.8 6004 1,12 .32 . heSh .. 0 ,06 ' 1806 5.3 75.2 ’ Ibvl
13 6.6 5.89 1,08 .. .25 ' 4R | 0,14 18,3 43 75,0 4il
19 8,9 Tel6 . 149 . W39 541 .. .017 . 19,9 - 32 T2.5 3,6
19 2.8 7,39 L4649 5,28 . T036 . . 19,7 b6 Tk 3.6
21 10,0 8,00 1,60 «36 - 578 0,26 20,0 4e5 72,3 . 3.6
24 12,8 10,33 1,93 65 Tebds 0,31 - 18,7 6.3 72,0 ‘ 3.9
28 17.5 13.ﬂ 2056 097 , 94062 0.36 . 190 _7. 7192 ‘ 308
31 - 20,6 15,04 2,75 86 ' 10,87 0,56 18.3 57 72,3 - 40
3 21,5 16,61 310 1,27 1197 0,47 18,7, 7.6 70,9 - 3.8
3 16,6 11,29 2,10 W69 8,037 0,47 18,6 6.1 71,1 38
38 27»7 21069 : 3'79 i 2038 , 139 83 19@ . 18. N 1103 6506:: . 307
38 26,2 19,61 ...3,63'70106 1316 . L7 185 54 6714 . 3.6

39 304 2301 4,47 2,33 1543 0.8 19.3 10,1 66,8 = 35
39 29.,6 = 22,83 435 2,07 15,33 1,08 19.1 %1 671 - 3¢5
12 28,7 - 23,28 - 412 3,42 1486 0,88 0 177 L7 63.8 . 28
42 307 275 0 486 356 1544 . 0,89 11T4 1006 14 624 3.2
2 30,3 24,00 7' 438" 363 14.90. .10, 18,3 151 €l . 34
46 328 26,22 - 473 5,00 15,44 . 0.96 18,0° 19,4 58,9 3.3
46 0.9 2538 460 . 511 "1508 . 0,59 . 181 20 - Mg . 3.3
52 32,1 R5.57 - he58 5,37 ' 14.6L 0,98 ' 179 2.0 5.3 3.2
63 - 32.11 5,68 7.75 17.72 0,96 17,8  24.1- 55.2 3.1
63 3‘”0 . 2&.“ - 4080 6072 15.79 013 .o 1703 2306 ' 5505 - 303
63 3.7 B, 455 5049 _16.46 164162 195 8.5 © 3.6
66 3507 Boam o 5032 tr 6.74 - 170 ' lo% S 170? 2204 56935 362
72 369 31.93 .- 7,02 17.85 . - - 2,0 55,9 -
76 39.9 32,95 6,22 18,58 @ = - 18,8 - 56,4
81 35.0 29,20 5.231 6,04 16,71 1,22 17,9 20,7 = 57.2 3.2
8, 36.6 31.06 5025  7.78 16,60 1,43 16,9 25,0 53,4 3.2
o3 39.9 31024 - 5,92 5041 18.43 10158 18,9 17.4, 59,0 3.1



Carcass Components in Cms, . $ Composition of Carcass
ige Height Carcass Protein = PFat Watar'¢ Residue Protein Fat Vater Uater

(dByS) (gms,) Weight (N x 6, 25) D € 3¢
(gms.) minerals) ' Piggign
14 5.0 hel2 0,79 . 0,35 3,30 _ ‘ 17.9 8.0  T4T be?
1. 4ol 4,27 0.7 . 0430.777°3,10 0,08 18,5 T 72,7 3.9
17 Le2 3.65 0,66 0,27 2,78 0,04 18,1 Teds - 7652 Le2
17 . 51 4e34 0,79 042 3,09 0,04 18,2 8.7 7.2 3.9
24 5.8 4e8l 0,96 " 012 3,57 0,19 19.8 2,5 7645 3.7
24 8.3 6.35 1,18 0,30 : 4,67 0,20 18,6 L7 3.5 400
27 8.3 A 1,36 0,28 7 L.66 0,14 21,1 - Lok T244 34
27 10,3 8.16 1,53 Q.47 © 5.87 0,29 18,8 5.8 - 71.8 3,8
30 8.1 6.36 1.23 0,40  4.58 0.15 19:4 6.3 722 3,7
33 9.7 7.92 1.58 0,44 5,71 0,19 20,0 5.6 72,0 3.6
33 1.8 9,76 1.8 0,86 6,76 0,30 . 18,9 - 8,8 70,0 3.7
35 11 1 8.97 ‘1089 ’ 0963 6 28 0.17 21 1 700 7000 303
42 13.4 13323 2.15 091 7,70 0.47 19,2 8,1 69,0 3.6
42 13,8 11?118 2028 0,90 ?33 0,47 10,8 7.8 68,0 3.4
42 11,2 9,23 1,80 1,02 6,11 0.30 196 11,1  66.4 3ed
53 14,2 12,11 - 2.50 0,91 8.6 0,54 20,7 7¢5  67.4 3.3
38 17,0 14, 3,18 - 1,30 9,88 0.41 214 .8,8 66,7 3.1
63 11&9.5 12,12 2,32 10.37 T TR 0.51 19. 11,3 6503 3.4
66 15,3 12,62 2,5, = 1,40 811 0,57 20,2 - 11,1 643 3.2
69 13,2 10,84 2,07 1,10 7,18 0,49 19,1 10,2  66.5 3¢5
T4 14.3 11,80 2.50 1,29 7,83 0,18 2.2 10,9  66.3 3.1
84 19.1 16,67 3450 1,36 11,10 0,71 4.0 8.1 - 66,3 3.2
107 15,3 13,63 2,58 2,00 8,42 0,63 19,0 14,7 62,0 3.3
107 19.7 16,69 3.0 1.8 10,82 0,88 2.0 8.9 64,7 3.1
127 17.0 1%.10 2,82 1.52 92.17 0.59 20,0 1u.&8 65,0 3.3



" Table 8.

‘ ‘ Caréass Components in'gms, . & Compositidn of Carcass |

Age in Strain Weight  Cdrcass Water Fat  Prétein % Water # Fat % Protein Water/Protein

Weeks - in gns, Height ' ‘ - ’ . ' Ratio

in gms, ' ‘ “ | ' | |
, O 30.3%3.6 23,9831 16,082,1 2.220,8 4.6320.8 67,0209  9,0%1,3 19.61%0,9 3046
RF 29,8 260 . 14.8C 3461 bodli - 61,223.12 1-5'.1;13.16 18.5 ) 3.32
CRL  36,8%2,5 20.882,1 18,911 3.820.7 5.9 30,5 63,517 12.6%.8 19.7 20.5  3.19
3 N 3 ) 0 .

RIP < B/ 16T 60 500 5.5 20,9 173 332
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lines from 12-107 days of age.
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CHAPTER 3

JTHE EFFICIENCY OF UE;L!SAT;ON OF FOODSTUFFS

One of the problems'in livestock imprdvement is the development of

, strains of livestock with increased efficiency of utilisation of food

into meat or other products, Several workers have shown that the
efficiency of -food ptilisation nay be heritaﬁle. " The gens' 'Yellow' (4Y)
in mice causes heriditary obesity; these animels require less food per
unit of gain, weight gains being largely fat tissue (Dickerson & Gowen
1947), Strain differences in grosc efficiency have been reported in
rats (Morris gt gl. 1935; Palmer ot al. 1946) who selected two strains,
one for high and the other for low efficiengyzég‘fgpd(utilisation, and
in swine (ﬁiekersgnJ1947g Dickerson & Grimes ié&?). ~ Bfficiency of
utilisation of fooéstuﬂfe may be partly hormone controlled, for in rats
it can be related to the amount of .growth hormone administered, the hor-

. mone stimulating growth and increasiné efficioncy within limits set by

the genotype and sex of the animal (Nilson, Palmer & Kennedy 1935).

Ssﬁétél criteria have been used to measure the efficiency of utili-
sation of ingested food, The increase in weight in unit time per unit
of food consumed will be called gross efficiency (W/?) which is a measure
of the ability of an animal to convert foodstuffs into body tissues,
Included in this expresaionvand in other measures of efficiency is the
food which is excretéd in the faeces, as for practical purposes it is
degirable that in selection for strains uith‘increased body eize, rate
and economy of gain should be poaitively correlated, Other factors

being equal, gross efficiency will greatly increase with increase in body



protein as protein is aluays associated with an increase in body water
vhereas fat deposition is not, It has been shown in the previous chap-
ter that a considerable amount of the increase in weight in the large
line from 38 days was in fat tissue, whe;eas in the small line fat uas
deposited at a more oven rate, As the composition of the weight gains
in the two lines are disdmilar, an alternative measure of efficiency in
terms of energy units (Brody 1945) has been used, This measure takes
into account the composition of the weight gains, The cnergy increase
in the carcass in unit time is calculated as e fraction of the total

energy content of the food consumed, encrgy being measured in calories,

This fraction gives tho total gggrgetic efficiency. Values of the total

energetic efficlency can be derived directly by measuring the energy con-
- tent of the food consumed and the energy content of the body tissues.
These expressions of efficiency therefore use the increase in weight or
the increase in energy content of the animal over a given period after
all other requirements. included in maintenance costs have besn satisfiéd,
as a means of estiﬁggiﬂg the value extracted from the food by the animal,
Only a smell proportion of the food energy is stored in the body (2-11%)
as against 70-80% used in maintenance and body work (Dickerson & Gowen
1947).

