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. | ABSTRACT

. The prenatal and postnatal development of the rat has
been investigated under normal conditions and following treat-
ment of the mother with growth hormone during pregnancy.

Whereas most structural measures of normal body and
brain development changed in a continuous fashion through the
fetal and neonatal stages, the net change in brain DNA (cellu-
larity) was biphasic; the first phase occurring in the fetal stage
and the second over the second and third postnatal weeks,
Deily treatment of the pregnant rat with growth hormone had
- no detectable effect on litter-size, placenta weight, or body
and brain measures of the fetus in late gestation, However,
the treatment did produce two definite effects: ‘(1) prolongation
of the gestation period; (ii) an increase in body-welight of the’
gravid rat which was maintained, in part, throughout lactation. /
- Autopsy on postnatal day 40 showed that a definite- growth res
ponse had occurred. _ _ '

Naturally occurring differences in maternal body-welight
were subsequently studied. Body-weight of the mother wasnot
‘related to gestation period, litter-size, or birth-weight of the
offspring, but was found to be inversely <or ed with nest-
time. ' Heavy mothers spent less time fvith their\licters, and,
imparted a slight developmental preco ity to the
with light mothers. In the open-field’in adulthoods
level was correlated positively, and defecation level negatively,
with the amount of time the mother had spent with the litter in
the first two weeks of life, A temperature-dependent model for
maternal nursing behaviour was proposed.

Prenatal treatment with growth hormone resulted in -
changes in maternal behaviour in the direction predicted onthe
basis of body-weight. Offspring from growth hormone mothers
showed no developmental precocity when age was dated from
conception. Previously reported differences in adult brain
structure and behaviour of growth hormone offspring were
attributed to a postnatal influence” of the growth hormone-
treated mother. ‘ i

n
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e . PREFACE

The original aim of this work was to extend the investi-
gation of the effectsof prenatally-administered growth hormone
on the development of the rat, . However, the emphasis of the
dissertation centres on the normal” structural and functional
- development of the rat in the critical stages of early ontogeny.
It will be seen that in the course of the. work, new problems
and interpretations have arisen, and these will be discussed at
the appropriate times so that the chronological and conceptual
development of the thesis is preserved. T

Following some initial comments on the definition and
description of developmental processes and events, the
Introduction begins with an historical ovérview of the main
theories of development, and is intended to provide some back-
ground to present-day thinking on the subject. The recent -
emergence of the psychobiological approach to development is
then discussed, followed by a review of experimental work
aimed at inhibiting or facilitating the early development of the
gervous system of the rat. The Introduction concludes with a
detaifed review of studies concerned with the effects of prena-
tally-administered growth hormone on'the development of the

- rat. )

The four experiments reported in the first section bear
on the structural development of the rat in the prenatal, - peri-
natal, and early postnatal stages, and an assessment of the
effects .of prenataily-administered growth hormone on prenatal
development is made. In the second section of the thesis, four
experiments are presented in which strucrural and functional
development in the early postnatal period is investigated, to-
gether with behaviour in adulthood. Again, the effects of pre-
natal treatment with growth hormone are assessed. ,

The argument will be presented that variations in the
normal development of the rat, and those which occur following
prenatal treatment with growth hormone, are the consequence
of interactive relationships between mother and litter in the:
Preweaning - phase of development rather than of influences
exerted prenatally. :
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1

CHAPTER 1

INTRODUCTION B

A. Development

| A useful way of conceptualising developmental processes and
events is to compare them with physiological ones, particularly in
terms of their outcome (Weiss, 1939); whereas physiological events
are usually of a éonservarive. repetitive and impermanent nature,
fhose of'develoii'ment are typically progressive and unidirectional, and
frequently lead to a pérmarient change in the organism. A comﬁarison
on the basis of tifne or ;-ate find; thar developmental processes are
often slow in contrast to physiological processes although there is
i'ittle algorithmic basis for such a ciis*cinc:ionf1 Neither can a st\ri;:c
distinction be made on the basis of biological significance although in
general physiological changes tend to hold an immediate functional
significance for thé organism whereas those of development tend to
precede function in a more long-term fashion..

_ The progressiveness of developmental changes is not always
immedjately apparent. For example, cell-death would appear to be a

t

regressive event, vet it is 2 common phenomenon in the early

10n a broader plane, a conceptually similar scheme has been

usefully employed by Russell (1957) in distinguishing the experimentalist

[PPSR DRP IR LT SSSRPR

from the developmentalist approach to the analysis of behaviour.
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- development of the nervous syszefn and may play a crirical role in
early hiscogenesis (Glucksmann, 1951). Is progressive propefty may
:herefore be manifested in the shapmg and subsequent differentiation of
nervous tissue (see Levi-Montalcini, 1964).

Developmental processes and events lead to an ever-increasing
specificity (Hamburger, 1957); they are, in the main, outwardly
progressive in appearance, and signify-for the organism an increasing
ihdependence from environmental influences and a greater capability
for self-regulation (Nagel, 1957).

A wide varlety of phenomena have been grouped under the rubric

development. Bonner (1963) has suggested that developmental processes

.

be divided into two broad cazegones The first the constructive
processes, are those mvolved in the progresswe construction or
building of the organism and may be further divided into growth,

morphogenesis, and differentiation. The second are limiting processes

which check, guide, and channel the former and may be incrinsic

(e. 2., hormones, chemicél inducers) or extrinsic (e.g., food availa-
bility, mechanical factors, temperature). _When developrﬁg—:nt is seen
primarily as a process of regulation (Holmes, 1948) it is these limiting
processes u;hicsh give a developing system its dynamic prbperties, and
lend to it wha‘t:“ﬁas variously been called: €lan vital, entelechy, formarive
drive, vital principle, etc. Historically, it was the recognirtion of

these intrinsic factors, in particular the action of hormones, which

-



led to the demise of vitalism (see Thompson, 1917).

On the whole, more interest and effort has been directed towards

the understanding of the relationship berween these limiting processes
and the fast, constructive processes of early ontogeny than to the
later and slower changes in adulthood and the destructive processes
of aging. However, z;s the eighreenth century physiologist von i—Ialler

noted, decrementum is as much a part of development as incrementum.

(cited in Thompson, 1917). The present distribution of effort is

clearlfr due to 2 higher payoff at the level of early 6ntogeny and logically
these studies shoul;t come first. It may be expected that as the picrure
of eérly developrm:;t becomes more c;omplete-a greater amount of

attention will be directed towards the slower developmental features

.8

of adulthood and senescéﬁce.
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B, Theories of Development

Over the last twenty years, an increasing amount of attention has

been directed towards the comparative psychobiology of development,

ahd it is interesting and useful to distinguish this récenc and highly g ;

experime,ntal'phasg from the moré protracted study of develoﬁment in

general.- The a-cc:our'x: which follows is not exhauétive and deals only

with the two basic, and opposed, notions of development which l;as;e

recurred in various for‘ms from the time of the Ancient Greeks to the

present day. No attempt will be. made either to detail the historical

contr;.butions from philosophers and ochérs which have substantively

influenced the evolution of ideas on the subject. : _ -
‘ Theories of human devélopment can be traced back to the earliest

beginnings of embryological tﬁeory. It was a member of the Hippocratic

school who Needham (1963) credits with being the first embryologist.

This unknown writer made two basic contributions: first, he espoused

a mechanistic and causal approach to the study of development; second,

he delineated the prefor mationist approach which held that everything

was originally and simultaneously present in the embryo and that
development was simply an increase in size of these preformed parts.

In Book 11 of the final part of Aristotle's zoological works, written
sometime in the fourth century B. C., pré:formationalism is contrasted
with an alternative theory of development, epigenesis, which holds that

new structures are formed dur-ing the course of developrﬁent. Of the



two theories, Aristotle clearly favoured epigenesis:

"How, then, are the other parts formed? Either they are all
formed simultaneously - heart, lung, liver, eye, and the rest of
them - or successively, as we read in the poems of Orpheus,
where he says that the process by which an animal is formed resem-
‘bles the plaiting of a net. As for simultaneous formation of the
parts our senses tell us plainly thar this does not happen: some of the
parts are clearly to be seen present in the embryo while others are
not.”

--De Generatione Animalium, 734a
"And it is possible that A should move B, and B move C,
and that the process should be like thar of those 'miraculous’
automatic puppets: the parts of these automatons, even while at
rest, have in them somehow a potentiality, and when some external
energy sets the first part in movement, then immediately the adjacent
part comes to be in actuality. "
--Ibid., 734b
All other past-and present theories of development are derived
w
essentially from these two basic concepts. For its time the epigenetic
theory was surprisingly advanced burt in the centuries which followed
some sort of tacit preformationism seems to have gained sway and,
with double irony, it was the discovery of the microscope which was to
offer spurious proof to the Age of Enlightenment of man's preformed
beginnings.
In the late seventeenth century, Malpighi (cited in Needham, 1963)
made observations on the developing chick embryo and re-affirmed
. that development was an unfolding, and not an assembly of the constitu-

ent parts. Although his preformationism was moderate in that he

recognised a disproportionate growth of the parts, his findings were



seized upon and elaborated into a more radical theory. The preforma-
tionists were divided into those who saw the preformed parts in the
unfertilised egg (ovists) and those who saw them in the spermatozoa

(animaléulists). - The theory received support from several claims

i)

that tiny men had been seen in the head of the human spermatozoon and
that appropriazé forms had also been discovered in the gametes of other
species.

It was Wolff's observations (cited in Neédham, 1963) on the
development of-the blood vessels of the blastoderm of the chick (1759),

and on the development of the embryonic intestine (1768) which are

—

held responsible for the demise of preformationism, although the theory
survived for some further time. The physiologist von Haller, a

convinced preformationist, believed that the intermediate stages of
; .

the \unfoldfng process could indeed be discovered throu'gh "an unwearied

and laboridus patience.” and in the following he takes a suggestion from

Aristotle (loc. cit. 734a) and attempts to expléin sexual conjugation
which was clearly a prerequisite for development of the embryo:

"It does not seem improbable, that the embryo, lying dormant
during a long period, neither increases, nor is agitated, except by
a very gentle motion of the humours, which we may suppose to
oscillate from the heart into the neighbouring arteries, and from
there back again into the heart. Bur it is also probable, that the .
stimulus of the male semen excites the heart of the fetus to greater
contractions so thar it insensibly evolves the complicated vessels of
the rest of the body by the impulse of the fluid, and propagates vital
motions through all the canals of the animal embryo. " :

\
--von Haller, (1801) p. 434



Thus, preformationism was still alive in the nineteenth century,
and even as late as 1888 His's espousal of epigeneti‘c theory was, notes
Thoinpson (1917), "met with harsh criticism and contempt. "

Nagel (1957) has attributed the historical tenag:ity of preforma-

tionism to the fact that the concept of development contains the implicit

! - .
N

idea of something latent finding progressive expression, and prior

to the emergence of gene-theory it was more plausible to regard this
covert, latent something as simply the reduced form of what was

later to be manifest. The popularisation of preformationism. gave rise
to a scienrific embodiment of the long-standing clﬁrisﬁan and philosophi-
cal view of man with his “naked reason” and his "innate ideas," and

the theory also provided a structural basis for the transmission of
original sin from generation to generation. In essence, preformationism
was the spiritual ancestor of predeterminism and nativism.

The emergence of predeterminism in the late ninereenth century
can be seen as a bridge between preformationism and radical nativism.
Predeterminism held that physical and behavioural development were
determined by preset biological factors and the rigidity of some
"instinctive” behaviours appeared to lend support to the view. The
nativistic doctrine, at least for some ethologists, similarly held thar
behaviour was the outcome of a passive translaﬁion of the genome

(see later). Although, by the turn of the century the epigenetic view

was predominant in embryology, recognition of this principle in a



s g
broader context of developménr was limited to the few adherents of
empiricism. With the advent of behaviourism, however, emphasis was
thrown on;:o the role of the environmeﬁc as a determinant of ontogeny
(Watson, 1913; 1924). The polarisarion be:weeﬁ predeterminism and
behaviourism was to set the stage for the nature-nurture controversy
(for a discussion of the conceptual and semantic issues, | see Lehrman,
1970. . -

The Russian approécszh'to development (see Krushinskii, 1962)

seems to have been one of diluted epigenesis, or an "interactionism"

\ .
that effectively Straddles the nature-nurture issue. Following the

Pavlovian scheme, behaviour is con§idered to be made up of unconditioned

and conditioned reflexes; the foxl-mer congenital and the latter accjuired.
The simpiesr unit of behaviour is the “unitary regcdon" which has a
rigid and generally invariant expression in lower organisms. More
complex behaviour in higher animals is seen to be composed of a
Ct;)mplex of these "unitary rgactions”and finds more variable final .
expression. The conéepts of "inpaté' and “acquired” are retained but
not separated from each other as all behaviour is seen to arise out of
an interaction between the two. This view of interaction between the
congenital and the é.cquired is with reference to units of behaviour and
_—
therefore differs fundamentallv from the interactionist viewpaint that

has been more commonly expressed by ochers. For example, in a

discussion of the imprinting phenomenon, Moltz writes:

[
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"...there is still widespread agreement with the inference which
Lorenz first drew concerning the manner in which the 1r5d1v1dual
genotype is implicated in imprinting; the characteristic properties
of imprinting are regarded as being functionally represented in an
encapsulated set of genic determinants which are elaborated during
embryogeny in a species-typic fashion.... In marked contrast to
this nativistic view is an epigenetic conception that the imprinting
pattern Wgamsed during ontogeny through the progressive inter-
action between the developing organism and its sensory environment.
The idea that there are genic determinants uniquely related to
imprinting is rejected in favotr of the view that imprinting, as well -
as any other species-typic response pattern, arises from the
integrative influence on development of intra-organic processes
and extrinsic stimulative conditions. '

i --Moltz (1968) Pp 27-28 )

Thus, the fundamental epigenetic (interactionist) view holds that
the species-typic response, and all other behaviouzj, arises out of the
iateraction and integration of intré-organic processes and external
sfimuli. In contrast, the nativist sees no such in:efacti;)n; the genome
is regarded as a "blueprint” for behaviour which requires no experiential
stimuli for its expression. The Russian view is midway between the
two rocognising‘cl;at a strict separartion into the congenital and the
acquired is not tenable as interaction occurs (bur at a level ar which
behaviour is already present).

Rationally, it would appear that the genetic endowment of the
individual organism imposes some definite limitation on its subsequent
behavioural repertoire and that, from fertilisation onwards, the course

of development and maruration will further delimit the behavioural

-outcome. In lower orders of animals it may be supposed that the
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influence of extrinsic factors is minimal and there will result 2 more or

less fairthful representation of the genome in the relatively invariant

» species-typic behaviour. In higher animals, particularly those that

are less precocious at birth, there will prevail a wider range of
extrinsic stimuli than thé:pre_:natal eﬁvironmen: could offer during
the course of development; the izrﬂuence_of- the environmenr would
therefore be more criticél and would resulr in less_stereocypéd -and
more variant behavioqr-

This interactionist view appeaz;s to be the most widely held at
the present time although the controversy, particularly with regard to
human development, is not yet resolved. Perhaps it is the cgsé (tq
stretéh Haekel's dictum a little) that the present discord, concerning
the determinants of ontogeny and its outcome, recapinﬂat\es the phylo-

geny of developmental theory.
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C. Psychobiology of Developmenr.

The preceding, brief revfew provides some background to the

recent emergence of comparative studies concerned with the psycho-

-——

biological analysis of development. The strongest influences on this
approach hav; w;inhou: doubc come from recent 'advances-.in'tllie fields
of embryology and molecular and developmental biology over the .Iasc
70-80 years. In particu.iar, the experimental approach in the psychology
and neuropsychology of development has borrowed heavily on the tech-
niqhes and conceprual approach of these sources (King, 19€8). However,
due perhaps to a-greater diversity of interest in the area, accepcancé )
of the epigenetic rarionale has been incomplete ‘and equivocal attitudes
persist; tacit predeterminism and nativism remain evident in some
contemporary approaches. ,

In general, the develdpmenral approach aims ar unders:arﬁing
the historical sequelae of sub-relationships invol_ved in the for mation
of the final or ovéi-z_zu relationship, and allows a more comprehensive
interpretation of a phem;rnenou and th:: variables that most significanrly
affect it (Valenstein, 1968). One of the' major inherent advantages in
the psychobiological analysis of development is t-hat‘che time dimension
¢an provide potentially more informarion af:out a structure-fumction -
relationship than can anlacute study of the same variables in the mature

organism. Developmental invesrigations afford an opportunity to

simultaneously examine the intra- and inter - systemic progressive
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changes of structural and functional oﬁ:ogeny, but this at some' expense.
The longirxiinal approach inadvertently sacrifices some of the control

‘ os;er variables and conditions that may be achieved in the acute study

| and the developmentalist is forced, as Russell (1957).notes, "to deal
with complex, relarively rough, imprecise, molar variabies. "

Some of this complexity and imprecision arises out of the fact
that in early ontogeny many critical changes occur concurrently boch
within and between different systems, although some selectivity may be
achieved where there i;C; a marked systemogenic beterochroniéity (see
Anokhin, 1964). Also, it is often difficulr to confirm causal relarion-
siﬁps between varjables and many observations are merely corrélarive-
However, a second mgjor advantage in the developmental approach is
that the cou'rse of ontogeny may be modified by changing its direction,
rate, and ?erhaps its ourcome. If this may be achieved within a parti-
cular syséern, or better within 2 small part of that system, causality
may be established although the gestaltist adage that "the whole is.
greater fh_an the sum of the parts” is npwhere more appropriate than
in the analysis of the interactive processes of early d'evelopmeﬁt:

"...dynamic networks are, in general, refractory ro analysis
In isolated bits, pieces, and steps. By confining analytical studies
to sufficiently small sectors of a network, one can identify self-
contained 'causal chains’, but as soon as one abandons thar confine-
mentof vision for a- more comprehensive view, one recognises the
fragmentary nature of these conclusions; for then one notes thar

those chains are intimately interlinked into a cohesive . system of
interactions by branches and anastomoses. Nonetheless, in tactical

regards, the analytical procedure of singling out for study the simplest
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fragments of such relational networks first, and only afrerward
paying artention to their cross-linkages, remains umexcelled. One

merely must bear in mind thar such a procedure requires a deliber-
ate act of abstraction from "context’, neglect of which bars true
- understanding of any system, and of the nervous system in

particular.
| --Weiss (1970) p. 56
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D Early experience and critical periads

Considerable interest has been shown in the effects of e\arly
ex;perience on the adult animal. This remains an analysis of the struc-
ture - function relarionship but in 2 more generalised and qualitative
sense than has just been described. The rationale, basically Frewdian, |
holds that experiences in‘-early life are most critical in determining |

"the form and function of the adult. Ordinarily, develop’menz of cﬁe normal
organism is buffered against mild fluctuations in the environmental
miliew; a similar buffering occurs in the modification of the genotype
as a muranr recessive allele must usually be present on both homologous
chromosomes before it may be eﬁcpressed in the phenotype (King, 1968);

The strongest point of the epigenetic argument is that if extrinsic
factors determine the course of development they will optimally do so
when the system still has sufficient plasticity to be moulded by such
ifluences. As deéelopmen: is progressive, and as it proceeds most .
rapidly in early ontogeny, it is at this stage that the main effort has
‘been made to characterise qualitaziveiy‘and quantitarively the most |

relevant stimulus inputs and, accordingly, to demarcate "cril:iéal . |

periods” in development.

The terms "critical mdmem" and “critical instant™ were first
employed by Stockard (1921) in an extensive treatise on the inducrion
of monstrosities. They were used to characterise stages in early

development usually during periods of high cell-multiplication, during.
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which external mampulatwn would have a'f'maxjmal effect. Scott (1962)
described three kinds of "critical period” for infantile stimularion,
learning, and the formation of basic social relai:ionships. He confirmed
Stockard’s (1921) view that che specificity of effects at particular rimes
could be accounted for by the sensitivity of fast growing rissues to
changes in extrinsic conditions. Fox (1966) described parallels in
the pattern of postnatal neuro-ontogeny for several species which he
adduced in support of the crmeal period hypothesis “in couﬁrining that
various aspects of neuro-ontogeny, in addirion to the developmeti: of
- overt behaviour patterns, are orgamsed and integrated in a definite
. interdependent sequence of events. "
| No atie_mpt will be made here to review the literarure relating to
‘the “critical period hypothesis; "many of those concerned with development )
have stated their views on the subject and have arempred to define
"critical periodg”; polemics have developed arowd the iesue (see
Denenberg, _1964) and disagreement has arisen concerning the heuristic
value of the concept (Scotr, 1962; 1963; Schmeirla arnd Rosenblart,
1963). _ )

For behavioural characteristics, critical period has been defined
as "'that periad in development during which the probability of a behaviour
pattern being emitted and the probability of it being reinforced by the
‘environment are greatest” (King, 1968). During critical periads, the

developing response is most frequently reinforced by the environment
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and "canalisation” is said to occur. When canalisarion is strong, the
behaviour is ri;id and highly specific and is referred to as a "ta;cis" or
5 - o S ' '
: N
In the "early experience "paradigm, the influence of independent
variables on a specif ic dependent variable is assessed during these
"tritical periods” or epigenetic crises. These studies have led ro
many new experimental and theorertical considerécions pertigent to the.
developmental process although, as with many ocher smci;es in the
general area of developmental psychobiology, they have been open
to some general criticisms.
| One'of the most important, particuiarly with regdrd to the analy-
sis of behavioural development, is thar a descriptive rather thap an
analytic approach has often been taken (Schneirla, 1957). Developmen-
tal studies have typically adopted the principles buf not the methgdolo-
gical rigour of experimental embryology and biology, ard it is not
u}lcommn to find accounts of abnormal development where the course
of normal devélopment has been insufficiently documented. Failure_s
to replicare previou.s findings frequently occur, often because the
parameters of normal development of a particular strain under specified
conditions were not first delineated. -
The second genera_l criticism applies to the experimental control

of the dependent and independent variables thar are the object of

stdy. The former are frequently assumed to be the only variables
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undergoing manipulation, and the influence of covariant dependent

variables, which may contribute to the outcome, either additively or

" rthrough direct mediation, is sometimes overlooked. The independent
- variables may similarly lack specification, such that when a particular
~ experimental magpipulation is made, not'SnIy are particular idependent |
— variables changed bur also ocher "independent” variables, -which"again
majr be the real nlediators of the pheromenon under study. A particu-
larly striking exargpl?bf this involves the studies of ux;dernutririon
(seé Plaur, 1970). There also exists a tendency to perform a sumber
of diverse manjpulations.'a-;.nd group them all under the same label.
The- terms "handling, ™ "gentling, " "stressi‘ng," "trauma, " "experience, ”
"manipulation,” "petting” etc. have all been used to describe experimenter-
manipulations, which collectively have been referred to as "early_ hand-
ling” (see Schaefer, 1968), and it has been tacitly assumed that all
such trearments have involved the same dependent va.fiable- This may
be true in a broad sense, although it seems likely that, given the
qualifa:ive and quanrirative diversity of the treatments, other inter-
and intra-systemic variables are also involved. | |
Notwithstanding these considerarions, the developmental approach
offers one of the most exciting challenges to contemporary psychobio-
logical research. In the past the study of development has contri-buted
to the dissolution of barriers between disciplines, and presently it is

serving the same useful purpose within the area of comparative



psychobiology. ‘fbere iIs probably more to the current interest in
development than simply its heuristic value, and the impression is
gained I:ha: the sustained interest comes from an appreciation of the
dynamic viralism of developing systems. The essays of Thompson
(1917), Bouner (1963), and Weiss (1968) are examples of how the
;ssence of growth and development, of both animare and inaminate

things, has been appreciated in its broadest perspective.
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/ .E. Facilitative and Inhibitive Influences in Devéloprnenc
This secrion focuses on stﬁdies thar have an immediare bearing -~ T

on the present work, and will consider briefly some specific attempts
thar have been made to modify the developmental course of the nervous
system of the rat. In general, the studies fall into two categories:
I:I:sose thar have artempted to inhibit structural and functional development,
and those thar have attempted to facilitate it. -

The terms 'inhibit}ve" and "Yacilitative” carry the implicit assump-
tion that departures ﬁ'om normality may be reckoned thus. Usually,
the use of siﬁlultaneously-rug control groups serves to establish some
working criterion of what normal development is, and it is against
these control values that the extent of facilitation or inhibition is
esnrnated However the true significance of expenmencallv-mduced
changes in development is not clear unless the exact parameters of
normality are known. In studies of development, it is often tacitly
assumed thar the earlier thar something develops, or the more there /
exists of something at 2 partic;ula.r ;tage in development, the “better"”
it /is 'f.or the organism. Evidence will be reviewed later which challenges
these two notions. Maximal may not necessarily be optimal for the-
organism, and, as is frequently tl}e c:ase Ina highly inbred laboratory
species, mormal may not be optimal.

Inhibitive and facilitative influences on the development of the

nervous system have been assessed at both the prenaral' and postnatal
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stages; sometimes, either déliberately or inadvertently,-the two have

been combined, e.g., if the diet of the mother is restricted during

pregnancy prenatal develbpment of the fetus may be inhibited, and if

these offsprilmg are subseqiléntly reared by their natural rnotﬁer, their

development may be further rést'ricted by lacrational and other maternal

deficits of a prenatal origin. Fostering paradigms may be used to

partition out the're”spective, prenaral and postnaral inﬂuences.
Generally, it appears that the effects of early manipulations

hold permanent consequences' for the organism and thar, .contrary to

the traditional view that the fetus.is in some way spared or protected

from major environmental fluctuarions (e. g., nutritional deprivation’

of the mother during pregnancy) It now appears that the developing

brain is vulnerable to such influences (Dobbing, 1968)‘. For example,

the cell-population of the rat brain is virtually complete by about the

end of the third postnatal week, and if hypoplasia is incurred durirfg

this "vulnerable period "of brain development it will probably be of a /

permanent nature; other deficits, established early in development,

may also be irreversible. By the same tbken, it might be argued that

the effects of enhanced developmemnt during this time are also permanent,

although hypotrophy may result from disuse of excess elements and the

System may subsequently tend towards "hormal” limits.

Inhibitive Influences:-- No attempt will be made here to review

the various treatments that have resulted in an inhibition of prenatal
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development of the nervous system of the rat. The relevant work on
_even one 01; the treatment categories (see belpw) is vast and a detailed
review would be outside the scope of the present work. .-

Ir is not difficult to interfere with the course of normal develop-
ment so that it becomes sub-normal. The objective is simply one of
di'sorganisafion of the developmental process and basically requires no
detailed knowledgé of how the system works. Frequently;, it is the case
that disruptive influences have a generalised effect on the developing
organism and this lack of specificity often diminishes the heuristic
value of such studies. Artempts to inhibit the prenatal develdpment of
the nervous system of the rat may be categorised as follows:

(1) manipulations of maternal diet .
(ii) administration of drugs to the mother
(iil) induction of hormonal changes in mother
(iv)‘ general treatment of mother (e.g., stress)
(v) surgical intervention (e.g., ligarion of uterine blood vessels)
. (vi) intra-amnioctic injections
(vil) ionising radiation

These treatments may be sub-divided on the basis of whether
or not they directly involve the mother. Treatments (i)_f (iv) all affec:
the fetus by altering the physiological state of the mother, whereas
(v¥) a,!:;d (vi) aré principally local in their effect on the fetus, and (vii) may

- / - -
be either or a combination of both.

-
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All Lreatmenfs épove have proved to be effective in inducing
developmental abnormalities ranging frc_)m the overall reduction in
growth of the brain that accompanies protein deprivation of the mocher
(see review by Altman, Das, and Sudarshan, 1970)to the effects of terarolo-
gical.agents {(e.g., Barrow and Rowland, 1969)._ Althowh ,Iac;k of specificity is one
of the major drawbacks in such studies, some recent reports on protein
deprivation during pregnancy have distinguished differential regional
specificity (Schrader and Zeman, 1969; Winick, 1970). Further, the
X-irradiation studies may prove particularly useful in cbrrela:ing |
structure with function because of the developmental selectivity thar

may be achieved with the treatment (Hicks and D'Amaro, 1961).

Facilirative Influences:~-The trearments thar have been used in
artempts o ’*inlpro;fe" the prenatal development of the nervous system
/,are less numerous presumably because the goal is more difficult Lgan
disorganisation. The prospect has held considerable appeal however,
not only because it lies at the other end of the experimental inhibitive-~

_ normal-facmta:iye_conzin;xum, but also because of the possibility of

extrapolating the treatment effects to man. Zamenhof (1940) made the
- specific proposal thar hormonal intervention during pregnancy might
Produce structural increments in the fetal brain which would result in an
‘ahﬁormany high level of adult brain function. Similar considerations -
were n:{zade at about that.time (Disp;ensa and Hornbeck, 1941; Crile, . .

1941). Moare recently, Dalron (1968) and Mouney (1971) have considered ~
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the possibility that intellectual gains in man may result from ijf)rrnonally-

‘induced changes in prenaral brain development. Block and Essman

(1965) have suggested that hormonal mediation may be involved in the
reported relarionship between season of conception and human i.ntelli—
gence (Knobloch and Pasamanick, 1958) although the latter remains
conjectural (see Joffe, 1969).

The experimental treaiments that have been used so fz;r in
attempts Lo faciii:ate the development of the nervous system fall into

two categories: (1) surgical reduction of litter-size, and (2) admiini-

stration of hormones to the mother.

“'.;.?

1. Reduction of litter-size:--Two surgical prxédures have

been emploved: (a) unilateral ligation (UL) - one of the hdrns of the
bicornate uterus is tied off at its cervical end prior to mating with the
result that spermatozoa are restricted to one horn énd only approxi-
mately half of the normal litter complement develops; (b) reductidn
during pregnancy - the gravid animal is laparotomised and a propor-
tion of the litter is selectively aborted.

As part of an investigation into the ontogeny of adrenal cortical
activity in the rar Milkovic and Milkovic - (1959) performed UL prior
to mating ,aﬁd confirmed that litter-size was reduced by about half at
birth. UL-offspring were reported to be sigrificantly heavier than
cdntrol offspring on postnatal day 1, S50% heavier than controls by

Day 3, and showed a two-day advance in the age of eye-opening and in
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the age at which an adrenocortical respoase to epinephrine was elicited.’
The authors’ conclusién thar the UL procedure favoured prenatal develop-
ment of the fetus and. “even more their postnatal developrnem:" is perhaps
open to criticism. While it is evident that some change in prenazal
developmenr occurred as a result of the l:real:mem:, it is not clear
whether postnatal gams are due to the changes already present ar
birth or to the effect of bemg reared in a small htta:, or to some
comb.manon of prenatal and postnata.l mﬂuences

Van Marthens al:nd Zamenhof (1969) compared the development of -
fetuses from UL -tHothers against those from sham-operared controls
;ollowing del'ivery by caesarean section near term. Significant
increases in body-weight, cerebrum weight and cerebrum DNA
" (cellularity) were reported in the UL -offspring. ‘Ina sécond group of
similarly treated mothers who wére allowed to deliver their litters )
- normally, gestation period was reported to be nor-rnal, and the effects
abo{re. together with an increase in total brain protein, were confirmed.
It was suggested that the observediincrea-ses were not a simple mani-
festation of the inverse rélationship between litter-size and birth-
weight that had been rgported previously- by others, and no evidence
of such a correlation was found berween ﬁanrraf licter-size and
development. It was proposed instead -that the efféc:ts were &ue to

superior nourishmenrt of the fetuses. Hdﬁrever, the relationship betiveen

litter-size and birth-weight has recently been confirmed (Benson and
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Morris, 1971; Smart, Adlard and Dobbing, 1972; Barr, Jensh, and
Brent, 1973; Experiments VII and VIII of this work) and the possibility
remains that the enhanced development of UL ~-fetuses and neonates
reflects. this effect.

One possible difficultly with the van Marthens and Zamenhof
(1969) sudy is that few mothers we;.re; used and there is no indicarion
that "litter-effect” (King (1969): when the betwéen—litter vari'ance
exceeds the within~litter variance) was considered in the statistical
- treatment of the data. However, in a recent sttﬁy (Ckoskerry aml
Smith, unpublishéd observarions) in wﬁich litter-effects were controlled
by pooling the data for three fetuses from each mother and considering
the number of mothers as the sample size (see Ahbe_v and Howard,

1973), significant body and brain weight increases were found near term
in the caesarean-sectioned fetuses of UL -mothers.

Recently, I.Zamenhof (1971) has suggested thar the developmental
gains incurred by fetuses from UL -mothers may be due to increases in’
relative progesceroﬁe titers during pregnancy. In é normal pregnancy
the ratio between the number of corpara lutea and the number of fetuses:
will be: close to ;mity, whereas in the UL-case there would be roughly * )
double the number of corpora lutea per fetus and hence a higher level
of circulating progesterone reIal:i.ve to the number of fetuses. This
hypothesis is interestihg in view of some recent reports in man.

Dalron (1968) reported developmental gains and higher academic ratings
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at 9-10 years in the children of mothers w-ho were treated for toxaemia
of pregnancy with progester;)ne- In addition to an apparent dose— |
response effect, the greatest intellectual advances were 6bse.rved in
children from mothérs who received the treatment befare thelléch
week of pregnancy. Inrerestingly enough, the first major period of
-prolifera:ion in the human fetal brain occurs from the 15th to’

20th week of ges:anon and probablv Torrespomds mamlv to theé prcducuon
of neurons (Dobbing and Sands, 1970b).

| Intellectual gains have also been reported among patients with
adrenocortical syndrome in which there is: an increased secretion of
an androgen-like factor in fetal life (Money and Lewis, 1966), and in

)
cases of progestin-induced hermaphroditism (Erhardt and Money. 1967).

Rexfenscem (1958) reported earlier maturamon in the cmldren of mothers

treated for habitual abortion with 17- @ -hydroxy-progesterone caproate.
As Money (1971) has noted, however, it would be premature to regard
these stu.dies on humans as providing definitive evidence of a critical
role for hormones in the prenatal determination of intel_ligenge. The
progesterone theory would first require that progesterone be a limiting
factor in brain development and secondly that any early augmentation of
structure be retained and later reflected in enhanced cerebral funcrion.
The theorv has not as vet b-een tested and it may well prove untestable
in humans.

Further work with animals may elucidate the role of progesterone
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in development. In the pregnant rat 'progé'st'erone titers increase up
to a}iour the end of the second week and decline therleafter (Grota and
Eik-Nes, 1967; Hashimoto, Henricks, Anderson, and Melamg;y, 1968).
It is interesting to’note that the first major phase' of ce]lipraiuciion in
the fetal brain begins at about the end of the second week of pregnancy
(Croskerry, Smith, é:ephard, and Freeman, 1973);- ’

T§ summarise the unilateral ligation studies: it appears that by
reg:ricting the prenatal litter cbmpleglen: to appraximarely half, some
developmental g:{lm by term may be a;chieved although it is not yet known
what is responsii:le for this augmentation of development. I is unlikely
thar these effects are due o an improvement in the level of fetal nutrition
(see later discussion: Section 1), whereas there are some grounds
for the belief that a change in hormonal baiénce is involved. Itis
important, however, to establish thar the effects are not si;nply due to
balving the size of the litter. Thus, it would be necessary to show that |
the developn-_xeﬁt of fetuses from UL-mochers was augmented in compari-
son to that of fetuses from sham-operated mothers bearing naturally-
small litters, ie., of cOmpérable size. Whatever is responsible for
the effect, the UL technique affords an opportunity to examine the
limiting p;ocesses of prenatal development.

The second r?ethod involves surgical reduct}on of litter-size during
the course of pregnancy Zamenhof and van Marthens (1971) mentioned

unpublished experiments showing that if all but one of the embryos were
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c\ies:royed by cauterisation, the surviving fetus at term showed 19% more
bram DNA than controls. Cauterisation was perfcrmed on Day 7 of
pregnancy (personal communication). In a follpv:-up study using rabbits;
reduction of implants to cne on Day 9 of pregnancy (normal gestarion =
32 days) resulted in signiﬁcant increases in placenta we_ihgh:,‘ body—ﬁeighl:,
cerebral hemisphere weight, and cerebral DNA and procein in the sur- _
viving ferus ar prenaral day 30 (van Marthens, Gravel, and Zamenhof,
1972). It was reported that ;:he extent of litter reduction was uncorre-
lared with the degree of enhancement of these parameters, e.g., the
siﬁgle survivor 9f ‘; litte: of four (75% reduction) showed a comparable
cerebral henﬁ;phere weight to thar of a survivor from a litter of twelve
(92 reduction).

The possibility that the two techniques, unilateral iigation, and
restriction during pregnancy, might chﬁer from each other only quam:i-.
tarively led to a study of the effects of differential restriction of lier-
size during pregnancy in the rat (Croskerry, "Hall, Leoﬁ, and Smith,
manuscript in preparation). Mothers were laparotomised on Day 10 of
pn'egnancy and reduction in the range 0-90% was achieved by crushing

implants with forceps. Following delivery by caesarean section on

Day 21 it was found that placenta, body and brain parameters had all

increased in = roughly exporential fashion with a decrease in litter-
size, but only when the reduction was in excess of about 60% did the

values of these parameters significantly exceed those of sham-operated
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coatrols. Aga.m,f.i the mechanism underlying theée effects is obscure.

It may be that progesterone is involved, thar alterarions in the hemo-

G oy ATt A% (B b A m s =t

dyna:gic properties of the uterus occur or that, as a result of placental

hypertrophy, fetal murrition and metabolism is somehow improved. It
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would be interesting to delay the operation until after Day 10 as up to
this time the procedure of crushing the embryo results in hypotrophy

of the placenta. If the operation was delayed until Day 12 by which time

At

the allantoic circularion is established, the placenta would survive

axd grow in a nearly-normal fashion to térm (Huggetr and Pritchard,

L LY

1945). Thus fetal growth could be assessed in the presence of a super-
numerary complement of placentae and presumably too under the influ- p
ence of an excess of chorionic hormones (see Petropoulos, 1973).

2. Administration of hormones to the mother:--Besides the

suggested" involvement of progesterone, the only other hormone which has
been implicated in the prenatal development of the nervous system is

growth hormone. Surprisingly, little research has been done on the -
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possible effects of other hormones though a number of studies have

been concerned with the experimental analysis of the" finding in man

thar infants from diabetic mothers are frequently heavier than those

—y

from normal mothers (see Angervall, 1959; Hoet, 1969). Several studies

A}
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in the rar in which a mild diabetic state has been induced either with
alloxan (Solomon, 1959; lLazarow, ’Kim, and Wells, 1960) or strepto-

zotocin (Pitkin, Plank, and Filer, 1971) have reported siéniﬁcant



increases in fetal weight neér term or in ne;:matal weight 'foﬂdﬁing
delivery. When a more severe state of diabetes was induced
(Ln:h:enstem Guest, and Warkany, 1951; Kim, Runge. Wells, and
Lazarow, 1960' Powell Caulfield, and Field, 1967) a2 reduction in
fe!:al growth was fmmd which bhas been al:trﬂ:uted (<o) reduced marernal
blood sugar (see Hoet, 1969). Higher fetal mortahty rates and prolonga-
tion of pregnancy are probably responsible for inconsistencies in the
various reported effects of experimental diabetes (Kim, R:mgé, Wells,
and Lazarow, 1§60)- ‘ - ‘;

The prevailing explanation for facilitared fetal growth in experi-
mental diabetes appears ;o be that thé hyperglycéemic state of the

mocher produces fetal hyperglycaemia resulring in increased glucose

urilisarion by the fetal tissues and thereforé increased growth of the —

‘ i
fetus. In support of this view, Picon (1967) observed an increa:iy
fetal growth following direct injections of insulin into the ferus irTate

pregnancy. In diabetes, the fetal pancreas may respond to hypergly-
caemia by producing more insulin which has a lipotropic and anabolic
effect (see Jost and Picon, 1970) and it is of interest thar Angervall
(1959) bas reported a positive correlation between pancreatic islet
volume and birth-weight. | )

Studies which have observed increased fetal growth following
administration of cortisone to the gravid rar (Evans and Clingen, 1953;

Angervall and Marrtinsson, 1969) may be related ro the above in thar it
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has been.suggeszed that cortisone produces hyperglj;{caem}ia which
results in hyperinsulinism (Angervall and Martinsson, 1969).

In nore of these studies in which increased fetal growth has been
obsgrvéd has there been an assessment of brain growth. K the increase
in fetal weight is not due simply to an increase in t:ax Or waler content,
ard is a reflection of genuine growth as Picon (1967) has claimed, then a
corresponding propord;i;até growth of the brain might 2lso be expecred.

As the foregoing indicates, the extent of investigarjons into the

"effects of hormones on prenatal development has been limited. A ‘
surprisingly extensive literature does exist, however, on the effécts
of growth hormone on fetal development a}ﬁ, in particular, on the

development of the fetal brain. A detailed review of the literature on

this subject is presented in the next and final part of this introduction.
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F. Review of Studies on the Effects of Prenatal
Treatment with Growth Hormone

Research inro the effects of prepararions from the anrerior
pituitary gland on prenaral developmenf of the rat commenced almost
fifty years ago. Over the last twenty<five years relél:ively pure prepara-
' tions of growth hormone have been used bur, to date, no clear{ concensus -

has emerged on the effects of the trearment (Cragg, 1972). Despite
the uncertainty that exists in this area of research some of the more
recent findings have been widély accepted in ;:-eview articles and tejxts
dealjng with hormonal inﬂuen;:es In development. |
It will be seen in the Present review rhat _the area has beeﬁ éncum-
bered with considerable difficulties, some of whiciz have been technical,
| €. g.. contaminants in the various hormone preparations, procedural
differences in administration, differing Iaborarory conditions, stram
differences andso on. In addition, however, some of the methodological
probiems that were mentioned earlier have also been present.
| Quite apart from the obvious experimental potential of this vpe
of research, it appears that some other zeitgeist, perhaps the possibility
of radically modifying the structural and functional .organisation of the
brain, has invited the interest of several disciplinary groups over the
féars. , Others, too, have been Inspired by the possibilities:

w

"By introducing a certain hormone into the bloodstream of
the mother he could affect the growth of the brain of the unborn
young. The hormone apparently had a douhle effect. It increased
the actual bulk of the cerebral cortices and also it made the nerve

\_/
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fibres themselves much finer than they normally 'are, so thar a far
greater number of them, and a far greater number of connexions
between them occurred in any given volume of hrain. . .

A largbpopulation of rars and mice were sacrificed in an
attempt to - perfect Trelone's technique. Ar last he was able ro
producea number of remarkable creatures. His big-headed rars,
mice, guinea pigs, rabbits, though their health was generally bad,
and their lives were nearly always cut shart by disease of one kind
or another, were certainly geniuses of their humble order. They
were remarkably quick ar finding their way through mazes and so on.
In fact, they far excelled their species in all the common tests of
animal intelligence, and had the mentality rather of dogs and apes
than of rodents. ™ Co

--Olaf Stapledon (1944) Pp. 13-14

Following the classic demonstration of the growth proq%)cing
properties of anterior Eimitary extract in rars by Evans and I_opg
(1921), the first stidies on the effects of the extract dm"ing pregnancy
/were performed by Teel (1926). Injections ot: the mother from the ‘
first &ay of pregnancy resulted in her gammg more weight than controls,
and in the prolongarion of pregnancy by 4-8 days with the mother giving
birth to s;illborn fetuses. Autopsy on Day 9 of pregnancy showed no
implantation sites in sev;ei-a.l animals and it was concluded thar the
prolongation of pregna.n;:y was due to delayed implantation. However,
when injections were not commenced unril after implantation had occurred,
gestation was still found to be prolouged._ Enlargement of the ovaries
was believeﬁ to be involved in the failure to give birth normally at term.
Greater fetal weight at term was found in the bormone-~treated group.

"Term” was defined as the time at which the mother's body weight t;ecame

stationary or began to drop.
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Hain (19322) injected a similar préparation and reported a body-

weight increase thar was relared to dose level. The residual Cweighr- |
gain in mothers following parturition wés found to be greater than that
for controls. In a second paper (1932b) she reported prolongation of
pregnancy, followed by stillbirths, and marked luteinisation of the
ovaries. Using a gonadotropin-free prepararién, no éf:-fféct was found
on the o{raries but again pregnancy was prolonged. Alcthough the prepa-
ration was without .effecr. on the ovaries of iMe rats, it did affect
the ovaries of mice and it was concluded that the preparation was still
gonadotropic and was responsible for the prolongation of'pregnancy. .
In a third study (1934) no effect of prolongea gestation was found with
either the extract or "PhyOne" (@ growth hormone preparation from the
Wilson Laborataries) in ovariectomised rats. _

Sontag and Munsbn (1934) administered antuitrin-G (growth hor mone,

. Parke, Davis and Co.) from the 8th to the 22nd day of pregnancy. The
majority of their experimental mothers showed prolongation of pregnancy
by 1 day or more paé;t "normal term™but birth-weights of pups from
these extended pregnancies were not significantly greater than those of
experimentalhmothers who gave birth at normal term. The mean birth-
weight of all p/ups from the hormone-treated mothers was significantly
grearer, and the inf:idence of still births three times hlgher than
controls. Offspring from hormone-treated mothers remained significantly

!

heavier as far as postnatal Day 10. - Although the authors inferred that
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the hormone prepai-?tion had prorﬁoced fetal growth, the higher incidence
of still births, and éhe extended gestation period coupled with imprecise
dating of neonatal age, preclude any firm conclusion on this point.

| In 1935, Warts administered preparations of GH (VanDyke and
Wallllen-Lawrence) and Phyone. All preparations produced significantly
greater increases in maternal boqu-weight, bur some prolonged preg-
nancy by 2-5 days resulting in stillborn young. Octhers had the same
effect on maternal body-weight, but did not prolong gestation (21 and
22 days were considered nofmal) and produced significant increases
in birth-~weight of offspring. | ®

To summarise the findings of the work in the 20's and 30’'s:
the administration of extracts from the pituitary gland and érude pre-
parations of growth hormone to the pregnant rat in mostl cases appears
to prolong pregnancy and is associated with an increase in the number
of stillbirths. When the hormone is administered early in pregnancy,
sorn:e of the extension of the gestation period is attributable to delayved
implantation. The extension of gestation that occurs when the hormone
is not given until after implantation has occurred is due either to
éﬁntaManfs of the preparation or to growth hormone itself.
That the duration of pregnancy was not precisely measured in

any of these studies calls into question the definition of "normal™ term.
Although the rate of fetal growth may be attenuated in late gesta&ion, a

difference in gestation period of less than 24 hr. would give rise to



/ 36
|

highly significant chfferences in bxrtmwelght and would thus mvahdare
any fi.rm conclusxons concerning the effect of growth hormone on fetal
growth. The finding of an increase in body weight in expe.rimental
mothers over conr:r-ols appears to be consistent and reliable.

In 1940 there appeared a provocative paper \;zhich generated a new
emphasis in this area of ‘research. Entitled "On Present Possibilities
of Increasing the Higher Functions of the Cortex Through Artificial
Changes in its Architectonic™ it contained the specific proposal that \
human intelligence could he increased_bz_hormoaal intervention in ‘
no;mal pregnafxcy. It was suggested that through the administration of
growth ﬁormone to pregnant women at a time before the number of
neurons had become complete in the fetal brain (estimated to be about
the 4th to Sth month (cf. Dobbing and Sands, 1970)) there would result
a stimulation and prolongation of the proliferative phase resulting in
a significant hyperplasia. This in turn would, result in a greater number
of connections and an increase in "...the degree of organisation of the
huf;xan cortex and psychic life. .. " (Zamenhof, 1940, p. 25).

The author cited the results from thé earlier experiments with
rats (Teel, 1926; Hain, 1932, 1934; Sontag and Munson, 1934: Waus,
1935) as pr;aof of the growth-promoting properties of growth hormone on
the fetus, and suggested that the difficulties encountered (extended

gestation, stillbirths) could be overcome with further purification of

the hormone. It would then be possible to successfully produce the
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supe.rhuman,s described or "...t0 aéate a new species. " (loc cit, p. 21).
The experiments which followed in the early 40's were clearly
artempts at validating the above proposals in ammals of lower phylo-
genetic order. In the case of amphibians, substantial increases in
“brain weight and bady weight had been associated with the pathological
condition 6f \ﬂ'jperu‘ophy of the pituitary (Hahn, .1912) and several
expenmenrs had indicated that gigantism could be produced in tadpoles
. and other larval amphibia through the adnums:ranon of growth hormone’
or pmntary extract. In 1941 Zamenhof reported that the administration
of Antuitrin G (a growth hormone preparation) into tadpoles produced
szgmﬁcant increases (44-126%) in the numbers of neurcns in the cere-
sbral hemispheres and it was concluded that ™. . . by means of the growth
hormone it is possible to increase artificially and deliberately the
number of brain neurons..." (p. I37).
In the following year it was reported that sihﬁlar effects could
be demonstrated in the rat. Following the daily administration of Phyone
or Antuitrin G (preparations of growth harmone) from the 7th to the
18th to 20th day of gestauon, significant increases were found in body-
weight and in hermsphere weight, cortical area and clm:kness, cell- |
density and cell-population in the brains of caesuem-ééhvered offspring.
In adulthood, significant increases were found in cell-density and in
the total number of cells in the cerebral cartex.. I was conc:luciéd that
. .

the proliferation of prospective cerebral neurons had been artificially

-,



stirmulated ar the fetal stage through the administracion of the growth
hormone preparation to the rnother (Zamenhof, 1942).

Several points deserve comment in this study. First, "normal
terr_n."was considered as Déy 22 ar Day 23, and the GH-treated offspring

were obtained followmg caesarean section 1 ar’'term” as the first experi-

mental animals showed prolongation of pregnancy. 'I'be c:ontrol offsprmg

-~

were presumably delnrered normally. As was mennoned earher,
i

slight differences in the fetal ages of the two groups would give rise to

spurious differences in body-weight and brain parameters between the

Yo
two groups. The conclusions about the-newly born fetuses are therefare

n question-’

Second, the offspring from growth horinone-treax:ed mothers,
upon which the estimetes of cerebral cell-number and cell-density
were made in adulthood, may not have been a representative sample.
Although almost all rhe _GH-offspring survived caesarean delivery,
many died within the first few hours, and a ma}orxtv of the survxvors
died within the fu:‘St twelve days. The few that did survive into adulthood

were the most viable and therefore atypical of the orlgmal population.

In addition, preweaning morrahnes in the GH-pup population would have _

resulted in reduced litter-sizes which, it is now known. would favour

postnatal development (Heageness, Bmdshadler, Cbadwn.k Conkhn, Hulmck

and Caks, 1961 McCance and WIddOWSOD. 1962; Winick a.nd Nohle 1966h;

Dobbing and Sands, 1971) Concluszons based on these adult animals are

therefore open to serious question.
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Ceher éuvivoré from tlﬁs St.udy were investigared in a maze-
learning task in adulthood. Experimental'subjecr.s were reported to -
make fewer errors and require fewer trials to criterion than coatrols
althSugh the _diﬁere:;ces did not achieve statistical 'sigﬁiﬁcance. It . B
was concluded thar the altered brain structure had no effect on maze

- performance but the possibili;y was raised that the task may have been
g overly simple and therefore unsuitabie for the discrimination of differ-
ences in intélligence (Warden, Ross, and Zamenhof, 1942). Structuro-

functional correlates were not investigated for the next 20 years.
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Hultquist and Engfeldt (1949) gave Phyol (Alfred Benzon, Copenhagen)
and ‘Antuitrin G in inc:feasing doses through pregnancy and found that ‘
both preparations prolonged pregnancy. Fetuseg delivered by caesarean
section were reported to be‘heavie.r than normally-delivereﬁ control

fetuses but, again, there is the problem of precise dating of fetal age.

G .‘gi.-‘, K ety B [

- Frazer, Huggett, and Wohl‘_zogen (1949) reparted thar the daily
administration of 0. 3 cc. of crude extract of the anterior pituitary
(Young. 1941) from Day 10 to Day 20 had no effect on the body-weight of
fetuses f;orn mothers killed on Day 21. Significant increases in maternal
b6dy—weight were observed in rr;others receiving the extract compared
wid: Eontrol mothers: The aﬁthors concluded that éither growth hormone

Zid not cross the placenta, or that if it did, it failed to excite fetal

growth.

At_about this time relatively pure crystalline preparations of




-growth hormone became available. Li, Evans, and Simpson (1945)
| were the first to as:hieve the isolation of growth hc:;rmne as a pure
protein. An improved extraction procedure producing higher yields
of the cz':y&alline preparation, which was judged .to contain very little
contamination by other pituitary hor(mones, was later described
(Wilbelmi, Fishman, and Russell, 1948).

Barns and Swyer (1952) irijected a purified prep#ration of growth
harmone (Armour O;._) into rats from Day 14 to 20 and reparted a signi-
ficant increase in fetal weight following caesarean section. However,
h‘tfer size was reduced in the experimental group and a correction for
this effect rendered the difference in fetal weight insignificant.

Engfeldt and Hultquist (1953) administered a purified crystalline
preparation of growth hormone .to groups of mothers of different body-
weight and réported no differences' in gestation period compared with
controls. The hofmone was found to produce significant increases in
body-weight of only those fetuses from mothers of low body-weight over
fetuses from the associated control group. Fetuses from experimental
mothers in the middle or upp;er range of bady weight were no heavier
than their respective contrals. It should be noted that fetuses from low

-body~-weight control rnoth_ers were abnormally light in weight and the
effect of GH in this weight range may have been to ameliorate this
effect of low maternal body~weight. GH fetuses from low body-wei ght

mothers were comparable in weight to those from control mothers in

*
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chemiddleandupperrangedfbody—weigm. |
Campbell,; Innes, and Kosterlitz (1953) inject'ed two mothers with
| 2.5 mg. purified growth bormone (Armour) daily between the 13th and
21st day and reparted an increase of about 10% in fetal and placental
weight over conﬁrols. However from their dara it appears that mean
litter-size was about five less than thar of coarrals and this may have
. accounted for the effect as a negative regression of litter~-size on hi.rth
weight has been reported (King, 1915; Benson and Morris, 1971: Smart,
Adlard, and Dobbing, 1972).
Cotes (1954) administered a crystalline preparation over the
last twelve days of pregnancy at dose levels 0f 0.2, 0.5, 1.0, and 2.0
mg.daily. Mean pup v;reight at caesarean-section was found to be signifi-~

cantly greater than controls at the highest dose-level but again the

possibility was raised that the effect might have been due to a reduction *

in litter-size.

/

growth hormone caused fetal death in rabbits (Hoet and Brasseur, 1954).

In the same year it was reparted that prenatal treatment with

and resulted in prolonged gestarion, fetal gigantism, and high rates of

resarption and fetal mortality in rats (Nixon, 1954). Fetal gigantism
b} i

and increased fetal mortality were also frequently reported in the

p}egnancies of pre~diabetic and diabetic women (for references see

Jackson, 1954) and led Nixon (1954) to support the speculation of Young

(1951) and others of a sustained hypersecretion of growth hormone in

Ay S e & A el N B Attt o L B Bk 3 3R b s L add dadomdimiiia i 4




—_—— - m

pre~diabetic and diabetic women (see later discussion: Sectiom 1).-
Cutkaw, York, Plocz and Davis (1955) found no effects of growth
hormone on fetal development in the rat.

Tuchmann-Duplessis and Mercier-Parot (1955) administered 10 L U.
of growth hormone (Choay Laboratories) daily to rats commencing on the
l3nd, 4th, Sch, 6cth, 7th, ar 8th day of -pregnancy and terminating on
Day 16. All GH-treated mothers shdwed 2 greater than normal increase
in body-weight during pregnancy, and in those a:llowed to deliver gesta-
tion was prolonged by 3—6 days énd“large stillborn fetuses were delivered.
Fetuses from GH-treated mothers which were delivered by caesarean-
section on.my- 20 acrually weighed less than controls of the same age.

As the greatest reduction in fetal weight was observed when the GH-
treatment was begun befare Dayv 5, it appeared that growth horrnque or
some contaminant(§) of the preparation had delaved implantation. Other
possibilities were éon_sidered that increased marernal protein anabolism
may bave reduced the supply of nutrients to the fetus, or that the
GH-treatment may have induc:ed some early metabolic disturbance in/
prenaral development. No effects on litter-size were reparted. It was
concluded from the resulcs of thése experiments, and from others

. Involving maternal or fetal hypophysector‘rqr‘,‘ﬁhat hypophyseal growth
hqrmone did not stimulate fetal growth and even appeared to retard it.

| However, as these authors had noted that the resuits of earlier work

with the rar had implied a transplacental passage of the Hormone (and
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hence a direct action on fetal growth), it is somewhat surpnsmgl:tat
; :the'hog:'mone treatment was stopped or Day 16 and not given during the

' rapid phase of feral growth over the last five days of preguancy.

_ In1961, Clendinnen and Eayrs undertook an exrensive study of

the anatomical, physiclogical and behavioural effects on the offspring of
mothers prenatally &eazed with growth hormone. 3.-2 mg of the highly
purified prepararion (National Instirures of Health, U.S. A.) were admini-
stered daily from the 7th to 19th days of gestarion. Mean birth-weight.
of offspring from GH mothers was reported to be significantly greater
than that of controls. No data on gestation period or htter-su:e were
reparted. In the postnatal period, litters were culled to five and reared
by their natural mothers. GH-offspring were reparted to show §1ighdy
earlie/r appearance of the righting and placing reactions, am in adulthood
made fewer errors in the Hebb-Williams closed field test of animal
inrelligence (Rabinowitz and Roswold, 1951). No significant change in
the electroencephalogram was observed other than an abnormal response
to phoﬁc stimulation. Quantitative histology of the cerebral cﬁrtex
performed at 33 and 60 days revealed a 20% increase in the cell~gray
coefficient in the experimental animals. i This was attnbuted to
hypertrophy of the cortical perikarya rather than hyperplasia as the
relative number of perikarya was not increased. A hypertrophy of the
dendritic field was found; the mean .number of dendrites associated with

each neurone was increased by 22%. Compuration of the ‘statistical
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probability of interaction between cells (Utley, 1955) revealed a marked

PRV SRR TR PO S

increase (55%)mtheexperm1en:algrm1poverthecontrols.
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In response to this failure to find evidence of neuronal Eyperplasia,
Zamenhof's group repeated the experiment using hormone derived from
the same source, and combined biochemical and histological techniques :
to investigate pos:na:al changes in the. hra.m. 3 mg. of the hormone was
administered daily either sulx:maneously or intraperitoneally from the

7th to the 20th day of gestation. Delivery was reported to be "hormal

[ P B PO

and ar term.” Slight increases in body-weight in the experimental group

were not significant bur highly significanr increases in cerebral hémisr- '

phere weight were found. Total DNA content, which proirides an estimate
of the tocal number of brain Cells, was significantly i:acrease&. The e e
effects on the brain v:re.re more pronounced with the intraperitoneai route
" than with l:he subcutaneous route. At 20 days of postnatal age cartical ]
cell density was 63% higher in the subcutaneous group compared with | H
controls and 2 71%, increase was fourd in the neuron-glia index (Zamenhof, L‘

Mosley, and Schuller, 1966). .

Several aspects of this study deserve comment. First, there is

again the difficulty in defining normal 'fterm " "Normal pregnancies may
vary by as much as S50 hours in length (Kim, Runge, Wells, and Lazarow,
1960) and it would be helpful if the criteria for "normai term"”were

indicated for these particular experimental conditions (although the

Insignificant difference in birth-weights between the two éroups in the
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study doés ar least provide some indicarion that gestanon periods wére
compm-alile). In view of the earlier reports of increased fetal resorption
and mrtalityfollowinggrowthharnnqe&ea&ﬁent, it would also be
_nmﬂmmﬁsimﬂareﬁgaswaeokamedhaeas&ismigm
conceivahly influence the results. No data were presented on the
incidence of still-births or litter-size.

With regard to the results reported on the offspring at 20 days
two points should be made. First, there is no-indication that litter-si
was controlled in the postnatal period. Secoand, the histological data
. are based on only four contral and three experimental animals, and 2o
| detaiis are provided of the sampling procedure, i e., whether the
offsp;ing were derived from several litters or from one htter As King
(1969) has observed, "litter effect,” unless adequately controlled, can .
exert a considerable effect on the outcome and interpretation of |
developmental studies (see also Abbey and Howard, 1973). In additiom,
]acobéon (1970):;has pointed out that the cél_l—deﬁsity data obtained at
20 day;s may be open to questidn as no correction was made for brain
shrinkage during fixation (see Abercrombie, 1946).

Artempts to establish a relationship between these reported
alterations in structure and Béhaviéur were made in three other stpdies.
Block and Essman (1965) administered a much lower daily dose (100 1g)
of the hormone (NIH). No effects on litter-size or gestation period wéré

reborted. Ar 56 days offspring were tested'in 2 singlé—trial avoidance



task. I_aiency and extinction behaviours were significantly different
between the two groups, althoﬁghnodiﬁem;nceshad been demonstrated
in an activity level test administered prior to the avoidance task. The
results were interpreted to reflect adaptive superiarity of the GH-offspring,
as, following a single 'a\-ersive experience, they more readily modified
their behaviour making it more appropriate to the subsequent situation.
Ray and Hochhauser (1969) gave 3.2 mg. of the hormone (NIH)
daily from the 3rd to the 19th day, and reparted no différences in litrer
size ar sex ratio between experimental and control groups. No differ-
ences in gesranon period were reported. No litter-weight differences
were found on Day 1 or ar any time in the postnatal period. 'Ihg«o/ﬁsprmg
from GH-treated mothers showed significant gains in the age of appearance
| of the startle and righting responses compared with conrrals. On -
postnatal Day 21 offsprmg were assxgned to either an "enriched™ ar
"Isolated™ ennronment and in adulthood were tes:ed in the open field,
Lashley Il maze, and shuttle-box avoidance. The open field results
yvielded a significant triple interaction:” Days of cesti;lg x Sex x GH,
butGH was not significant as 2 main effect. In the Lashley Il maze,
‘the GH treatment was found to be significant; GH subjects required
fewer trials to criterion than did controls. Double interactions:
sex x GH, and GHx ennronmental rearing condition, were also sxgmﬁ
cant. In the shurtle-box avoxdance task the GH effect figures significantly

in two, three, and four way interactions with env:‘ronment, sex, and days.
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However, a (failure to find behavioural differences resulting from .
the treatment has been reported (Gill, Reid, McClellan, and Porter,
1967). 3 mg. of the hormone was administered daily from the 7th to the

ISth day of gestation. No differences in gestation period, litter-size,
ar birth-weight were reported. In adulthood GH-offspring were no
different from com:rolls on tasks involving either active ar pas'sive .
amﬁance, or in performance in the Hehb-Wzlhams maze. No differences |
in hram-wexghr. ar brain DNA content were found at sacnfice.

In other smdxes conducted with the purified p:L‘/eparanon, Qumto, : |
Boctiglioni, and Qrlandi (1960) found an increase in birth-weight of S
offspring from rabbits treated with growth hormone. Angervall and
I_undm (1962) hypophysectomised rats on Day 12 or 13 of pregnancy and

administered thereafter twice-daily doses of approximately 0. 25 mg.of

bl kst DA e - -

parcine érowth hor'mohe (Ferring: "Somacton™). Fetuses were delivered
by caesarean section cn Dav 22, No significaht diﬁ&mces were found
in birth-weight or birth-length between offspring from hypophysectomised
mothers and those from hypophysectomised mothers who had received
growth hormone. Litter-size was comparable in both groups.

Heggestad and Wells (196S5) studied the '&ireca" effects of growth
haormone on fetal development of the rat in late gestation. It was reported

that whereas hypophvseopnvus (fetal hypophvsectomy by decapitation)

cn Day 18 (432 hours from witnessed rnatmg) resulted in a 20% reduction
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in fetal weight and tibial volume by Day 21 (S19 hours), the same opera-
tion followed by four subcutaneous injecﬁons of the fetus (one every 12
brs) with 0. 5 mg growth hormone (Armour) resulted in a 12%, increase in
fetal weight by Day 21 although tibial volume rer;zained siigh:ly less than
:nqrxﬁal. A control group in which hypophyseop:ivus was followed by
four injections of albumen showed a2 20% reduction in fetal weight on

Day 21. It was concluded that t]ie fetal hypophysis was responsihle for
20% of fetal growth in late gestation, and that exogenous growth hormone
- could be used to repiace the fetal hypophyseal hormones. As injections
of the intact fetus with growth harmone produced no augmentation of
fetal devel.oplmenr.. it was further concluded that fetal growth proceeded
maximélly under the influence of the fetal hypophys_is;: -

To §umrnarise the results of these studies conducted sincé the
purified preparations of growth hormone became available: after trest-
ment of the pregnant rat with the hormone, the naturally-delivered
offsﬁrirxg have beén reported to be heavier (Engfeldt and Hultqﬁist. 1953:'
Campbell, Innes, and Kosterlitz; 1953; Nixon, 1954; Tuchmann-~Duplessis
and Mercier-Parot, 1955; C.léndinnen and Eayrs, 1961), or of normal
weight (Zamenhof, Mosley, and Schuller, 1966; Ray and Hochhauser,
1969). and caesarean-delivered offspring heavier (Zamenhof, 1942
Barns and Swyer, 1952; Cotes, 1954), normal (Frazer, Huggett, and
Wohlzogen, 1949; ir;ﬁhypophysectomsed mothers: Angervall and Lundin,
1962), ar lighter (’I\.tchmann-mplessis and Mercier-Parot, 195S).
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. Increases in hrain weight have been reported at birth (Zamenhof,

[ SRR VT AP B iaatmi

1942 ‘cerehral hemisphere weight: Zamenhof, Mosley, and Schuller,
1966) but not in adulthood (Gill, Reid, McClellan, and POrte.r, 1967),
cerehral byperplasia at birth (Zamenhof, 1942; Zamenhof, Mosley, and ©
Schuller, 1966), at postnaral Day 20 (Zamenhof, Mosley, and Schuller,
1966) and in adulthood (Zamenhof, 1942). Cthers have not found hyper-
plasia at 33 or 60 days (Clendinnen and Fayrs, 1961) and no increases

in DNA were found in the adult brain (Gill, Reid, McClellan, and Porter,

1967). Cortical cell hypertrophy has been reported at 33 and 60 days

(Clendinnen and Eayrs, 1961). o é

Studies which have sought to demonstrate a link betwee:.-n the. ‘S
reported structural changes and behaviour have found earliér maturation g
of reflexes (Clendinnen and Eayrs, 1961; Ray and Hochhauser, 1969), %
improvements in coi-ticany-mediated behaviour (Clendinnen and Eéyrs. §
1961; Block and Essman, 1965; Ray and Hochhauser, 1969) or no differ- i
ences in behaviour (Gill, Re‘id.I McClellan, and Porter, 1967). 3

In two studies, prolongation of gestation has been observed (Nixon, i
1954; Tuchmann-Duplessis and Mercier-Parot, 1955), and in others }‘
fetal mortality (Nixon, 1954) and a réduction In litter-size (Barns and ' ;
Swyer, 1952; Campbell, Innes, and Kosterlitz, 1953) were apparent. An , ’5

additional iacrease in body-weight of the gravid rat has been observed

. during the course of hormone administration (Nixon, 1954; Tuchmann-

‘Duplessis and Mercier-Parot, 1955).

=




. To date, twenty-three reports have appeared in the literature
~ which have a direct bearing on the development of fetal or postnatal
offspring of mother rats who have received gromh' hormone during
pregnancy, and yet the exact effects of the treatment remain unclear and

no concensus has emerged. Notwithstanding the continuing conjecture

in the field, .certain of the recent experiments have been widely accepted

in recent reviews as evidence of a facilitative effect of growth hormone |
on prenatal development of the brain (e.g., Dawes, 1968; Gottleib,
1971; Vernikos-Danellis, ‘1972) although Hamburgh (1971) has referred
toitas a _"bit of -unfinished business. :

On balance, it seems probable that the procedure of administering
growth harmone to the pregnant rat has some effect on the ontogeny of
_ the offspring and, therefore, that further study might prove useful to
an understanding of structure-function relatioaships, particularly those

of the nervous system.

1L il mn hn R Sl M o T gy |



SE
CT
ION I

[




CHAPTER I .

INTRODUCTION

* ’

-

In the research reviewed in the previous section it has frequently -
been asserted that the course of early development may be.altered by
treatment with growth hormone, and that such structural changes as
the treatment may produce are Treﬂected in differences in postnatal
behaviour. 'It was po‘inted out, however, that the description and inter-
pretation of the effects of this _tréar.ment have been made with an incom-~

| plete knowledge of the course of normal -developmeilt: As the major
concern of the present wark is to assess the effects of prenatal treatment
with growth harmone on fetal development, particulérly on the devélop-
ment of the fetal brain, it is first necessary to describe normal -
development in some detail. In this first section of the thesis experi-
ments are reparted which are concerned with two issues: (a) the ndi‘mali
prenatal and postnatal d'ev.eloprnenc of body and brain of the rat and
(b) atteémpts to influence the dévelopment‘ptlthe f_etué by the administra--
tion of growth harmone to the mothier during pregnancy.