The efficiency with which food is convefted into body tissue depends
therefore on the ratio of the energy gain to the energy intake. Hany of
the factors influencing the efficiency of food utilisation will be those
affecting total energy expenditure such as the energy required for maine
tenance and the energy utilised for spontaneous activity., The mainten-
ance energy requirements inciude the energy necessary for maintaining the

basal metabolic rate and the energy expended due to the specific dynamic



action of foodstuffs. If maintenance energy is very high as in thyro-
toxicosis, weight gains will fall unless compensated by an equivalent
adjustnent of intake, Similarly, an increase in the energy required
for body activity will leave less food available for growth unless come-
pensated by adjustment in intake, The building up of excess food into
body protein or into storags as body fot must also depend on other fac-
tors such as the efficiency of the digestive process and the hormonal
control of growth, If little of the excess food is built into body
tissue (true growth) most of the excess will be stored as body fat,
Growth inevitgbly_can only take place if the food substances necessary
for building new tissues are present in_the diet,

Differences 1nvef§icienqy of food gtilisation ney exist between
lines of mice which have been. sslected for iarge or emall body size,
Animals consunming more food are generélly larger than those which eat
lesa, for with increased consumption thé amount of food required for
maintenance becomes proportion@tely lggg,and m§re can be utilised for
growth, Diffe?ences;in_é;oéty.of 1arg§‘anq gmall selected lines and
their.cqntrols could be due either to increased food consumption or to
differences in.u#ilisation‘of food., Thg fo;lpwing investigation uﬁs

carried out to determine the relative impo éhce of these two factors,

METHOD
Two series of experiments were carried out, In the first, measure-
ments of food intake and weight of animals were obtained concurrently at
veekly intervals from 3-12 weeks of age in males and females of large,
control and smell lines. Two or three mice were housed'pér cage in
cloan cages containing no bedding material, The mean values for food
intake and weight of animal were celeulated for each line, théugh



- 37 -

variation within each line was obscured by this method, The food spilt
had to be weighed at two-day intervals because it was found that a large
error (10%) would have been introduced hed this been ignored, All mice
vere fed ad libitum on stock diét from normal food hoppers; this food
was analysed for prbtein, fat and water ﬁsing the methods for the anal-
yois of carcass components deacribgd in the previous chapte?. From the
mean valﬁes of food consumption and associated weight gains, values for
total anﬂnenergeﬁic efficiency were calculated,

In the second seriés, & more detailed study of food consumption and
agsociated weight changes was carried out over an age range of 3-6 wveeks,
At this time differences in growth rate between selected lines are at a
maximum (Chapter 1), in contrast to the firét experiment, mice were
housed singly 6n vood—wo&; beddiné{and‘food consumption, body weights
and food spilt were reoo;ded at two-day intervels, Genetic differences
in appetite or fbéd consumpﬁion both within and between lines could be
measured in this experiment, As before, mice were fed ad libitum on
gtock .diet, |

oo gadl
At

RESULTS
Mean values for”gro§s éfficién6y (4/F) for males and females of

lafge, control and small lines at veekly intervals from 3-12 weeks are
plotted in Fig. 12, and given in Table 9, Gross efficicncy was genorally
higher in males than in'females of the same line, the sex difference being
most marked from weaning to eight weeks of sge, Gross efficiency de=-
creased markedly from weaning to eight wveeks of age in large and control
lines but shoved very little change after this age. This decrease must
be a result of the increaéing maintenance energy required as the animal
grous larger coupled with & decreasing growth iate as the animél reaches
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maturity. In conirast to this, gross efficiency in the small line
renained constant or actually imcreased in males up to five weeks of

age and decreased after this age, The differemce between lines prior

to 5 veoks will be discussed when gross efficicncy from 3-6 veeks is
dealt with in more detail in the sccond analysis. Gross efficiency in
the small line was significantly higher from 5-6 woeks of age than that
found in control and large lines during this period, Severzl factors
may explain this difference, Firstly, the body weisht of the small line
is considerably less Vhan that of large and control lines at six veeks of
age and therefore the enérgy required for.maintenancé (i.e. meintenence
of the basal metabolic rate) in large end control lines, will be very much
higher than the maintenance requirements of the small line. Secondly, the
composition -of weight gains during this period are very different; in
the large line veight gained from 35 days is largely fat tissue (see ‘
Chapter 2) vhich has a much higher calorific value than protein (9,45 és
against 5.65), Theae differences in total emergetie balances will be
obscured when calculations are based on totel weight gained,

Analysis of food intake and weight increases of males from all three
lines from 21-43 days at two-day intervals gave more deteiled informetion
concerning changes in efficiency of food utilisation prior to six weeks,
that is,'during the period at which growth was occurring most rapidly.

In this second analysis gain.in body weight expressed both cumulatively
and per two-day intervals are given in Table 10 together with values of
efficiency derived from these measurements, - Food intake was highest in
the large line, intermediate in the control line and lowest in the smell
line at all ages from 21«43 days (Fig. 13). Results obtained in this

experiment were similar to those obtained from the first oxperiment,



Up to 33 days of age gross efficilency was higher in the large line then
the small line, controls being intermediate (Fig, 14). The increase in
gross efficiency from 23 days in both small and control limes may be due
to compensatory grouth after an initial set~back caused by veening, for
factors,affectgng heat loss such as individual housing of experimental
animals will have a groater effect on small amimals, The rate of heat
loss may affect growth and therefore efficiency measurcmente, As found
in the first experiment, gross efficiency decreased with inereasing age
and the greater gross officiency of the small line from 35-43 deys, pre=
viously discussed, agein occurred. -

Because gross efficiency obscured real'differeﬁces in composition
of wveight, gain total energatic cfficiency was also calculated,. The
food was analysed for fat, protein end water using the mectheds deseribed
in Chapter 2, and the percentage composition of each component in the -
food was obtained directly except the percentage of carbohydrate which
ves obtained by subtraction, The composition of the food (&ry weight)

used in these experiments is given in the following table,
Table 11, Pere re_Co tion of

COMPONENTS % DRY WEIGHT

Agh . 8.24.
Protoein | 20,95
Fat 4,98
Carbohydrate 65,83

The calorific values of the food (dry weight) was calculated from the
percentage composition given above using the conversion factors 4010,

9,45 and 5,65 Calories per gram, which are the average heats of oxidation
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obtained by combustion in a bomb calorimster of carbohydrate, fat and
protein respoctively (Widdowson 1955), The calorific value of the food
vas calculated to be 4.35 Calories per gran,

The calorific value of the carcass of large and smail lines at differ-
ent ages was derived from the figures for carcass fat and pfotein in the
second analysis of carcass components given in Chapter 2, and converted
into energy units using the conveision faétors for fat and protein quoted
above, Carbohydrate in the form of glycogen is stored in small quantities
in the liver and muscle cells,but can be ignored for the purposes of cale
culating the energy content of the earcass due to the relatively large
quantities of piotein and fat, Calorific values of the carcass of large
and small line plotted against weight are shown in Fig, 15 and Table 12,

In the small line there was a steady increase in calorific value of the
carcass vhereas in the large line the palorific value of the carcass showed
a more rapid increase during fat deposition, i.e. above a weight of 25
grams,

Total energetic efficiency in large and small lines was calculated
for two-day intervals from 2143 days as follows, Gain in weight for
each tvo~day interval was translated into energy changes from the mean
curves plotted in Fig, 15, The calorific value of the food per gram of
dry veight was multiplied by the mean amount of food consumed per two-day
interval to calculate the total food consumed in energy units, Values of
total energetic efficiency, i.e. the ratio of the energy gain in the
carcass divided by the food consumed in energy units, are given in Table
13, Total energetic effieiency'was also calculated from 6~12 weeks using
.the data from Series 1 and these results are also included in Table 13.

Total energetic efficiency was hicher in the large line than in the small



line up to approximexeiy four weeks of age, From four to juet under sixz
veeks of age, energetic efficiency in both lines was very SIMll&I which
may be due %0 ARC?B&S@d maintenance coete of the large animals ae dls-
cuseed previauely. From about 39-84 days of agey energetic efficzenqy

was again generally higher in the 1arge than: the"'nall line, This differ-

eénce, which" was obscnred in meesurements of grose efficiency, may be attri-
butable to differencee in the compoeltion ef ueight galns and the higher
calorific value of depeeited fat. Differencee in: energetzc efflczenqy {
between the tvo llnes were apparently controlled by two factorss in ’
young animals:by differences in growth rate and in older animals by

‘differences in' fat deposition,

- DISCUSSION

Selection for bo&y szze hae altered both the total quantity of food
consumed and also the efficmeney of utilisation of foodetuffs. M&ce of
the large linec consume'a greater qnanti@y of food and use it more efficw
iently for growth purposes than those of the small line, particularly from
3-4 veeks of age, A greater gross effieieney in the large line is to be
expected on the assumption that the energy required for maintenance will be
reduced per unit of food consumed when the groete rate is high.. But as
animals of the largs line.increase 15 size, maintenance requirements will
also be increasged so the£ their gross effieienqy declines and is similar to
that of the‘smallkline fron epproximate;& five eééké of age. Mice of the
small line, wﬁth‘a 1owe£ growth iete, eet less food and have a lover groee 
efficiency. Seleetion for emall Eod&'eize is therefore correlated with &
decrease in tetal food iﬁﬁake and a lowering of the efficiency with which
foodstuffs are converted into body tissue, When selection is applied to



liveptock improvement, both increased size, and economy of gain are doe
sirable, as in the large line, lMorris gt al. (1933) and Palmer ot al.
(1946) selected for high or lov efficiency of food utilisation in rats

and. found them to be associated with an increased or decreased body = -
veight rsepeotively\.f Efficiency of food utilisapion and appetite thores.
fore appear to .be gene controlled and capable qi‘,mc;dificaigion, by: selection,
changes in efficiency and appetite being positively correlated with changes
in grovth rate, .

Energetic officiency is a truer measure than gross efficiency of ths .
ability of an animal %o convert foodstuffs into body fat, To measure
energetic efficiency, the total quantity of each component of the weight
gained is estimated and multiplied by its calorific value per gram; (.00
fat = 9445, protem x 5,65) which stresses the weight increments &ue to
.i’at, In contrast ’ the qualn.tatmve differences in weight gains are not
reﬂected in measurements of gross ef f:xeiency becauae the meamzre used is
total body ueight. Gross effmiency s a truer measure of the efficiency .A
of animals to convert foodstuffs ‘into boﬁy protein, for badg protem is |
very highly correlated yith body water uhich in turn is the major com= .'
ponent of the carcass (see Cheptar 2), | An increase of ons gram of body
protein will thereﬁ'ore be asscciated vith an increase of 3«4 grems of body
water, Gx-oas and energetic efflewncy a.re therefore indicatwns of tuo
~ different aspecis of grm:rth.

In terms of energetic afficiemy, the large line is generally more
efficient than the emall line., TUp to four weeks of age the greater
efﬁ‘iciencyi of {:he iarge line can be attributed to differences in growth
rate, as ,wé.s shown in measurements of gross efficiency, Between 4 and 6

weeks, however, enérgetic efficiency is sélmilar in both lines; the relative
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growth of the large line begine to decline during. this period and ths.
maintenance requirements due to increased body size will be higher than
those of the small line, Although relative growth rates are. fairly |
similar after approximately six weeks of age, fat, with a higher. calorific
value than protein, accounts for a large proportion of the weight increases
in the large line and this is reflected in a higher energetic efficiency
in the large then in the small line after this age. .

.. Comparisons of gross and energetic efficiency are complicated by
the fact that physiological age must influence efficiency messurements,
Differences in efficiency between specieos and between: in_dividuals of one
species at different ages will depend to some extent on physiological age,
as the older the animal, the greater the maintenance cost in. comparison .,
with the total weight geined per unit time,

Sone information on the various factors relating to efficiency of
food utilisation in large and small iines can be obtained, and some of
these factors such as digestibility of foodstuffs, protein balances, total
energy expenditure and body sctivity will be discqs’sed in the next chapter,
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Large

Control

Small

Body Weight in gms,

Food Intake in gms. at -
each 2-day 1:1“3:9:%1

Food Intake (cumulstivb):

Gross Effici@cy

Body Weight in gms,- ¢
Food Intake in gns. at .

each 2~day Interval

_Food Intake (cumulative)

Gross Efficiency

Body Weight in. gms.. -
Foecd Intake in gms, at -
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Table 12 °

Large Smell
Age Woight Calorific Value ~ Age Weight Calorific Value
(days) (gms.) ° (Calories) (days) (gms.) - (Calories)” "
13 698 ; 9034 ’ 14 500 * ) 7.T7
» 6.8 , 8,46 : » 47 730
19 8,9 12,08 - 17 " A2 T 6428
8.8 12,86 5.1 . 8644
21 10,0 12,44 ° 24 5.8 6,57
24 12,8 17,05 - 8.3 949
28 17.5 23,61 . 27 8.3 ° 10,32
31 20,6 23,67 16,3 - 12,98
2.5 29,50 " - 30 8,1 10,71
34 16,6 17,37 33 97 13,06
38 27,7 43,90 ° . " 11,8 18,50
26,2 30,53 35 11,1 16,61
39 30,4 41,31 , : y
29,6 . Lho1d, 42 13.4 . 20,75 :
28,7 55,60 . 13.8 . Q.35 -
. 30,7 . 61,10 -11.2 © 19.80
30,3 ‘ ' 59005 t - 53 14.2 o 22,70
46 32.8 7482 58 17,0 30,25
- 30,9 T4e28 . 63 U5 26,05
52 32,1 76.63 - 66 15,3 27.85
63 - 105,33 - 69 13.2 22,10
34.0 90,62 T4 14.3 26,30
66 35.7 93.75 8, . 19,1 . 32,65
8l 350 86,63 - 107 15,3 ~ 33.50
84 506 103,18 19.7 33.80
93 3900 T &057 ” 127 17.0 v 30330 R
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'\Age =23 2325 25-27 2129 29=31 31-33 33=35 3537 37=39 3%=41 Ll=43  42-49 49=56 56-63 63-70 70=77 77,
Energetic |
Efficiency
Lerge 065 074 .081 o078 .085 070 079 .06 ,O073 ,062 ,065 ,049 ,076 ,030 ;01»6 ,025 ,01

Small OLL 045 066 103 L0606 078 (073 .035 (046 .069 ,037 ,038 ,023 ,022 ,015 .009 ,OO
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small lines calculated for weekly ine
tervals from 3-12 weeks of age,
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Figure 13, Cumulative food intake in large, conirol and small
lines from 21-/3 days of age.
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days of age,.






CHAPTER J

'ASPECTS OF THE METABOLISHM OF MICE SELECTED FOR LARGE OR SMALL BODY SIZE

Many factors will influence the efficiency of food utilisation (i.e.
wveight gaiﬁed per gram of food consumed) in large and small lines, end
data on three of these factors will be presented in this chepter., First,
experiments to determine the total proportions of fat, protein and carbo-
hyérate absorbed from the gut, i.e. the digestibility of foodstuffs, will
be described, Secondly, the total energy expenditure has been deter-
éined. Finally, the activity of mice of the two lines was measured to
estimate whether the energy spent in activity was the same in both large
and small lines, Thece three factors will affect the efficiency with
which an animal con verts foodstuffs into body tissue, _

The digestibility of foodstuffé was found by determining the total
) quaptities of the fat, protein and carbohydrate consumed in the food and
subtracting from these the total quantities exoreted in the faeces, The
studies vere nade to compare the percentage of the energy in the food
available for metabolism in large and small lines, The amount of
urinary nitrogen was elso determined so thet the total protein metabolised,
and therefore the nitrogen retention in the body, could be estimated.

| The relation between energy expenditure (ecnergy metabolism) and body
size has been studied by a ﬂumber of workers, An extensive survey of
comparative basal metabolism in memmals was made by Benedict (1938) who
showed that heat production was positively correlated with weight within
a species, but that differences existed between animals of the same weight

in different species. Benedict and his co-vorkers also showed that there
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wore considerable deviations Lrom the su;face’lau (.24 .heat preduction
is proportional to the two-thirds power of body weight) in worm-blooded
species, A more recent survey has been made by Zeunthen (1947, 1953) .
relating oxygen uptalke to body size in invertebrateg, Exprossing his
results as respiration per pnit nitrogen #nd respiration per unit ueighé,\
he confirmed Benedict's work andvfound that the peréentage decreaée in
metabolic rate for a certain increase in body size was not a conétant
value, Uhile much work has been done on interspecific eoméarisonag re-
latively fou intraspecific eompafiéons have been made, Energy expéndia
ture within é species can be influenced by size genes, Hereditary oﬁese
mice ﬁave an inereased efficiency of focd utilisation over mormel litter
nates vhich is partly due to a decreased energy expenditure (Dickerson &
Gowen, 1947), In a strain of rats selected forva low effiﬁienqy of food
utilisation, thevbasal metabolism was higher and the éo&y temperatuxe
lover than in a strein selected for hiéh officicncy (Pelmer et al. 1946).
The large difference in body size between Falconer's selected lines pro-
vided excelleont material for a study of the energy expenditufé of iarée
and small lines within a species,

 The measurement of the metabolism of mice uhéer_“basal' conditibns .
is difficult and umnecessary if replaced by measurements under °standard?
| conditions, i,e, under conditions as normal as péssible (Barbour & Téace
1937; Dever & Hewton 1948a)., The total energy expenditure of mice from
large and small lines was therefore determinéd under standard conditions

to provide information of the relation between energy.axpendiﬂure and the
rate of growth,
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I, ZIhe Digostibility of Foodstuffs and Total Ener enditure of
Large and Small Lineg,- ‘ |

_ Tﬁe total food consumption énd ﬁhe excreté, and the.carboh dioxide
and oxygen exchange of mice were measured over periods of approximately'
2/, hours and under conditions as normal as possible, Heasurements were’
made using mice'from large and emall lines at various ages from}weaning
to maturity. The open circuit apparatus used (designed'by Deuar) ?ae_g
modified version of that of Haldane (1892), though including many of the
modifications of Dewar and Hewton (1948a). The open circuit design has
the disadvantage that oxygen consumption is determined indirectly by sube
traction, but haa(theAadvantages of greater eimblicity’of design and con-
struction, A general plan of the apparatus is given in Plaﬁe 1, The
mouseﬂwaa housed in a cylindrical chember (M) vhich was enclosed in a
woodén box maintained at a constant temperature (25°C)Iby means of a i
thermostat and an electric heating bulb., The cylindrical mouse-chamber
and its serew top were both made of perspex, The lower end was funnel
shaped and was fitted with a urine collectioh tube (T), To ensure that
the chamber was completely airtight, a thick rubber band was stretched
tightly round the screw joint, The internal construction of the mouse
chamber is shovn in Plate 2, The food box was designed to admit only
the head of the mouse so as to reduce spilling to a minimum, Powdered
diet vas fed to mice of the large line for it was found that these mice
pulled whole cubes out of the food box, the food beéoming contaminated
with faeces and urine, The design had to be modified for smell mice,
however, for they could not be prevented from entering the food box and

nesting in it, even though the entrance was reduced in size, They were
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therefore fed with stock dlet cubes in the food box illustrated in Plate
3, any food spilt being cgllected in the retaining trough,
. Air was drawvn through the apparatus by the filter pump (P); . the

rate of flow, vhich vas recorded by the flow metre (F) and controlled
by & screw clip on the outlet valve (0), wes adjusted to betwoen 300-400
mis. per minnte, . Carbén dioxide and water were removed from the)incoming
air before enferiﬁg ﬁhe mouse chamber (i) by the absorptionlﬁuheé 1 end 2,
To prevent the air pasaiﬁg ihrough ‘the mouse chamber being comﬁlétely
dry ahd 80 poseibly injuriéusﬂto the health of the mouse, & known qﬁantity
of watér was added to the inconing air by bubbling it through tube X,
Aly leaving the chamber was passed through absorption tubes 3, 4L and 5.
%o absorb the carbon dioxide and uater glven out by the mouse,

| The absorption tubes used were glass U;tubes fitted with ground

glass taps uhlch were made up as follows. :