In Experiment I normal embryonic and fetal body and brain

development was studied. The results obtained were of a preliminary
nature but the study provided experience wich 'tl_le dissection, sampling,
and assay procedures that were used in subsequent studies in this section.

In Experiment Il a more detailed investigation of developmént was

52
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made from the emh’r:yonic to the late fetal stage.. The influence of

~ prenatal treatment of the mOther with bovine growth hormone on prenatal

development/of the embryo and fetus was investigated. The findings -

indicated that growth hormone may have produced a slight enhancement
of development at the mid-fetal stage but no chfferences that could be )

ascribed to the treatment were found near to norrnal term.

In Experiment Iil normal development was studied from the peri~

natal pericd through the first three postnatal weeks. The influence of
ovine growth hormone givetz daily through the last two-thirds of pregnancy,
or selectively during the rapid growth phase of the fetus, was assessed.

. The results demonstrated that this preparation produce'ctl no change in

. fetal body or brain development by late gestation.

In B:peritnent IV tl"ze possible influence of I:;ovine growth hormone

Ny was again assessed, this time with mothers of lower body-weight than
had previoixsly been used. Regional assay of the fetal brain in late
gestation revealed no effects due to the treatment.

It should be emphasised that althouéh normal parameters will be
presented as control data, they‘ provide new information in themselves
They are presented in conjunction with Other dsata both to facilitate com-

e

parisons between normal and expenmental groups and to preserve the

co_nceptual development of the thesis.
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Experiment I

PRELIMINARY OBSERVATIONS ON THE PRENATAL
DEVELOPMENT OF THE RAT

Before any attempt could -be made to assess the functional changes
that.might be associated with a modified brain organisation, it was -
wRecessary first to establish the conditions under which cortical hyper-

plasia could be reliably produced in the offspring of mothers receiving

£l - Lt L hd o S AWl b £ 00 5 SN

growth horrnoue prenatally. There are conflicting reports in the litera-

ture on this issue (Zamenhof, 1942; Clendinnen and Eayrs, 1961;
Zamenhof, Mosley and Schuller, 1966). It was also of some interest
how such hyperplasia might be achieved. If, as claimed, hypefplasia
wei-e present at birth (Zamenhof, 1942; Zamenhof, Mosley, and Schuller,

1966), then it might have been establis:hed: (a) by an increase in the
rate of prenatal cell proliferation in the brain: (b) by an extension of
the period of proliferation; (¢) by a reduction in cell death (JacoBson,

1970}, or by any combination of these three. To answer this question,

o T WL e ) SO Rl B dea .o il £ P bk i
PR .. ) e . !

it is necessary to consider the normal course of cell proliferation in

the fetal brain. | A

PP i ad

A search of the literature revealed little information oa this

subject, or, indeed, on more general quantitative features of prenatal

development. Evidence about the prenatal course of certain parameters
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were o&ea_fqund to be extrapalations of only ane or two-pfenaral measure~
meuts and some postnatal measures. Accordingly, the first experiment
was an artempt to describe in more detail the progressive changes over
ume of the main variables of fetal development.
Before embarking on the details of the study, the general features
of prenatal development. particularly those of the nervous system, will
_be briefly a-eviewed. Unleas othe_rw.ise stated, the information has
been obtained from Altman and Dittmer (1962). The ages given are
post-fertilisation time (= copulation time minus 8 hrs). |
General:--Ovulation in the rat occurs at about-"0200 hra (Everett,
196€1), approximately 73 - 121 hours after the onset of estrus. Cobula—'
tion normally occurs in the evening of the day of eetrus. and fertilisation
several hours after ovulation. Implantation of the blastocyst into the
antirnesometrial barder of the uterus begins on the 4th or Sthday and
is complete towards the end of Day 7. The yolk sac placenta forms

between Days 7-11. The true allantoic placenta begins to function around

Day 11 as the embrvomc blood vessels from the allantoxc mesoderm ]

grow into contact with the ectoplacental trophoblast (Huggett and Pntchard, 3

1945). The embryo is completely formed by Days 12-13, and the fetal i E

stage is defined by about Day 17. Birth normally occurs at 21 days. | " . “
!

Brain development--The primitive streak is first apparent at

t

aboui 81 days, and the neural groove In the neural plate at about 9 daye.
By Day 10, the reural tube is already partly closed. The‘tﬁree primordial




brain ontogeny. be divided into four general periods: | .

hrain vesicles (forebrmn, midhbrain, and hmdbram) are evident at

10} days, and the five divisioas of the brain (telencephalon, diencephalon,
mesencephalon, .metence.phalon, and myelencepﬁalon) by 113 dajrs. The
cerebral hemispheres are wéll-definedr ar 123 :lays ar which ti:r;e the
cervical flexure begins. The poantine flexure follows, and at 134 days

the cerebral hemi_sphere; begin to grow posteriarly over the dience-pha'lon.
Rapid lateral enlargeme of_the metencepha\l_ou occurs between Days 17-18
at which time the pontizg flexure begins to str'aighten.' In the next two
days the olfactory bulbs make thexr appearance projecting forwards

from the rhinencephalon, and transverse folds appear in the cerehellum.

By Day 21, the fetal brain has acqmred all the major s;narormcal features

of the adult brain, and, by weight, is approximately 15% of the adult

value,

The detailed analysis of developmental changes in the chemical
composition of the rat brain commenced over 60 years ago with the
pioneer work of Matilda and Waldemar Koch at the Wistar Institute of
Anatomy and Biology in Philadelphia. Since that time, more attention
has been directed towards the study of the development of the rat brain
than that of any other species (Himwich, 1962); however, it is only In
recent years that attempﬁs have been made to document seriél changes
in the structural development of the prenatal brain.

Koch and Koch (1913) suggested that the temporal order of rat
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L Fetal: a period of rapid cell division believed to be vu-tually

jomplete ar birth.
II. Birth--10 days: cytodxfferennauon phase, axonal and dendritic
elabaration.

m. Postnatal days 10~20: rapid growth phase involving myelination
and the further elaboration of cell-processes
and their connections.

IV. Postnatal days 20-210+: growth proceeds more slowly with a

reduction in the rate of formation of
all substances except those involved
in continuing myelination.

The above scheme, which attempts to mari'y chrapological time
with developmental sequences, has much usefuiness and has been adopted
by several workers (see Mcllwain and Bachelard, 1971). The hetero-
chrohicjty of regional brain development, however, imparts an arbri-
trariness to this schema, and to others which demarcate “critical
pericds. ™ In order to facilitate comparison between different brain
regions, and hetween different species in brain development, an alterna-
tive schema has been proposed (see below) which has as its basis serial
events in development rather than absalute time. An additional stage
has been included to accommodate the period of senescence which, -

" although an integral part of development has received little emphasis
in considerations of cntogeny:
Sage I  Qrganogenesis and neuronal multiplication
' s
Sage II  The brain "growth spurt, * includiag:
- II{a) 2 maturation period of axonal and dendritic growth,
glial multiplication, and myelination:

II(b) a later, but overlapping period of growth in size
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S:ageIII The mature adult state
Stage IV  Senile regression ' K

(Davison and Dobbmg. 1968, p. 258) “
Proliferation period and histogenesis of cell-types:~-The present

discussion will be restricted to the cell-production phases of Stages I
and I above, as the chief interest lies in the possxbzhtv of producing
experimental mc;-eases in brain cell-numbers. .
- Assumptions con_cerning the course of cell~praliferation were

initially made on the basis of nucleic acid phosphorus conten& of the
brain (Koch and Koch, 1913). More recently, direct measurement of
the amount of deoxyribonucleic acid (DNA) has been used to estimate
the total number of cells in the brain or its parts. The assumptions
underlying the use of DNA estir;ma::ions as an index 6f the ¢eli~-number
are as follows:

(1) complete extraction of DNA from the tissue is achieved -

(ii) the amount of DNA per euploid cell is constant °

(i) brain cells are euploid.

These assumptions are for the la}ge part satisfied. Althi)ugh a
small percentage (1-2%) of the total DNA is found in the mitochondria
(Balazs and Cocks, 1967) and a minority of neurons are knowa to achieve
polyploidy (see summary in Jacobson, 1970, p. 68), neither of these

limitations is believed to invalidate the use of the technique.

An estimate of the total number of cell nuclei in the brain may be
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obcained by dividing the total amount of DNA by the amount of DNA per
euploid brain cell of{he rar (6.4 x 1012 grm, Santen and Agranoff,
1963). Whereas DNA estimations provide a useful tool far the\ descrip-
tion of cell populations and changes in them over time, they do not
provide any information on cell-type, and recourse to histological
methods must thereforel.- be made when such information is required.
Also, the point should be‘ made that the augmentation of the tissue content
of DNA in a given period may not neces;sarily reflect the true increase
in number of new cells in that period as cell-death is a characteristic
feature of developing tissue (see i;restige. 1970). F_urther information ¢
on qell-histogenesis. proliferation, and migration may be obtained
through the use of the powerful new technique of autoradiography (see |
review by Sidman, 1970a).

The histogenesis of different cell-types over time shows considera-

ble regional specificiq‘r in the brain although within a particular region
a general pattern exists in that large neurons precede smaller ones in
time of appearance, and neurons .geuerally appear before neuroglia. The
successive differentiation of diffefent cell~types, like histogenetic
cell death, may be influenced by local contihgencie& The pos#ibiliry

has been put forward that a system of hierarchic induction may operate

to determine the sequential differentiation of macroneurons, microneurons,

and neuroglia (Altman, Das, and Sudarshan, 1970).

Opinions differ about the respective origins of neurons and neuroglia
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(for a review see ]acobson 1970), as it is not presently known when

differential gene expressxon operates on the germinal neuroeplthehal

cells to determme the outcome of their dnnsxon. Briefly, the possxhﬂmes

~ that have been suggested are:

(i) both cell-types arise consecunvely from the same germ cell
arigin

(iii) the ger{mnal cell simultaneously gives rise to both an immature
neyron ahoblasx: which remains dormant for some time
before dzvxdmg

Although it was generally believed that the brain of the newly born
rar had acquired almost its full complement (94-9'{%) of neurons.
(see Mcllwain and Bachelard, 1971), recent evidence from autoradio-
graphic and histologic studies indicates that in some regions (olfactory
bulb, hippocampus, and cerebelium) the majority of microreurons are
escablished in the postnatal period (Altman and Das, 1965, 1966:
Altman, 1967: Altman, 19693).

_ With the possible exception of & few of these short~axen cells

: Ijacobson (1970) points out that, in vertebrates, the term neuro~
blast™ is misleading as the suffix "blast™-indicates that the cell is capable
of mitosis and these cells are incapable of further division. although
exceptions to this general rule have been noted (Angevine, 1970).

zThe later appearance of neuroglia has been attributed by Angevine
(1970) to their longer generation cycle. Sidman (1970a) has estimated
the generation cycle of brainstem and cerebellar neuroglia to be between
55-114 hrs compared with 234 hrs for external granule neurcn precur-
sors of the cerebellar cortex.

(i) some gerrinal cells produce neurons and others produce neuréglia
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(Altman and Das, 1966), neurogenesis is essentially complete in the
cerebral cortex at birth (for references see Zamenhof and Van Marthens,
1971). However, this should not be taken to imply that the population

" of cells in the cerebral cortex at birth is enrirely neuronal. While it

is true that few glial cells will be found labelled ar a later period
following prenatal injections of labelled thymidine, “this does not mean
that glial cells are not produced in the prenatal brain. Glioblasts are
capable of division and successive mitoses will result in progressive
dilution of the label to 2 point at which the intensity of labelling is
indistinguishable from background artifact. The intensity of labelling
in the non-dividing neuron, however, will remain the same (S.td_rnan.
1970a).

Spatial and temparal gradients of neuron production frorr} the
ventricular germinal neuroepithelium of the cerebral isocortex have
been described in detail (Berry and Eayrs, 1963; Berry, Rogers, and
Eayrs, 1964: Berry and Rogers, 1965). Although the mode of migration
remains uncertain (see Jacobson, 1970; Sxdman, 19‘0b), the "inside-out"
sequence of origzn, ubiquitous for the cortex, is well-docurnented
Neurons produced early in the production phase on prenatal Days 16
and 17, migrate to the sub-pial level and remain there, whereas those
broduced subsequently migrate through the previously established laver
to take up more sﬁperficial laminae of the si:{-layered Isocartex. This

temporal pattern of cell production and migration is shown in Figure 1.
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.taken from Berry, Rogers, and Eayrs (1964).

No detailed investigation has been made to date of the quantitative
aspects of prenatal changes in cell-population. Mandel and Bieth (1951)
found that over' 25% of the adult brain DNA value was achieved by post= - <
natal Day 2. On the basis of assays at severa; points.la:'e in the-prehatal
period, and in the 2nd and 3rd postnatal week, Winick and Noble (1965)
assumed an exponential increase in total brain DNA, continuous through
birth, and levelling off at about the end of the second pfc;s:natal week.,

Clearly, more extensive data on the temparal aspects of prenatal |
cell-produétion are required before aﬁy interpretation of the effects
of prenatal expei-imencgl treatments can be mgdy The object of the
~ first experirﬁent was to obtain such baseline measures in the embryonic

and fetal brain over the last nine days of gestation.

-
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METHOD

szbiJecrs:--Long?E\rans virgin rats from the McMaster University
colony were mated following about one w&ek of acclimatisation to the
labaratary. Vaginal lavages were conducted daily between 0900-;1000 _
hrs, and the identification of .sperm defined Day O of pregnancy. Males
were removed on that day and fe'}hales were individually housed in stan-

dard pla'sv:ic c.éges throughout pregnancy. |

' ‘Samgligg:ﬁMo_chers were sacrific;d on prenatal Days 13, 15,
17‘,A 19, and 21 by giving\double the anaesthetic dose of "Nembutal™
(sodiurﬁ pentobarbitol: 100 mg/Kg/ip). Following laparotomy the
uterus was e;posed and the cc~x'n::e1:>tv.1s.esi‘L counted. Thre_e .conceptuses
were removed for assay. In the case of an even number, two were taken
from the cervical positions in each limb and the third from the right
penultimate cervical position. For an odd number. ‘th'e third conceptus
was taken from the side with the greater number. Two mothers were
sampled on each day. Following remou;al of the conceptus, the placenta

and amnion were dissected, away and the umbilical cord cut at its feta12

l“Conceptus_" is used here to refer to one embryo or fetus, and
its placenta and amnion. :

2 Although the fetal stage is not reached until about Day 17, both

embryological and fetal stages will-henceforth be referred to as "fetal”
for convenience,
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end. ’Excess fluid and blood was removed by rapid blocting'on semi-
absarbent paper -and the fetus was immediately weighed and placed on

ice, _ ‘ \ ) |

Brain removal:--At 13 days the brain was removed with the assis-

tance of a dissecting microscope. No attempt was made to remove that
part of the embryonic skull overlying the ,hﬁrn as It Is no.more than
very thin cartilage aﬁ this stage. A rostr-al cut was made just superiar
to the optic vesicle and a caudal cut through the cervical flexure
(Figure 2a). |

At 15 days. the embryo is about 15 mm In_‘length. The head is
well formed and.flexed over onto the thorax. The cartilaginous skull
-‘was divided in thelmldline and peeled away laterally with focx)-ceps‘ The
fosn'al cut was made superior to the lens placode and the caoudal cut
again at the level of the cervical flexure (Figure 2b).

At 17.days, the fetus measures about 22 mm. After removal
‘of the overlying skull, a caudal cut was made immegiately posterior
to the cerebellux;n and the whole brain lifted clear (I;‘igure 2¢).

At 19 and 21 days. brain removal was effected without the use of |
the microscope. The caudal cut was made at the level of the medulls
oblongata, and the whole brain tncluding olfactery lobes was removed.

Assay procedures:~~Following removal the brain was immediately

irmmersed in {ce-~cold 0. 2N perchloric acid in a heavy-walled centrifuge
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tube which was placéd in an ice-bucket, AE the completion of tt§e day‘e{.
sampling, brains were homogenised by agitation with glass rod, and /
within one hour extraction was begun using-a slight modification of
Schneider's (1946) méthod. DNA was d-etermined colorifnetrically
by Burton's modification (1956) of the diphenylamine reaction. and
protéin det'er:p\{ned_ by- the method of Lowr}, Rosebrough, Farr, and -

_ O
Randall (1951

o



'RESULTS AND DISCUSSION

Tﬁe purpose of the present study was to provide plloi: ’data on

prenatal deve]opment of the rat, together with experience In sa‘fnpling

ard assay techniques

The results are summarised in Table 1. Although the sample

size at each age is small, the sampling error appears to be relatively

low as the changes from one day to the next appear to follow a consistent

and orderly i:a:térn Body and brain welght both increase very rapidly

over these last 9 days of geatation. andt muclt the same rate, 'l'he

Jrecipitous decnwln the ra:io brain:body (xl(l)) provides an indicatioq,

of the early dispropor:ionate growth of the brain eompared with that

of the bady. wnne protein content of the bradd increases in an almoat

.
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linear fashion;-the augmentation of brain ZPNA content appears to diminish
@.ﬁ__\- s term. This is reflected in the estimate of cell-size (protem DNA)1
whlch Increases rapidly {n laﬁé gestation. . 7 o

P " A more extensive discussion of normal develoernt ot these
p:ﬁheters in thﬁaﬂs provided in E:perlment 1L . ' %’ :

N

* IThe heterogenony of gell-types {n the brain, and the addittoml
~ orphological varlation due o immature forms ia®arly devélopment,
. 1% render the ratio oaly a Nery approximate estimate ot avexage cell‘pi:e‘
. - , ¥ . 3 . _ 5
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Table 1 ‘)

Normal changes in body and brain parameters of the rat
from the embryonic to the late fetal stage.
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Figure 1

Schematic representation of normal neuron production
and migration in the cerebral cortex of the fetal rat over
the last six days of gestation (taken from Berry, Rogers,

and Eayrs, 1964).
-
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Figure 2 - -

Schematic drawings of the rat at different stages of
prenatal development. The location of rostral (R) and
caudal (C) cuts for brain removal are shown. )
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Experiment II

EFFECTS OF PRENATAL TREATMENT OF THE MOTHER
WITH BOVINE GROWTH HORMONE

Having éstablishedthe approximate developmental course of body

and brain variables in the rat, in particular that of DNA accretion in
‘the fetal brain (Experiment D). it would now be informative to examine
 the influence of prenatal treatment of the mother with growth hormone.
The effects of such trearment have not previously been ass/essed during
the course of prenatal development.

Berry, Rogers, and Eayrs (1?64) suggested that ontogenetic
development may recapiEMate the phylogenetic e:volution of cartical
complexity in that prolongation of the period of cell-production in the
ventricular neurcepithelium would result in the further sddition of
superficial laminae to the cerebral cortex, and the tacic proposal was
subsequently made that growth hormone may act to extent the prolifera-
tion period thereby increasing the structural complexity of the cerebral
cortex (Zamenhof, Mo#ley, and Schuller, 1966). i

Under narmal conditions it appears that cell‘prodnction inthe
fetal brain, as inferred from estimates of DNA content, begins to wane
in late gestation (Experiment ). K, as claimed (Zameahof, 1942

Zameahof, Mosley, and Schuller, 1966). the neonatal heain is

-
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hyperplastic at birth then it should be possible to demonstrate either a
higher rate of DNA accretion, or a prolongation of the period of rapid
DNA accretion, in the fetal brain. ' Thecretically, either effect may
result not only through a stimulative action of growth hormone on cell-
division but also by means of an inhibition of cell-death (see Jacobson,
1570). - .

The purpose of the present experiment was to inlvestigate‘ normal
development of the rat in more detail, and to assess the possible

influence on fetal development of treatment of the mother with growth

hormone.

S



METHOD

Subjects:~-In this and in all subsequent experiments subjects were
Long-&\rans hooded rats supplied by Blue Spruce Farms, Altdmont,
New York. The source of animals was changed as the McMaster Animal
Breeding Unit could not suéply sufficient aumbers of animals at the times
that they were required. ‘The procedure for mating and maintenance of
animals was the same as that described for Experiment 1. Oua Day 0

of pregnancy the bocfy-weight range was 190-235 grms.

Experimental 'groups:--On Day 7 of pregnancy éubjects were |

_ rardoml} assigned to either a control group (CS) or a growth~hormone
group (GH). The GH group received daily subcutaneous irﬁecv:ions of

3 USP units of growth hormone (NIH-GH-B13) contained in 0. 2 ml physio-
logical saline in the pH range 8-9. The solution concentration (1S USP
units/ml) wa# based on the mean relative potency assay for the batch

as supplied by the U.S. National Institutes of Health (NIH). The CS

group received the same velume of the vehicle, In the same pH range,

by the same route, Body-weights of both groups were recorded prior

to injection around midday. At 1700 hrs on the day before assay. mothers
received a subcﬁtaneous injection of 0. § mCi/Kg of a sclution con:ainiﬁg
0.5 mCi/ml E’H] - labelled thymidine (Amersham/&&rl'e: TR.K 300, -
Batch 9). |

1

75 | . A



| Sampling and assay procedures:~-Procedures for dissection and

sampling were the same as those described previously. Conceptuses
were Sﬂn;lpled from both groups on prenatal Days 13, 18, 17, 19, and 21.
One day old offspring were also sampled {rom the control group (see
Table I, After body-weight was recorded, they were decapitated and
the brain removed using the technique for late gestatidn fetuses. |
DNA and protein determinations were made as before. In addition
to the measures made in the first experiment, conceptus weight, brain -
ribonucleic acid (RNA) content, and EH] - thymldiﬁe activity in the
brain were also estimated. RNA was-determined by the orcinol reaction
(Dische, 19335). To determine thymidine aclﬂvi_:y.&an aliquot was taken
from the finally extracted supernatant that won_xld contain at least 1000 cpm
of activity, and was counted in a dioxane - base scintillation mediun;x
u/sihg a Nuclear-Chicage Mark 1 liquid scintillation counter. Reliability

in the counting was achieved between the second and third counts, and

+ the third count was subsequently used for data analysis.



RESULTS
NORMAL DEVEL OPMENT

The data on normal develépment are _summarised in Tables 1I-1V
and are presented graphicany in Figures $-8.
Conceptus weight, bodv vy welght, and brain weight:--Before Day lS

the weight of the total conceptus ig less than 1 grm. Over the last six
days of gestation, a rapid growth occurs resulting in a doubling of
weight every two days (Figure 3). Fetal growth.. by comparison, pro-
ceeds at & slightly higher rate through this period. Over the last three .
days of ées:ation. fetal weight increases by over a factor of five (Figure
4). The proportion of conceptus weight constituted by the fetus increases
from approximately 25% at Day 13 to almost 8SR by Day 21, Fro'm Cay 18
to 17 the bralﬁ grows at a higher rate than the bedy but slows in compm:‘i-
son in the late prenatal périod. The proportion of total body-welgl};
formed by the brain drops from 1€% on Day 13 to less than 4% on Day 2L
-~ Both body and brain appear to show a slight attenuation in rate of weight
increase betweep prenatal Day 21.and postnatal bay 1 (Figure 4);

.Brain protein, RNA, and DNA:--Both brain protein and brain RNA

increase in approximately linear fashion at similar rates over the pertod

studled (Figure 3). Betwce9prenatal Day 21 and pos:nat%l_ Day 1. rate
77
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of accretion of protein drops slightly. Total brain DNA in comparison,
rises at a higher rate in the early part of this period, but the rate begins
to drop towards Day 21, and does not significantly change (p » 0. 1)
between Day 21 and pggy_natal Day 1 (Figure 6). The ratio proteln:DNA
(an estimate of cell-sxz;) changes'nt:le between Days 13 and 17 but as
the rate of DNA increase drops in late géstarion in the face of a continu-
ing increase in protein, there is a steady increase in th& ratic’over

the last four days of gestation (Figure 7).

[:SH] - Th_Qmidine actlvity:=-Total [SH]- thymicime‘ activity in

the brain increases rapidly between Days 138 and 17 and shows ho further
_ {ncrease thereafter (Table IV). Specific activity, expressed as cpm/mg
brain used, is at its highest level on Day 13 and progressively drops
towards Day 21 (Figure 8). No significant change in thymidine specific
activvity occurs between Day 19 and Day 21 (p> ..

COMPARISON OF GROUPS

Mean maternal_wei.ghts for the two groups during pregnancy are
shown In Figure 9, Following five daily irdécﬂons of growth hormone
the GH group had gained significantly more weight than the CS groub
( €0.08). By Day 21 the mean difference between groups was 20 grms,

-~

lUnless otherwise stated. a two-tail test is used for Student's
t test, ’ T
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representing a 65% increase (over Days 1-21)'in the GH group compared
with & S5% Increase in the CS group. | | |

Litter-gize and conceptus \w}eight for the two grouﬁs at each ges:a-'
tional age are glven in ‘.l‘abl-e I1I. No significant differences Qere found
between the groups at any smg&:‘ in preﬂatal development,

Table IV shows body and braln weights and- the ratio (%)‘be:ween
them over the périod studled. No significant differences between groups
were found at any age;

Measures of brain development are summarised {n Table V No
significant diffcrences between the groupq were found in total brain RNA,
“protetn .DNA ratio, or in the total or speciﬂc I:SH] -thymidine activity
at any age. _‘Sl'gniflcant increases (p < 0.085) were found {n total brain
protein, and in total brain DNA and in the GH group comparéd with tk;e

S gféup cfn Day 17, on Day 19 the lnéreiscs bordered on significance
©1>p >0.08), and on Day 21 there were no statistically sighiftcan:

:differences between the two groups (P> 0. 1k



. consid'erec.t E?e‘gar_ding the assessment of fetal growth. Firstly, as !

DISCUSSION -

kS .

. Before‘discu'ssing rhes.e,data, some methodologic'al points will be

Barcroft (1946) has noted, weight-growth curves assume a certain

homogeneity of organoger?nc development although developmen: both

wu:hm and be:ween organs is structurally and functionally heterochronous.

[

The fetal weight-growth curve therefore invariably masks periods of

‘rapi\d"organ growth at different stages cf development.

.Secc'mdly, descriptions of growth are most frequently made on
the basis‘otf weigh; and have resulted in the use of exponential equations
to describe weight increments over time, although weight per se may
not be the best indicator of growtt} (SaImon-Lege‘g;xeur, 1-968). Growth
may 'be more apﬁropriately descx;i'bed by mathematical fgnctions which
take some account of body-length er size (Huggett and Widd'as, 1951;
Stephenson, 1962). “

Due to a variety of genetic and other factors, the developing
prenatal litter loses its statistical homogeneity as gestation advances.

Notwithstanding-inherent genetic, and maternal and nutritional influences

fetal weight near term is kgown to be influenged by litter sizel

11 irrer size"'/is used throughout to refer to the prenatal or postnatal
number in the litter ‘and not to the toral litter mass which depends both on
number and individual weight.

”
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(King, 1915; Sontaé and Munson, 19\.;.34; Benson and Morris, 1971;
Smart, Adlard and Dobbing, 1972; Earr,'-Jensh, and Brent, 1973), sex
(King, -19_15; Freudqnberger, 1932; Benson and Mbrr-is, 1971; Smart, .
Adlard, afld'Dobbing, 1972), intrauterine pdsgition (Barr, Jensh, and -
Brent, 1969, 1973) and resorption (Barr, Jensh, and Brent, 1973).
) fl'htfxs, the_;true Zrowth of én individual ferus, or fetal organ, may depart '
from the.‘avera'ge obcrained from pooling representative samples from |
_the litter. This is particularly true as -gestlz-zc’ion advanées. The progres-
sive increése in variability means that the Tverage weight-gro;vth curve
_ becomes increasingly less representative of the indiv-idual. Sudden and-
rapid Changes in the <‘:ourse of development are therefore smoothed out
o some extent when sarnplgs are pooled from one litter. .Further
srnoozhirig occurs when the average of several such sampl.es are taken
(i. e from several mothers) and when slight errors in the estimation
of age are rnéde. \

These methods of estimating grdwth have been largely adopted
for convenience. It is considerably easier to weigh a fetus than to
obtain its length, and representative sampling s clearly preferréd‘to
total sampling of the litter. In the present study, the sex distribution
of samples was assumed to be random in both groups, ,and samples were
always taken from :Ee same positions in the uzerus.

o :
Nor mal development:--The relative proportions of fetal and

\
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placental components of the conceptus change markedly over the last

week of gestation. In the late embryo period, fluids, placenta, and embryo

each form about one third by weight of the totai conceptus, whgreas, at
_term the fetus accounts for over 80% of the conceptus weight (Wykoff,
1971). o

The first detailed desc’ribnic’m of fetal growth was made by
- &Otsenbu}g (1915). From his da'ca', it appears that 967 of fetal weight
at term was achieved in the last eight days'aﬁf gfascation; the weight-
growth curve appéars cot;e roughly exponential over this period bur . -
.decelerates (less than 15%. i_'ncr'emen:) over the last day of gestation. |
Several other studies have éonfi_rmed the rapid phase of fetal growth
(Hain, 1932; Anguloy Gonzalez, 1932; I-iuggett and Widdas, 1951;
Wykoff, 1971). Beaton, Beare, Héh Ryu, "and M&Hé‘n?},‘r"(IQSé)' o
reported data over a more extended period of gestation and show a
four-fold increase between Days 1;4-22. 'I‘he study by Angulo y Gonzalez
'(1932) which showed that increments in crown-ru‘mp length of tfxe fetus
proceeded in a more uniform fashion compared wz:th body -weight adds
some support to Bar;rofr's suggestion (1946) that length may be a more
reliable‘;:haracteristic of growth than weight.r The increasing variability
in fetai weiéhc was att_ributed to an increasing influence of litter-size

-8 term approached (Angulo y Gonzalez, 1932).

AItHough Wykoff (1971) reports that the logarithm of weight-growth

of the conceptus and of the fetus is linear berween Days 13 and 21, the

»o_— --q.—.m..m-..-.-.-h-_.-b-—-.ﬁ-u:..u.-q e S VT 3 PRI F I IO SO
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‘data from the presént study indicate that the increase is only exponential

between Days 15-19. At the beginning (Days 13-15) and end (Days 19-21)

- ————the rate of increase appears to be slightly less than exponential.

- The increase in brain weight over the periad studied is foughly
exponential but shows attenuation on the first day of postnatal life.

_ The aéynchfony of prenatal brain growth in relation to total growth of
the fetus is illustrated in Figure 2 (not to scale) and by a comparison
of tﬁe relative proportions of brain and body At 13 days, brain weight
forms over 16% of total body weight but as gestation proceeds-the pro-
portion drops precipitously and is reduced four-fold by Day 21.

Net accretion of RNA, which represénts principally the ribosomal
fraction of the different species of RNA, shows considerable variability
during the period studied. The general pattern of increase, however,
parallels that of protein accretion and supports the notion that active
synthesis of protein is sustained by the level of RNA (see Leslie and
Davidsbn,\l%l; Winick and Noble, 1965). The increases in total brain
| protein during the pericd studied are in good agreement with the data
of Winick and Noble (1965). Calculation ;)f the -percenlé_ composition
by weight of protein in the brain in ;:he fetal period also prbvides good
agreement with the data of Clouet and Gaitonde (1956) which show a
slight decrease’ in this period.

As in Experiment I, total brain DNA shows a rapid and essentially

linear increase between Days 14-19, followed by an attenuation in the late
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~

prenm:al1 and early bostnatal period. -Some irdication of a similar sigmoid
accretion of net brain DNA is suggested in the data of Dobb'ing and Sands
(1971) as their early prenatal, and perinatal data points fail bélow their '
fitted cufve. Such changes in net DNA accretion as those described here
may be obscured ;vhen a largef bady of data is considered over a more ex-
tended period. Although Winick and Noble (1965) show a linear increase in
the logarithm of brain DNA through the prenatal period, a plot of their un-
transformed data shows a roughly linear increase bémeen prenatal Days
17-20 and little change between Days 20-21. The data of Mandel and Bieth
(1951) show little change 'in total brain DNJ; in the early postnatal period.

Further evidence in support of this pattern of net DNA accretion is
that DNA polymerase activity (an index of cell prolif::rativé activity) falls at
birth from a maximum -valué. on prepartum Day 6(Brasel, Ehrenkranz, and
Winick, 1970). The thyrniqine-incorpora_tio_n data from the present study also
fit since the highest levels of incorporation were found during the period of
most rapid accretion of DNA. ’

It seems appropriate to ask whether the plateau in net DNA accre-
tion through the perinatal period is independent of pa fturition, i.e.,
is timed to occur at a fixed time from conception, or is instead related | .
to parturition and to a general reduction in growth at this time. It

is clear that body and brain weight (see Figure 4) and total brain protein

(Figure 5) all show a slightly reduced rate of increase from prenatal *

INet DNA content of the brain appears to be increasing exponentially in
the early and mid-fetal stages (Fig. 6). Nevertheless, if a worst-fit of linearity

is assumed over Days 15-19, the line passes above the upper confidence limit of

the Pay 21 value. Thus, there appears to be a distinct fall-off in the rate of
ENA accretion in late gestation (see also Fig. 12).
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_Day 21 to postnatal Day 1, however, the rate » of increase in cotal brain
DNA is almost negligible ar this time (Figure 6). Further it appears
rhat the rate of DNA accretion begins to drop over prenatal Days 19-21
whereas no such effect is apparent for the other measures.- It seerns,
then, that the decreasé in rate of DNA accretion. in the perinatal period
gay not-be causally relaﬁéd to birth.
Its occurrenc:e at this parncular time, however, may be SLgmfi-
cant for survwal in the rat. Associated with che changeoger from’ placencal ,
to pulmonary respx:anon may be a period of relamve anoxia which could
‘)}e d.er.rlmental to ongoing energeuc events at this time. The newborn .
rat is, even so, proteCted to some extent as a lowered cerebral metabolic -

rate and accelerated glycolysis provide high reszstance EO anoxia at

-

—This time (Vlllee and Hagerrnan, 1958) . L .-

Maternal body-weight: - --Gross mc:eases in body- welght of the

pregnant rat,were described by Slonaker (1931) and Hain (1932a)

Using nuﬁii)arous rats with a starting weight of about 170 grms, Hain
(1932)found a total, increase of 41% during pregnancy. Fifty-four pércent
of this increase oc.curred after the 15th day. Wartts (1935) obtained
similar values for nulliparous rats and found slightly reduced increases
in 2nd and 3rd pregnancies. Cole and Hart (1938) reported that the
increase in body-weight during pregnancy was associe;ted with an

- increase in food intake of about 309, over non-pregnant rats. This

increased intake remained fairly constant from about Day 2 to
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' égnid-pr_egnancy and then showeéd a further increase in the second half
" of pregnancy. Ota and Yokoyaﬁza (19673 reported an increase in food

‘-‘\Food intake Was r}mintained

intake in che._ffrs_c55-6 days of p;reghan-cy.
at thig level um:ii 2-3 days before parturition when It ﬁropped. The' |
‘Increase in body-weight during pf\eg‘nancy was 38%. |

In the ;;resent study, the total percent increase was higher than
the values given above. - Percent increase from D_ays 1-15 was approxi‘\-
‘mately eéual to that from Days 15-21. The increase in grams over
the latter period is completely accounted for by'l' the gfowth in weight
“of the conceptus. i

The general finding of an increase in maternal body-weight over

. ——— -

and above that accounted for by the products of conception has raised
questions concérning thé nature of this increase. Some of it is clearly
due to g}okvth of the mam;nary glands, the greatest development of
which occurs during Pregnancy (Meites, 1966). However, the permanent
increase that is observed by weaning indicéte‘s’ that a genuine growth
has occurred (see later discussion, Experiment VID). Studies of
- protein metabolism in pregnancy have generally; but not always
(see Blaxter, 1964), reported maternal stofage of nitrogen. Beaton,
Beare, Heh Ryu, and McHenry (1954) ;ep?:rted gfeater retention of -
- nitrogen, crude fatty acids, and water, in the first 15 days of prégnancy.

After 15 days, as the fetus begins its rapid gfowth phase, maternal

- nitrogen retention greatly increased, fat storage decreased, and there °
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was a confinued ref®ntion of water. Increased protein content in the
-carcass of pregnant rats eompared \;vith non-pregnant controls has
~been reported (Poo, Lew, Lee, and Addis, 1940). -Positive; nirrogen
balance during f:regnancy was"'fzeported by Morse and Schmidt (1944),
and during the last seven days of pregnancy, in the face of a falling
™\ food intake, by Morrison (1956). Déta from a study by Menaker aﬁci
‘Navia (1973) and the results of dietary selection studies (Richter a-rri -
Barelare, 1938; Leshner, Siegel, and Collier, 1972) indicate increased
protein intake through most of pregnancy.

Effects of prenatal administration of growth hormone:--The

significant increases at Day 17, and marginally significantl increases

at Day }9 in the- GH-treated gréup over the CS group are open to several
interpretations. If, as has been suggested, growth hormone is a proper
stimulant for fetal growth, then we would expect differences to appear

at Days 13 and 15 as the treatmeht with growth hormone was commenced
well before-this time,. however, no such differences were found. It is
probable that slight differences might be concealed within the limits of
normal sampling error as the values of thé parameters investigated are
extremely low at these early stages of development. Aiso, if the treat- |

ment does not produce a change in time of onset of cell—proliferation'

llf, on the basis of previous work (Zamenhof, 1942; Zamenhof,
Mosley, and Schuller, 1966), the hypothesis is assumed that growth
hormone facilitates fetal growth, the differences at 19 days attain
-statistical significance (p<<0.03; one-tail t-test).
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and protein achetio:i, then a change in rate ran not be expecred until
‘these processes are under wag.r. The changes observed at Day 17 are
consistent with this view E\-re.n though the hormone treatment was con-
tinued through the period of rapid fetal development, ho:.vever, the |
significance of the differences was marginal by Day 19, and no signifi-
cant .differences were found at Day 21. Thiérnight suggest that the -
results obtained at an earlier stage were due to a timing or sampling
error. Boch. DNA and protein content of the brain are changing very
rapidly at this time énd small differences in the time at which samples
were taken could be very critical.

An explanation —based on a reduction in Iitter;size (Ba;'ns and Swyer,
1952; Cotes, 1954) cannot be invoked as no differences in litter-size
were found between the groups at any stage of development. Alternatively,
it might be argued that growth hormone did produce an effect on Days
17 and 19 and that failure to find any enhancement ar 21 days was due to
sampling error. Timing errors at this stage Qould be less critical,
at least for DNA, due to the slower rate of increase.

'Evidence that the dose-level of growth hor mone was phys’iologically
effective is provided by our observation of a’; signiﬁcént increase in
macernai body-weight in the GH group over that of the CS group,
although the threshold for growth hormone action on the mother may be

lower than that required to stimulate feral growth. However, the dose-

" level of growth hor mone was comparable to that used in other studies

N
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in which an effect on fetal gx:owth was reported (se’é Introduction),

Teel (1926) first observ‘ed an effect on maternal body-weight
following daily injec.tlbns of an extract from the anterior pi_tuitary.
Similar effects were also reported by Hain (1932a),and Watts (1935).
_Sui-prisingrg'r"; in-only two studies conducted since "purifier:l"_ growth
h_ormone became available has this effect been reported (Nixon, 1954; -
Tuchn;a-x:m-Duplessis and Mercier-Parot, 1955). I is clear from the
results of the present study- that the administration of a ﬁreparatioq
of growth hormone, free from any substantial contamination by other

pituitary hormones, does produce significant increases in maternal

body-weight over and above that which normally occurs during pregnancy.

Hain (19328did not believe that the increases she observed could
have been achieved by extra mammary growth, and suggested that
increased deposition of far could account for the effect. However, work
in the non-pregnant animal (Greenbaum, 1953) has shown that growth

hormone has a cataboli¢ action on fat, and the energy so provided x

spares the dietary proteins and makes them available for skeletal growth.

Whether this catabolic action of growth hormone could affect the normal
stores of, fat that are laid down in the first two weeks of pregnancy
(Beaton, Beare, Heh Ryu, and McHenry, 1954) is not known. 'Evidence
will be presented later (Experiment VIII) that the incréase in maternal
body-weight which results from grov;rth-hormone Ireatment is, in part,

due to an increase in growth as normally defined (Russell, 1966).
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Some evidence also exists that part of the weight-increase may be due
to a hyperplastic effect of growth hormone on mammary tissue during

bregnancy (Moon, 1965). This will receive further discussion ina

later section. R o ’

R WP



CONCLUSIONS : - -

e

,

The results of this study suppoi-t and exieﬂﬁd the observations of

Experiment I on the normal development of the rat. Over the last week

of gestation, rapid fetal development was signifi.ed by roughly exponential
increases in the weight of body and brain. Tetal brain proceiﬁ and RNA
increased in a similar fashion. Total-brain DNA, which reflects the

net cellularity of the brain, increased in a more sigmoid fashion through
this period showing a plateau in the immediate postnata_l period.

Prenatal Ereat;'nent of the gravid rat with bovine growth hormone
resulted in signi.ﬁcanrl;.r higher body-weight gain throughout pregnancy.
The effects of growth hormone treatment of the mother on fetal develo;i-

: r;xenl: were equivodal: the brains of Day 17 fetu.ses from growth hormone-
treated mothers contained significantly more DNA and protein, but no
significant differences with control fetuses were founci at later stages
-of development. At no stage. was any effect of growth hormone on
litter-size observed. On the basis of these observations, no definite
conclusion could be reached on the effects of grthh hormone treatment

on fetal brain development.
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. Figure 3

Weight-growth curve of the normal conceptus over the last
nine days of gestation (data from Table III). Standard

error of the mean indicated by vertical bars.
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Figure 4 AN

Weight-growth curves of normal fetus and fetal brain, and
the ratio (%) between them in the prenaral and early postnatal

period (data from Table IV).
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7 Figure 5

Total protein and RNA content of normal brain in prenatal

and early postnatal period (data from Table V).
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Figure 6

Net change in DNA content of normal fetal brain in prenartal

4

and early postnatal period (data from Table V).
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F}gure 7

The ratio protein:DNA (cell-size) of normal fetal brain in

the prenaral and early postnatal period (data from Table V).
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p e " Figure 8

E‘H] - thymidine specific activity in normal brain in

prenatal and early postnaral period (data from Table V).
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Figure 9

Body-weight gain during pregnancy for growth hormone (GH)
and control (CS) mothers. From Day 12 onwards the two groups

are significantly (p<<O0.05) different from each other.
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<

Table II

Number of mothers and fetuses ar different stages of sampling

in control (CS) and experimenl:.al (GH) groups.



Table IT

Nomber of mothers and fetuses at different ages
- - --—4in-control (CS) and experimental (GH) groups

Fember
Mothers Fetuses

prenatal day 13 cs 3 | 9
GH 3 9

prenatal day 15 cs 3 9
o GE 3 9
prenatal day 17 cs 3 9
GH 3 E!

prenatal day 19 cs <2 6
GB 3 9

prenatal day 21 cs 3 9
GH 3 9

postnatal day 1 cs 3 9
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Table III

Litrer-size and weight of conceptus at different stages ’
of sampling for CS and GH groups. There are no significant
}

differences (p > 0. 05) between the groups at any stage.
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Table III

Litter-Size and .Weight of Conceptus at
different ages for CS and GH groups

Prenatal ' Group

Means * Standard error (S.E.)

Age

(days) Lirter-Size Conceptns weight
(gm)

13 cs 12.3+ 1.0 0.3505 = 0.0355
GH 12.3 + 1.2 0.3226 = 0.0226
15 cs 10.7 + 1.9 0.8830 + 0.0150
GH 14.0 £ 1.0 0.8987 * 0.0475
17 " cs 11.7 = 1.3 1.7480 + 0.0871
GH 11.5 2 1.2 1.8813 = 0.0832
19 cs 12.0 + 0.0 3.4772 = 0.1351
GHE 11.3 + 1.5 3.7111 + 0.0959
221 cs 10.7 + 0.9 6.3701 *+ 0.1059
GH 11.0 + 1.0 6.0558 * 0.1508
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Table IV

Body weight, brain weight and brain:body relationship at
different stages of sampling for CS and GH groups. There
‘are no significant differences (p>0.035) between the groups

-

at any stage of development.
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Table IV
Body-weight, brain—weight and brain:body
relationship at different ages for CS and GE groups
Prenatal Group Mean + S.E
} d:g:) Body—weight Erain-weight Brain:Body
e ) (z=g) ()
13 Ccs 0.0889 = 0.0055 154.8 £ 1.0 16.72 + 0.63
GH 0.0784 * 0.0036 14.8 =+ 3.0 18.89 + 3.26
C1s cs 0.2906 * 0.0077 31.3 = 2.0 10.71 + 0.48
GH 0.2957 * 0.0225 32.2 + 2.6 10.79 = 0.20
17 Cs 0.7858 + 0.0469 67.8 =+ 1.3 8.69 + 0.38
Gg: 0.8294 * 0.0313 73.1+1.0 8.84 + 0.22
19 cs 2.0700 * 0.0968 119.6 + 2.0 5.78 + 0.15
GH 2.1424 + 0.0610 125.2 + 1.0 5.87 + 0.14
21 Cs 5.2835 * 0.1158 203.2 * 2.0 3.86 + 0.08
GH 4.9040 = 0.1537 196.3 + 4.0 4.00 + 0.14
Pogtnatal cs 6.6780 * 0.3500 225.7 + 5.0 3.39 £ 0.11
Day 1
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Table V

" Brain parameters of CS and GH groups in the prenatal and

early postnatal period.
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- Experiment III ;

THE EFFECTS OF ACUTE AND CHRONIC TREATMENT
DURING PREGNANCY WITH OVINE GROWTH HORMONE,
AND FURTHER OBSERVATIONS ON THE NORMAL
: DEVELO?ME%\IT CF THE RAT g
Experiment II provided data on the rapid growth phase of normal
development of the fetal rar. The results of prenatal treatment of the
.mother with grbwrh hormone, however, were equivocal; an apparent
augmentation in mid-fetal development was not carried through to
normal term. The inconclusiveness of these findings was possibly due

to sampling or timing errors. Accordingly, it was decided to 1i

the period over which samples would be taken and concentrate ingfead

- - / - -
on the comparison of normal and experimental fetuses in late gestarion.

The principal parameter of interest, brain DNA, changes little at
this time and thus slight errors in timing would be less critical.
In addition, it was decided to investigare the possibility of an

acute (direct or otherwise) action of growth hormone during that period

when the fetus is growing rapidly and when the rate of net DNA accretion

is ar its highest. Such a possibility is suggested in the resuirs of a
report by Gill, Reid, McClellan, and Porter (1967). This study was
considered by the authors to be a "failure to replicate” the structural

(Zamenhof, 1942; Zamenhof, Mosley, and Schuller, 1966) and
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behavioural (Cnendmnén and Eayrs, 1961) effects ot: the hormone tréatmen:
although it cannot be accepted as such because the hormone was given

only between prenatal Day$ 7-15 and was, 'rherefore, discontinued at

the commence&ient of the period of rapid fetal growth and DNA accretion.
The 'at_lt_h/o_::s concluded that differences in the hormone preparation

xméht be responsible for the discrepancy, although, if an explanation

were to be sought at all, it seems that the removal of a possibly acute

P
influence of the hormone would be more likely.

In the preslent‘re:\gperiment, groups identical to those of Experiment
I, at 19\% Zi days, were established using larger nurnbér of subjects.
Two further groups were set up to in\;'estiga:e the possibility of an acute ’
influence of growth hormone on fetal development. A "critical period”
of fetal brain DNA accretion was defined as encompassing prenatal
Days 16, 17, and 18. One group was injected with growth hormone from
Day 7 to 15, and received saline injections on Days 16, 17, and 18
(critical period negative). A seconﬁ group received saline from Day
7 to 15, and growth hormone on 16, 17, and 18 (critical period positive)-
In addition to.these prenatal experirneptal groups, some control

litters were assayed in the postnatal period to extend further the data

concerning normal development.
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] METHOD

Subjeagi and mating and maintenance prooedtires were as for
Experiment Lfll\ Mé.iernal body-weight range on the day of conception
was 185-220 _g!rms. The hormone used was an ovine preparation (NIH-
GH-510). The reconstitu:ion of the hormone, and its concentration and
adrm‘nistra:_icfm were as': for the bovine preparation used in Experiment IL

Cn Day 7 of pregnascy, subjects were randomly assigned‘ to six
groups. The treatment of the vaﬁous groups amd their designation are
summarised in Table V1. Fetuses were assayed on prenatal Days 19
and 21 o;zly.' Numbe:rs of mothers and fetuses assayed at the two ages
are given in Table VIL. Three fetuses from each mother were sampled

as before. ..

In the postnatal periad, control offspring were randomly sampled
from unculled litters (litter-size range: 10-15). Numbers 6f pups and
litters at each age are given in Table XIL. | |

Assay procedures for brain protein and brain DNA were as before.
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- : RESULTS

Mean litter-size and maternal body-weight gain at the time of
assay for the six'grouﬁs are shown’in Table VIIL Litter-size was not
significantly different between any of the groups at either age: Maternal

.- weight gain was computed as the pefcent increase in Body—weigl;t ar the
time of assay over the mean body-weight over Days -1, 0, and 1 (L e.,
the day of concepcior;, and the preceding and-following days). Inthe

19 day groups, only group II (GH) showed a significant increase

" (p<<0.001) over control group L. Increases in group IV( critical -

period negative) were significanl.:ly‘gr'éacer (p<<0.01) than the control
group by Day 15, but following cessation of the ﬁormone treatmenﬁ, |
the percent gain was not sigﬁificantly different at 19 days (Table IX).
The percent increase between Days 15 and 19 for group III (critical
period positive) was comparable with that of group 1l during this period'.
The increase was greater than that of group I and bordered on statistical
significance (p. 1 >p>0.05). Weight-gain in the 21 day GH group
(group VI) was significantly greater (p << 0.001) than that of its associ-
ated coqcrol group (group V).

Body and brain-weight data are summarised in Table X.. No

statistically significant differences were found ‘between the hormone-

treated and respective control groups at either 19 or 21 days. Brain
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parameters for all groups are summarised in Table XL In the condi-
tions designed to repeat Experiment II (groups I and II at 19 days, and
groups V and VI at 21 days), no scatisti;cély significant differences

were found between the hor mone-treared gr't_{)gp}énd their respective
controls in roral protein or total DNA content of the brain nor in the

ratio (cell-size) between the two. Group III, in which the hormone was
'- given only during the critical period, | was not signif icantly different

from control group L In group IV, in which the hormone trearment was
d iscontinued through the critical period, significant increases (p <C0.001)
/in total brain protein were found. The increase in total brain DNA was
marginally significant (0. 1>p>0.05) and the increase in protein: DNA
highly significant (p<<0.001) compared with the respective control values.
Postnatal data from control offspring are summarised in Tables
X1 and XIII, and are shown graphically in Figures 10-13. Prenatal
values on Days 13, 15, and 17 (broken lines) are shown for continuity
and are taken from the control group of Eipéri ment IL
Pup body-weight increases in almost linear fashion in the first

three postnatal weeks. In the first week the relative rate of brain growth
parallels that of body growth and is reflected by l:.he constant ratio
between the two. In the second and third postnatal weeks brain growth
-slows‘ and begins to plateau by the‘ end of the third week. The brain:body
ratio (%) drops accordingly at this time (Figure 10).

Total brain protein continues to increase rapidly in the postnaral
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periodf-(Figure 11). The rate of increase appears to be linear through
most of this period. The plateau in brain DNA content in the perinatal
period persists fér.the fixzst few postnatal days. Thereafter, there is
a rapid increase unril about the end of the third week when a second
plateau 9ccurs (Figure 12). |

“The value of the r'atio procein:DNA during this period is largely
dictated by the charge in total DNA as rare of"proteih accretion is rela-
:ivély steady. Thus, thréugh the late prenatal and e‘;lrly postnatai
period there is a rapid increase in the rario, whereas in the second

phase of DNA accretion, it remains relatively constant (Figure 13).
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DISCUSSION

Effect of growth hormone on fetal dévelopment:--’l‘he results are

consistent with the findings of Experiment II in that daily treatment with
growth _horrnoﬁe from Day 7 onwards did not produce any significant
chan-ges in parameters of fetal development measured at 19 and 2] days.
Although the hor mone was of a different species, evidence of a biological
activity comparable to that of the bovine preparations was provided by
the observation of significantly greater increases in :Eﬁgternal body-
weight /duri'hg‘pregnancy among th;. treated animals. However, tfhe_
possibility remains that differences in the chemical properties of this
species of hormone (see Russell, 1966) might give rise to differences

in its qualitative properties that could be responsible for the failure -
here t6 demonstrate any effect on the fetus. '

The failure, in group II and VI, to find any effect on the fetus of
daily treatment with growth hormone does not necessarily imply that
fetal growth cannot be stimulated by an excess of growth hormone.

Daily injections of g_rovyth hor mone from Day 7 onwards. may have resulted
" in a suppression in the secretion of maternal pituitary growth hormone
through an auto-feedback mechanism (see Krulich and McCann, 1966).
This may have resulted in the fetus receiving a balance of endogéndus

and exogenous growth hormoae equivalent in sum to the normal
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endogenous level. However, th;e absence of any effect on fetal develop-
'~ rment in group III,. in which growth hor mone was given only during the

-phase’ofrgpid-fetal_-growth, argues agamsr such a possibility; if it
were possible to directly increase the rate of fetal growth through the
administration of exogenous growth hormone, the conditions of group II
should havg been optimal as, presumably, there was less interference
with the endogenous secretion of growth hormone.

The anomalous findings with group IV, in which the hormone was
discontinued during the criticall period, were unexpected and their sig:
nificance is obscure. Although cessation of the‘horrnone treatment may
have prbduced an abnormal response of the maternal pituitary (Krulich
and McCann, 1966), the failure bv others to demonstrate an influence
of the maternal pituitary on fetal growth (Campbeil,' Innes, and
Kosterlitz,; 1953; Tuchmann-Duplessis and Mercier_—ParOE,h 1953; Jost
and Picon, 1957) throws doubt on such an interpretation, although some
reduction in fetal weight-has been observed following méterﬁal hypo-
hysectomy (f(nobil and Caton, 1953; ‘Heggestad and Wells, 19635).
Secondary changes in maternalmetabolism may have resulted from the
flbrmone regime and may have in&egsed the availability of some
" limiting factor to the fetus, but any attempt art their description would

be speculative. From an experimenta point of view the results are

interesting and warrant further investigation.
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Normal postnatal development:~--For several strains of rat, the
logarithm of body-wei.ghxﬁ_- 01-' body-length plotted against the recriprocal.
of time will yield straight lines (see Duan, Murphy, and Rockland, 1947).
'The data obca‘ined in the pfesent experiment are in good agreement with

"_"thosé of Freudenberger (1932) for the Long-Evans strain.

b

Postnatal weight-growth curves for the brain were first described

by Donaldson (1908). The period of rapid growth of the brain was consi- 7

~ dered to cease at about the 'time (70 days) at which further increases
in brain weight were ix:x approximare proportion t'o the 7th root of the
body-weight. i’locs of brain-weight against body-wé§ght (Donaldson
and Hatai, 1911) showed a very rapid increase in brain-weight up to
'aboul: 30 grms of body-weight. 'lhefea‘.fter,' brain-weight continued

to incrgéase at a much reduced rate up to a body-weight of 500 grms.
The results of the present experiment are in close agreement with
those of Freudenberger (1932). -

Following its decline in the last week of gestation the ratio
brain:body (%) remains steady in the first postnaral week. .In the
second ard third postnatal weeks there begins a noticeable decline in
the\ ratio as the rate of brain growth drops while that of the body remains
szeagl_v.

The data of Koch and Koch (1913) show a rapici ‘increase in tatal
brain protein during the first three postnatal weeks. By Day 40 the

daily increment has dropped to less than 0.5 mg/day and the total
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content shows only slight further mcrease by 200 days. The data of
Winick and Noble (1965) show a steady increase in tocal bram protein
through the period of late gestation (Day 17 to birth). In the postnaral
perzod a connnw.ng high rare of accretion #Was found up to about 50
days Thereafter, the rate of accretion dropped considerably. The
course of net accretion of total brain protein in the preweaning |
period, described in the preseat study, is in basic agreement with the.
pattern of accretion reported by Koch and 'Kocl; (1913) and by Winick
and Noble (1963) over the same period.

In comparison to the steady increase in total brain protein through

" the last week of gestation and the first three postnatal weeks, the

present data indicate that the net increase in total brain DNA is biphasic
and e“ssen'tially complete at the end of this period-- This overall pattern
of net DNA accrétion receives support from a study by Brasel,
Ehrenkranz, and Winick (1970). They reported a fall in percent

i rease in DNA in the late prenatal and early postnatal period; the most
rapid rate of increase in DNA v}as found to occur betweéen postnatal

Days 6-10; thereafter, percent increase fell and between days 20-44.

no further increases were observed. In addition, DNA polymerase
activity, which provides a corroborative index of cell-division, dropped
at parturition from a high value on prenatal Day 15, changed little

in the first S postnatal days and reached a second peak around postnatal

Day 10. A second drop then occurred to a plateau between Days 20 and
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and 44. The data of Mandel and Bieti (1952) also show little change in

| total\ brain DNA in the early postnatal pericd. The cessation of cell-
production in the brain, as measured by DNA content, is génerally
accepted to occur between the second and third posmatai week (Mandel
and Bieth, 1952; Winick and Nohle, 1965; Dobbing, 1968: Fish and Winick,
1969; Brasel, Ehrenkranz, and Winick, 1970; Dobbing and Sands, 1971).

Although no attempt has been made here to compare the develop~

me ot of the rat brain with that of other species, the very striking pattern

of DNA accretion raises the question of whether this develo;)men‘tal
feature has any generality among the species of Mammalia. R;cent
work on the development of the human brain suggests that this may be
s0. Dobbing and Sands (19700 reported a similar biphfasic increase in
the DNA content of the brain. The first phase lasted from 15-20 weeks
of gestation. The second commenced at about the 25th week, continued
through the remainder of geétatio‘n, .and was presumed to last until
about the end of the second postnatal year of life.

Some evidence that cell-production occupies two distinct periods
In the development of the guinea pig brain may be adduced from several
studies. Although there have been no z:lttempts at the direct quantifi-
cation and timing of the first (principally neuronal) phése, histological
studies indicate that the neuronal population is well established by about

40-45 days! (LaVelle, 1951; Peters and Flexner, 1950: Flexner, 1955)

LThe gestation period of the g’uinea-pig is 65-66 days.
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though some postnatal neurogenesis is known to occur (Altman and Das,
1967). It seems likely that a first proliferative phase occurs someci;ne
before 40 days as cell nuclei are densely distributed, and Iaminz;.tion of
the cerebral cortex already apparent, as éérly as 33 days (LaVelIe, 1951),
ard at 35 days total brain DNA is already 30% of the adult value (Dobbing

and Sands, 1970a) Again there appears to be a-stationary phase between

about Days 35-45 before 38 second phase of cell-proliferation (predominantly

glial) occurs lasting to about birth (Dobbing and Sands, 1970a).

On the basis of the present observations, and those above on guinea-
pig and man, it appeﬁrs that the biphasic pattern of net DNA accretion
(and thus cell turnover) may be characte;istic of Mammalia. The -
species-specific timing of the two phases further suggests that the event
of parturition is unrelated to any particular stage in the process of
cell-production. It should be noted, however, that in neitﬁer the rat
nor the guinea pig do any critical changes oceur around parturition |
when there is a danger of ancxia whiéh might hold long term consequenSes
for energetic changes occurring rapidly at this time.

The significance of there being two distinct periods of cell-
production in the developing brain is presently obscure. The generally
accepted view that production of the neuroglia does no occur until the
majority of neurons has been produced raiseé questions concerning their
respective iineages and indeed whether there ﬁmy exist an inductive

contingency between them as Altman, Das, and Sudarshan (1970) have
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suggested (see Introduction). This subject has been exten sively reviewed
by Jacobson (1970). .

A number of factors are known to influence the course of postnatal
| growth and development, and these will be considered in some detail
in Section IL Iﬁ the present investigation of normal development,
continuous data have been obrained through the preweaning period on
those parameters that were investigated through the' prenatal periad,

thereby covering Stage I of the Davison and Dobbing-(1968) scheme

| (see p 57, present work). Stages I and II of this scheme encompass
that period during which the developing brain is most susceptible to
influences which may alter its constitution and function.

To summarise:-~The results of the present étudy show that the

daily administration of ovine growth hormone to the gravid rat over

the last two-thirds of pregnancy produced significantly greater i-ncreases
in maternal body-weight, but had no apparent effect on litter-size or
fetal development as measured on Days 19 and 21. Treatment with the
hormone only during the period of rapid fetal growth was similarly
withour effect on fetal development by Day 19. Treatment over Days

7-15 (inclusive) resulted in significant increases in protein content,

and a marginally significant increase in DNA content, of the fetal

brain at 19 days. The ratio protein:DNA was also significantly increased.

- Further data were obtained on parameters of normal body and-

brain development over the first three postnatal weeks.
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Table Vi

W

Summary of treatment of the six groups.
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“Table VII

Summary of sampling in the six groups.
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Group - Prenatal Romber  ©
- Age Mothers Fetuses

I 19 6 18

II 19 § 12

IIT 19 6 18

> 19 - 6 18

v 21 6 18
VI 21 6

18




Table VIII

Litter-size and maternal body-weight gain in the six groups.
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Table VIII

Litter Size, and gain (2) in maternal body—weight by time of assay

Group " Day Litter-Size Maternal Body-Weight
of gain
Asszy N ¢ 9]
I 19 10.00 * 0.93 56.2 + 2.4
1T 19 11.00 = 0.40 70.7 + 0.2
I 19 . 9.83 + 1.01 56.9 + 2.9
v 19 10.50 + 1.98 60.1 + 4.3
v 21 10.83 * 0.95 64.0 + 2.6
vI 21 11.00 + 1.06 89.3 + 2.0%

*p < 0.001 compared with respective control



Table IX

Maternal body-weight gain before and after the critical period..
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Table IX

Z increase
Day 15

34.1 = 1.1
43.8 & 1. 1%kk
30.6 = 2.6
39.2 * 1.1%%

H

I+

i+

% 0.1 >p > 0.05

Group Body Weight
‘ 2 increase

H

i 0.?**

H 1+
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Fetal body-weight, brain-weight, and their ratio in the six
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‘Table X ]
Body-weight, brain—weight and brain:body (%) <
Group Day Mean * S.E. R
- - of Body—wveight Brain weight Brzin:iBody ;
Assay (g=) (gm) @) 3
3
4 19 2.456 = 0.089 0.130 = 0.002 5.34 2 0.11 &
b3 19 2.321 = 0.043 6.128 = 0.002 5.49 = 0.09 ..
mr 19 2.488 = 0.037 0.129 + 0.001 5.18 = 0.05
v 19 2.296 : 0.116 0.127 + 0.002  5.57 % 0.19 -3
v 21 5.174 * 0,166,  0.193 * 0.002 3.75 = 0.09 i
Vi 21 5.133 = 0.187 0.199 = 0.004 - 3.90 = 0.07 i
~ ) ;

AN -
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Table XI
Fetal hrain parameters for the six groups.



. C . Table XI

Brain Parameters for all groups

138

Group Day __Mean * S.E.
| . of Total Protein - Total DXA Protein/DRA
Assay (=g) - . (g) '
I 19 7.01 * 0.17 501.16 + 8.02 14.00 = 0.22
o3 19 7.08 = 0.22 500.25 + 6.45  14.15 ¢ 0.35
pase 19 7.52 = 0.48 502.50 £ 4.26  14.99 = 1.00
w 19 9.15 £ 0.14%% 521,83 + 5.48% 17,55 2 Q.34
v 21 12.75 2 0.29 577.5 % 6.28 22,10 £ 0.61
VI 21 12,10 + 0.39 579.5 = 9.33 20.90 = 0.69

*0.1 > p > 0.05

compared with group I
**p < 0.001 . :
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Table XII

Normal body and brain parameters over the first three

postnatal weeks. -
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Table XIIi
Normal brain parameters over the first three postnatal weeks.
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| Pogtnatal Brain Developaent of Contral 0ffapring

Age ) Mean * Standard Error
(days) Total Protein Total DNA ' _ Protein:DNA
(ag) (ug)

2 16.495 = 0,125 677.5+ 7.5 24.35 * 0,05
4 22.980 + 1.160 | 664.0 & 96.0 35.10 + 3.30
6 30.630 = 1,030 917.5 + 16.5 33.40 2 0.50
7 38.690 0,260 1015.0 + 30.5 38.70 = 1.50
10 56.785 » 1.685 1410.0 & 166.5 40,70 > 3.60
14 76.980 * 0.700 2223.0 + 85.0 34,70 + 1,00
18 119,737 = 0.521 3147.3 = 130.3 38.19 + 1.81
22 129,133 * 7.123 ) * 152.9 39.57 + 1.41

3264.0

T ape [Tt



Figure 10

C ‘Prenatal and postnatal changes in body-weight, hrain-weight,

and their ratio, for normal animals (data from Tables IV,~ X,

and ).
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Figure 11

Total brain protein content in the prenatal and postngtal
pericd in normal animals (data from Tables V, X1, and
- XHD.
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Figure 12

Net increase in total brain DNA in the prenatal and postnatal

period in normal animals (data from Tables.V, X1, and XIII).
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Figure 13

Prenatal and postnatal changes in the ratio protein:DNA

in normal development (data from Tables V, X1, and X1ID.
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Experiment IV

THE EFFECTS OF PRENATAL TREATMENT WITH BOVINE
GROWTH HORMONE: REGIONAL BRAIN ASSAY OF
FETUSES FROM MOTHERS OF LOW BODY-_WEIGHT
The results of E)cpefirnents I and Il indicated that the continucus
'adminisfration of growth hormone to the mother produced neither an
augmentation of fetal growth aar &ny increment in cell-numbers in the
fetal brain. Presumaoly, if growth hormone were capable of stimulat-
ing brain cell proliferation, its effect should have been demonstrable
in a whole brain assay. However, as prevxous reports of grow:h
hormone-induced hyperplasia had been restricted to the cerebral hemis=
pheres and did not include the cerebellum or olfactory lobes (Zamenhof,
1942; Zamenhof, Mosley.‘and‘Schuller. 1966) the possibility remained
that the effect may have occurred in the cerebrum aod might have been
masked in the whole brain assay. One further poesibility :vas that the
effect might only be demonstrable in mothers of low body-weight at
the time of conception (Engfeldt and Hultquist, 1933). Also of some
_ concern was the fact that th_e only uneqhivocol demonstration of the
absence of the phenomenon (Experimenc 11I) had been achieved using
a hormone of a different species from rhat used by previous worl-:ers

Having received a further supply of hormone of the original
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séecieé. it was decided to cdnduc:t éffﬁrt\her experi}nenﬁ in which £he
three possibilities mentioned sbove might be investigated.
In addition to these objectives, ‘th'e presemt study also afforded

an oppertunity to inves:iga:e the influence of maternal body-weight on
reproductive performance by comparing the control groups in the present
study. with those of Experiment lll. Previous reborts have suggested
‘that maternal body-weight ar age may exert an influence on litcér-size
(Cole, 1937; Cale and Hart, 1938; Blandau and Money, 1943; Barr, Jensh,
and Brent (unpublished observations), 1973), and fetall growth (Slonaker,
1912; King, 1915; Cole, 1937, Cole and Hart, 1538; Blanda;u and Money,
1943; Hultquist, 1950; Angervall, 1959). |
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METHOD

The procedures for treatment, sampling, and assay of suﬁ]icts
were the same as those empldyed in Experiment 11, with the following .
excéptions: assays were corducted on Days 19 and 21 only; the cere-
bral hemispheres were weighed and assayed separately from the
cerebellum and olfactbry lobes (following iLts removal, the whole brain

was placed on a glass surface and vertical cuts were made to separate

the cerehral hemisphem from the olfac lobes and from the
cerebellum. The whole brain weight/given in Tabley X V1 and XIX is
1

) /

\, [
- obtained by adding the weights of the s:p;x\-a'te 'p:msS; the hormone used

~ was a bovine prepafation (NIH-GH-B16), and mothers were in the

AV}

weight-range 140-190 grms on the day of conception. In adlition to the
usual measurements, placenta weights were also recorded.

| A summary}f the sampling of mothers and fetuses at the two
gestational ages is given in Table XIV. ‘
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- RESULTS

Influence of growth hormone:-- Litter-size and géin in materqél

body-weight by the time of sampling for the two groups are gi?en in

"Table XV. No significant differences in litter-size \;vei-e found between
the two groups at either 19 or 21 days. The gain (%) in body-weight at
the time of assay was significantly greater in the growth harmone group
both at 19 days{p<C0.001) and at 21 days (p <<0.025).

‘Placenta weight, fetal, body and brain weight, -ard the brain:body
ratio are giveh in Table XV No significant differences were found
between the two groups in any of these parameters at either 19 or 21
days. The resulés of the separate assay of the cerebrum, and cere~
bellum and olfactory lobes, are presented in Table XVIL! No signiti-
cant differences were found in either weight or DNA content of the |

different regions B‘queen the two groups at elther 19 or 21 days.