TUBE . PACKI ; | PURPOSE

Tubs 1 ¥ Soda Asbestos™ To remove cerbon dioxide from the
/=10 Mesh (Carbosorb Brand) incom:mo air,
% Soda Asbestos 10-14 Mesh

Tube 2 Magnesium Perchlorate . To remove water from the . incoming

{ Anhydrone) ’ air,
Tube 3 Magnesium Perchlorate To remove water from the air leav—
( Aahydrona) _ ing the chamber, 1 absorption
. ’ tube was found to be sufficient.
Tube 4 Soda Asbestos , " To remove carbon diciide from the
410 }Mesh air leaving the chamber,
Tube 5 +% Soda Asbestos 1014 Mesh  To remove any CO» not absorbed by
" Tube 4.
%+ Magnesium ?erchlorate To absorb any water lost from Tube
, be

*Soda asbestos has been shown to be the most effzcient reagent
for the absorption of COj,
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A téndency‘for the proximal ends of the carbon dioxide and water absorp-
tion tubes 3 and 4 to become partially blocked was overcome_ﬁy packing
goda asbastoé or magnesium perchlorate around fine glass tubes of varying
lengths,

_ The faeces'wefe removed from the grid and dried to a constant weight,
the faecal nitrogen being determined by.the micro-Kjeldahl method.
Faecal nitrogen was converted into faecal protein by mnltiplying by the
factor 6,25, The-flooifgf the funnel and grid were carefully washed .
with vater and these washings added.to the urine which was then made up . ..
to a definite volume and filtered, The nitrogen content of the urine
vas determined after filtration by the micro-Kjeldahl method, The fil~
' vighed after drying,

When.poséible, the mouse was,kept'ih a similar chamber to the ex-

trate which contained the food ‘spilt wa

perimental chémber for the day previous to the experiment in order to
become' accustomed to the apparatus,  Before all determinations the appare
atus was checke&‘tﬁ ensure that it was completely airtight, - All weights
recorded were made to the nearest milligram; details of the wWeights re
corded are given on pages ,9-51, together with data calculated for a coms
plete 24 hour experiment, '

The eccuracy of the apparatus can best: be assessed under normal worke
ing conditions by the equation given belo&, although this eqaaﬁion'includéé
oxygen uptake which is determined indirectly.

Sum of ingesta (Oxygen + water + food consumed) = sum of the excreta
(carbon dioxide + water + facces + urins) - woight change = 0,

The experimental error, (i.e. the discrepaﬁcy between the observed and

calculated weight change) was calculated in 28 experiments,  The error
was then expressed as a percentage of the total ingesta, The mean. per-
centage error was found to be 1, 56%, |
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RECORDED DATA FOR ONE_COMPLETE EXPERIMENT

Initial
Observation

Age of mouse 29 days
Hater tube X 48,028 gms,
Absorption tube 1 116,070 gas,
Absorption tube 2 122,551 gms,
Absorption tube 3 126,061 gns.
Food box + Food %.é%-rgms;
Food spilt
Hater bottle 15,163 gms. -
Urine tube 7.899 gns,
House in holder 544720 gms,
Holdexr 37.263 gns.
Mouse 17.457 gns.
Total weight of 336,309 gas,

chamber including

Mouse, Food &

Hater supplies &

Urine tube,
Tamperatui‘e 25° ¢
Time 10,45 a.m,
Flow/minute 350 mls.

Oxygen consumed

Final
Opservatipn
30 days

45,150 gms,

124,581 gos,

125,842 gms.
126,531 gms.
51.441 gns,

10,102 gns,
84438 gns,
55.530 gms.
37.228 gms.

18,302 gms.
329,750 gnms,

1100‘2 2o

=000

Rogult

Hater emtering chambsr
= 2,878 £nSe

Hater cbsorbed fronm

Chamber = 8.51.1 - 20878
= 5,633 gns.

3.2 Total €0, = 3,76
,470 | 8mss = 1,915 litres

5,245 gms. food eaten

«110 gms, food spilt

Total food ingested =
5.135 gms. .

= 4,527 gns, dry weight
Hater coasumed = 5,061 gms,

+ 0,539 gmg, urine

Initial wt, mouse Average
= 17,457 gns. ut,
Final wt, mouse 17,879
= 18,302 gms, gms,

Change in wt., = +0,945 gns,

6,559 gms. weight loss

Duration 24.28 hours

= (5,633 + 3,761) = 6,559 = 2,835 gms, = 1,98, litres.
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Total weight of

faeces = 2,150 gns,
Dry weight of
faeces = 1,811 gms,
Faeéal nitrogen = 0,077 gns.
Urinary nitrogen = é, 064, gmé.'
Erotein metabolisy
Calories from proﬁq;lp =.0,064 x 30,59 GalBy/é. = 1,957
CO, from protein . = 0,064 x 5,548 1./g. = 0,355 Lo
' 0, from protein = 0,064 X 6,639 1./g. = 0,425 1.

I K-, L S
Zotal ReQe = =§igg) =965 .

Loin R.Q. M Lﬁé_" .000
. 1098 o o425 " 12559t

Calorific value Oy at this R.Q. = 5,047 Cals./1.

Total heat expenditure =(1.559 1. x 5,047 Cals/1.) + 1,957 Gal,
‘ . o= 9.824 Gals.

Metsbolic wste | . = 9.72 Cale./24 hrs.
) baboli , 1—%—3%—%%%5 +543 Cals/gm/24 hrs.
gbolic rate = 1,183 Gals./0. 73/24 hre,

Dry food eatéﬁ _ = 4+527 gms.

Nitrogen ingested = = 4. 527x 0°534 = 0,154 gos,

Fat ingested = 4,527 2 0.050 = 0,266 gns,

Carbolydrate ingested = 4,527 % 0,658 = 2,979 gns.
Foodgtuf, o asce '
Weight of dry faeces =1,811 gms,
Fgeeal nitrogen = 0,077 gms.
- Faccal fat = . - =1,811 x 0,02, = 0,043 gms, | ,
Faecal carbohydrate = 1,811 x 0,578 = 1,046 gms.

*The high R.Q. is probably due tb conversion of carbohydrate into fat,



codst orbed from £_of total absorbed

. - £rom gut
Nitrogen absorbed = 0,154~0,077 = 0,077 gms, 50,00
Fat absorbed : . = 0,226=0,043 = 0,183 gme, 80,99
Carbohydrate absorbed. = 2,979=1,046 = 1,933 gns, 64,90
- Nitrogen. balance . =,'0.154~0.077-0.d64 =+ 0,013 gms,
Height balsnce = (0 + food + water consumed) - (water from

mouse chamber + (:02 + moist facces ¢ urine)- A wt,

= (2,835 + 5.135 + 5.061) - (5,633 + 3,761
+ 2,150 +.0,539) = 0,945 \

= 0,948 «~ 0,945 = +0,003 :
Error = ,023%

H

W. " The follcwing calculations were based on those used by
Dewar & Hewton (1948a). The energy associated with the metabolism of
prote:m, together with the assoeiated ga.'rbon d:.omde and oxygen equiva-
lents; were calculated from the urinary m-trogen. The equivalents used
were those caleulated by - Dewar and Ne\-xton (l%aa) in vhich the metabolism
resulting in 1 gm, of urinary nitrogen wag. considered to require 6.639 gn,
oxygen with the output of 5,548 gm. of carbon dioxide, The oxidation
equation from ’which the above. equivalents are obtained are necessarily
appromations. The energy’ equi‘valent of one gram of urinary nitrogen
was taken to be 30 59 Cals./gm. (Kriss & Miller 1934)., The total rese
piratory quotient, or. R.Q., (LMLQB) was determined; and by sube

tracting the oxygen 'and';carbon d::.oxide of protein metabolism from the
total oxygen and carbon dioxide exchange, the non-protein R.Q. could be
calculated,  TFrom t.he non-protein R.Q., vhich is calculat.ed to the th.rd
decimal place, the calorii‘lc value oi‘ +he non-proteln o:sq;rgen vas derived ’

using an extended form of the. Lusk-Zunts and Schumberg Tables (Lusk 1924).
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The total energy expenditure, and therefore the metabolic rate per unit
veight, can then be calculated, using the average Ueight of the mouse, |
from the inltial and i‘inﬂl ve:r.ghts. . : ,

. Pood intake was calculated on the baszxs of dry material., 'i’he pro-
portion of the total foodstuffs chgested (total dlgestibili%y) was deter-
mined in each exper;ment ag well as the &iggstibihty of the constituent
focdstuffs fat, protem end carbohydrate. . Digestibility vas est:.ma%ed by
determining the difference betueen the intake level and faecal 1oss and -
»expressing this difference as a percentage of ‘bhe intake level_,