Influence of mateinal body-weight:~-On Day 1 of pregnancy, the

females in this experiment were, on average, 17% (30 grms) lighter
than those of Experiment lII. All four groups were significantly
llghter (p<<0.01) than the carresponding groups in Experiment III

lProtein data are not included as a large number of the samples
- were accidentally destroyed.
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(Table XVIID). No significant differences were found in actual body~
weight increase (grms) ‘between the correspohding gréup; ot the two
experiments. Percent éaih in body-weight was signlﬁcgntly greater
in the control 19 day (p<<0.05), control 51 day (p<<0.01), and growth
hormone 19 day (p<¢0.01) groups of this éxperlment compared with
the correspdnding groups of Experiment Il

No significant differences in litter size, body-weighf. brain
weight, or brain:body ratio, were foun;i between the éontrol groups
of this expex_‘irnent and the correspondi.hg éroups of Experim nt Il
(Table XIX). | '

Although b‘r'ain DNA d-ata from ;:he two experiments'fell within
the same range, a statistical comparison was not conducted due to
slight procedural differences and changes in the purity of the standard

from one experiment to the other.
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¢ ’ 'DISGJSéION .
: \
_ These results support the findings of Experiments II and III in
that the administration of growth hormone to the mother during preg-

" nancy s without effect on the body-weight, brain-weight, or DNA
content of the brain of.che fetus in late gestation. Neither was there
any significant e'ffect oii the weight of the placenta.

Thus, phe‘ possible objection to the results of Experiment IlI

_(in which ovine growth hormone was used) as being incomparable to _gf'-
those of previous workers is untenable as the present preparation was

- of the same species as was ﬁsed in those investigations. The further
objection, that growth hormone may have a selective effect on that
part of the brain which acquires the majority of its neurons prenatally,
is also countered as no significant effect was found when the cerebral
hemispheres were analysed separately from the rest of the braln. . The
possibility that growth hormone may be effective when given to mothers
of low body-weight also appears to be without substance, at least within
the range of bo_dy-wéight‘ used here. In the present study, mean body-
weight on Day 1 of pregnancy was 30 grms less than that of mother {n
Experiment Il and yet no-effect of the hormone was found.

| A comparison of the normal data of the present experiment ﬂvirh
those of Experiment Il demonstrates that a slgnlﬂcantly' lower female
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body-weight at the time of mating had no noticeable effect on litter-
~ size or fetal development. Corroborative suppart is obtained by the
observation that these lighter mothers gained as much weight during
pregnancy as the heavy mothers., They therefore showed significantly
greater per'éent gain in hody-weig% |
Within the range of body-welights used in these tvb experiments
it appears that, irrespective of the breeding weight of the rn;xher, a
relatively constant amount of weight increase occurs during the course
of 'pregnancy which {s appropriate for the size of the litter being
carried. This conclusion is supported by the results of Experiment VIl
of the present work and by a study by Pritchard and Tucker (1970)
who found no differences in litter-size, or birth-weight of pups from
mothers bred at 44, 63, or 82 days of age. These autha s concluded
that improved diet and genetic selection 7:‘61‘ laﬁoratory stock had miti-
gated the effects of body-weight and age of the mother on reproductive
performance that had previously been reported by others. R
Such factors may also provide an explanafion for the findings of
| Engfeldt and Hultquist (1953) who reported that the prenatal administra-
tion of growth hor mone was effective in increasing the bi’z‘-th-weight
~ of only those-pups from mothers of low body-weight. Although the authors
refer to these growth hormone-treated offspring as "glant™ it appears
from their data that the effect of growth lhormone was tC; ameliorate an

effect of low maternal body-welght, i, e., mothers in the low body-weight
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—

range who were treated with growth hormone gé\}e birth to pups which,
although significantly heavief than those from control mothers in the
same low range, wére combarable in weight to those from control
mothers in the higher weight range.

A similar therapeutic effect has been reporged of prenatally
administered growth hormone on the prenatal development of offspring
from mothers receiﬂng a low-calorie diet during pregnancy (Zamenhof,
van Marthens. and Grauel, 1971). Here it was sug@ested that the
action of the hormone i{s to mobilise maternal stores and increase the
levels of circulating nutrients which, in the case of the nutritionally
deprived mother (or the mother of low body-weight), may otherwise
be limiting to the normal development of the fetus. In the present
study, in which no maternal effects on fetal development were found,
it is not surprising that tﬁe administration of growth hormone was
without effect. |

To summarise:~-The results of the present study show that prena-

tal administration of bovine growth hormone to mothers of relatively
low body-‘#elghc produced no significant‘change in placenta weight or -
fetal body-weight on Days 19 or 21. Neither were any differences
found in the weight ar DNA content of either the cerebrum, or the
cerebellum and olfactory lobes, compared with controls. As in pfe-
vlqus étudles (Experiments Il and 'III). the hormone treatment resulted

in greater increases in maternal body-weight during pregnancy and did
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not affect litter-~size.

Normal data from the present study were compared with those
of Experiment LI in which average maternal bod:;r-weight was 30 grms
greater at the start of pregnancy. There were no differences in absolute
maternal weight gain duriné pruegnancy but percent galh was appropriately
greater in the light mothers of the present study. No differences in e

licter-size or fetal development were found between the two groups.
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—— Table XIV

" Summary of sampling of mothers and fetuses.
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Table XIV

-

kpcrins\: IV: Sumary of sampling

a

Group Conceptual
Age Mothers” Fetuses
cs 19 6 18
GH 19 3 13
cs 21 7 21
GH 21 3 13
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Table XV

Litter-size and materngl body-weight gain,
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Group

cs
_6a

p < 0.03 couplrcd'vtth Tespactive cuutrOIQVlldi )
~
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Experiment IV: Litter-aize and matérmal body-weight
gain at time of assay

Day of
Assay _

29

19

2.
2

»
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- é
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' Ty

Litter size

10.0 £ 11 .
9.2 %03
9.9 ¢+ 0.8
9.6 £ 0.3

Matersal Body-veight
(X gatn)
70.4 ¢34
89.2 + 2,00
81.6 & 3.1
102.4 & 8,0%
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Placenta welghts and fetal parameters.
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Table XV1I

Regional ahalysis of the brain,
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- Table XVII
Separate Assay of Brain Regions
Meaan + S.E.
Carebral - Cerebellum and
Heaiszpheras 01factory Lobes
Group Weight © DRA Weight DXA
(zm) (ug) () (ug)
cs 19 0.0766 : 0.0030 62+ 6 0.0467 ¢+ 0.0011 123 + 2
GR 19 0.0742 2 0.0031 360 = 12 0.0449 = 0,0008 121 + 3
cs 21 0.1292 2 0.0022 423 S ) 0.0646 = 0,001) 136 + 3
GR 21 0.1233 = 0.0024 423 & 4 0.0622 * 00,0011 130 + &
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Table XVIII
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Comparison of maternal body-weight changes in Experiments
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Table XIX

-~

Comparison 6f litter-size and fetal parameters in Experiments

III and IV-
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SECTION L.
GENERAL DISCUSSION AND CONCLUSIONS

The four experiments described in this section have served two
purposes. Firstly, they provide a detalled description of the embryolos ~
glcal, fetal, and early postnatal stages in the normal development of
the rat. The frequency and continuity of sampling have provided consis-
tent and detailed data on the weight-growth curves of body and bratn,
and on the course of net accretion of protein and DNA in the brain
throughout this peﬂod. * 'I"h-e prenatai data fill éome gaps in present
knowledge concerning the early develoﬁment of these paramerers. The
postnatal data g.enerally support and extend the findings of others,

Secordly, these experiments have provided a detailed investiga-
tion 1nto the effect of growth hormone. administered to the mother

during the major part of pregnancy, on the development of these fetal

parameters. The results have shown unequivocally that such treatment,

contrary to previous reports, does not augment either fetal body growth

or brain growth and does not increase the net proteln ar DNA content of
the developing fetal brain. Neither does the treatment affect litter-size.
The only slgnlfh.ant and reliable effect of the treatment that has been
observed is an increase {n body-weight of the mother, during the

course of administration, in excess of that which normally oceurs
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during the course of pregnancy. _

In. the light of the presc:nr findings, it would be useful to review
some of the evidence bearing on the possible control of fetal grow:h'by"
growth hermone produced at three gites: the fetal pltultary, the maternal
pituitary, and "the plécenté. The following discussion will be restrlcmd
to che harmenal control of gross development of th; body énd will not
Include the effects of hormones on specitic organs (e. g., control of
sexual differentlation) which has been reviewed recently (Jost and
Picon, 1570). o

To consider first fetal growth hormone, it appears that the
pitultary.glgnd Is functionally active in the fetal ra:l as indicated by
- effects on the fetal adrenals (Jost, 19665) and fetal thyroid (Jost, 1968)
following experimental apitultarism. Growth hormone has been detected
in :he'feﬁal pituftary in late gesmtion (Contopoulos and Simpson, 1887a:
Birge, Peake, Mariz, and Danghaday. 1967) although reports conflic:
.on whether {t {s {nvolved in the’;rcgul'ation of fetal growth or not,
Raynaud and Frilley (1947) reported negligible eftects on fetal growth
following X~irradiation of the fetal pituitary. Decaplration of the fetus
was found to result in a slight reduction in growth (Wells, 1947: Jost,

1947) but this effect has been attributed to the surgical procedure alone _
as some decapitates were as heavy as intact controls of the same
litter Uosi:; 1947). Ina more recent study, decapltatlc;n of the fetus

in late gestation (18 days 20 hrs) resulted in a sxgnmcamly lower body
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weight 67 houra later (21 days 15 hrs) compared wil:h lmer =mate controls,
and it was concluded chat the fetal pituitary was responsible for about
20% of fetal growth in late gestation (Heggestad and Wells, 1968).
However, there s no Indication that in utero positlon effects were
controlled in the sampling procedure (see Barr. Jensh, and Brent, 1973)
or that "litter effects" were considcrcd In the statistical treatment of
the data (sec King, 1969; Abbey and Hoﬁrard.- 1978). Evidence from
studies In other species (reviewed by Pecile and Muller, 1966) generally
support the ccnclusion that prenatal growth is ricp under the control of

the fetal plruitary.

To‘considcr‘ next growth hormone from the maternal pltu‘i:ary.
the evidence suggests that It is not a limiting factor in fetal growth.
Contopoulos and Simpson (1956) found no differences between the
pltuitary growth hormone content (as measured by tiblal assay In hypo-
physectomised females) of 17 and 21 day pregnant rats aﬁd non-pregnant
controls. Hypophysectomy of the mother on Day 12 (Tuchmann-Duplessis
ard Mercier-Parot, 1958) or on Days 13 or 15 of pregnancy (Campbell,
Innes, and Kosterlitz, 1953) gad no effect on fetal weight, nelther were
any differences found between fetuses from mothers hypophysectomised
on Day 12 and those f—rom palr-fed controls (Jost and Picon, 1957). _
However, Knobil and Cm:on (1953) did find a significant reduction (14%)/
" in body-welght of tetuses trom mcchers hypophysectemised on Day 12
of pregnancy compared with palr-ted controls, The reduction in
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weight ;vaa assoclated with a significant dec;eaae in placerita weight
(6R). However, the average body-welght of/'both experimental and |
control fetuses in this study were low and other effects rf;ay have been
reaponsible for these results ?(e.'g. ,» hypophysectomised rats have lower
.insulin output - Martin and Gaglid;dlno, 1967). Heggestad and Wells
(1965) have also reported that maternal hypophysectomy during
pregnancy {Day 14) resulted in a reduction of fetal welght, althpugh
besides thé difficultles already mentioned (see page I74) the effect |
could only be clearly demonstrated by using fetuscs_trom unoperated

mothers as controls.

Hypophysectomy of monkey rno::hqra In pregnancy was reported to
fesult In offspring of noi-mal height but slightiy réduced birth-weight’
(Smith, 1954). In man, an Tnfant born to a hypophysectomised mother
was reported t'o be normal (Little, Smith, jeaéimhn. Selenkow, -
van'T Hoft, Eglin, and Moore, 1958). Jacksen (195S) comparing blrth
welghts of Infants from acromegalous mothers with those of normal
mothers concluded there was no difference, although hlé dﬁ:a appear
to show a conaistent :rendl towards h_cavler birth=-weights in the acfo-
megalous group. Saxonova (1963) has reported fr-equcn: mstnnces-of
gigantiam of lnfhn:s from severely acromcgalicm mothers,

Under o:hcr\#.lsc normal condltions, it appears that maternal

growth hormone does not regulate fetal growth by way of alteratlons In
the general metabolic environment of the fotus, although under conditions

-&r

rd



176

of maternal dletary relcrlctlon exogenous growch hormone may amelicrate
growth re:ardarion of the fc:us (Zamenhof, van Marthens, and Grauel,
1971) presumably by normalmng the flow of nutrlenta trorn mother to
fetus. ' | )

In man, evidence agatna:\‘a direct action of maternal growth hormone
on the fetus (s provided by the cbservation that i;adlo-lodlnach growth

ho;mone does not cross the placenta to enter the fetal circulation - -

| (Gitlin. Kumate, and Morales, 1968; Laron, Pertzelan, Mannhelmer,
Goldman, and Guttman, 1966). The poaslbility exists that placental

permeability may not be obstructive to maternql growth hormonc at

' 'caruer stages In prognancy although simtlar reaults have been ob:atned -

with rabbita (normal geatatlon period 31 duya) in the third week of
'gqs:atlon (Laron, Mannhelmer, and Guttman, 1966). Growth hormone
- ta :'-epor:'ed :'o cross the placenta n the mouse (see Delost, 1971).
~ but there {a no dl_rcc: ev-idencc bearing on chc.plhcental_pefmeabtllty
to growth hormone {n the rat, .. )

Although earller studics rcpc;r:ed a facmtuuvé action of exogenous
growth hormene on fe:alh development in the rat (aee revlew In
Introduction) ft appeara\probable that prolongation of pregnancy and. s
other samplmg errors were responsible for these effects. In the °
light of the hypephysectomy studies reviewed here (Campbell Innes,
and Kosterlitz, 1958 Tuchmann-mplessis and Mercter-?arom 1988;

Jost and Pieon. 195?) the poseibility that other pltuitary hormones in

e
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" these earlier cruﬁe preparations were by rh;r'nselv‘és, .01-:'“ In .sfrr‘iergism ]

. with growth hormone, responsible for the effects appears unlikely.

The results of Experiments 11, 11, and IV In the present study show

‘unequivocally that tﬁe administration of purified growth horrnone has

-~ no effect on fetal growth as measured In late gestation, . n
" The finding of slightly reduced fetal-growth following maternal

hypophysectomy (Knobil and _Caton, 1953: Heggestad and Wells,

. 1965) indicates that the maternal pituizafy may play some role m fetal.

development but not 2 critical one. That the growth hormone content

of the maternal pituitary does not increase during pregnancy (Conzopoulos

and Simpsoﬁ, 1956) togécger with the results of studies in which ‘fecal o
growth was unaffected by matérnal hypophys}:ccomy (Campbell, Innes,
and Kbsterlitz, 1953; Tuchmann-Duplessis.and Mercier-Parot, 1955;
jost and Picon, 1957) suggests that maternal growth hormone is not a
lilmitiné factor in the devélopment of the fetus, and that the fetus enjoys
a relative independence of the méchgér with respect to the hormonal
control of its growth. | |

~ If fetal growth is not under the control of its own pituitary, nor
that of the morther, how then is such an orderly and systematic progres-
sion of growth maintained? Were it.'dependent upon the immediate
availability of some major metabolite sucﬁ as glucose, or indeed under

some less obvious humoral control by the mother, then short-term

fluctuations in these marernal parameters, e.g., resulting from

~
Lo

77

asamata wa

(W P



N " 178

temporary exhaustion of food supply, would be expected immediately |
to-affect the growth of the fetus and the progression of development |
might therefore be less consistent. Survival of the progeny would,

thus, bear a more contingent relationship to the vicissitudes of the

'imrnediate environment of the mother.

The results of a study by Campbell, Innes and Kosterlltz (1965) .

suggest that this is not so in the rat. Reduqion of food intake to one

half and one third of normal over the last six days of gest:anon d1d

not affect fetal or placental weights at term. Evidence from other

‘speci'es (see Dawes, 1§68) reveals much the same thing. This suggésts
that the growth of the fetus is guided by some factor whici': buffers it
against short-term changes in the mother, and which, except in ex-
treme conditions (e.g. chronic maternal malnutrition) allows for a
normal progsessxon of prenatal growth by ensuring a more or less
continuous availability of nutrients to the fetus.

The first indication of the existence of such a factor was pfovided
by the demonstration that blood plasma frﬂ pregnant rats showed |
higher growth-promoting activity than did that of pon-pregnant rats.
Whereas plasma obtained from rats in the first five days of pregnancy.
had comparable growth-promoting activity to that of non-pregnant control
plashla, plasma taken oa Days 9-21 was three ‘tim.ES more effective
in promoting growth (Contopouios and Simpson, ~I/957b). That the
sourc‘:e‘of this growth hormone-like féccor was not the maternal pituitary

~
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is clear from a previoué study by these authors." Extracts from

7 ph:ﬁltaries obxained on 'Days 17 and 21 of pregnancy were found to have
comparable growth-promoting activity to the pituitaries of non-pregnant
coritrol;. (Contopoulos and- Simpson, 1956). Furtiler, | hypophysectomy

- on Day 12 of pregnancy did not reduce thé g-ov}:h-promoting properties
of the plasma (Contopoulo_s and Simpson, 1959).

The first description of the principle responsible for these growth-
promoting properties was achieved by Iro and Higashi (1961) and Kurosaki
© (1961). It resides in the syncytial portion of the fetal trophoblast .
(Sciarria, Kaplan, and Grumbach, 1963) and has been variously termed
human placental lactogen (HPL)(Josimovich and McLaren, 1962), s
chorionic growth hormone prolactin (CGP) (Sciarria, Kaplan, and
Grumbach, 1963), and human chorionic somatomammotropin (HCS)

(Li, Grumbach, Kapﬂan, Josimovich, Friesen, and Catt, 1968).

A parallel relationship has béen des_cri‘bed bétween serum levels
of this hormone and placenta growth in man, at least as far as?th'e 36th
week of gestation. Thereafrer, ché serum concen.tra:ion of the hoi-mone
reaches a plateau while the placenta continues to increase in weight
(Josimovich, Kosor, énd Mintz, 1969). Bioassay of the hormone
_revealed a significant but low growth-promoting activity in the rat
(Kaplan and Grurnbach,' 1964). Although its growth promoting ‘potency
is less than that of growth hormone, its concentration in maternal blood

is higher and the daily production near term in man is reported to be



> ' | | o 180

in ti-;e range 1.4 - 4.0 g'rm/déy (Kaplaﬁ and Grumbach, 1965). The
lactogenic properties of the hormone (Josimovich and McLaren, 1962)
~may be involved in the preparation for lactogenesis in late pregﬁancy.
~~ The influence of the placental hormone appears to be not on the

fetus but on the mother and /or the placenta. Secretion qf the hormone
is malnl;.; into the mother but 2 small amount may also pasé into the
amnfotic fluid (Josimovich and Artwood, 1964; Beck, Parker, and
Daughaday, 1965; I_(aplaﬁ and Grumbach, 1965).  Thus3 the felus
may orally ingest the hormone al:hough.v"ery little is found ‘in the

fetal circulation or urine (Josimovich, Kosor, and Mintz, 1969).

- )

Kaplan and Grumbach (1964) suggested that the placental hormone
might play a critical role in the regzgtion of fetal metabolism and
growth. The hormone acts to increase mat;ernal fat mobilisation,
diminish maternal glucose utilisation, and enhance the retention of
nitrogen and minerals. Thus, by.waf of its placental "spokesman" the
fetus is assured of a constant supply of glucose, amino acids, and.
minerals essential to its normal growth (Grumbach, 1971).

Suﬁh a mechanism of fetal growth control may partly explain why
the alterations in maternal metabolism, that must be associated with
the materrial g.rowth response to exogenous growth hormone during
pregnancy, have no effect on fetal growth. Conceivably, if the fetus

receives everything that the placental hormone demands of the mother,

- then fetal growth may proceed normally, uninfluenced by‘ such metabolic
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changes in the mother and will only be affected when the mother cannot

meet the deﬁmnds of the placental hormone. ~ Such is the case, presumably,

when the diet of the mother is severely restricted, However, if it is

true that exogenously administered growth hormone may ameliorate

the retardation of fetal growth'produced by maternal dietary restrictions

(Zamenhof, .van Marthens, ancff Grauel, 1971) then it.appears that the

placental hormone must ar some point become ineffective in produéing

a further response from the mot er, or the production of the placental

hormone js exhausted, or that exogenous growth hormone has access

to maternal reserves that the placental hormone doegs not.
Nevertheless, the concept of a placentomaternal unit '(Grurnl_aach,

1971) which under normal conditions ’accs to regulate the gro@th of the

fetus is a very attractive one, all:hc;ugh its 'roie should not be considered -

in exclusion of the-severzl other factors which may be involved in the

elaboration of the metabolic changgs of late pregnancy (Josimovich,

Kosor, and Mintz, 1969). What may also be against the exclusiveness

of placental hor mone control is the relative continuity o rate of post-

natal growth with prenatal growth (Daweé, 1968) which occurs despite

the immediate cessation of chorionic influence at birth. This may not .

be too difficult an obstacle, however, as the rate controf of postnatal

growth may be assumed by a variety of factors. Perhaps it is the case

- that the transition from one form of control to the other(s) is responsible

N

for the slight break in the growth curve around birth that has been
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. observed in several species (see Dawes, 1968),

Summary:--The body of evidence indicates that growth hor mone
issﬁing from the rn'aterna'l or fetal pitujtary is licrle involved in the
regulation of feral growtil. It appears that a likely source of influence
on fetal growth is exerted by a hormone from the plariema which, se’crqt‘.ed.
directly into the blood circulation of cﬁe mother, ensures that the
Increasing metabolic needs of the fetus are met as preénancy proceeds. _ |
These considerations by themselves do not rule out the pdssibility
that exogenrous growth hormone may specifically influence the
prenatal development of the brain. The results of the experiments
reported here.,‘ howeirer, are unequivocal in this regard and provide
no support for the view that fetal brain development r'h'aty be enhanced
through the administratrion of growth hormone to the mother. '

However, several studies have reported early developrr;ental
gains and changes in the adult beﬁavigur of offspring from growth /
hormone-tréated mothers (Clendinnen and Eayrs, 1961; Block and Essman,
1965; Ray and Hochhauser,-1969). If these differences do not reside in
prenatally-established structural differences in the brain;‘_then an
explanation must be sought elsewhere.

In Section II the possibility is investigated that differences in-
behaviour may be relatedl to the pre-weaning experience of the offspring

with their mother. An attempt will be made to demonstrate that the

increase in maternal body-weight that results from the growth hormone

»
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treatment {s involved in the regﬁlarlon of the interaction between mother
and litter in the preweaning period. Findings will also be reported °
that offer an explanation for the structural changes in the neonatal

brain that others have report'ed to result from prenatal treatment with
growth hormone. |

-y
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CHAPT ER Ii1
sécﬁON' i
| MRODUCHC)N *
" The assumption has been -made'-.tt;ar differences observed in the
earl}'develépment of offspring from growth hormone-treated mothers

(Clendinnen and Eayrs, 1961; Ray and Hochhauser, 1969) or in the adult

behaviour of these offspring (Clendinnen and Eayrs, 1961; Block and

Essman, 1965; Ray and Hochhauser, 1969) reside in structural differ-
ences in the brain. These differences have variously been reported

_ as hyperplasia (Zamenhof, 1942; Zamenhof, Mosley, and Schuller,

1966) or hypertrophy (élendinnen and Eayrs, 1961) of cortical neurons,

and are presumed to have beén established under the influence of growth

-hormone in the prenatal period.

The results of three experiments reported in Section I, however,

dwrnoxns:rated that prenatal trearment of the mother with growrh hormone

was ineffective in augmenting fetal body-weighr, brain weight, or any

of the parameters of brain development that were studied. It’w'as concluded
that growth hormone did not produce structural incréments in the feral
brain.

What then are the origins of differences in postnatal behaviour

" that have been observed in the offspring.of growth hormone-treated -

185.
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_ mothers? Logically, it would seem that if no differences are established

in the prenatal permd then they must come into existence in the post-
natal period.

It has fr;equen:ly been demonSCrated that early experience may
profoundly affect ldter behaviour (for reviews see: Beach and ]aynes,
1954 Levine, 1962b; Denenberg, 1964; Russell, 1971),
Unfortunately, the role of the mother, in deter mining the early
experience of the litter,- has not alw_ayrs been considered in studies
dealing with the effects of experimental manipulation in ii:féncy on
later behaviour. Beach and Jagnes (1954) pointed out the difficulty and
necessity. of controlling sﬁch "independent” variables in their compre-
hensive review of the effects of early expenence, and s;.rmlar cautions
have continued to appear since then (Seirz, 1954; Broadhursr 1961; Levine,
1962; Rosenblatt and Lehrman, 1963: Young, 1965; Richards, 1967; Barnetr,
1968; Meier and Schurzman, 1968; Deitchman, 1970; Plaut, 1970; Russell,
1971). “©xhers have stressed a need for a statistical treatment of the E
data which takes acco;mt‘of "lirter effects” (King, 1969; Abbey and Howard,
1972). Thus, if the behaviour of a heavier mother was qualitatively or
quantitatively different from that of a lighter mother, their respective
litters would be subject to different experiences in the preweaning
Period. This, inturn, might lead to differences in physical and
behavioural maturation, and perhaps to differences in behaviouf in

adulthood.
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'Seitz (1954) appears to ﬁave been the first to recognise the import-
ance of the interactions between maternal behaviour, litter, and later
behaviour of the offspring. Octher studies (e.g., Young, 1965) have
shown that experimental manipulation of the litter can affect the mother.
Perhaps the clearest and most comprehensivé statement of this problem
concérning the lack of independent variable control has been made by
Plaur (1970) m relation ro studies of undernutrition. He points out that
the interpretation of many of the studies that have been concerned with
assessing the effects of undernutrition ha[s been frequently confounded
by a failure to take account of the concomitant maternal .depi-ivacion that
may accompany these manipulat’ions,' and summarises the many
variables :hai: may be involved in the action between mochr_er
and ‘pup .

The experiments reported in Section II of this :hgsis are principally
. concerned with the assessment of maternal behaviour and the effects of
preweaning experience on the development and adult behaviour of\tﬁe ¢
offspring. In addition to Experiments V-VIII, another study was con-
ducted in which the performance of control offspring fostered to growth
hormone-treated mothers was compared to that of growth r}ormone
offspring fostered to control mothers in an operant Iearniné situarion
involving discriminated avoidance from €lectric shock. Due to limita-
tions in the design of this éxperimenl:, and principially because only few

subjects could be tested in this situation, the study is not presented in

the main body of the thesis but is included as an appendix.



Experiment V

-

PRELIMINARY STUDIES OF MATERNAL BEHAVIOUR

- Since no prenatal effects of growth hormone treatment upon the
fetus could be detected, and s nce growth hormone does not persist in
the circulation long enwgh (7% minutes in the rat - see Donovan, 1970)
to exert a postnatal effect directly, an ‘explanation of postnata; develop-
mental precocity in the offspring must be sought in terms of changes in the
mother which could be carried across parturition to influence the pups.-
postnatally. In fact, the only consistent effect of growtl-; hormone treat-
ment was increased maternal body-wt;,ight and hence it was of interest to
determine whether the body-weight! of the lactating mother influenced
her nursing behéviour." The claésic studies of maternal behaviour in the
rat (Stunnén-HuIbe ad Stone, 1929; Wiesner and Sheard, 1933: Rosen-
blatt and Lehrman, 1963) contained no informarion bearing on this
m&er. Accordingly, two pilot studies were conducted in order to
obtain an approximate profile of nursing beha'viour in this strain of

animals.

l0f the several factors which determine body-weight in the rat,
the foremost is age. Other genetic, epigenetic (e.g. litter-size) and
current constitutional factors being randomly distributed, it is assumed
that the principal determinant of rhaternal body-weight here is age
(see p. 224; discussion pp. 294-296).

188
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Experirﬁent V(a)

In this study the amount of tirﬁe a mother spent with her litter
during the period 0900 ;-1200 hours was recorded daily by an observer
over Days- 1-28 E'tgrtum. Each mother nursed a litter of nine con-
taining three of her own pups and three from each of two other mothers
who gave birth on the Qame day. Cross-fostering was conductedr within
24 hours of parturition. , The group of three mothers and their foster
litters is referred to as a "triad” and four such triads were set up over
four successive days. Mothers were individually ho_ﬁsed with their
litters in clear plastic cages éontaining a small amount of sawdust for
nesting material. Food and water were available ad libitum from over- -
head hoppers. LCue to re-lp;ation of the laboratory at this time, animals’
'werelhous;ed in a temporary room which had neither heating nor lighting
control. Lighting ar:d; to some extent, heating depended upon autside
conditions. Maternal body-weight was recorded at the end of each daily
observation period.
| ‘Mean daily nursing times for the 1; mothers are shown in
Figure 14. Following a slightly elevated value on Day 1, the average
time spent nurs.ing éonstiﬂned‘about one half of the observation period
until about the end of the third week. Thereafter, the average'rime
progressively fell to a value of about one sixth of the observation period
byrihe 28th day. The correlation between total nursing time for a mother
over this period and her mean body-weight was not signific;ant (product

b

moment r = -0. 4; p=>0. 05).

=
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Akhough the mean nursing time for the 12 mothers changed little
over the first three weeks, substannal d1fferences were noticed between
the four triads. The first :nad to be set up showed a low mean nursing
ume in the first few days of the postpartum period whereas subsequent
‘triads showed a progressive increase in nursing time over the same
period. As the.mochers comprising a particular triad appeared to
share no cc;mrnon feature ocher than that they gave birth at about the |
same time, the possibilicy was raised that the ambient temperature in
the room may have been related to these effects, and a record of the

daily temperatures throughout the period of the experiment was subse-
quently obtained ﬁ-orr'i;the Hamﬁton Weather Office.

Interescingly, it was discovered that over the four days on which
the four triads were set up there occurred a precipitous decline in the
daily temperature in the order of 250F. Thué, mothers in the first
triad commenced their @stparlturn Periad in temperatures of around
900 F while those in suiasequent triads were exposed to progressively
lower temperatures. Accordingly, the data were analysed by triad.

. The four groups of successive births are denoted tnads A B, C, and
D, triad A giving birth first and cnad Dlast. The average nursing time
in the 3 hr observation period for each triad on postpartum Days 2, 3,
and 4, together wirh the maximum dazly temperature on these respective

days,_reveals an inverse correlatrional relanonstnp between these two

variables (Fxgv(re 13). Mothers exposed to high temperatures nursed

!
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for less time than did those exposed to lower temperatures. The corre-~
~ lation for mean nursing tin{e over this period with mean daily temperature
- was significant (r = -0.90, p<0.05).

Observations of the rats’ behaviour made ar the time provided
some support for this chance finding. It was noted(that when the room
was hot mothers frequently Iay outside the nest in a supine position.

This is unusual for the, rat and it may be tha; by so exposing the ventral
surface cooling is more readﬂy achieved. Observations made in
subsequenr studies confirm this inverse relationship between nursing
time and ambient temperature. In a later discussion fu:_'ther evicience
will be reviewed in-support of this relationship and the possible role of
temperature as a reglﬂator- of nursing periodicity will be considered in
detail. |

Having established whar :;ppeared to be a reasonable basis for the
inequality of the triads, in terms of their differing experiences with
ambient temperatures in the postpartum period, the relationship between
maternal body-weight and nursihg time was re-examined and analysed by

triad (Table XX). In each‘ of the four triads the two variables were nega-
tively correlated. Heavy mothers spent less time with their litters
than did light mothers. The.statistical significance of these correlations

was not assessed as there are only three observarions in each group.
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Experiment V() | N
In this second Stu:ly' marernal mn-sing'behaviom-.was again observed,

this time between 1500 2100 hrs daxly The s:.x-hour period was
shared in two-hour shifts by three observers Ten primiparous females
in the weighr-range 180-250 grms were mated and insemination confirmed
by vaginal lavage. They were housed under siﬁﬂlar condirions as before
except that the experiment was conducted.in a chermoétatically-controlled '
room (range: 680- 720 F). In order to obtain data on the prepartum
nesrmg behaviour observanons were commenc\ed on prenatal Day 15.
Observanons in the postpartum period were made as far as Day 15 only
as, in the prevmus experiment, it was found that \the Iocanon and inte-
grity of the nest were not preserved beyond this time.

- Mothers were divided into two groups on the basis of their mean
body-weight over the 15 postpartum days. The five heaviest mochez;s
were designated the "heavy'; group (body-weight range: 292-381 grms)
and the five lightest the "light! group (264-288.grms)- Figure 16 sﬁows
the mean nesting :irﬁe in the six-hour period for the two groups over the

last six days of gestation and over the first 1S postpartum days. In late

pregnancy all mothers spent a large amount of time in the proposed
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nest-site. No noticeable change occurred as parturition approached and

-
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no differences were apparent between the two groups.
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In contrast to the results of Experiment V(a) mggutum nursing

time for both groups showed a more or less steady decline through the
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15days. On 11 of the 15 days, the mean value for the heavy group was
less than that for the light group but the differénce was significant
(p<0.05) on Day 13 only. The number of complete nursing periods

~within the six-hour period is shown for both groups in Figure 17.

Throughout the 15 days daily frequency of nursing did not show any
substantial éhange. The mean frequency for the heavy gi'oup was greater
than ﬁhat of the light group on 11 ofthe 15 days but the difference achieved
statistical significance (p<C0.05) on Day 9 only. The relative constancy

of the frequency of nursing in the face of a steady decline in nursing-time

. indicates that the mean duranon of a nursing period progresswely

decreases through the Estparturn penod

‘Correlarions of mean body-weight for the 10 mothers against their

. Tespective nursing time, or frequency of nursing, were not significant.

The mean total nursing-time for the heavy group (2440 mins) was not
significantly different from that for the light group (2560 mins): neither

was mean total nursing frequency significantly different (heavy 9(_)}
hght 81.0). ' _ : k,



DISCUSSION AND CONCLUSIONS

The two studies described here provide conflicting evidence on
the daily time characteristics of nest-time in the postpartum period.

In the first study, in which the daily observation period was three hours,
mean daily nest-time remained relatively_st%dy for the first three -
postpartum weeks. However, in the second study, in which a six-hour
observation period was used, a noticeable decline occurred over the
first two weeks. These results suggested that the quantitative aspects
of nesting behaviour might have 2 diurnal variation, such that the dif-
ferences between the two studies’might have been due to the time of day
at which the observations were made. The results from both studies
suggest an inverse relationship between maternal bd&y-weight and
nesting rime bur are not conclusive on this point. It is possible that
such a relationship would not be manifested in a small sample observa-
tion period.

These considerations suggested that continuous recording of
maternal behaviour wauld be desirable in order to provide full evaluation
of quanti'ta-tive changes in maternal behaviour in the postpartum period,
and for the purposes of comparison between mothers during this time.
The next study is concerned with the design of such a system for the
automatic continuous recording of nest-time in the rat.
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Figure 14

Experiment V(a): Nursing-time in the postpartum period
(base& on 3-hour daily observation period).
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Figure 15

Experiment V(a) Nursing-time in the early postpartum

period and ambient temperature.
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Table XX

Experiment V(a): relationship between maternal bo&y-

weight and nursing-time in the postpartum period.



Table XX

Relationship between Maternal body-weight
and oursipg-time over 28 days

‘ Mean body-weight Mean nursing-time
of mother over in 3 hrs over '
28 days 28 days Prodoet
Moment
(gms) _ (mins) r
280 6l.6
269 79.1 -0.56
265 67.3
285 77.7 ‘
274 82.6 -3.85.
261 82.7
285 82.3
272 89.6 -0.85
252 90.7
287 89.0
275 90.1 -0.99
"235 - 95.5 :
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Figure 16

Experiment V(b): nest-time in late gestation and nursing-rime

over the first 15 postpartum days (based on 6-hour daily

observarion period).
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Figure 17

Experiment V(b). nursing frequency through the postpartum

period (based on 6-hour daily observarion period).

203



By

® -HEAVY GROUP
O LIGHT GROUP

| { ] | ' | | | -4y

2 3 4 5 6 7 8 29 VN BUYS

© ~ © ") < M N

aoINAd ‘YHS NI ONISHNN 4O ADNINOIYA NVIW dNOYO
r/.

1

DAYS POSTPARTUM

Figure 17



Experiment V1

DESIGN OF A CONTINUOUS RECORDING SYSTEM FOR
-NEST-TIME OF THE LACTATING RAT
Nest-time, i e., the time when the mother is actually on the
nest, is easily distingtﬂshable when the rar is in the standard laboratory
cage. Here, the Ma us&ally constructs a nest by.piling sawdust up
into a rnound_ in one of the back corners of the cage. The litter ei:hef
rests in a central depression in the ‘mound, or between the back and
side walls with the mound forming the third side of a triangle. The
mother usually enters the rest carefully, and rakes less than a minute to
' settle into the nursing position over the litter. She will usually leave
the nest with similar. cére dragging her ventral surface over the edge of
the mound. This serves to ease the pups off the n_ipples and prevents
them from becoming isolated from the nest. Thus, the ON-nest and
OFF -nest state;s are normally quite discrete. However, sudden distur-
bance or interference by the experimenter frequently results in the \
mother leaving the nest quickly and dragging pups with her still attached
to her nipples. Pups that become isolared‘ under these conditions are
us;ually soon retrieved but occasionally pups partly covered by sawdust
may remain isolated for some considerable time. On other occasions
mothers will simultaneously maintain two or three smaller nests with
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the litter thus split into several parts.

In order to monitor continuously the amount of time a mocher spent
with her litter, u: was initially decided that the normal laboratory
conditions should be preserved as far as possible. To this end, artempts
were made to record entries and exirs from the sawdust-mound nest
using different devices (proximity-detector plates, pboco-elecr_ric: cells,
 tilting platforms, etc.) none of whxch proved satisfactory. However, a
system was eventually developed wlnch involved instead providing the
mocher with an already prepared nest to wlnch there was no reasonable
alternanve. Although-some residual problems remain with this system, -
a full record of nest-time throughout the first two postpartum weeks has

\ been achieved for the majority of mothers studied.
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Design of recording system:

The standard laboratory clear plaécic cage (34 x 29x 17 cm) was
fitred with afwooden partition (A in Figure 18a) 12 cm .from one of the
| _ short sides. A rocking tray (B) containing sawdust was placed behind
the partition. The tray could be balanced with metal washers so thar it
tilted when the mother stepped onto the nest and returned when she left
it. A microswitch mounted on the partition was closed while the mother
was on the nest and open when the litter was unattended. To encourage
the mother to nest in the tray, é 1 cm -square mesh wire grid (D) was
‘placed 2 cms above the floor of the cage's outer compartment. This
provided an unattractive alternative tch). the prescribed nest site, and an
area for absence from the nest, feeding, drinking, urinarion, and.defe-
cation. Nest material was provided only in the rocking tray which was
) shielded from light by an I'-shaped metal plate (C) fixed to the food
hopper. This plate also preven;ed the mother from feeding while on
the nest. B o
The rocking nest-tray was constructed of sheet aluminium formed
on an inverted T-shaped plywood frame (see Figure 18b). Ar thé entrance
to the tray, the metal was bent to form a lip which prevented debris from
falling out of the nest and hindering the operation of the recorder. JA
stainless steel bar fixed to the bottom of the tray formed a fulcrum

which engaged with two notched plastic retainers glued to the cage bottom.

Two § x 2" bolts were fixed to the frame on the side opposite the tray to
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hold balancing Qrashérs. The rocking tray and cage pé.rtition were finished
with non-toxic, ﬂa; black paint.

Since the. ﬁi&osmich is closed as long as the mocher is on the
nest, the dara may be recorded on moving chart paper which provides \

‘a complete history of the nesting behaviour, or may be reduced in a

number of ways. Figure 19 shows a circuit that was used in Experiment

VI for obtaining total nesting rtime and the number of nesting episades
as well as the cha::t record of the nesting pattern. The mother rat
frequently steps briefly into the nest andrleaves again without nursing.
She also tilts the nest with her tail or stands briefly with her forepaws
on the edge of the nest without entering. The circuir simply delays a
rela_y closure for a preset period of time and thereby eliminates such
spurious brief microswitch closures. It was found that a 5 second delay
eliminared most of these unwanted actuarions of the microswitch yet
préserved all nesting episodes in which the pups wére given_ an oppor-
tunity to be nursed. The component values given in the figure will
provide a S5 second delay. |

Figure 20 shows two sample records from mothers on a 12 hour

" light (0800 - 2000 hrs) dark (2000 - 0800 hrs) cycle for the last few

days before parturition and for the first 15 postnatal days. Nest time

is not shown on prenatal Day 21 as the cages were disconnected several

!

times for observations of parturition. Both mothers reared litters

_ culled to nine pups on postnatal Day 1. In both records there was a
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distinct deference between the total nest times for the light and dark
periads wh.u:h suggests thar the mocher S nesting-behaviour is affected
differently by the lighr and dark cycle. Invariably the mother spent less
time in the nest in the dari: than she did in tﬁe light. For both mothers
the dark-light difference was quire marked in the last few days of gesta-
tion. Over two thirds of the total timé was spent in the nest during -
this period. In the postpartum pexliod boch mothers showed a progressive
decline in nest time, until by the end of the second week the total nest -
time for a complete day was less than six hours. |

Considerable differences were apparent between mothers. Inthe
upper record 6f Figure 20 the circadian pattern was maintained for
almost two weeks bosrpartum, whereas in the lower record the pattern
disappeared by about the ninth day. The lattér case was representative
of the lower limit of loss of fﬁe circadian rhythm that has been observed:
in several of the mothers studied a definite rhythm persisted as far as ‘
the fifteenth day when recording was s:dpped- At ai:out this time, the
pups begin to make excursions from the nest. and may iniriate nursing
in the outer compartment.

On thi'*..s occasion, and in subseguent experiments in which the
recording cage was used, all mothers gave birth in the nest tray and

only one stopped using it asr the nest for the two week postpartum

| period. Data to be presente& in Experiment VII and VIII will show

that in the majerity of cases parturition occurs in the light period and
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the time of birth can therefore lge obtai;aed by direct observation. In
some cases, however, mothers do give birth in the dark period amxd a
goad appraximation of the time can be obtained from the event record
. as there is a marked cessation of activity 30-90 mins prior to delivery.
Further observations of the state of the litter (e. g. ,' how clean the
pups'. are; whether milk is visiblé through the ai;dominal wall or not;
the presence or-absence of placental material) may be use& to substan-
‘tiate the estimiate of birth time. ~
As well as providing a continuous record of maternal nest time,
the system also sets up unusually stable nesting condirions. In the
désc:ription of nursing in the standard cage, given earlier, it was noted
thar pups would occasionally become isolated from the nest, and that
infrequently the mother divides the nest into several smaller parts. In /
the recording cage a pup will oécasional_ly slip our of the nest tray but
is usually retrieved without the mother baving to leave the nest. The
" sighrless pup will often climb back over the lip into thé rest, presumably
| in response to ac;oustic, thermal, or olfactory cues. The lip at the
exit of the nest tray provides a small cliff which; although often inspected
by the pups, prevents them from going any further. The nest in the
recording cage thereforé minimises the Iikelil;ood of isolation and, as
qualitative differences (number- and type of nest) due to the mocﬁer are
not possible, the recording nest remains as the single nursing unit. All

litters are therefore subjected to a more uniform experience in the first
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two critical weeks of life, and this appears to substantially improve the
quality of observations on development. Periodically, litters reared in
these recording cages have been éompm-ed with those reared in the
| standard cage in which sawdusc alone was'provided for nesting. Fewer
instances of runts and less within-litter variability in growth rate and
development have been recorded in litters reared in the recording cage. -
The impression gained from these observarions is thar the constancy of
_conditions in the nest site in the réﬁ:ording cage may facilitate marernpal
care. Also, experimenter interventions seem to be less disruptive in |
the recording éage. _ )
o Obviously it is impartant to know how closely nest-time approxi-
mates nursing time. The compactness of the nest facilitates orientation
towards the nipple by the pups when tl;e mother enters the ne# and, as
_ she leaves the nest, she drags her ventral surface over the 1ip of the
nest-box whict; prevents any of the liter from falling our of the neé-
There seems to be insufficient roorh for the mother to be on the nest
and not nursing in this apparatus, and we have invariably found that
Pups are suckling when the mother is lifted off the nest. The mother
can neither feed nor drink when she 1s with the litter and, while she
may groom some pups on first entering the nest, other pups are suckling -
within .seconds. Furthermore, observations of mothers in a glass-
bottomed nest showed thar the mother was being suckled practically
the whole time that she was on the nest (Gustaffs__on, 1948). For these
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Teasons, it seems safe to assume that the amount of time that the mother
is observed to be on the nest in this system is a fairly reliable estimare

of true nursing time.

—

Comparison with other studies

e Ar.’f—fhom the time thar these preliminary results were obtained
with the recording cage, we became aware of 2 study by Grota and Ader
(1969) in which, usihg a continuous recording procedure, similaf results
had beén obtained, i.e., dark-light differences in nest time, and a
progressive decline in nest time over the first two Mweeks
The resull:-s of both the present study and those of Grota and Ader (1969)
are inconsistent with the observarions bf others on changes ‘in nursing
time in the postpartum period (Gustaffson, 1948; Rosenblart and Lehrman,
1963; Moltz and Robbins, 1965; Holland, 1965; Rosenblatr, 1969). With .
the exception of the Gustaffson (1948) and Hollgi;d (1965) studies,
the results above were based on short observation periods in the light.
period. The results obtaineﬁ-here and by Grota and Ader (1969) suggest
thar such sampling was not representative of the changes occurring
in nursing behaviour in the postpartum pemod The dgra of Rosenblatt
(1969) showed little change in the percentage of mothers observed to be
in the nest over the perxod 1-12 days, while the results obtained by
Moltz and Robbins (1965) showed a significant increase iﬁ nursing tim.e
from postpartum Day 2 to the end of the third week. The results obtained

in Fxpériment Va (Figure 14) which were derived from three hours of
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daily observarion also showed no didi;:e in nursing time over the first
three weeks. ) _

i—Iowever, .data based on short p!e.riods of sampling are not always
unrepresentative. In a later study by Moltz, Geller, and Levin (1967)
control mothers showed a progressive decline in nursing-time over the
first three weeks, and the resulrs obtained in Fxper iment Vb clearly
show a decline in nursing time over the ‘first two weeks. Also a study
l:iy Deitchman (1970), in which three 12-minute samples v_vére taken
d;'.ﬂy, showed boch a decline in nesting behaviour over the first three
weeks, and dark-lighr diﬁcétences. Two of the sampling periods were
made in the early part of the lighr period and the third was in the dark
period using low-level red illuminarion.

Arlhough the continuous recording ‘prc'Jcedl-x-re is a first step m
resolving many of the problems that have aﬁsen in studies of maternal
;Jehaviour,.the several continuous recording studies, used thJ.; far,
héve not yielded a conéisteﬁt assessment of the quantity of change in
nur sing behaviour that occurs in the postpartum period. The data
obtained by Gustaffson (1948) show no substantial change in nest-time
over Days 4~9 and, surprisingly, the mother spent more time in the
~ mest in the dark period than in the lighg period. Continuous recording was
achieved by placing a mogable weight-sensitive disc underneath the nest.
In 2 study by Holland (1965) the standard cage was pivoted so thar when

the mother moved into the nest compartment her weight tilted the cage
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which then operaredi'ﬁ‘ elapsed time metexZ The results® revealed only
2 20% reduction in the total time available for nursing over the first two
weeks. H'owever,_.the dimensions and shape (6™ x 10") of the nest
compartment would have allowed the mocher ample room to remain in

the nest compartment and not be nursing. This, and other factors,

e.g , strain differences, differences in litter size (see Grota and Ader,
1969) may.-ﬁave accounted for the exceptioné].iy high values obtained.

Dara that have been obtained using the system described here are
generally"compar\abl.e with those of Grota and Ader (1969). Their ‘salient’

features and findings are compared in the table below:

. Table XX1I
‘ Percent of total time spent
Nest Size with the litter
area of ~

(sq.ins)  Litter Day 2 Day8  Day 15

Dzal-chambered

cage (Groca and 81 8 80 - 62 38
Ader, 1969)
Single cage  _ / 35 ' 8 . 4

(present work .67, / 33 17

\

1Based on the estimated mean from the Maudsley reactive and
non-reactive strains thar were studied. |

2B.ased on six control mothers from Experiment VIL
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Groca and ‘Ader (1969) used a dual-chambered system consisting
‘

of two identical square plastic cages (9 x 9 x 9 ins) connected by a
cylindrical passageway through which the mother could pasé- Food and
water were available in boch cages. It can be seen in the table above
t:hat alrhough bor.h sets’of mothers nursed the same size litter, the
total time spent with-the litter was consistently lower in the present
study. These differences may have been due to the area and nature of
the respective nest compartments. The nest area in the Grota and
Ader (1969) stud} was considerably larger than that used in the present
study and it is possible that the mother was able to spend time in the
nest cage and not be nursing, particularly if the nest was concentrated
~ in one of the corners. In addition, their mochers could obtain food and
~water in the nest cage. In the present system, ho—wever.‘ the mother
cannot spend time with the litter and not be nursing, and sheis also
obliged to leave the nest for food and water. It would Appear, therefore,

that the present system provides a closer estimate of true nursing time,

and a betrer opportunity to detect individual differences.



SUMMARY AND CONCLUSIONS

<

A recording system is described which was designed to monitor
contmuously the amount of time tha: a mother rat spends with her
h.trer The results obtained with the system supporc the findmgs of
others that nest-time shows a progressive dec_line over the first 15
postpartum days (Holland, 1965; Grota and Ader, 1969; Deitchmaﬁ,
1970) and that mothers spend more time on the nest in the light period

than they do in the dark period (Grota and Ader, 1969; Deitcliman, 1970).

I appears that by keeping nest r-:rrea ar 2 minimum, and making
food and water available only outside the nest, the recording of nest
time provides a closer approximation of nursing time than has been

achieved in other continuous recording systems, and therefore increases

/

~ appear to reduce qualitative variation among mothers, and the constancy

the probability of detecting individual differences in marernal behaviour. -

/ The properties of the artificial 'nest used in the present system
of conditions in the nest appears to impart more uniformity to the

early experience of litters which may minimise variability and thereby

improve the quality 6f observarions on early development.

216
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Figure 18

Exploded view of recording cage to scale (2) and enlarged

front view of removable nest-bax (b).
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Figure 19

Schematic diagram of time-lag circuit. Resistar values
are in ohms, and capacitar values in microfarads. Ry

is a Potter and Brumfield 24V relay, KA 11 DY.
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Figure 20

Sample records from’two individual mothers showing
total time spent in the nest in the light and dark pericds

in late gestation, and in the first 15 postpartum days.
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Experiment VII

INTERR EL ATIONSHIPS BETWEEN MATERNAL BODY-WEIGHT,
NURSING BEHAVIOUR, AND DEVELOPMENT AND
& ADULT BEHAVIOUR OF OFFSPRING
The results of Experimenté Va and Vb indicated that the amount
of time spent nursing by the mother in the postpartum period might be
related to her body-weight, although no firm conclusions could be
drawn on the basis of the dagafr he coricinuous recording system (Experi-
ment VI), however, seemed likely to provide more complete data on the
amount of time spent by the mother with her litter, as well as ;he frequency
and duration of the nursing periods in the dark and light cycles. |
The objective in designing a continuous recording system was to -
obtain nursing profiles of mothers who had been prenatally treated with
growth hox;rhone. There was reason to believe that the increases in
maternal body-weight that resulted from the treatment might be associated
with differences in nui-sing behaviour. However, befofe that study
(Experiment VIII) was attempteci, the present s'f.-’udy \}vas undertaken to
assess the influence _of maternal body-weight on nursing behaviour,
dgvelopment of the litter, and later behav.‘icﬁr of the offspring in adulthood.
The possible influence of maternal body-weight on length of gesra:ion',.

parturition, and parameters of the litter (size and weight), and the

223
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- possible prenatat regulation of maternal lactation potential, were also
investiéated. ' . | | / _ |

" Through the simultaneous investigation of these parameters it
was hoped to disentangle the various componeats of maternal behaviour
and, thus, help clarify interpretations of meeﬁects of early experience.

It must be recognized at dae_ outset that a sﬁ.ﬁy of maternal
body-weigllxt is at the same time a study of the variables which determine
it (see p-188). Under normal conditions of growth in the rat, and
particularly in the case of a highly inbred strain such as the one used here,
age is the principal determinant of body-weight. - Iﬁ the present study,
it. may be assumed that the range of body -weight studied was associated
primarily with a concomitant age-range and that some small part of the
variation was accounted for by génetic,_ ontogenetic and constitutional
factors. | ‘

The question of the exact aetiology of these weight differences
may ultimately prove important (see pp. 204 - 296; 372 - 375; 382). The
present study is a first stép in the systematic investigation of the rela-
tionship between maternal body-weight and marernal behaviour. In a
later study (Experiment VHIb) in w}_xich differences in maternal hon_iy-
weight of a known aetiology were studied, differences in maternal be-
haviour were quatitatively similar to those observed here and previously
(Experiments Va and Vb)
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~ Subjects were prirnipamp Long-Eva;ns rétg m Blue Spruce
Farms. Following one week of amﬁmﬁsaﬁm to thejlaboratory on‘a -
12-hour light (0800 - 2000 hrs) dark (2000 - 0800 hrs) cycle, subjects
were mated and insemination confirmed by vaginal lavage. A sperm-

| positive test defined Day 0 of pregnancy. If mating was successful,
subjects were assigned to one of two groups on the basis of their body-
weight on prenatal Day 1. Those in the weight range 195-210 gm. were
assigred to the light (L) group and those m the rangé 220-245 gm. to the
(H) group. Additional mothers outside this range were st‘udi'ed as far as
parturition. Length of gestation was arbitrarily timed from 0200 hr. on
Day 0 of pregnancy. ' '

All subjects were housed in standard clear plastic cages and f)ody-
weights were recorded daily around midday. On Day 18‘ of gestation,
subjects were transferred to continuous recording cages (see Figure 18,
Experiment VI). Readings of total time in the nest-box and the frequency
of nest-periods were taken twice daily at 0800 hr. and at 2000 hr. As soon

- as pos'siblé following parturition, the number and total weight of the litter
and maternal body-weight were recorded. -

On the day fonowing birth all litters were culled to eight pups com-
prising four males and four females. In a few cases where thé litter had

insufficient numbers of either sex, spare pups of the same age and from
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the same group were substituted. Cross-fostering was'then' effected so that
four groups were arranged to control for prenaral and postnatal effects
(Table XXII). All litterrs were cross-fostered and sixteen litters (four

in each group) were selected for future study. The sixteen mothers and
their Iittér_s were kept in the recording cages unul bostnatall Day 15 when
they were transferred back to thg standard cages. Litters were weaned

on postnatal Day 25 and littermates housed, by sex, four to a cage.

In the postnatal period mothers were weighed daily arid the cumala-
tive frequency and duration of nursing were recorded twice daily as
before. The following observations of morphological and reflex
development of the pups were made in the postnatal period.

- Body-weight:--On postnatal Days 1 and 3, the collective weight of

the four males and the four females were taken separately on a spring
balance scale. On Day 10, and at five day intervals up to Day 50, pups
were sexed and weighed individually.

Eye opening:--On Day 12 daily observations were begun on each pup

to determme the time of eye-opening. Each eye was scored from 0 (no
break in the eye-lides) to 3 (fully open); the maximum score for both

eyes fully open was therefore 6. . This method of scoring permitted an
assessment of the degree of eye-openingat a particula} age as well as
providing a record of the age at which the first opening of an eye occurred.

Startle Reflex:--Comxﬁencing Day 10 each pup was tested for its

response to a characteristic and repeatable high-pitched noise .made by

s it
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the experimenter through pursed lips. A "startle” was recorded when
the pups, held in the experimenters’ hand, made a no;iceable sudden
response to the sound stimulus. The emergence of the reflex appeared
to be all-or-none :Qh{. response was scoréd either -ve (absent) or
+ve (present). | >

Free-Fall Righting Reflex: --Commencing Day 15 pups were

tested on their ébility to right themselves in mid-air. The pup was
held for- several seconds in the inverted position at a height of 3¢ cm.
above-a cotton wool pad and then _releésed. The ége at wﬁich thé

pup landed on all fou:r§ was recorded. The response was recorded

as -ve (incomplete righting) or +ve (co_mplete).'

Vaginal Opening:--Commencing Day 32, femaleﬂwere' weighed
daily and the vagina was examined. The beginning of vaginél open~
ing was evidenced by the appearance of two lateral folds which,
over the next few days, deepened }tmtil the dividing septum finally

pa.rted The age at which this mﬁplete opening occurred was
recorded.

On Day 56 the females were sacrificed and the bra/ins removed
for the biochemical assay of DNA and protein. Between Days 77-82 the
males were tested daily in the open field, a plan of which (together with
the observations that were made) is shown in Figure 21. The field

consisted of 2 ft. high plywood sides finished in matt-black, and a
\
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clear acrylic floor. The underside of the floor was painted white and

- squared off with black lines into sixteen 9 inch squares. The field was
illuminared by normal ceiling lighting; the Iur;ninance in the centre of
the field was approximately 3 foot lamberts.

The subjects were housed by litter in the room-in which the
open-field resting was conducted. The four litter-mates were individu-
ally identified by ear-marks as foliows: P (no ear ma;:ks); L. Qeft eaz;
mark); R (right ear mark); and LR (both ears marked). The order of
testing was determined by ear-mark. On a partic:uléx_- day, all the P
subjects were-run first followed by the L subjects and so on. This
ensured that any possible diurnal differences in open‘-.field behaviour
were' evenly distributed e}cross all litrers. /

Ar the beginning of a trial the subject was removed from the
hbrne cage and placed in the square marked S with the subjects’ head

. facing diagonally across the field-t.o thé corner opposite 1o the one
behind which the eﬁ:perirnenter was sitting. The stop-watch was started
‘as soon as the subject was placed in the ﬁeld. A small mirror mounted
on top of one of the side walls at M enabled the experimenter to observe
the subject along the nearside part of the field without moving his posi~
tion. Each subject was observed foi' S rmn | Ar the end of the trial,
the subject was returned to the home cage and the number of fecal
boluses in the field was counted. The floor was swabbed with an

alcohol /water solution and the next trial commenced when the floor
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was completely dry. Each subject was observed on five consecutive
days.

Analysis of data:--For the analysis of the four prena;al/postnaral

combinations shown in Table XII an analysis of variance wés firse

performed to determine an over-all F ratid and an estimate of the popu-

lation error variance. Dunmn's Multiple Comparison Test (1961) was

subsequently used for a M comparisoas among the four ‘group means.
In order to eliminate bifis due to "litter effect” (see King, 1969)

individual scores within a litter were averaged to obtain a mean score

for the litter.. This litter mean score was treated szatiétically as a

' sarnpie of..one. Where differences r_h.l"s.> to sex were_apparent the data from

the féur females and four males in each litte-r were analysed within

their respective groups, the sample size again de;ermined by litter

and not by individual.

| As the distributions of age of appearance of the startle reflex

appeared to be skewec} (due perhaps to the discreteness of the daily

sampling ‘procedure), the ages were subjéc:ed to Iogarithmic_ trans-

formation in order to normalise the distributions before statistical

analysis.



RESULTS

Gestarion and Parturition

The bbdy—weighr range on Day 0 of preghancy of 27 mothers studied
as.far as parturition v:ras 194~284 gm. Of these, 26 delivered their litters
between 1130-1700 hr. on Day 21; the remaininé litter was delivered
at 1300 bhr. on Day 22, Thus, all litters were delivered in the light

periad. . ) JI

‘Maternal body-weight on Day O was not significantly correlared
with mean body-weight of the offspring (r =+0.21, t=1.03, p>0.05),
litter-size (r = +0.21, t=1.1, p>6. 05), or Iengl.:h of gesnatioﬁ ‘
(r=-0.20, t=1.01, p>0. OS). The regression of birth-weight -(Y) dn‘ |
litter-size (X) was negative (Y = 5. 8427 - 0. 191X) but not significant
(p (zero slope error) >0. 0S). The regression of gestation length (Y)
on litter~size (X) was negative (Y = 523. 606 - 0. 616X) and significanﬁ
(p<<0.01). The calculated values of gestation length for the different
litter~sizes are given below'(the litter born on Day 22 is excluded

-

from the analysis. - -~
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Calculated values of gestation length for litter-size -

Number of

Litters Litter-size Gestation Length (hours)
!
2 1S . ‘ 514. 365
3 14 514,981
7 13 ' 515. 597
6- 12 516.213
6 . 11 516. 829
2 10, S517. 445
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Maternal Body-weight

On Day O of pregnancy the eight heavy r'notlizers.- were on average

. 33 gm. heavier than the eight iighl: mothers. Both groups gained
approximately the same amount of weight during the course of pregnancy,
and at Day 21 the average difference between the two groups was 33 gm.
(Figure 22). The postnatal weight curves are very similar for both
groups. In the first 24 hr. following parturition b;Ddy-weight&dropped
slighﬁy. Over the next 12 days there was a steady increase followed N
by a plateau and then a decline towards weaning (Day 25). With the

pups removed there resulted an initial‘increase, followed by a fuurther ‘

decline to a trough between Days 27-32; thereafter, €here was a slight

T
Lammr

st

increase up' to Day 40 when observations ceased. 'fﬁrf;oughout t_hé
prenatal and postnatal periods the body-weight difference between the
two groups on any day was statistically significant ( p(at 1east)<0. 03). ¥

Following parturition, the light group of mothers retained slightly
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more ﬁveight than the heavy group, and _dvé- the next 40 days the average

difference between the two groups .was progressively reduced, mainly

in the period between the plateau (Days 12-14)-and weaning. On Day 40

there remaiﬁed a significant difference (p<C0.05) of 18 gm. between

the two groups. The net increase in body-weight from the start of preg-
/ nancy to the postweaning plateau was significantly greater (p<0 0S)

in the light group (63.38% 5.7 gm.) than m the heavy group (44 75+ 4.4

gm.) . .
‘ | '111;3 16 mothers assigned to the four prenatgl/‘postnatal conditions
(see Table XXII) were compared for their mean body-weight over the
first 15 postnatal days in the same way that their litters were later

1 The hypothesis:

compared.
H, 't §H/H+ H/L) # ML/H+L/1)
 was accepted (p <0.0S), while - |
) Hl HH/H+L/H) # é(H/L +L/L)
was rejected (p }L> 0.05) i.e. ,» the two pO_stnatal heavy mother groups
(H/H and H/L)' \\;reré‘:;éi'gniﬁcantly heavier than the.two postnatal light -
-mother groups (I__/H'and L/L), while the two gi-oups rearing pups from
hea’vj} ;nothérs (H/H and L/H) were not 'significantly different from

" t_txi;se rearing pups from light mothers (H/L an& L/L).

. " A . ¢
-lDunn’s Multiple'Cornp.arison Procedure (in Kirk, 1968).
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Prenatal : Postnatal Litter Rat/jo

Similar comparisons were made among the four groups for their
respective prenatal:postnatal litter~size ratios, i.e., the ratio between
the oumber of pups born to a mother and the number she subsequently
reared (which in all cases was _8). The analysis resulted in acceptance
of'-;he hypctheses:

H, : $(H/H+ H/L) = }(L/H+L/L)

Hy: $3H/H+ L/H) = d(H/L + L/L)
- i.e., that prena:el;_postnatal litter -size ratios were not significantly
different becv;een{he two postnatal heavy mother groops (H/H and H/L)
and the postnatal light groups (L./H and L /L), nor between the two
groups rearing off{spring from heavy mothers (H/H and L/H) and those .
rearing oifspring from light mothers (H/L and L/L).

Maternal Behaviour

(1) Nest-time:--Total time spent in the nest-box and the frequency
of nesting periods was recorded for five heavy and six lighc mocher_s.
Records from the remauung five rnothers were incomplete due to

interrmttenr apparatus faxlure and are not included in the analysis. The
statistical analysis of the data is based upon the 14 complete days during
,whlch a htter was with its foster mother. The period following '
parturltion until fostering was effected on Day 1 is not included asf
during this time the mother was with her own unculled litter; neither

is the dark period of Day 1 included as this would include a half-day



234

in the analysis. The data are summarised in Table XXIV.

In the late prenatal period and throughout the postnatal pericd, the
circadian pattern of nest-time is apparent in both groups. On prenatal
days 19 and 20 the amount of time spent in the nest in the light period
'is‘roughly double that in the dark period.’ On postnatal Day 2 the ratio
“is more than double, But through the postnatal period it progressively
decreases as the circadian difference is gradually lost,

On prenatal Days 19 and 20 the heavy group spent less t;me in
the nest in both the light and dark periods compared with the light
group. In the postnatal period (Fig. 23) both groups showed a decline
in nest-time over Days 2-15; on postnatal Day 2, the total time spent
in the nest constituted about S0-60% of the total time availahle whereas

by Day 1S it was less than 20%. The rate of decline does not appear to

T e

be uniform through this period; in the heavy group, there is a slight
"bump" between Days 7-9, and a similar dzscontmui:y appears in the

TN DT

M S

curve of light group after Day 10. Throughout these 14 postpartu

days. values for the heavy group fell consistently below those for the
light group. Total average nest-time was 5469 + 440 min. for the heavy
group which is sigmfic.?antly less than that for the light group, 6788 + 256

min. (p <<0.05). Thus, over the 14 days the light-group mothers spent T
25% more tirne with their litters than did the heavy-group mothers, . :r::

For the eleven mothers, 2 significant negative correlation was

L 1

- found between maternal body-weight on Day 0 of pregnancy and total :

IR
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' nest-time over Days 2'-.15 (r = -0.70, p<0 01).  As mareroal body-
weight in the postnatal penod (Days 1-15) is largely determined by
body-weigh: at the start of pregnancy a negative correlation was also
found between postnatal mean maternal body-weighr (over Days 1-15)
and total nest-time over this periocd (r = -0. 69, p<<0.02). Nest-time
was not significantly correlated with the prenatal:postnatal litter size
ratio (r = ~0.02, i:> 0.05).

(2) Frequency of nest-periods:-~The paper chart event record

was analysed to prov1de information on the frequency characteristics
.of nest periods. Any mterval of less than one minute on the nest was )
excluded from the analysis. The frequency of nest-periods in excess
of one minute was recorded for both dark and light penods over postnatal
L')ays 2-15 and are surnmarised in Table XXV.

In late gestation, both groups showed a lower frequency of nest- .
periods in the light period than in the dark period. In the postnatal
period, the frequency in both the light and dark periods showed a élight *
decline in both groups over the 14 days although the rate of decline was
not uniform (Figure 24). Total daily frequency for the two groups is
X shown in Figure 25 and indicates a noticeahble decline in the first week,
followed by a slight elevation in the middle period, and a second decline s
‘over the last four days. Overall, values at the end of the second week

were lower than those in the early postnatal period.

In the first postnatal week the frequency of nest-periods in the
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light period tended to be higher for boch groups than in the dark period
-“whereas in the second week the revérse appeared to be the case. This

resul:s_ in the total frequency for tlie two periods being virtually identical
~ within groups (T able XXV). Mean daily frequency for the light group

was greater than that for-the heavy group on 12 of the 14 days but the

difference between the toral mean frequency of the two groups is not

ératistically significant (p> 0. 1). . g

‘ In ordgr to obtain information concerning the duration of individual

né.:St-periods, each discrete nest-period was allocated to a S-minute

temporal bin according to its duration. This procedure was followed .

for each animal on prenatal Days 19 and 20 and postnatal Days 2-13.

The group mean data for light and dark periods for the light group are |

presented in Figure 26 and for the heavy group in Figure 27 on four
“representative days through the period studied. The ordinate values

are obtain_ed by expressing the mean frequenq'r of a particular bin as

a percentage of the total frequency of nest-periods in a particular

light or dark period. /

For boéh groups, the frequency distribution of nest‘-periods' appears

to be more truncated in the dark period compared with the light period
on any given day, i.e., the distribution is positivély skewed with nest-
periods of short duration occurring mare frequently. This difference

is evident before parturition. During the light period on prenatal Day 20,

the relative frequency of nest-periods spans the full range of bins,
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some of the periods being in-excess of 150 min. In the dark period of
the same day, the llonges; nest-period in either group was never in |
excess of 80 min. The distributions for both light and dark periods
are skewed towards the higher frequencies which are represented in
the nest-periods of shorf duration; the modal frequency always falls
in one of the three shartest bins (1-5, 6-10, 11-1S min.).