Faecal protein was determined congurrently with all measurements of.
energy expenditure, Due to the small quantities of fat in the faeces,
faecal fat was obtained from an analysis of the fégces coilthed from a
groﬁp‘of' mice of the same line fed on thé same -diet, The main disadven-
tage of such a method is that the -comyositién of the faeces mé.y vary ’cé—
tween different mice. Dewar and Newton: (194‘89,)"‘ have estimated, however,
“that the error involved in the estimations of digestibility would be small,

In some experments, nom-protem R.Q s of greater than 1 were ob- - ‘
served, indicating qonve:sion of carbohydrate to fat, The additiona]:’-
energy expended in this conversion was .'estima"hed from the ! excess CO,
using the factors derived by Willzams, Riche and Lusk (1912) from the
hypotheticel equat:.on ‘of Bleibtreu (ago1), .
Analysis of food and ag e_:_." ‘

The food used for these eiperimentg .was sﬁock diet, détails of the
‘method of analysis having been givén in Chapter 2, The composition of

‘the food, estimated as a percentage of the dry veight, was as follouss=

Protein 20,955 Fat 4,98% Carbohydrate 65.83? - Ash 8,24%
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The calorific value of the food was 4,35 Calories per gram (for further
details see Chapter 3), ,

The eomposition of the faccal fat and carbohydrate was determined ozi ,
faeces collect.éd from a group of mice fed with this stock diet; ~ the faecal
protein was determined sepafately in each 24 hour experiment. The average
composition of the faeces was determined assu.ming that nitrogen represented
protein, and the total ether-soluble material represented fat; the faecal
ash was also determined. Faecal ca:bohy(irate was then obtained by sub-
traction, The faeces of mice of toth large and small lines. of. different
ages were analysed, protein in animals from weaning to 12 weeks, and fat
and carbohydrate at three and six #Ieekslonly, It was found that the pér-
centage of the various components of the fasces weresimila: at all ages
within each line; all déterminations of percentage composition qf thé
faeces within a line were therefors combineds The composition of ficces .
expressad"aa -percentages of the faecal dry weight were as follows: -

Tablo 14, Gomposition of the Facces
% Ash % Pat % Protein % Carbo- Calorific value
‘ ~ hydrate 'of’ fgeces ‘

Small line 16,5621.02 ' 3.43%1.55 27.98%3.89 53.03 = 4.08

Lerge line 16,25%2,28 2,39%0,22 23,5722.96 57.79 ' 3.93

The percentage: of protein vas significantly Méher (P{,01) in the sma‘ll
than in the large line, ‘.-The percentage of fai_:, in the faeces was higher
and the perceniage of carbohydrate lower in -thé small than in the large
line though differences in the percentage fat were.not significant. The
calorific.value of the faeces (Table 14) was calculated using the fac?_.ors.



4410, 9,45 and 5,65 Calories per gram for carbohydrate, fat and protein
respectively. Theee factors are the average heats of oxidation of the
three foodstuffs in a bomb calorimeter and do not take into account any |
foodstuffs absorbed from’the gut 'which are excretéd unchanged in the urine,
Digegtibility of foodstuffs. ”

The totel g;g_ggL_;;ggg of food for each twentyafour hour experi-
ment was determlned from ‘the measurements of the focd consumed and the
total faeces excreted. From the determinations’ of the calorific value
of the food coneumed and the calorific value of the faeces, the energy
intake and tha energy lose in the faeces could also be found for each
24 hour experiment and the galorific g;ggggipil;_x calculated Total and
calorific dlgeetlbllltj appeared to be unaffected ny the age of the animal
end a mean value for the two digestibilities has therefore been calculated

for each line., The results are given in Table 15:
Table 15, Total and Calori Direstibi

Ro. of Total Calorifie

determinations digestibility digestibility
Small 1line 26 64,42 2 T4 . 67.63 2 6,39
Large line® 21 62,82 % 0,83 66,97 & 2,70

Desplte 1arge'diffe£eccee:ic food intakeg and thefefcre in calcrie intaﬁe
(see Chapter 3), the total and calorific digestibility vere not signifi-
cantly different in large and small selected lines, i.e. the total pro=-
portion of foodstuffs absorbed, even if converted into energy units, wasg
gimilar in both lines, However, there wag some varlatzon in digestibi-

1lity betucen the different experiments, Some of this variation may be
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dus 0 the error in ascuning that the amount of food in the gut is the
same at the ‘beginning as it 15 at the end of the experiment, In all
estimates of digestibility, unabsorbed food in the alimentary eanal at
the end of the ‘experiment will necessarily have been included in that
digested, Greater variation was found in calorific then in total diges-
tibility. This may have been due to variation in faecal composition be-
tween mice while the proport on of food excreted remained fairly constant,
Variation in dlgestlbility vas higher in the snall than in the large line
(see Table 15), | | _

The total amount of protein, fat and carbohydrate inrthe food con=-
sumed and in the faeces were determ;ned and the diffarencea between the
.amount consumed and that excreted vas found The differences Yere eXm
pressed as percentages of the total protein, fat and carbohydrate intake,
i.e,.digestipility of protein, fat and carbohydrate, Digestibility of
protein was found to be similar at all ages, digestibility of fat and car-
bohydrate being sirilar at three and six weeks of age (i.e., the two ages
tested), All data was t@arefore conbined and mean values for the digesti-
bility of protein, fat and carbohydrate of both large and small lines vere

calculated and are given in the following table:

Tabl_e 16, .De »1 03 13 ;

Digestibility of

No, of ‘ h

determinations Protein th Carbohydrate
Snall line 26 5331283 76,09 72,05
Large line a 58,09 £ 6,58 82,42 67.47

A greater proportion of protein vas absorbed in the large line (P 0,05)
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despite very large variations in digestibility of protein in different
animals, Dilgestibility of fat was slightly greater in the large line
wvhereas digestibility of carbohydrate was higher in the small line,

Tests of significance were not made on fat and carbohydrate because these
values for faeces were calculated from groups of animals not used in the
2/, hour experiment (see Method), Differences in the digestibility of
each food constituent ars to be expected from the results of the analysis

of faeces in the two lines,

Nitrogen Balances.

Nitrogen balances were obtained directly by subtracting the nitrogen
loss in the urine from the digestible nitrogen of the focd, Nitrogen
balances in the large line were generally positive until about six weeks
of age, After this oge, nitrogén retention was reduced almost to nil
eﬁcept in animels where there was a gonéiderable weight gain during the
twenty-four hour experimental period, HNegative nitrogen balances were
infrequent in animals of the large line except in cases of weight loss,
In contrast, positive nitrogen balances were relatively infrequent in exe
perimenté with mice of the small line, which may be attributed to their
extremely slow rate of growth, 1In the small line, weight losses during
the experimental period, though small, were frequent and nearly always
associated with negative nitrogen balances. The nervous disposition of
the small mice may have adversely affected their appetite in strapge

surroundings,

atory CQuotients.

Determinations of oxygen intake and carbon dioxide output were made

concurrently with measurements of food intake and faececal loss, IlMeasurements
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of the okjgen conaumﬁtion and the carbon dioxide'output ueie used tov
calculate the respiratory quotient (R.Q.) and the total energy expendi-
ture (see Method), The R.Q. for the combustion of carbohydrate and fat
are known to be 1,00 and 0,72 respoctively. | -

- Twéﬂty;bné aeterﬁiiakﬁéﬁé‘weréAmadé‘using éniméls from the laigé l
line and tuentybsix‘froﬁ the small, Values of the R.Q, were variable in -
both large and emall lines though elightly higher in the lafge line. - All
R.Q.s éxceeded 0,8 and more than one-quarter of the animals of both iines
.hadzqn 3.9. nggeQing one, In both lines, R,Q.8 of greater than one were
generally associated with positive weight increases, . Dewar and Newton -
(1948b) have shown that if food imtake is sufficient only for maintenance
requirements, focdstuffs are burnt in the same proportions as that of the
diet, Above maintenancg levels, the R.Q, increases in préportion.to_the
food inteke, i.e, either carbohydrate is being preforred as a source of
energy and fat»ié stored, or the same proportions are burnt and the excess
carbohydrate is converted into fat and stored along with the corresponding
excess of ingested fat, In growing enimals, in which food intake far
exceeds maintenance réqpirements, both of these processes may occur,
Groving animals might therafq:e be e#pegted to havg higher R.4.s than
mature aninals of the same line,

Energy Exponditure.

The same exporiments to determine R,Q,8 also gave information on
energy expenditure, These experiments included a series of 24~hour
determina&ions made on four mice at ages between 22 and 72 days in the
large line, and between 22 and 40 days in the small line (Tebles 17 and

18). The four animels so tested were two males from each of the large
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and small lines, ’Other determinations were made on mice of ages bétween
23 and 50 days in the large 13:ne3, and between 22 and 93 days in the sﬁall
line,. The ﬁeiabolic rate of a few animals of the éoqtrol line vés‘ also
estimat.'ed and resulfs are sho'.m‘ in Figs. 16 and 17-. The motabolic fa‘be
of some mice of the larga line between ages 11.,-17 days are also included
in Fig, 17, Oxygen uptake and carbon dioxz.de output were estimated over
a i:ex‘i’od-of tiro hours only in‘these animels as the mee_xsurements vere made
brior to weaning,- "V.ﬁlues. for their metabolic raﬁes-'are'-theréfére necess~
 arily an approximation as the oikygen requirements dué to protein metabolism
could not be determined, but they did afford a comparison with small mice
of comparable weight,. |

‘ The total energy expenditure for edch 24 ho;zr period was highéx‘ in
the large then in the small line; this is to be expected f£or increased
‘body size will be associated with increased maintenance costs, Energy
expenditure when expressed as per unit of body weight was higher in the
@mall than in the large line for comparable agés (Fig, 16). ‘These differ~
ences in energy expenditure per unit weight be'cé‘me negligible if animals
of the same weight are compared (see Fig, 17). Energy expenditure in
animals of the sdme weight in large and small lines was then fairly
similar or slightly higher in the large line. Weight losses during the
experiment may have artificially lowered the energy expenditﬁre of thé
emall line, for Dewar and Hewton (1948a) have 'shown that loss of weight

is generally associated with a low metabolic rate, and weight losses in the
small line exceeded 3% in 5 out of a totel of 27 determinations, However,
the conclusions drawn from the comparison of the energy expenditure of mice
from large and small lines for comparable body weights were unaffected

if these animals were excluded, As was to be expected, there was some



variation in both lines when metabolic rate was plptted against age
(Fig, 16); vhen metabolic rate vas plotted against weight, variation
vas considerable in the small linec and comparatively small in the large
lins (Fig. 17). |

- Divergences from the surface laé in mature animels (cnergy expendi-.
ture proportional to w0+66) nas been cbserved by Benedict (1938) and Brody
(1945) has shoun that metabolic rates are more nearly proportional to
w073,  Energy expenditure per. 24 hour period per w0¢73 has therefore
been plotted in Figs, 18 and 19,  In animals from the lerge line, ecnergy -
expenditure vas relatively constant during the period of most rapid grouth
(7 to 25 gms,.) but decreased as weight increments became progressivoly
less (Fig., 18),  Growing animals therefore had a~higher metebolic rate
per w073 than mature animals of the seme line, lMetabolism per w073 yas
extremoly variable in the small line (Fig, 19) end in meny growing animals
it was as low as that foﬁﬁd in adult mice of the large line, With two
exceptions values in the ssall line were dependent on the chenge in weight
during the experimental period, i.e. in animals in which woight loss
occurred, metabolism per u0°73_was Jover than in animals with weight gains
during the experimental period,

DISCUSSION
Although the total proportion of foodstuffs absorbeé from the gut is
similar in large and smell lines, smell differences occur im the probortion
of fat, protein aand carbohydrate absorbed by the two lines, | In terms of
calories, the amount digested was also simila;. Mice selected for in~
croased body size absorb a greater proportxon of fat and protein, and a

lower proportion of ecarbohydrate, than mice selected for small body size,

If the percentage of foodstuffs absorbed (i.e, the digestible food) was
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an important factor in limiting growth, much greater differences than
those observed in the proportion of foodstuffs absorbed from the gut
'Wbuld be expected in view of the very large differences in growth rate,.

It is also evident that the increased gross and cnergetic efficiency of

‘fébd ﬁtilisation inAthe large line, whiéh'has been discussed in the'pre-
" vious‘chaptér, is'nbt a‘fesul% of a greater proportion of the food con-
sumed bexng abgorbed in the large line, for total and calorlflc digesti—
bility have been showmn to be similar in both selected llnes. The differ-
ences in efficiency of food utilisatlon betueen large and small lines must
have been due to other causes,

During grobth, nitrogen balances were usuall& positive‘in the large

line except in cases of weight loss dgring;the experiméntal period, i.e,
a certain_proportioh of the éigestiblé bré%ein vas retained in the body,
From about six weeks of age nitrogen ret ention was reduced almost to nll,
vhich is in agreement with previous work (see Chapter 2) showing that ine
creases in weight after this age are largely fat tissue and that protein
deposition is neerly completed, The adult aﬁimal is therefore in a state
 of nitrogen equilibrium (thexnitfogen absorbed ié equal to the nitrogen
lost in the urine) provided that the food consumed isysuffipient for
maintenance purposes. The small 1ine absorbed é slightly lower propors
tion of protein than mice of ihe Zarge 1ine, but in contrast to the large
line most of the digestible protein was metabolised and the nitrogen re-
tention was either small or, in many cases, negative, particularly in ﬁhose
animals in which sméll weight losses occurred during the experiment,. The
proportion of proiein absorbed to that metabolised appears to‘be higher
'in mice selected for 1arge‘body.size S0 ﬁhat more protein is available for

the laying doun of body tissues
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Body size directly affects total metabolism and therefore energy
expenditure as follows, First, increased size is associated with ine-
creased maintenance requirements, and secondiy,venergy expenditure per -
unit weight decreases with increasing size which is probably due. to re-
duced heat loss. per unit body weight, The total energy expenditure is
therefore higher in the large than in the small line due to higher maine
tenance requirements, end the decrease in energy expenditure per unit .
weight found within large and small lines with increasing weight or age
is attributable to reduced heat loss as a result of a relatively smaller
surface area, . In the present work, the metabolic rate per unit weight
for 2/~hour periods was generally similar in mice of large and small lines
of comparable weights, Differences existing in the energy expenditure. .
per unit weight for similar sges must therefore be due to weight differe .
ences, However, mice of large agd small iines 6f‘the same weight are
growing at quite different rates'(see Chapter 1), and an increased grovth.
rate has been shown to be associated with a rise in metabolism per w0.73
(Brody 1945)., This association was also found in the present experiment,
A certain proportion of the energy expended is therefore directly concerned
with the growth process, i.e. theore is an energy cost‘associated with
growth, Some of the .energy expended by animals of the large line, which
are growing aﬁ a faster rate than the small line, was therefore due to
grovth, This extra energy expenditure, which would be largely absent in
the small line, may have obscured real differences in the energy required
for maintenance between the two lines, |

MacArthur (1944) has suggested that decreased body size as a result
of selection may be due to increased energy expenditure in the small line

so that less food is available: for storage. There was no evidence in the
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prosont - analysis thaﬁhthis is'‘true, Firstly animals in the large and small
lines of the same weiéﬁt will have approximately the same surfaec aree and
thereforo heat loss will be similar, - Secondly, there is no evidence to
support the theory that the metabolic rate is higher im the small strain
than that whiech would be cxzpected on.the basis of their body size, - 1t
seems unlilkely: therefore that a high level of cnergy expenditure is direct-
1y responsible for limiting the rate of growth in the snall line for energy
oxpenditure is generally higher in the large line as shown above, -

The level of encrgy expenditure will directly affect the efficiency
with vhich enimals convert foodstuffs into body tissue, If maintenance
requirements are' low, more food energy will be available for storage,
vhereas if nmaintenanco requirements are high, most of the digestible foocd
will be metabolised and practically no food will bé available for growth.
The differences in energy expenditure in animals of large and emell lines .
of the same age will therefore contribute to the:differences found in the
efficiency of food utiliéation found between the two lines (in Chepter 3),.
Thefincfeaseé efficiency of the large line may therefore be due to the
reduction in totel energy expenditure per unit weight which in turn may
be a result of the relatively smaller surface of large mice,

The differences observed in energy meotabolism of the selected .lines
appear to be largely dus to differences in growth rates so that at any
absolute age, total energy cxpenditure in the two lines uill‘be dissimilar
as they will be at a relatively different stage in thelr devolopment (i.e.
in their physiological age). In turn, growth :ates are probably eontrolled
by other factors, e,g. the endocrines whicﬁ may be under direct genetic

control and therefore capable of modification by selection.



The method of measuring aotivity was similar to that used by
Bateman (unpublished). It consieted of an aluminium cage suspended as
in Piat.e‘ 4, The nest of wood wool was always arranged t.o ba at the -
oppoaite end of the case to the water bottle and food basket. ' The water
bottle and food basket were counterba.laneed with welght.s to maintain tb.e |
eage ho:"izon?;ai, a.nd oﬁe end 'of f.he caée wés replacéd by 'pérzséex in ordex;
to see the mouss, All movements vere recorded on a smoked drum by means
oi‘ a pointer attached to one end of the cage. The amplitude of the move-
ments recorded on the drum, 1,e. the sensitxv:.ty of the cage to movements
by the mouse, was aﬂjueted by means of the supports fmed in the clamps
A and B, The speed of the drum vas ad;justed to 12 6 cm, per hour in
order that all movement of the mouse from one end of the cage to the
other woul& be recorded, Records therefore only included ene type of

_activit.j (ise. movenj@nt) 'outgéi‘: a ,uholé range of a.ct.ivit.;} patterns, e.g.

cleaning, Jétc,‘ ' The activity of each mouse was measured over approxi-

mately 1823 'hours (one recording) » vhich should reduce error in the

*‘ty:@ Aet.ivi'by was partieu—

larly studied during the period when the d:.fferences in growhh rato were

measurements due to diurnal rlvhhms of‘ ac

mammum, i.e. from 3 - 6 weeks of age. Resulta were expressed in vnits
of act:uh ty per ﬂay, a unit of.‘ activity being defined as tha movement of‘

a mouse from one end of the cage to the other.

RESULTS AWD DISCUSSION
Activity levels were studied in males of large end small lines from
_21-51 days of age, Results expressed as units of activity per day and
units of activity per day per gram of body weight are given in Tables 19



20, The total number of activity units of 18 scparate rocordings were
counted on four different occasions to determine the error in counting,
From the variation in the counts of the total activity of one reeording,‘
the coefficient of variotion could be calculated, The mean coefficient_
of variation in counts for the 18 recordings vas 4,73, In a number of
recordings from each line, the percentage of the total time spent at the
nest end vas calculated and these figures are included in Tables 19 and
20,

The large amount of variation in activity in both the large and small
lines from 21-23 days may have been due to a weaning effoct associated
with loss of litter-metes, From 23 daysof age, however, increase in
voight in both lines was associated vith iﬁcreased total activity (B‘ig.‘
20). The inmcreage in total activity with age appsared to be greater
in the large line, But data on activity was aifficult to interpret dtjze_~
to the large variation between mice of the same line, the same age, and
the same weight.ﬁ .