The frequency distr ibutions of light and dark periods show a
contraction through the EétEtum period. A progressive diminuition
occurs in the duration of nest-périods until, by the end of the second

week, periods in excess of 45 min. did not occur. The tendency by both

groups to show this contraction in frequency range, which is accompanied

by only 2 slight drop in total daily frequency, resulted in a shortening
of the average nest-period through the postpartum period. This is
demonstrated in Figure 28 m which the group daily nest-time is divided
by the group daily frequency.

No consistent differences are seen between the frequency distri~
butions of light and heavy groups other than a tendenéy for the modal
frequency to be in a bin of shorter time duration in the light group.
This diffe;-ence appears to hold thfoughout most of the‘@stﬂ' tum
.~ perioc_i:‘ in the lig.ht period, modal frequency was shorter in the light
grbup on nine out q_f eleven days with three days equal, and, in the
dark period, shorter on five out c;f six days with eight days equal
(Table XXVI). |
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The frequency distributions of off-nest periods on posl:natal days
2, 8, and 14 are shown in Figure 29 for the light group, and in Figure: 30
for the heavy group.

Pup body-weight:--As all of the litters studied were of equal number

and contained equal numbers of either sex, the analysis of pup body
weight in the postpartum period can be simpliﬁed by considering the
whole litter weight through the period when the mother is the only
source of nut;ition. Mean litter weights in each of the two groups of
mothers on Days 1, S, 10, 15, and 20 are shown in Figure 31. By

Day 15, the two heavy‘-i-eared groups of litters were heavier than the

~ two light-reared groups. A nested-factors analysis of variance of
individual pup WElghtS at 15 days yielded significant (p <{0.01) main
effects due to postnatal mother, sex, htter, and prenatal mother;

the interaction prenafal mother Xx postnatal mother was also significant
(Appendix é) In support of the poscnatal mother effect, mean body-
weight of the foster mother over Days 1-15 was signiﬂcanl:ly correlated
with pup body-weight at 15 days (r = 0.57, p<<0.02).

Ae no significent correlation had been demnonstrated between
prenatal maternal body-weight and birth-wei.ght of the pups, the signi-
ficant prenatal effect, and the significant prenatal x postnatal
interaction suggest that some featui-e other than prenatal body-weight
of the natural mother was involved, although it is possible that the first

day of nursing by the natural mother (prior to fostering) may have been
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fesﬁonsiblé for the effect. ‘Iﬁe only other source of variation apparent,
aside from genetic dlfferences, is the prenatal litter-size of the foster
mo:her. That this is involved is suggested by the finding that litter

. weight at Day 15 was significantly correlated with prenatal litter-size
of the foster mocher (r = 0.49, p<<0.05). The multiple correlation
of these two predictar variables of pup body-weight, i. e., maternal
. body-weight In the postpartum period, and prenatal litter-size of the
foster mother,. was 0. 65, and these two factors therefore account for
over 40% of the variance in pup weight at this time. ‘

Inspection of the data suggested that the effects of these two
variables may not be simply additive. In arder to eliminate the slight
diépariry in litter-weights that existed on Day 1 prior to fols‘terlng. _
the percentage gain in litter-weight by Day 15 was compared with foster
mother body-weight over the range of prenatal : postnatal litter ratios
that occurred in the study. Figure 32 shows the calculated regression
- lines for percént increase in litter-weight against maternal body-weight
for each of these ratios. It appears that for a low ratio (10:8) maternal
body-weight is a good predictar of pup weight increase. As the ratio
increases, however, the slope of the regression line drops such that
when the ratio is high (14:8) a mean difference of over 60 gm. in maternal
body-weight has little influence on pup weight increase.

The difference in lifter-weight between the heavrréared (H/H
and H/L) and light-reared (L/H and L/L) groups continued to widen
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through the prewesning period. By day 25, the mean difference between
the groups was 27 gm. although'consk;lérably mare variance was apparent
as the pups assumed feecung autonomy, In the postweaning period dtffer-
ences between groups decreaaed and, by the time of autopsy of the

females at 56 days body-weight equality was observed between the
groups (Table XXVII). Mean body-weight of the males at 90 days was
also comparable between groups (Table XXVIII). ) |

Eye-opening:--No eye<opening was observed in any pup before
Day l4andbotheyeswerefm}yopenedlnallpupsby[hy 17. No

differences in the age at which the first opening occurred, or in the
degree of eye-opening at a particular age, were apparent between tﬁe
groups. Neithei- were there any ostensible differences due to sex of
pup (Figure 33). o

Startle reflex:--The startle reflex was not detected in any pup ;

<

before Day 11 and was present in all pups by Day 12. The age at

which the reflex appeared in each pup was log-transfor;ned and litter-
means In the four groups were compared. Pups reared by the heavy
mothers (HAH and H/L) showed a a.tgnificantly earlier appearance of

the reflex (p<0.05) eompared with those reared by light mothers (L/L
and L/H). A comparison on the basis o: prenatal origin of the pups .
(H/H and L/H against H/L and L/L) revealed no significant difference.
In all groups, significantly (p . 0,05) more females exhibited the reflex
at 11 days than did males (Figure 33).
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' Free-Fa.ﬁ Righﬁng Reﬂex:--The first éuccéésful completion of

this reflex _wés observed at 17 days and all pups demonstrated the reflex
by 22 days” _The distribution of age of appearance of the reflex was
more .neai:lg; normal and comparisons between groups were made o the
mean age of appearance of the reflex for the litter. Heavy-rearéd
litters showed a significantly earlier appearance of the reﬂex (p<0.01).
The mean age of apbeafénce for groups H/H and H/L was 18,39 days

" against 19. 27 days for the groups L/L \axlzd L/H. A comparison on the
basis of prenatal origin resulted in no ﬁsLi/g'niﬁcant: difference. Again,
females in all groups tended to show an earlier appearance of the

. reflex (Figuz:e 33).

-

Vaginal opehing:--More variation was observed in the age at which

the vagina opened. The earliest that it occurred was at 33 days and in
some animals it did not occur until 48 days. Heavy-reared females tended
to show later vaginal opening_:(niean-age: 38.0 days) compared with the

' light-reared females (35.9 days) alﬁhough these differences were not

* statistically significant.

Female brain assay:--'i‘he results of the fémale hrain assay at

56 days are summarised in Table XXVIL. Multiple comparisons between
the various group means did not reveal any statistically significant
effects due to postnatal or prenatal mother. It is worthy of note,

however, that besides complete "catch-up” in body-weight, the °

parameters of the brain were generally greater in the light-reared groups
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(L/H and L/L) compared with the heavy-reared (H/H and H/L) groups.

| '.Fm'thermore, a comparison of these data with the preweaning weight
incn-eases indicates a reverse relationship, i.e., whereas on Day 15
the order of !itFer-weight from the heaviest to the lightest was -

H/L > H/H >L/H >L/L, the order from the greatest to smallest

in terms of brair;'pi-oteiﬁ content ar 56 days was L/L > L/H >-H/L > H/I'L
and a similar reversal of trend was apparent for,brain-weight and

brain DNA. A correlational anﬁlysia of these brain parameters with
pup weigﬁr at 15 days generally supported this reverse treﬁd yielding
negative correlations (brain-weight: r = -0.08; hraip protein: r = -0.5;
brain DNA: r = -0.42), although only the cprrelation between brain
procein and 15 day weight is significant (p <0.05).

Open-Field:--A summary of the behavioural parameters (see Fig. 21) 6f :
the males in the open-ﬂeld is provided in Table X)j{VIH; the data were
obtained by averaging thé scaores for the litters within the four groups
across the five days of testing. In general, heavy-reared males tended
to defecate more and be less active compared with the light-reared males
(Figure 34). The amount qf open-rearing tended to increase across the
five days of testing whereas close-rearing remained at a fairly constant
level. Multiple cbmparisons arrnong the groups for these parameters
'of open-field behaviour did not yield significant differences, however,
for the.eleven litters far which total nursing time data was available,

a significant negative correlation was found with defecation
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(r = -Q. 68, p<<0.05) and a significant positive correlation with activity
(r = 0.87, p<<0.002).



DISCUSSION.

[

- The finding in the present study f.hal; all births occurred in the
light phase of the lighf-dark cycle suggests that parturition is dependent
on the photoperiod and is in agreement with other findings on the rat
(Blandau and Soderwall, 1941; Mitéhell and Yochim, 1970; Plaut, Grota,
Ader, and Graham, 1970). An alternativé explanénion of the téndency '
to deliver in the light period is that the interval between mating or
implancat/ion and delivery is relatively fixed and thalt parturition only
occurs in the light because progestational events (or implantation)
are time-locked to the photoperiod (see Porter, 1972), Against this
interpretation is the finding that reversal of the cycle on Day 1 of
~ pregnancy resuits in a backwards or forwards shift of 12 hr. imthe
distribution of deliveries so that they still occur in the light phasé
(Plaut, Grota, Ader; and Graham, 1970). Mitchell and Yochim (1970)
found that groups of animals exposed to 2, 14, or 22 hours of light daily '
from the start of pregnancy exhibited a tendency to deliver in the light
phase. The possibility exists in both these studies, however, that the
time of implantation might have been affected by the changes in the
light-dark cycle initiated in early pregnancy. In the Mitchell and Yochim
(1970) study, an increasing proportion of light in the cycle was associ-

ated with groi gation of pregnancy, although the birth-weights of
. 244
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litters born on Days 23-2‘4 of ges‘tation were n:x signiﬁcantly differént 4
from those born on Days 21-22. If no.delay had occurred in the Ii_g_;_gg of
implantation it would be expected that as gestaﬁion was increasingly:
prolonged birth-weight would increase accordingly. | )

In the present study, as in the one which follows (Experiment VII),
it was found chat birth-weight of litters delivered ]USE before, or in,
the light phase of Day 22 were sxgmflcantl\y heavier than those dehvered
in the light phe}se of Day 21.¢ This mdzcate?s that the\extensxon of gesta-
tion period in 22-Day dthérleS is not due to a delay in implantation,
and therefore that parturitic;n is not retroactively timed as a given interval

from earlier events in gestation which may be dependent on photoperiod. &

Rather, it appears that some inﬂuence emanating from either the fetuses

4 ,

or the placentae deterrmnes ‘when, apprommately, parturmon will
occur (Biggers, Curnow, Finn, and McLaren, 1963), if it does not occur
in the prime delivery phdtoperiod (21 days) then the mother will hold
off giving birth until the next photopériod. - As Liggins (1972) notes,
it is probably the fetus which 'determines the day of delivery (say to
* within 24 hours) but the mother determines the time of-dellvery (accord-
- ing to photoperiod)

. Although Kim, Runge, Wells, ‘and Lazarow (1960) found no evidence
of a correlation between litter-size and gestatlon periad, others have
reported that large litters tend to have a shortér ges:atioxi period than

-ty
small litters (Mitchell and Yochim, 1970; Smart, Adlard, and Dobbing,
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1972). The present data provide a very compelling demonstration of
/’ . .

this relagionship in that it was observed over a period of hours and not

days as in the: two studies above, Given the overwhelrnlng tendency

for mothers to deliver in the light phase of Day 21, the time of parturi-

tion was determined by the number in the litter; large litters were born

just after midday while litters in the smaller range were born in the

late afternoon. ) g
Previous reports have suggested that birth-.welght of the young

is influenced by maternal body-weight (Slonaker, 1912; King, 191S;

Cole, 1937; Cole and Hart, 1938; Blandau and Money, 1943; Hultquist,

1950; Bateman, 1954; see also Angervall, 1959). In the'bresent study,

no evidence f&r such a relationship was found; neither wé‘s maternal

body-weigl_ut related to llitter-size. or to length of gestation period.

The mean body-weight difference between the light and the heavy groups

at the start o.f' pregnancy was identical to that on Day 21 prior to parturi-

tion. As there was no significant difference in mean litter-size between

the two groups, the absolute weight of the products of conception must g

have been cdmbarable in the two groups. These data support the findings

described in E‘xperlrnents 111 and 1V of the present study, and those of
Pritchard and Tucker (1970) who noted that lmproved diet and genetic
selection may have resulted 1n mothers glvlng birth to heavier litters.
Also, lmprovements in the care and nutrition ?f laboratory animals,

instituted since these earlier studies were done, have probably mitigated

/
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any maternal effects on birth-weight of the offspring.
The relationship between birth-weight and litter-size that others

have reported King, 191S; Bénson and Morris, 1971; Smart, Adlard,

aﬁd Dobbing, 1972) was not Investigated as pups were not sexed m}rn
postnatal Day 1 and no allowance could therefore bé made for the )
sex-ratio in a litter on the day obelrth.
. The characteristic change in maternai bédy-weight in the postpartum
| period observed in the present study is in close agreemernt with the data

of da and Yokoyama (1967a). In the first two postpartum weeks, when

the mother is the ohly source of nutrition fs; the pups, her body-w‘eight
shows a steady increase and this is accompanied by an increase in
food-intake (Cole and Hart, 193é: Ora gn& Yokoyama, 1967a; Altman,
EDnas. Sudarshan, and Anderson, 1971; Mensker and Navia, 1973).
However, whereas maternal béﬂdy-wei_ght' begins to plateau around the

12th day, maternal food intake continues to increase. " Oxa and Yokoyama
. (1967a) reported a St-eady increase in maternal food~intake in the first
two postpartum weeks; fdllowed by an éEﬁpt increése In the third week
up to weaning at 21 days; after which food-intake dropped. C_Otes and g
Cross (1954) found that ligation of the galactophores did not affect this
- pattern of food-intake or maternal body-weight gain in mothers who
were suckled to foster litters. They concluded that suckling stimuli

were responsible for stimulating food-intake in excess of that requiréd

to support maternal metabolism. The increase in food-intake was not,

ol saa
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" therefore, | related to mcreased' rnetahoiic demands bro:{’ght about by
satisfying the food requirements of the growing litter as the ligation
procedu:e result.s in involution of the'mémmary glar;cis although the
litter may still suckle, : | J | |

It appears that increases in the circulating level of prolactin in
the postpartum period '(Al,'neno,ri. Chen, and Meltes, 1970) consequential
to the suckling stimulus may mediate the increase in food-intake over
and above that required to support the normal metabolism of the mother.
Leon (1974) has ascribed a unique significance to this enigmic increase
in marternal food-intake. He suggests that the extra food material is
used to manufacture an lncreésed amount of fecal material (caecotrophe)
at a critical stage in pup developmeht. 'f‘he cae_conr‘ophe‘me‘xy serve the
following functions: (1) as an olfactory E:ue (pherombne) which ensures
continuing contact between the mother and.her pups in.the transition
stage from the time the pups are completely dependent upon the mother
(first two wéeks) untllil the time they assume autonomy (end of third
week) (Leon and Moltz, 1971; Leon and Moltz, 1972) (ii) @s a transitional
"baby-food" during this same period, and perhaps lnvolved in subses""
quent diet selection by the pups (Leon, 1974),

Although Ora and Yokoyama (1967) found that after weanlng maternal
body-welght returned to a level which would be expected had the rats
not undergone pregnancy, their suggestloﬁ that the body-weight changes

of pregnancy and lactation may be superimposed upon norm:ﬁ growth is
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open to questidn. In any"év“‘enr‘. the 107 gm. Increase they observed in
‘maternal body._-weight at weaning ovef body-weight at the start of preg-
nancy, is less than the weight increase that would be expected in a virgin
rat over a comparablé six~week pericd (see Freudenberger, 1932).

| The increase in body-weight of the pregnant rat in the first two
weeks of ges:acibn Is probably due to a genuine growth response to the
rising levels of progesterone that have been reported (Hashimoto,
Henricks, Anderson, and Melampy, 1968) and similar to that of non-~
pregnant females receiving exogenous progésterone (Hervey and Hervéy,
1967). Over the last week of pregnancy, the increase In maternal body-
welight can be almost. completely accounted for by the increase in weight
of the produc:é of conception.

That the absolute gain-in weight ln the heavy and light groups during
pregnancy was identical and litter size comparable in both groups,
suggests that maternal absolute weight galn was determined by litter-
size or, more specifically, perhaps by lncreases in endogenous proges-
terone secretion in the first half of pregnancy. In the postpartum
pericd, however, the light mothers retained more weight than the heavy
mothers and by the postwean‘ing plateau the original difference of 33 gm.
at the start of pregnancy was reduced to 20 gm. A possibi{é explanatm‘
for this may lle in the fact that in the postpartum periodl both groups
of mothers recelved an equivalent suckling stimulus from eight pups,

and the corresponding increase In postpartum progesterone (Grota and




Eik-Nes, 1967; Tomogane, Oca, and Yokoyama, 1969) and prolactin
(Everett, 1966) would presurrfably”.therefore be comparable _in both
groups. Contingent relar.fonshlps have been described between the
number of suckling pups and progesterone secretion (Exo, Masuda,
Suzuki, and Hosi. 1962) and prolactin secretion (Grosvenor, Mena,
| ;m Schaefgen, 1967). In mothers of lower body-we;ght ‘the' amount of
these hormones per unit body-w?’lghr would rbe greater than in mothers
of ﬂ@er body-welight, inducing !%r the postweaning stage a higher overall
weight‘..éi‘a“ih‘in_t_p_e light group compared with the heavy group. | |
An a_lternati;'e'posslbinty 1§ that, in the light group, there exists
a higher potential for weight-gain as these animals are further from
thelr asymptotic body-weight than those of the heavy group. These two
possibllities could be Investigated by using mothers of comparable
body-welght alt the start of pregnancy who give birth to litters of
comparable size., Following parturition, one group could be given a
large nun&er of pups.and the other group a small number. I thg first
hypothesis above were corréc:. rr;e mothers recelving a greater
suckling stimulus from the larger litter would be gxgected te incur a

higher overall gain in weight by the postweaning stage than the mothers

with small litters. The second possibility would be excluded as both
groups of mothers are at the same stage in their normal growch curve,
A study by Ota and Yokoyama (1967b) has a direct bearing on

the suggestion above, since body-welght increases in mothers rearing
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different litter-sizes were investigated; it does not, however, resoclve

rd

which of the two possibilities above is correct. From their data, a'r
mean difference of 20 gm. in maternal body-weight is apparent between
the groub-rearing litters of 12 and that rearing a litter of 2 on Day 1

of lactation. It is unlikely that similar differences existed at the start

of pregnancy. - No data were prov ided concerning the number of offspring

born to the various mothers prior to the postpartum manipulation of
litter-size, nor with regard to the postweaning residual weight gains

in the groups as maternal bod;é-weight was studied only as far as Day 15

of lactation, 4

Maternal Behaviour . ‘

Before embarking on a discussloni'ogsgﬁé present findings on maternal
behavlc“pur, some comment {s {n'order concerning the study of maternal
behaviour and its three basic é;peCts: (1) initiation, (i) maintenance,
and (il1) modulation. 1 Since the early pioneer work on the subject
(Kinder, 1927; Wiesner and Sheard, 1933) the bulk of experimental work
with the rat has been directed towards the first two, the systematic

analysis of factors underlying the inltiation of maternal behaviour

following parturition and its subsequent maintenance in the postpartum

1’I‘he third aspect has previously been described as "decline" (see
Rosenblatt, 1969); however, as the findings from the present study and
others (Grota and Ader, 1969; Ader and Grota, 1970) show that decline
(measured as nest-time) occurs through the first two weeks, the term
"modulation” may be more appropriate and will be used here,

-
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period. A large number of studies on these two aspects of maternal

behaviour have appeared in the literature over the last ﬁﬁ:/een years and a | 1
wealth of infarmation has been forchcoming (for reviews see Rosenblatt,
1969; Moltz, 1971). The general quéstion posed in these studies is:

Is the mociaer being matérnal or not? The answers have usually been
provided by qualitative observations on retrieving, nest-bullding,
nﬁrsing, etc. Only infrequently were efforts made to quantify maternal

behaviour such that individual differences might be assessed (e. g.,

i
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Seltz, 1958). Indeed, as Deitchman (1970) notes, tl‘(is approach appears
to have resulted in individual variability being overlooked rather than
it being the subject of investigation. |

In the experimental analysis of the effects of early experience, -~
however, It is becoming clear that more attention should be directed
towards maternal involvement, and the possibility recognised that
changes in the interaction between the mother and her 'lzitter r;ay play a
critical mediating role In the elaboration of many of the phenomena
that have been described (see Plaut, 1970; Russell, 1971). For example,
in & recent study of undernutrition in the rat, in which matemal and

litter effects were controlled, there was little evidence of the behavioural

deficits in adulthood that have frequent]y been reported where such proce-
dures have not been followed (§lob, Snow, de Nafris-Mathot. 1973).
Clearly, there ls a need for a more detailed knowledge of maternal

behaviour; besides establishing whether or not a mother Is maternal
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7 a quantltative assessment of maternal behaviour Is also required. In’
addition there is also a need for information conc\ernlng those factors
which modulate maternal behaviocur, e. g » what Initiates a nursing
period and what brings it to a close? How do these control mechanisms
changé through the postpartum period? In the discussion which follows:
an attempt will be made to Integrate some of the more recent tindings -
~ on maternal and neonatal behaviour from these two standpoints of
) qﬁantlﬂcatioa and modulation. |
| Nest-time:--Or; the basis of repr'eaenhative safnpllng _éechnlqhes
it has generally been con_chided that the amount of time a mother rat
_spends on the nest is relatively constant in the tirst two pastpartum -
weeks (Rosenblatt and Lehrman, 1963; Moltz and Robbins, 1965;
Rosenblatt, 1969. Moltz, 1971), The results of Experiment Va
(baaéd on a three'- hour daily observation period) are consistent with
this wiew. The data from the present study, together with those from
others in which a con:lnuou‘a recording .ayatem has been employed (Grocé
and Ader, 1969; Ader and Grota, 1970).howeven unequivocally demon-
strate that nest~time undergoes a progressive and orderly decline through
this period. An explanation for the absolute differences observed between
.the results obtained with the present system and those obtained by
Grota and Ader (1969) was provided in an earlier discuasion (Experiment
VD. In a study where the aémpnng period was extended to six r;oura
(Experiment Vb), and where sampling was conducted in both phases of
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the light-dark cycle (Deitchman, 1970), a decline in nest-time was also
observed in the first two postpartum weeks. Before the differences

PPCRTEPLFS Uy IR PN S 1. W

between heavy and light groups in the present study are discussed, the

posslbie significance of this decline in nest-time will be considered.
The first question is: Why, when the mother is the éole.soﬁrce of

-nutrition for her litter, does her nest-time decline at all? It might be |

expected, for example, that if the main purpose of the mother being

on the nest is to p;ovlde nourishment for the pups, then the amount of i

time she spends there should remain/at a fairly high and constant level

during these two weeks. The absolute gain in litter-weight rises steadily

In the first ten days and is relatively constant for the next five (Cea

and Yokoyama, 1967a), thus, the litter is at least maintaining its growth

rate and presumably [ts nutritional demands despite the decline in

nest-time, Several possibilities for the decliné in nest-time are

suggested: (i) as the pups grow older and stronger, they become more

efficient at removing milk from the mother; (li) as well as the suckling

stimulus, visual, acoustic, and tactile stimull from the pups progressively

recrult a greater‘ga.lactopoleticl response from the mother, and perhaps

the latency to first milk-ejection and the inter-milk-ejection interval

both shorten over time; (ili) changes in the hormonal state of the

1The term "galactopolesis" is used here to-mean the enhancement
of an already established milk secretion, and not, as it is sometimes used,

to Indicate the maintenance of lactation (sce Cowie and Tindall, 1971),
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‘mother during this time produce a progressive inhibition of nursing
behaviour; (iv) the purpoée of the mother being on the nest has important
connotations ocher“than that of providing nourishment for the pups.
These possibilities will now be discussed in tuz;n.

(1) Several st,udies provide evidence which bears indirectly on
the first of these i;osé;buities. that the vigour of suckling increases with
advancing age of the Pups so that milk i{s removed more rapidly from
the mother. Bateman (‘1957) ascribed the more rapid growth seen in
the larger individuals of a lrter to "passive competition" i. e., that
differen:ial growtﬁ rates do not occur simply because smaller indiiziduals
are actively ousted from é nipple position by larger individuals, but
because the bigger indivlduglrs are able to feed faster during a nursing
period. If this is the cade, then, as all individuals get bigger they %
will feed faster as lactation progresses and this may result in the decline
in nest-time. Grota (1973), using the dual-chamber continuocus recording
system, found that ége of pups at fos:eriné was a significant determinant
of the amount of time the mother spent with the litter. Kumaresan,
Anderson, and Turner (1967) studied the welghf gain of litters In a
30 min. mirs!ng perlod following a 10 hr. separation from the mother
on Days 14, 16, 18 of lactation. Their results generally shbw that milk
yleld was greater as lactation advanced and thus as the pups grew bigger.

This study suggests that with advancing ége pups become-more efficlent

./’

at removing milk from the mother, although galactopolet‘ic,changes in
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| the mother during this time, and the oc.her-possibilit!es of (ii) (see below)
may not be excluded. It may be pbssihle to answer the question by
separating a group of mothers all nurs.-ing litters of equal size at a
given lactational age, anaesthetising them, and administering oxytocin.
Litters of equal size, but of differing age. could then be put to the
“mothers and the respective véeight-gains of the litters fecorded

- after & given time-interval had elapsed following attachment of the pups
to the nipples. The use of anaesthesia would eliminate the possibility
that mothers would respond differentially to litters of differing age

| . (Rosenblatt, 1965; Grosvenor, Maiweg, and Mena, 1970; Groté, 1973)
and the administration of oxytocin on.\ld/effect more complete milk
withdrawal and theref;:re greater litter weight-gain (Kumaresan and
Turner, 1966) which would optimise the likelihood of observing differ-
ences between the litters. _ /

(i) The second possibility, that there are galactopoietic changes,
and changes in Ehe temporal characteristics of milk-ejection, during
the course of lactation, does not seem to have‘ been investigated directly
although, again, therg are seve;al studies which offer some indirect
evidence. For exampie. an increase in mammogenesis (mammafy
gland development) in the course of lactation, is suggested by- increases
in rnammary DNA content which are taken to reflect cellular increases
* in the mammary gland (see Schmidt, 1971), and increases in'the amount

of ethanol extracted mammary tissue (Tucker and Reece, 1963).

i
i
1
3
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‘Functlonal increases in the mammary gland would be .expected to parallel
- ‘these structural 1ncreasee. and hence it may be reasonably assumed that
corresponding galactopole‘tié‘increases—also occur. Several studies
have reported a progresel've increase in milk-yield through lactation
(Brody and Nisbet, 1938; Grosvenor and Turner, 1958; Fuchs, 196;
gee also Walsh and Tucker, 1972) whereas others have reported increases
up to about Day 10 (Park and Nowosielski- -Slepowrun, 1972) or Days 11- 13
(Gustaffson. 1948) and a decline thereafter. That the gonadal steroids,

progresterone and estrogen, in synergism with prolactin and growth

hormone, -may be responsible for these increments in structure

(Meltes, 1966) accords well with the findings of Increases in the circula- ("

ting levels of progesterone (Grota and Elk-Nes, 1967; Tomogane, Ota;J
and Yokoyama, 1969) and prolactin (Amenomori, Chen, and Meites,—
1670; Simpson. Simpson, Sinha and Schmidt, 1973) in early lactation.
Ceher-studies on the stimulus characteristics of prolactin release durlng
the course of lactation are of partlcular interest,

Groevenor (1965) found that if mothers were separated from their
litcers for 10 hr. on Day 14 of lactation, and then replaced with their
leters for 30 min. but prevented from nursing,a reduction in prolactin
concentration of the m\e‘ter\pal pltuitary occurred cofnparable to that
which occurs following nure:n\g\ It was concluded that exteroceptive

stimuli from the litter were responsible for the effect and that the suck-

ling stimulus was not needed at this stage of lactation for the release
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of prolactin.’ Subsequently, it was suggested that olfactéry stimuli from
the lirtgr were primarily résponsible for prolactin release, although
in mothers clh\onlcally deprived of their sense of olfaction, visual _s_tirriuli
co_uld take oﬁ_er (Mena anc/i Grosvenor, 1971). In a study in which mothers
were thelectomised (surgical removal of nlpple;z) the output of prolactin
ivas sustained through lactation, aﬁ'—lndlcated 'by the deciduomé‘ response
and the suspension of ovarian cyclicity (Moltz, Levin, 'and Leon, 1965b).
I was concluded that in the absence of a suckling stimulus, visual,
acoustic, olfactory, and perhaps tactile stimull from the pups were
responsible for the sustained release of ppolactin. However, following
observa:lons:;that a 30 min. exposure to pups without suckling did ﬁoc
result in a‘fall in maternal pituitary prolaqtin on Bay 7 of lactatien, -

| Grosvenor, Malweg, and Mena, (1§7m)proposed that the effects
observed by Moltz, Levin, and Leon (19659 were due to a more
specific tactile (para-sucklihg) stimulation than had béen proposed.
It was argued that receptors both in and around the rm:tmmary glands

. could have been stimulated by "nuzzling'" of the pups and that this mediated
the continuing prolactin release. Findlay’s work (1966) on the rabblt
mammary gland, in which discharges in mammary afferents were
recorded in response to a varlety of mechanical, thermal, and chemical
stimuli, was cited {n support of this view, It was concluded that suckling
wasg the prlmax‘-y stimulus for prolactin release in the early stages of

,/lacfatlon. and that in the second week generalisation occurred soé_hat
\

\
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‘other exteroceptive stimuli could come to elicit the re}ponse. ‘Further
evidence of such assogiatlve learning was pr_ovided by the observ‘acion
that whereas primlparous mothers did not show a significant depletion
of pituitary prolactin on non-nursing expésure to pups on Day 7 of
lactation, mothers undergqing a second lactation d‘id at this time, It
wasg later demonstrated that on Day 21 of lactation the prolactin responsé
- had generallsed to the point at which the presence of other lactating
mothers and their litters, housed in the same rooml was capable of
eliciting it (Mena and Grosvenor, 15%2). Interestingly, It was observed
in a recent study (Grosvenor and Meria, 1973) that this generalised
response did not result in a corresppndlng stimulation of milk secretion
if the mother was exposed to her own pups 3-4 min. before exposure

to the other mothers and their liteers. Milk seéretlon was similarly
inhibited by the presence of the mother's own pups "underneath her

even though there was a significant releaéé of prolactin ln/response to
the exteroceptive stimull from these pups. The significance of k:.his
ihhibltory‘ mechanlsm will be discussed later under possibility (lil).

" The results of these stu;les indicate that In the flrst week of
lactation, suckling, or even "péra- suckling, " is the primary stimulus
for the release of prolactin. Between the end of the-flrs: week and- the
beginning of the thlrd‘, there is a generalisation of the suckling stimulus
to other pup-related exteroceptive stimuli, and by the end of the third

week, a further generallsation has occurred such that the presence of

-
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‘other lactating mothera and their ltters may elicit the response. To

summarise, structural and presumably func:lonal increases in the
mammary glands in the course of lactation develop initlally as a
result of rising titres of progesterone and prolactin. The frequent
guckling stimulusiin the early stages of lactation, imcreases 1;"1 its ~
strength I(see (1) above), and the-later ggneralisatioh to exteroceptive
stimuli, are'responslbl—e for a sustalned relea_se of prolactin, which,
Ehrougﬁ its galactopoletic effect, may give rise to a condition of
increasing lactatory preparedness and .pOtenual such that milk is
produced mdre readily in a given time. 2

The discharge of milk ﬂvolves the other posslbllltles mentloned
in (u) ~phat the latency to milk- ejec:ion (ME) and the Intervpl between
MEs may be shorrened through lactation, alr.hough lmle work has been

' -done on- thls Important aspect of fvrsing. " The release of milk from the

mammary nd i{s either pas%ve (removal) or actlye (ejection). ln mnk
removal. there {8 dpassive withdrawal of only a small propor:lon of

milk from the larg’e‘e‘ sisterns and alnuges, wnereaa milk-ejection, resulting

- _from the action of roxytocln on the contractjle myoeplchellal cells S

b=

aurromﬁg the alveoll and smail ducta. achleﬂ*es tlbactive expulsion

of a greater proportlon of the® milk. B ' _ : ';'
Waquﬁgand Lincoln (19?1) demonatrated :hat the:,pattern of ME

~ In the rat was 1nterm1t:ent‘@nd assoclated ‘with_the pulsaﬁile release of .

A Y

oxyé{ocin. lncreasea in the firlng rate of paravemr&cular ncurons were

%
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observed prlor to oxytocin release (Lincoln and Wakerley. 1972) ‘the
1n|:erva1 bctween this increase In the electrlcal activ!ty of the neuro-

aecre:ory cells and the release of axytocin at ME was found to be in

- s
the order of 15-20 sec. and although not assoclated directly with the

éuckling étlmulus, d'id not occur in lts absence (Wakerly and Lincoln,

1978). - |
In a detailed study of intramammary pressure, témporal charac-

terlstics&f ME, milk ylgld. and pup behav_iour duriug‘?:sing on the

10th day of lactation (Lincoln, Hill, and Wakerley, 19?3). the latency

to tirst ME following the onset of suckling.was found to be about 12 min. -

and subsequent ME intervals were In the order of 10 min. Observations

- of the pups revealed a vigourous suckli‘ng on being.first put to the nipple

tollowed by a subsidence in activity. During this period (before the
first ME) some milk was removed. The occurrence of the first ME was

not assoclated with any prior overt change {n intramammary pressure nor

——

in pup behaviour. The commencement of ME resulted In a characteristic

“s:re:ch“ respons§ simultaneocusly in all pups, during which there was

- strong vigourcus pulling on the nipples, and which resultcd ilna apprecl-

able amoun/:of mllk belng obtained, After about 8-12 sec. many pups.
detached themselves from :he nipples, sought other nipple locations,

and within 20 =30 sec. had re-attached themselves to nipples. The

amount of milk obtaincd in subsequent MEs was progressively rcduccd s

Thé afferent par: of the ME reflex was shownuto-be\relatcd O two

4
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factars: (i) as the degree of mammary engorgement increased, the
. latency :o first ME decreased and the frequency of subsequent MEs
increased, and (11) when the number of suckling pups w reduced by
half, an {ncrease in the latency to first ME was observcc{ and the
Interval between MEs showed some inérease.

These new observations raise several important points i{n the
ilght of the present discussion. Flratly, if as was suggested above,
there are gala\ctopoieuc changés through lactation and more milk Als
avallable at later stages, and as the frequency of nursing d.rops slightly
through lactation, then a relative increase in mammary engorgemerx:
should occur between nursing periods as lactation proceeds. This may
result in a systematic change In the temporal characteristics of ME.