In order to relate total activity with total emergy expenditure,
activity units were oxpressed per. gram of body weight and plotted against
age in Figure 21, From 23-40 days of ége activity was higher in the
egnall than in the large line, The inéreaaed onergy expenditure found in -
the small line when expressed per gram of body weight may therefore bz due
to increased maint.enaxice as a result of increased activity, vhich in turn
nay be due to a greater heat loss per unit weight in smaller animals,

The increased maintenance requirements as a result of pgreater act"it;ﬁiw
per unit weight might therefore be responsible for the decreased effic-
sency of £ood utilication found in the small line during this period,



When animals of the same weight were compared, activity per unit body
uveight was not dissimilar in the two lines though few comparisons vere,
available, ‘

To;summérise, total activity after 23 days of age inereased in both
lines with increasing age or weight, but more rapidly,in the large line.
The level of activity in mice of the large line was comparatively high '
at weaning, iﬂgﬂ when growth is rapid, Although aetivity per gram of
body weight was higher in the small than in the large line, these différ—
ences become negligible when animals of similar weights were compared,
Activity was therefore similar in animals with different rates of growﬁh,
The levelef activity, though contributing to maintenance requirements, |
thergfore appeared not to be an important factor limiting growth in the
small line and there was no evidence to support the suggestion that .
aétiviﬁy made a sybstantially greater contribution to total Qhergy ex-.u
penditure in the small than in the large line, s

The reduced growth rate in the small line does not appear to be
a resuit either of selection for mice with high levels of activity and
therefore with abnormally high maiﬁtenanee requirements, or of selection
for high méintenqnce requirements through increased oxidation rates in
the body tissues such as that which is associated with hyperthyroidism,
The hypothesis that food which is usually converted into body tissue is -
needed for abnormally high maintenance requirements can therefore bé
excluded, Neither is the inereased growth rate of the large line .
apparently associated with lower maintenance requirements or with marked
reductions in total activity., Other factors are probably responsible for
the changes in growth rate resulting from selection for large or small body
size, A study of the endocrines which are directly concerned with the
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control of growth may give more fundamental data on the determinants of
the rates of growth in the selected lines than measurements of energy
expenditure or body activity, '
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Age in Days . 2223 2425 26-27 29«30 3233 34m35 36=37 3940 42-43 45-46 Lo=lT 5253 56-57 T2=73

Mouse-
Weight in a 14,52 17,88 21,56 24,71 25.85 28,20 33.58
gmse .
b 13020 11:-.85 17004 ) 22093 24052 26067 27092 28097 29082 31.80 32016
Energy a 7.97 9.67 11,30 12,10 11,90 12,80 12,90
Expenditure :
per Day b 7.55 8,47 9.8 11,95 12.05 11.69 12,65 11,70 11,20 13.61 12,00
4in Calories : o .
Energy a . 55 WS4 W W49 Wb 45 | .38
Exp/Day/gm, .
in Cslories b 51 W57 W58 852 A9 AR W45 WJAD «38 W43 W37
Energy a S .13 1,18 1,20 1,15 1l.11 1.12 ‘ +99
Exp/Day/w0+73

in Calories b 115 1.18 1.25 1,21 1.9 1,03 1.12 1.00 94 1,09 .95



Age in Days 2223
Mouse

Weight in a 742

gms.

‘ b

Energy a 5. 50
Expenditure

per Day b
in Calories

Energy a o Th
Expenditure

/Day/gm, b
in Calories

Energy 1.27
Exp/Day/ii0+73

b.

in Calories

23-24 25-26
8.66
6049 7,04
5.57
6.70  3.95
064
1,03 .5
1,15
1.71 95

7.53

 4ebl

1,04

.62 .

«95

1,17
1.68

31-32

938

5.15

55

1,00

32-33

11.83

6.60

«55

1.09

33=34

4485

49

<93

35-36

36-37

12,70
9.93

10,27
7.30
4eTL

58
W46

1.27

39=40

13.35

6436

48

96



Teble 19. Actiwitiy in the Large Line.

Age in Height Units Units % Time
Days in Activity Activity at nest end
foasil- 1 Per Day Per Gram
Per Day
.22 10,6 525,6 494 4£5¢5
1390 69600 . 5307 4309
12,9 324,,0 25,2 43,2
13.5 381.6 28,3 5642
12,7 240,8 26,9 5.3
10’1 285.6 28.3 &0 5
14.5 5.7.2 37,7 52.5
232/, 13.1 170.4 13,0 ,
. 13.6 2%08 13.0 . 5804
25=26 15,2 324,0 PANY S 5405
2627 17,0 175.2 21,4 65.0
27=28 18.2 225,6 12,5 71.9
2728 - 17,6 199,2 1.3 -
28-29 ' 20,6 228,0 11,0 63.7
31=32 2344 369.6 15.8 51,0
21, 8 3690 170 0 - 5904
3334 2.8 ' 494.4 19.9 53.0
3435 28.3 271,2 9.6 61.5
271 470.4, 17,3 -
35-36 27.9 523,2 18,7 55.5
37 “'38 239 5 11&40 0 ) 6. L.
29.6 5%04’ 18. 0 5700
28,3 343.2 12,2 L94
42=13 294 806,4 27.4 35.5
30,5  840,0 27.6 -
4546 34e2 - 535.2 15,6 blyed®
50“'51 320‘8 86106 2601& 45010*

* not included in Figs. 20.& 21.



Age :m Weight Units - Units - % Time
Days in Activity Activity at Nest End
gms,. Per Day Per Gram
Per Day
2122 ~7.3 3ok 43.0 43.0
5. 204.0 36,0 S
7.1 232,8 32,9
R 6.16 216 0 350‘,8 .
2323 7.7 336,0 43.7
7:5 398.4 53.0
5.8 - 132,0 21,3
2324 7.6 2064 27.1 53,0
6,1 1440 23,5
25426 8.;;, 192,0 23,0
L '60 232,8 3403
7.A 232.8 314 '
27""23 9%2 2350 2507 45.7'
. 704 19404 26'9!* “
29-30 2.8 271,2 27:6 56.6
30-31 77 235,2° 30.5 "
32-33. 8.2 170.1.‘ 20, 9‘ o
3334 11.3- 388. : 34.3 53.2.
35-36 10,1 367.2 26,2
) 04 3020£ 2405 5308
36=37 9,6 228. 23.8 .
11.5 326.4 2803 3801
38-39 10,1 235. , 23,3 o,
1000 390 3503
Llm=l2 12,0 405,6 . 21,8
4243 11,2 302,4 27.1
bhmi5 11,9 381.6 32,2*%
46=47 12,2 3216 26.4%

* not included in Figs, 20 & 21,
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~ CHAPTER 5
* CONCLUSIONS = THE ROLE OF THE ENDOCRINES

M inczeasé, in body woight is obviocusly desirable in the development
of strains of livestock suitable for the production Qf meat, Various
methods of selection have been used as & means to obtain an increase in
weight far beyond the extremes found in the original population, Buta
increased body size loses 'much of its value if other factors such as the
composition of tha carcass, the efficiency of food utilisation, or ferti-
lity are edversely affected, The present work has been concerned with
some of the physiological censequences resulting from selection for large
or small body size.in mice, Some aspects of the physiology of mice sel=-
ected for large and emall body size, and of their unselected controls,
have been studied in the previous chapters, and these data are_co-ordipated
in the present chapter, » _

Differences in body weight between mice of large, control and.small

lines were already apparent at birth, Absolute growth rategs from Sirth
until weaning were always highest in the large line, intermediate in the
control line and lowest in the emall line, though relative growth rates
did not follow this ﬁattern,‘ The relative rate of gain waé fairly simi=
lar in all three lines from birth to tuelve deys of age, but differed after
twelve days of age. This age coincides with the time that maternal in-
fluence on body size will begin to decline as the young begin to wean them=
selves,. After 12 days, the growth rate of the offspring will ‘herefore
become increasingly more dependent on their own genotype rather than depenw

dent on the suckling ability of the mother (i.e. the milk supply available).
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From twelve days until weaning at three weeks; the relative rate of
growth was higher in the large than in the emall line, the controls being
intermediate, The weight gained in both large and small lines during
this period was largely protein and assoclated water,

From weaning until five weeks of ags, relative end absolute growth
rates wore consistently higher in the large than in the small line, con-
trols being intermediate, The inerease in weight in both large and small
lines during this period was mainly protein and associated water, although
small increases were made in body fat. The protein and fat were deposited
st 2 much faster rate in the large than 'in the small line, Food inteke
was higher in the large than in the small line, controls again being inter-
mediate; this ie to be expscted because in addition to the greater growth
rate in the large line, méintepanaa;costs increase with body weight,
However, caleculations made of‘ihe~e£fieiency with which food was converted
into body tissue show that despite higher maintenance costs, the effice
jency of Pood utilisation was greater in the large than in the small line,
the controls being intermediate, Differences in the efficiency of food
utilisation were not caused by differences in the total digestibility of
foodstuffs between the: large and small lines, although the digestibility |
of protein and fat was higher; and the»digestibility,of cerbohiydrate lover,
in the large than in the small line, Totel energy expaﬁditure (neta~
bolic rate) per unit weight was higher in the smell line during this
period, vhich may be due to the relatively greater heat loss of smaller
enimals, The higher energy expenﬁiture per unit weight due toiéreaxer
heat loss in the small line may have been.due to increased activity, es
small mice vere generally more active than.large mice of the same age.

The higher metabolic ratés per unit weight of the small line therefore.
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contributed to the higher maintenanco rcguircment por gran and this may
account for the low. efficiency with which food was utiliced for loss
food would be available for growth,

From five to.six wecks of age, growth incfements began to decrease
in the large line and relative growth rates werc actually higher in the
small line during thie poriod, From 38 to 40 days of age fat deposition
increased rapidly in the large line and this coincided with the time at
which the rate of protein deposition begen to decline, By comtrast,
fat and protein arc doposited in the smell line at the same rate as that
prior to £ive weeks of age, Gross officiency was higher in the small
line during this period vhile energetic efficiency of food utilisation
vag similar in both linesy; this may be attributed to the inereased
neintenance roquirements and the decreasing growth inorements of the
large line, The metabolic rate per unit weight was higher in the small
line and this may again be attributed to incrsased activity,

From six woeks of age, the rolative rates of grouth of the thrac
lines were not very different, though usually slightly higher in the
small than in the large line, In the large line, most of the weight inw
creases could now be attributed to fat and relatively small incroasss irere
mede in protein and associated water, In tho small line, houwever, the
rates of protein and fat deposition were similar to those found from three
to six veeks of age, Gross efficlency of food utilisation was similar
in both seolected lines, but gross officiency does not assess the composi-
tion of the weight gained, More calories will be reguired to storxe one
gram of fat than one gram of protein as the energy content of stored fat
is nearly tuice that of protein., Calorifie eofficiency vas therefore..

found to be higher in the large tham in the small line, Tho metabolic:
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rate per unit veight was generally highor in the small line, . It is
interesting to note that the high metabolic rate of the small line pro-
bably reduced gross efficiency at this age, whereas the gross efficiency
of the largs linc was probably determimed by the higher food energy re=
quired to gain one gram of weight, i.e. because these gains vere almost
eantirely fat tissue,

Several factors may cause the differences in grouth rate found be-
tueen the selected lines and energy expenditure could be one of these
factors, The energy expenditure per unit weight is higher in the small
than in the large line during the period of most rapid grouthy i,e, from
three to six weeks of age, But there is little or no evidence that the
level of energy expenditure is responsible for the differences in growth
rate between the large and small lines since motabolic rates per unit
woight were similer or even slightly higher in the large line for come
parable body weights, However, real differences in the basal metabolic
rate may have been obscured in measurements of total energy expenditure, -
Horeover, the components cont?ibﬁting to maintenance requirements may not
be the same in both lines though the proportion of maintenance energy
spent in body activity seemed to be similar in both lines. IHore critical
experiments would be required to investigatse the relative importance of
the various components contributing to energy metabolism,

Many workers have shown that the normal functioning of the endocrines
is essential for growth, . Further investigations have therefore been made
to study the role of the endocrines in control of growth in the selected
lines, for hormonal regulation of the rate of growth may indirectly affect
the relative importance of the various,combonents contributing to total
energy metabolism, The pituitary, the thyroid gland and the adrenél
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cortex are examples of endocrines which might have been affected during
gelection for large or small body size, the hormones released by these
endocrines being essential for normal growth, The pituitary was selece
ted for study,

If selection has roduced the levels of endogenous hormones in the
small line, these animals may respond to administration of exogenous hor-
mones, Some preliminary work has been carried out to study the response
of the small line to several of the pit_,uita:y hormones, The slow rate
of grouth of small mice may be due to a deficiency in the production of
growth hormons; Beef somatotrophin (Armour Laboratories Ltd,) was there-
fore injected subcutaneously daily for 12-14 days into small mice of
between three and six weeks of age, Preliminary results are given in
the following tables

Table 21,

Treated Untreated
Litter Mates
Initial weight 6.2 6.3
Final weight 13,9 11.4
% Increase 124.2 80,9

The results so far indicate that the small line will respond to growth
hormone if a sufficiently high dose (1 mg. per day) is given. No res-
ponse was obtained with doses of less then 1 mg, High doses of the
hormone may be required either because thesc small mice are rolatively
insensitive to growth hormone, or because there is some degree of species

specificity in response to growth hormonme, Wilhelmi (1955) has alreedy
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demonstrated differences among tho growth hormonos of different species:
that he haa'anaxysed. At cessation of’treatment, the carcass fat end
protein was determined in a few treated and uitreated animals using the =
method describéd in Chapter 2, The carcasses of those animals treated
with grovth hormone contained a higher percéntage of protein and a lower
percentagé of fat than untreated control litter mates, These effects

of grouth hormone on carcass=cdmposition are similar to those described
by Lee and Schaffer (1934), Young (1945), Li and Evans (1948) and Green-
baum and MacLean (1953), The results of these preliminary experiments
indicate that mice of the small 1line are deficlent in their endogenous
production of growth hormone and that they are not refractory to injec-
tzons}of somatotrophin, A deficienqy in the production of growth hormone
by mice of the small line would be similar to conditions found in the pig,
for Baird ot al. (1952) found significantly lower amounts of.grguth hormone
per unit of pituitary tissue in pigs aélected for low rates of gain than
in those seolected for high rates of gain,

Studies are also in progress to inveatigata the effect of selection
on the gonatrophic activity of the anterior pit.ultary9 and its relation
to the infertility found in the small };ne of mice,._JA.large percentage
of the females pf the smell line are ipfertile until;yhree to four months
of age as judged by the arrival of}their first litters., Several factors
appear to be responsible for this infertility, Firétly; pany small fo-
males paired with proven maiés fail to comé into oestrus and hate, as
judged by the presence of a vaginal plug., Thesée females appear'tb be
sexually immature, for treatment with the gonadotrophins pregnant mare
serum and human chorionic gonadotrophin, u31nb a method similar to that

deseribed by Rnnner and Gates (1954) for itmature mice, will induce oestrus,
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ovulation and mating in 89% of them. Secondly, approximately one third .
of ell females which mated on their natural oestrus failed to ovulate,
The eggs of some fggg;ggﬁuh;eh‘mated and ovulated were examined under
the phase-contrast mié;;scope and 95% of them were fertilised,. Finally,
only 44% of those females which had mated during natural oestrus had ime. -
planted embryos when killed at 12-16 days gestation, Many :of the small -
fomales therefore have an oestrous cycle and ovulate but their embryos
fail to implants; Lack of embryos may be due to improper uterine stimu-
lation as a result of the failure 'of the corpus luteum of pregnancy to
develop, Smithberg and Rumner (1956) have maintained pregnahcies_in
immature mice which hed mated in response to treatment with gonadotrophins
by daily injections of progesterone, Similar treatment of small mice
which had mated on natural ocestrus increased the number of females with
implants from 443 to 82%, The lack of,implants,iﬁ the remaining femsles
may have been partly due to a failure to ovulate, The infertility in
many mice selectéd for small body 9&29 therefore appears'fa be due to a
deficiency of the follicle-stimulating and luteinising hormones of the
anterior pituitary, and some females also appear to be deficient in pro-
gesterone which again may be due to hypofunctioning of the anterior pite
uitary in failing to produce prolactin (luteotrophin)., Treatment of
pregnant. females with luteotrophin should determine vhether thé corpora - . -
lutea are normal and capable of response by secreting progesterone.
Mice of the smsll line therefore appear to be deficient in the production
by the anterior pituitary of growth hormone, follicle stimulating hormone,
luteinising hormone and probably luteotrophin,

These preliminary studies support the hypothesis that the primary

effect of selection has been to alter the endogenous production of some
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of the hormones secreted by the anterior pituitary. Selection for small
body size appears to have reduced the levels of these hormones and selec-
tion for large body size may have increased them, Many of the differ
ences in the large and small lines in carcass composition, efficiency of’
food utilisation and energy oxpenditure are explicablé in terms of difféer-
ent grouwth rates, 'in that at any absolute age, animals of “the two lines
will bo at relatively different stages in their development, In cone
trast, differences in the rate of growth appear to be controlled by the
levels of c¢irculating hormones, these levels being influenced by the
genotyps of the animel, The extension of these studies to other strains
of mice selected for large or small body size may reveal uhethér the

same physiological mechanisms are always affected by selection,.
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SUMMARY

Differences in body veight between mice selected for 1arge and small
body size and their controls were apparent at birth and vere fully maintained
up to 30 veeks of age. Differencéé in absolute and relative rates of growth
between the three lines reached a maximnm from 21~35 days of age and declined
thereafter, '

Growth in the large line from 14~LO days of age wag largely due to an
increase in body protein and waterg after this age, increaee in weight was
caused mainly by fat deposition, In the emall line, proteln, water and fat
were deposited at a more constant rate during the vhole groving period,
Different ratés of growth could largely account for the differences in the
percentage composition foqnd between mice of the iarge and small lines of the
same age; ‘The percentégé composition of two.large strains vhich had been
solected on similar criteria was analysed; one strain was found to have
a highér pefcentage of protein and water and a lowerléercéntage of fat thén
the other despite the similar criteria of séiecﬁion.\ The role of physiology
as an aid to further selection programmes 15 discussed, | A)

Selection fof increased bpdy size was associated with increased fodd‘
consﬁmption and greater"eeonomy of gain. ﬁiee of the small line ate less
food and were not éo efficient in converting fooéétuffs into body tissue, -

‘The digestibility of foodstuffs was similar in large and small lines,
Though energy expenditure éer unit weight was higher in small than in large
mice of the same age, thseevdifferenées became negiigible vhen animals of
similar weights vere cémpared. Heither total energy éxpenditure Aor body
activity were apparently factcrs limiting growth in the small line.
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Mice of the small line responded to treatment with certain exogenous
hormones, The primary effect of selection for large or small body size
may have been to increase or decrease the levels of some of the ﬁormones
secreted by the anterior pituitary;, thereby altering growth rates, Ghnnges
in growth rates may have caused the differences between the large and small
lines in carcass compoaitioh, efficiency of food utilisation and emergy = -

expenditurq;
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