In the later stages of lactation, however, a positive feedback mechanism
may operate to further reduce nursing time. Rcddy. Donker, and
Linnerud (1964) have demonstrated :hat milk secretion rate falls as the
Interval betwcen nursing periods increases. - Lengthenlng the interval
. between sucklings also results in a reduction in the milk secretory

response to prolactin (Grosyencr. Maiweg and Mena, 197 and in a

reduced release and reaccu latlon of prolactin (Grosvenor and Mena,

1971). Secondly, that the | ency and Interval characteristics of ME
- are related to the number of pups suggests that other contingencles
between these Parameters and pup-related stimull exist through the

. course of lactation (cf, @e‘ls. 1968), pcrhaps interrelated with the

characteristics of prolactln relecase,

*
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If either or both of these possibllities are determinants of sy stematic

.changes in the temporal and frequency properties of ME, they may also

determine the decline in nest-time. As the occurrence of Individual MEs (s

readily apparent from the overt behaviour of the pups, It would be a relatively
straightforward task to examine the posaaibllity of such changes durlng the
course of lactation.

(141) The third possibitity, that hormonul changes in the mother are in-
volved In the modulation of maternal behaviour, has been investigated in
geveral a:ud}e. On the bnsla'of the observation that maternal behaviour
appears lmmedla:ely following parturition, and tha: as parturition approaches
there (s a s\oba:anual decrease In levels of clrculaung progesterone (Grom
and Elk-Nes. 1967; Kuhn, 1969) ft was suspected that progesterone might play
an l;\mbltory role in the regulation of maternal behaviour, .Moltz an:l Wiener
(1966) ovarlectomised pﬂmlparous and multlbaroua r’ata In late gestation
and delllvered litters by cacsarcan section. In the immedlate postpartum
pericd all of the multlpa:olu mothers showed normal maternal behaviour
towarda thelr pupa whereas this behaviour was delayed until after postpartum
Day 3 in SO® of the primiparous mothers. Similar results were obcained In
a later study lnl which progestergne was administered over the )iﬂlt four days
of gesation (Moltz, Levin, and Leon, 1969a). It was suggested that progester=

one exerted an inhibitory influence on maternal béhavlour by preven:l'ng
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the uptake of prolactin In the braln: asg tﬁg, progesterone titer fell In
late gestation, prolactin was dis-inhibited and maternal bepavlour emerged
under the coactive influence of prolactin and estrogen. The failure of
mothers to manifest maternal behaviour was attributed to the disruptive
effects of progesterone on the coaétive influence of progesterone and
estrogen. The finding in both studies that some of the primiparous,
and all of the multiparous mothers, behaved maternally was ex’i:lained
In terms of a lowered threshold to hormonal stimulatfon. In the case
of primiparous mothers, 1It was attributed to irdlvidual vdrlabmt_y. and,
for the multiparous mothers, to their previous h;eedlng history. In
support of these conclusions it has recently been demoﬁs:ra:ed that
progesterone may inhibit the synthesis Bt prolactin (Chen anndltes.
1970; Simpéon. Simpson, and Kulkarni, 1973). and that previous breeding
experience lowers the threshold‘ for brolac:ln release to exteroceptive. |
sﬂmuli in early lactation (Grosvenor, Maiweg, and Mena, 1$70a).

The Influence of exogénous progesterone on maternal behaviour
In the early postpartum period was Investigated by administering .
progcs:erone::wice danyf over four dayg.commenclng ;:wo.days postpartum
(Moltz, Levin, and Leon.k 1965a). It was reporf.cd that mothers so
treated nursed, maintained nests, and retreived their young, and the
conclusion was reached that progesterone was not lavolved in the modu~ -
latlon of already-established maternal behaviour. The results of this

study were later discussed by Moltz (1971) who suggested that the fallure

v
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’ of progesterone to influence maternal beh_aviour was not surprising In

view of the report that endogenous titers of progéal:erone normally -
increase In'early lactation (Grota and Eik=Nes, 1967).' Thus, the . |
‘exogenous progesterone was simply adding to the levels of the increasing
endo;enousaprogesterone. and, as it was believed that nursing did net
decline in the first three postpartum weeks (Moltz and Robbins, 1965),
there was little reason to believe that progeeiterohe did have a modﬁlatory
Influence on maternal behaviour durtng this time,
However,. the finding that nursing behaviour does show a

~ subastantial decline in early lactation (Grota and Ader, 1969; Ader 'and
Grota, 1970; Deftchman, 1570; E:éperimén: Vb of thia thes!s; present -
study) coupled with the increasing levels of progesterone {n enrly_lacta-
.tion (Grota and Etk=Nes, 1967; Tomogane, Ota, and‘Yokoyama. 1969)
and the suggested in&nbpltory influence of progesterone dlscuaseanbo:e—.‘
indicate rather :hat_ progestercne may exert a progressive Inhibition on
_,maternal behaviour through :hc; tirst halt:of lactation. The proﬁosed‘
inhibn:lon of the onset of lactation during pregnancy by high levels of
progesterone (Me_iteé and Turner, 1942; Cowie and Folley, 1961) raiges
the possibllity that Increasing titers of prbgesteronc In early lactation
may Induce a second phase of 1nh£b1tioﬁ, al:housh other reports (Reece
and Blylns. 1942; Lyons, Li, a‘nd Johnson, 1958) hm)e suggested that
progesterone acéually enhances lactogenesia, Ag-eggluuon of this

conlict has beon proposcd by Herrenkoh! and Lisk (1973) who suggest v

-
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thaj progesterone inhibits the release father than the secretion of milk.
_T_k;ey observed that progesterone treatment of rats in late gestation, or

in late gestation and In the early stages of lactation, did not significantly
reduce milk secretion but did result in a signiticant reduction in milk-
ejection ln both groups (the mother was scored positive if the pups showed
stomach distenslon with milk at the end of a 15 min. test nursing pericd,
milk-gjection proper was not therefore meaéured and the result could
have been due to milk removal). Interestingly, the incidence of maternal
crouching over the young was significantly reduced only in the group

In which progesterone was glven postpartum. This confirmed an egrlier'
tinding that postpartum injections of progesterone suppressed nursing

" behaviour (Hefrcnkohl. 1672). In a more recent é:udy, progesterone
administration in late gestation was found to 1ncrea'_se the duration of
subsequent nursing (Herrenkohl,‘ 1974). :

To summarise these studles, the balance of evidence seems to
weigh in favour of pro-ges':eronc {nvolvement in the modulation of maternal
behaviour. The initlation of maternal behaviour 6ccura at a time when
progesterone levels are low, and its onset can be delayed by the admln(-
stration of progesterone to primiparae. Nursing time shows a progress-
ive dccllne as the levels of progesteronr rise, and two studles have
d‘cménat'ra:cd a aup'preas'lon_ of maternal behaviour when progesterone
ls administered tn the postpartum pericd. There remains the problem

that maternal behaviour has been asscssed on the basis ;:f relatively

<
.
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short cbservation pericds which may not be sufficiently representative to
provide information on the quantitative changea in maternal behaviour
that may result from ﬁrogesterone treatment. Work in progress
(Brown, Leon, and Groékerry) Is examining the effects of gonadal
Axﬁ adrenal steroid depletion on maternal behaviour, usi_ng the
continuous recording systern described (Experiment VD),

| Severél studies have-investigated the possibility that prolac_tln.
_which is esaential for lactation, is involved in the regulation of maternal
behavicur. On the basis of the observation that a significantly higher
propertion of mothers, deprived of their litters on the first postpartum
day and treated with oxytocin and prolactin for 10 days, showed
maternal behaviour compared with mothers similarly deprived of thelr
litters but without hormone treatment, Rosenblatt (1965) suggested that
prolactin and oxytocin were involved in the malntenance of the fnaternal
condition. 'Alchough a galactopoletic role has been ascribed to oxy'tocin
(;evlew in Cowle and Tindall, 1971), the pulsatile suckling-dependent
nature of its felease_. (Wakerly and Linceln, 1971; Lincoln and Wakerly,
1972; Wakerley and Linceln, 1978) presents technical dltf{culties {n the
estimation of representative titres l:h?ough lactation. Less variabui:'y
presumably occurs in the release of prolactin, and two studies have

measured prolactin levels during lactation, quenomorl. Chen, and

-

) .

Meltes (19\70) reported high levels of serum prolactin in the first week

 of lactation with a peak value on Day 6, followed by lower values on
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’ Days 15 and 2'3: In a study of plasma levels, essentially the same pattern
was reported with a peak on Day S and progressivly lower levels on
Days 10, 18, and 20 (Simpson, Slmpéon. Sinha, and Schmidt, 1973).
Numan, Leon, and-'Moltz'(w?z) investigated the suggested involvement
of prolactin in maternal behaviour (Rosenblatt, 1965) by glving
daily postpartum injéctiona of ergocarnine, a drug previously shown to
suppreaé the reieﬁse of prolgc_::ln. E:!fec’:lve suppression of pfolactin —
was confirmed by an almost;non-exis:ent deciduoma response at 10 days
following uterine trauma at Day S, and by a suppression of milk productlor:-—

- as measured by litter weight change. The inhibitory effecta of ergocornine
on luteal actlvity were alleviated by twice daily doses of prol'actin; the

~deciduoma response {n the ergocornine + prolactin group was not signl- -
ticantly difterent from ‘that of the group receiving the vehicle alohé:. An
amelioration of the effects of ergocernine on litter-weight was also
achieved through prolactin replacem.ent. Despite the clear effects of
ergocernine on prolacﬂn release, no significant effects on matefnd;

” behaviour were observed in the tcsté used. Standard tests of retrelving
and nest-bullding were admimstered. together with observations of total |
,umq spent nursing In either 10 or 30 min. cbservation perlods. The
authors' conclusion that prolactin was not essentlal in maintaining already-
established maternal behaviour receives some suppart from other studies.

- For example, from the relationship between the suckling stimulus'and

prolactin release, it would be expectedthat the quantity 6f prolactin
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released would be less in a litter of few pups compared with a litter of
many', andﬁthis appéara to be the case. Amenomorl, Chen, and Meltes
(1970) reported a significant reduction in serum prolactin following
reduction of litter nﬁmber. However, several studies have described
&n inverse relationship between the amount of time.a mother spends
with her litter and the number In the ltter (Seitz, 1954; Grota and Ader,
1969; Hofer and Wiener, 1971; Grota, 1973). If',endogénous prolactin
~ levels in a mother nursing @ small litter are consistently lower than
those of a mother nursing a largé litter, :hgn the relationship between
prolactin l’a'evels and maternal behaviour {s oppos%te to that i:rcdlcred by
Roséﬁbla:c 's hypothesis (196S).

Adlmculty with the Numan. Leon, and Meltz (1972) study, as
with the studies of progesterone, and with others that have suggested a
non-essential role for estrogen (Rosenblatt, 1969) and the adrenatl
-gterolds (Thoman anci Levine, 1970), is that conclusions based on
short observation perlods are limited. In broad terms, it can certainly
be stated that such hormonal manipulations do not grossly affect maternal
behaviour and therefore these hormones can be considered "non-\essential:“
indeed, they may well prove to exert little influence on maternal
‘behavlo\m. However, without the use of more extensive observations on
.the daily, and cu'cadlan pattern of maternal behaviour :hrough lacmtion.
no deﬁnmve s:a:emem can be made with regard o its modulation by i

progreaslvc ghifts in the hormonal state of the mo:her.\
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A specific example of an hormonal inhibitory mechanism for nurs-
ing was aukgested in the study of Grosvenor and Mena (1573) mentioned
earlier. It was damonstrated that although there was a widespread
generalisation of the prolactin response to exteroceptive stimuli in late
lactation, milk secretion could be blocked by expos}ire of the mother to
her own pups. ﬁe administration of an adrenergic blocking agent,
phentolamine, was subsequently found to dis-inhibit the effecta of
exposure to the litter by allowing a narmal secretion of milk in response
te the prolactin released at exposure. It was proposred that the emission
of olfactory and perhaps auditory stimull from the pups induced catechola~-
mine release {n the rndther which achieved peripheral inhibition of
pralactin-{nduced milk secretion, and it was suggested that this mechaniam
may act to reduce milk secreticn in late lactation and thereby facilitate

‘the weaning process. Although thia mechanism (perhaps in conjunction
with the ceasation of maternai pheromone release - gee cgruer
discussion) may act to reduce contact \a'nd dependency of the young on
the mo:he; arourd the end-of H;e"third_week of lactation, it is unlikely

“that it le {avolved (n the earl}er deéune of nuraing as there was no
evidence of guch .perlphernl li\hlbi:lon of milk secretion at Day 14 of
lactation,

In conclusion of ihu discuassian of the possibile liormongl contral
.of maternal behaviour 'll:, lhquld be poln:ed‘ou't that, In ;ddxilon to ite

effects on prplncdn releu&. the. suckling stimulus may alsc result
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1n the release of GH, TSH, ACTH, and MSH (reviewed by Nicoll, 1971;
aeé also Cowie and Tindall, 1971) and the poséibiﬁ:y remalns that
changes in the quantitative properties of the suckling stimulus through
lactation, with perhaps the developmeng of agsociative learning responses
to exteroceptive stimull similar to those which have been desdribed
for prolactin release, produce changes in the secretory .pattern of
these hormones during lactation which may result {n a modulation of
maternal behaviour, | o - | |

(iv) The fourth possibility will now be considered, that maternal
presence has a functionai significance addlitional to that of nursing. It
-haa been es-:abushed that nursing is not the singular purpose of the
rno:he;j. being in the nest; in addltion to providing nourlshment for her
pups, th; mother also é:rqo‘ms .ﬁhem. facllitacc; the development of
eliminat.lon reflexes, aftd provides protection from predators (Wiesner
and Sheard, 1933; Rosenblatt and Lehrman, 1963; Rosenblatt, 1965).
In add{tion to this general caretqking role, the mother also serves the
o:hcr lmportant function of malntailning the temperature of ihe pups
within the necessarg limits for .survival..

The a'billry to regulate body-tempéx:aﬁurc-at birth depends upon the
. propertion of body-fat (Themas, 1911; clted in Blaxter, 1961).. Compared .
with other newborn mammals, the rat has a relatively low proportion |
of body-fat amounu/:lg to alittle over 1% (Widdowson,: 1950). The subse-

quent deposition of fat (nsulates againat heat<loss, and this together with the
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development of the epidermis, fur-covering, and vasomotor mechanisms,
permits homolothermla to be achleved. Al:houéh it 18 frequently stated
that the rat is polkilothermic at birth, séveral sfudles have demonstrated
an active metabolic response to a char\ige In ambient temperature (Gellneo }
. and Gelineo, '1951: Taylor, 1960; Poczopko, 196)); :;the response is very
weak at birth, improves following suckli_ng. and progresses rapld}&
- from 6 hr. onwards (Taylor, 1960). Poczopko (1961)'$bserved that the
body -temperature (almost idf:nucal to skln-tcmperar_ufe) of a 1-day old
pup {ollowed a rise or fall in ambient :cfnperaturo and, after equillbrium
" was established at. any tcfnp'crature in tﬁe range 20°- 30° C. pup
' temperature was always above amblent, Prior to 4 days of age,
temperature changes’in the range 25° - 35° C did noc produce any visible
changes [n the consrricrlon or dllation of blood vessels In the akin:

vasomotor mechanlams for the conservationand dissipation of heat
subsequently developed between 420 days. In the basis of thege
observations, it was suggeé:cd that the ﬁcona:al Pup be classitied és
- "heterothermic” in that. its body<temperature at normal activity was -

 §reater than amblent but lower than that of the adult. The term “ecto
thermic" (see Young, 1962) ls also appropriate in that the pup depends
largely upon an external source to maintain body <temperature wi:h_ln
reasonable limits.

Homolonzhermla develops gx-adually and :hcrc is gcneral agreement

that lr is at:aincd someume In the third week (Hahn. Krecek, and Kreckova,

e
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1956; Adolf, 1957; Taylor, 1960; Poczopkd, 1561; Okon, 1971; Noirot,
1972). The data of Bac;:lqo (1935) show thgé aiblno racél_ select a tempera-
ture of about 30° Con Day 2 and subscduentl_y select lower temperatuéeé.
Gustaffson (1948) p_laced pups on a thermogradleﬁc (20° - -4S° C) to’
determine temperature pref_ere‘nce; at ages 0, S, 11, and 17 days the
values were 37°, 35°, 33°, and 28° C respectively, On the basis of
obserQatlons on oxygen congumption at various temperatures, ‘Taylor
(1960) concluded that there was a shift in neutral zone (tempcraturq nﬂﬁgg _ /
in which there l8 no change tn oxygen consumption rate) with age. In’
the tirst slxdayéof life It was estimated to be In the range 3gtag® G
and was slightly }ower with a wider range of va;iablllty &t three weeka.
Thia is coﬁtrastéd with Poczopko's (1961) “quaai-normal" development
of pup temperature, which appeara to have been baaca upon the body-
téhperat’ure attalned after 40 'min, at a room‘:emperqture of 26° C.
 These were 20°, 30°, 81°, 33° and 35°C at ages 1, 4, 8, 12, and 16
days respectively. Whue Taqur's measure serves to Indlcate the
temperature range, at a par'ilcular age, In which the pup ls probably‘
pest-s_u&:cd In terma of metabolic homeoat‘aéla. that of Poczopko (see also
Okon, 1971)\ahows the devélopmenc of the pup's ability to cons/cu;_ve heat
' agal-nst a q:a:;dard gradient, and hencg reflects the development of
homotothermia. B | s
Various c_*s:fmates of.the ’nes:-temperature. with the mo:_iier present, <

b

have been made. According to Gellneo and Gelineo (1951) and Allin

ot
- -
pd

- . ‘ ' ~
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and -Banks (1971) it is about 35 C, whereas Moltz (1971) states that

the mother must-maincain the nest at approximately 100°F (38°C).

“Taylor (1960) estimated nest-temperature at 32° C but did not indicate

whether the mother was present or not. K the estimate of 35° Cis

accepced wh:ch lies about rmd-way in the range of neurtral zone, and

room :ernperarure is :aken to be about, 22 - 24 C there will be a

gradienc of approximately 12 C when the mother is absent from’the nest,
Gelineo and Geljneo (1952) reported.\th;t the core temperature of

a 2-day old rart fell llo C ovér 30 min. of maternal absence, and the

data of I:ﬁ.ltchings (1963) shows that the rectal temperature of 1'-2 day

old pups, _placéd on wood shavings at 2_3° C, dropped from 35° Cto 27°C

in 20 min. These estimates appear to be a lirtle -highef than would be

expected on the basis of ex:rapolauon from Poczopko's (1961) dara.

The different values olbxained are probably due to the ;ontac:t medium on

which the pup is placed as Hutchmgs (1963) observed that at 23 C

pup temperature dropped from 35 C to 30 Cin 7 min. on wood shavings

but took-only 3 min. to drop by the sarne amount in a metal can at 23°C.

Ar 12 days of age, when heat conservation mechanisms are fairly well

developed, significant increases in pup temp'eratureroccurred with nursing,

and in other litters exposed to prolonged maternal abseﬁ:eeism body -

temperature fell in séveral cases to less than 33°C and as low as 31°C

(Hofer and Grabie, 1971). Others have reported a decline in pup tempera~

ture associated with maternal absence (Mclver, Jeffrey, Stevenson, and
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Nielson, 1963).

Alr.hoi.xgh these studies clearly demonstrate ghe ther moregulatory
role bf the mother, the dara tend to exaggerate the temperature loss
that pups will sﬁffer under normal conditions. As Small (1899) observed
in his classic observations on development of the rat, when the mother
is away from the n&st the pups demoristrated their imperative need for
warrnzh"by huddling together in a heap. "Hutchings (1968) points out that
the intact lffter may be considered as a biolog}cal aggregate which -
effectively reduces the ratio of surface area to body-volume and therefore
minimises heat loss during maternal absence from the nest. The amount |
of heat loss that will be mcurred at a given age will depend-not only on
the durauon of the rnOther s absence but also on the characrensucs of
the nest and the number of pups in the Jjtter. When the litter‘ is small,
the effective reduction éf surface area to body-volume is less than for
a large litter and heat conservation is therefore less efficient. I is
worthy of note that females rearing small litters maintain more complete
covering of the young with nest material than do females rearing large

“litcters (Draper, 1968; see aiéo Barnett and Mount, 1967). ‘Thus, although
the litter will suffer some loss of héaz when the mother is awé,y from
the nest, it would not be as grear as that occurring under conditions of
individual isolation. Oth‘er observations also involve the mother in a
thermoregulatory role: 'several reports have demonstrared that the

mother strives to regulate the temperature of the nest by selecting
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a sujtable thermal location (Kinder, 1927: Scurman-Hulbe and Stone,

1929; Gelineo and Gelineo, 1951); the quality of the nest is determined by
ambient tsmperazure (Kfnde'r, 1927; hGeIineo and Gelineo, 1951); and sur-
gical interference with maternal temperature regulation (see Rosenblatt

: and Lehrman, 1963) changes nesr-buildlng behaviour.

It may be asked yvhe_u the conses;uences are for the pups of these
pericdic losses of temperature associated with maternal absenteeism.
Schaeffer (1968) and Hutchings (1968) have suggested that even small
excursions in the body-temperature of l:he pup may critically affect the
many metabolic and enzymatic processes that are tempera:ure-dependen:,
ard therefore may exert a profound influence on development Gelineo
and Gellneo (1951) demonstrared :ha: the developrneut of homoiothermia
is determined by ambient temperature during the first two weeks of
postnaral development. The suggestion by Schaeffer (1963) and others
that temperature changes in early life may mediate the effects ofga;ly
handling will be dlscussed in more detail later.

It_gppsars from the studies reviewed this far that the presence

of the mother in the nest-serves a critical funcrion in addition to that
| of providing nourishment. That the decline in nest-time appears to
reciprocate the development of thermal regulation by the litter suggests
thar temperature regulation may be directly involved in the modulaﬁfon
of maternal behaviour. However, the effective operation of such a

system would require some mechanism by which the mother is made
' s
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aware of, and responsive to, the temperature state of her litter. Two
such mechanisms will now be discussed, one coming from the pups

- and the ocﬁef from the mother, which together may be involved .in the
acu:e\énd overall regulation of nursigg rime.

It has recently been demonstrated, that under conditions of thermal
ard tactile éress, neonatal pups emit ultrasonic calls (review by Noirot,
1972) which are capable of eliciting maternal searching and retrieval
behaviour (Sewell, 1970; Allin and Banks, 1972). Generally, the functional
value of this communication system has be_en interpreted in terms of its
survival value for the individuél pup who becomes isole;ted from the
nest, and the design of experiments has been directed accordingly.
Typicaily, ‘a pup is taken from the nest, placed in isolation at a parti-
cular temperature under specified conditions, a-nd the parameters of
acoustic emissions measured. This procedure, although sometimes
confounding thermal, tactile, and -per.haps other stirnuli_ (see Noirot,
1972) that induce calling, does reasonably examine the isolation condil:ion,
and there appears to be little doubt that the system of communication
between pup énd mother serves the important function of protecting the
pup froxp the deleterious consequences of prolonged i.sola:ion.

Litrtle emphasis has been placed uf.ion the ability of the pups to
modulate maternal behaviour under normal conditions, i.e., by calling
the mother to the intact nest to alleviate hunger or thermal distress

although this funcrion may have been implicitly - assumed in many
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- of the studies that have been concerned with the phenomen_or;. _Indeed, it
seems unlikely that such a mechanism stiould have evolved solely for

the purpose of minimising the isolation of individuals, especially as

in the 'natural habitar the nest is of a more compact and protective design
- (see Calhoun, 1962) in which the frequency of occurrence of isolation
would probably be minimal. Logically, it would appear-that such a system
might play a more fundarnental and ongoing role thén has hitherto beer;
suggested. Allin and Banks (1971) suggeSted. that the return of the mother
to the nest might ameliorate pup distress but no explicit formulation

of the conditions under which this might occur was made, and again the:
impression is conyeye;q that diétress calls only modulate maternal
behaviour u;d:e; éonditions of extremis. Thus, it is not pregencly known
if, aftg:r some threshold of l:empe;ratm:e loss hés been exceeded following
maternal absenteeism, the pups might emit distress calls in unison,
which would be of sufficient intensity to bring the mother to the nest.
Changes in the intensity and rate of calling occur with advancing age

and therefore with thé development of homo-ipcherm-ia' (Okon, 1971) which
indicates that, as homoiothermia develops, the time taken to reach this
critical threshold for emission would ihcrease, and the interval betwez;n
successive nursing periods should therefore decrease. The data from
the present study show an increase in the relative frequency of longer

between-nursing intervals as lactation proceeds.

This hypothesis could be investigated by determining the characteristics
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of sourd emissions from the intact licter, at the same time monitoring
lirter temperature and maternal behaviour. It may be that such acoustic
signals from the litter do noc-alwéys induce the return of the mother to
the nest, learned components of the mother’s behaviour may come to play
an increasing role through the course of lact;tr.ion. The mechanism may
only ‘operate ar earlier stages, and perhaps only when the duration of
maternal absence exceeds some li'rnit. Further, the type of &arousing
stimulus (thermal, tactile, hunger, humidity) that causes the pup to emit
sounds may assume differential importance at different stages of develop-
ment (see Bell, 1974). Also, the possibility should not be excluded that,
in the early stages of lactation when the pups emit calls reflexively in
response to physiological distress, they come to recognise the temporal
contiguity between this behaviour and the mother’s attendance. In the
later stages of development, when the pups become less vulnerable to
the vicissitudes of the environment, the sounds may be emirtted in r;m
operant fashi;n to obtain maternal reinforcement. Some evidence exists
that infant rats are capable of ‘such simple associative learning (Goldman
and Tobach, 1967).

Before closing this discussion on the possible mechanisms that
may modulate the course of maternal behaviour, some final comments
will be made on the moment-to-moment éontrol of nursing, i.e., wha:/

specifically brings the mother to the nest, and what is responsible for

the termination of a nursing period..
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" As far as the infriation of nursing is concerned, one possibility
has already been mentioned, that the pups may call the mother to the *

nest and once the mother is within ébntact-fa‘nge, thermotaxis and nipple-

seeking occur, and nursing is initiated, Another is that so'.me thresh'old

3

~of engorgement is reached following the progressive filling of the mammary
glands during the time when-che rnocher is not nursing, and the mother-

goes to the litter to relieve this distension, as Cross (1952) and Findlay

and Tallal (1971) have suggested for the rabbit, and others (see Lehrman,
1961) for other species. Inthe rar, several studies indicate that nursjng
behaviour has no dependency on mammary gland dLStension or milk
secretion (see Munn, 1950; Lehrman, 1961) although others have sugges:ed
~ that the condition of the mammary glands may be involved in the initiation.
and maintenance of the nursing-suckling felationship (Rose;nblatc and
Lehrman, 1963). However, if this were the sole motivation to nurse

" one would expect that with the increases in milk yield through the period

of lactation, engorgement would oceur more.rapidly at later stages and

the frequenc;,r of nursing should increase. The findings from the present
study show rather that the &équency of nest-periods shows a slight

decline through lactation, althoﬁgh-, as was previously mentioned, actual
nursing may not have oécurred in all the periods that were included in .
the analysis. Als_o against the "mammary gland condition” theory of
nursing rnou;‘anon are the findings that totally mammectomised (Moltz,

Geller, and Levin, 1967) or thelectomised mothers (Moltz, Geller, and
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Levin, 1967; Molrr, Levin, and- L'eon, 196%) behave maternally.
Newton and Newton (1967) and Findlay (1971) have suggested a
parallel between nursing and coicus in that, for the repeated occurrence -
"of both ?hey must be a pleasurable experience. Thus, the mother might
- vi_cariouslyopresen: herself co_tpe Iittei\a: regular intervals in order to
enjoy the stimulation of suckling. If this is the case for the rat, the
‘ apparent decrease in visu:s to the nest, and increases in the inter- nursing
interval would togecher suggest that some progressive satiation of this
desire sets in through lactation. This is uhlikely, as if a mother is
preser_aced with a 1-day ol_d litter on 'her 10th day of lactation, ‘,she,spends
an afnounr of time with the Iitter’chac is appropriate to the age of the

litcer and not to the stage of her lactation (Grota, 1973).

Neither is there-any clear consensus on the underlying mechanism

controlling the termination of nursing. It may be, as some have suggested,

that prolonged suckling is uncomfortable for the mother and she leaves
the nest for this reason. Seitz (1958) suggestec-I that the mother could
"fatigue™ of nursing. Findlay and Tallal (1971) have extended the analogy
betweeh nursing and coitus to suggest that the end of a nursing period
may. be associated with some event akin to orgasm, but again, if this
suggestion holds any generality there is the problem of interpreting

the changes in orgasmic behaviour that presumably .would arise from
being given a younger litter. The answer may be that the reduced v1gour

of the suckhng stimulus from young pups extends the Iarency to orgasm

. -
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) Kumaresan; Anderson, and 'I:urner (1967) have implicated oxytocin
in the regulation of the nursing period, having observed that the adminis-
tration of exogenous 'horrnones increased milk yield but not litter-weight
gain; the regular administration Sf_otytocin; however, did produce
| significant increases in licter-weight, presumably by allowing the pups
to réceive ﬁore of the available milk (Kurnaresan and Turner, 1966).
Thus, under normal conditions, nursing may be termmated when the
supply of endogenous oxytocin becomes exhausted The contingent rela=
tionship between intermittent ME and oxytocin release (Wakerley and
Lincoln, 1971) emphasises an immediate dependency of ME on oxytocin,
and MEs. may cease when the neurosecretory source of the hormone
temporarily expires. This might mean that the mother rerminates the
nursing period if ME has not occurred for some time, or that the mother
somehow becomes "aware" df this deplétion in the oxytocin store and,
anticipating no further MEs, terrﬁinates the nursing .period. Both these
possibilities would suggest a cemp;ral relationship between the last ME
and the end of the nursing period although in the little data pertaining
to this ajpect of nursing in the Wakerley, Hill, and Lincoln (1973)
study, no obvious relationship is apparent. If it were the case that the
availability of oxytocin limited the number of MEs énd chere;by limited
the duration of the nursing period, then as the duration 6f the ;mrsing

periad decreases through the course of lactation (Grota and Ader, 1969;

present study), the availability of oxytocin, and the number of MEs in a
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given nursing period, should also decrease (se_e page 263) Further, the
. administration of exogenous oxytocin should extend the duration of the
nursing period as Kumaresan, ‘Anderson, and Turner (1967) have sdggeszed;
unfortunately this measure was not employed 1n the study in which
oxytocin was givenr(Kun.‘.aresan and' Turner, 1966). |
“The suggestion that oxytocin is limiting to the duration of the

nursing period, and he'nce that the availability of oxytocin decreaées through
- lactation, is difficult to reconcile with the observation thaé mothers at |
Day 10 of lactation, when given a 1-day'old lirter; will spend an amount

of time with the litter that is appropriafe to the age of the litter (Grota,
1973). This _would require that the progressive decline in oxytocin
av.ailabilit‘y :I_n-ough to Day 10 was swiftly reversed o accornmoda_te

the ;narked extension of nursing that occurs under these circumstances.
* This suggests, in effect, that ocytocin is r;ot so directly involved in
~. the regulation of the length of the nursing‘ period, although the findings
of Kumaresan and Turner f1966) still require an explanation. Perhaps \
when éxtra milk is available following exogenous hormone administra- ,
tibn, the attendant mammary engorgement in conjunction with the exogenous
oxytocin resulté in a shortening of the latency to first ME, and an increase
in the subsequent frequency of MEs within a particular time (cf. Wakerley,
Hill, and Lincoln, 1/973), and the amount of milk released at ME may

also be increased._ Such changes would obviate the need for an explana-

tion on the basis of an increase in the duration of nursing.
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One ochér possibility that has been considered in the course of :he.
present studies is that the control of temperéture, this tl_rﬁe on the
maternal side, is involved. On numerous occasions it was observed
‘mar.,‘ upon leaving the nest, the mother would roll onto her side ‘énd back
to expose the nlpple-'line on the ventral surface. This behaviour is
rarely seen in the non*pregnant rat, and it appeared that the lactating -
rat was attempting to achieve more rapid cooling of the ventrum than
would.-otherwise occur in the riormal laying position in which the ventral
surface abutts on the floor of cfle cage. This view was strengthéned
by the observation that the frequency of.ass;xrning' this position increased
at higher ambient temperatures. In addition, it was observed that upon
leaving the nest the mother would also commence grooming, particularly
of the ventral surface. Several studies have f'ocused on this 's::elf-licking |
behaviour of the pregnant (Rosenblatt and Lehrman, 1963; Roth and
Rosenblatt, 1967; Roth and Rosenblart, 1968; Steinberg and Bindra,

1962) and lactatir_ig rat (Christophersen and Wag.maﬁ',"_;1965). The pre- N
vention of self-licking’through pregnancy by the use of a neck-collar was -
found to resv;x'lt in 2 30% reduction in mammary development, and it was
concluded that the self-stimulation of nipple-line Hcking was involved l

in mammary gland development (Roth and Rosenblan:, 1968). Christo-
phersen and Wagman f1965) found reduced growth rate in litters reared

by mothers who had worn collars during pregnancy, which presumably

was a reflection of the inhibition of mammary development.
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The demonstré.tioné, however, that ché saliva-spreading which
accompanies groorning is an impo;tant mechanism by which rats may
reduce heat through evapora_flve cooling (Hainsworth, 1967, 1968;
Hainsworth and Epstein', 1966; Halnswérl:h, Stricker, and ‘Epstein,

1968) suggests an additional function of this groorm;lg behaviour. Rosenblartt
arnd Lehrman (1953) and Roth and Rosenblatt (1_967) found that although
there v(ras Iic.tle ck;ange in the duration of nipple-line grooming between
early and mid-pregnancy, there was a substantial increase in this area
between mid- and late-pregnancy; in the early postpartum pericd the
licking in this area was almost negligible (Rosenblatt ‘and Lehrman,

1963). I is tempting to attribute the course of such directed lickin.g

to the associated changes in surf:;lce areato bodﬂy-v'olume ratio that

occur during this time. The substantial inéreases in body weight during
pregnancy are not cornpen‘sated for by a proportionate increase in body
surface area, and it would be expected that some behavioural

ad justment would accompany the increasing difficulty in témperature
regulation. The typical reduction in activity that occurs as parturition
approaches (Rosenblatt and 'I_e‘hrman, 1963) would reduce the geﬁeration
”of body heat but it is also possible that evaporative cooling res:.;lting

from an increasing amount of grooming would aid further 'in the dissipation
of heat. Thus, the effect of w.earing a collar during pregnancy may be

to inhibit behavioural adjusrmeﬁt to the tendency towards hyperthermia,

and perhaps it is hyperthermia that is responsible for the inhibition

-



286

»

o

\of normal mamrhary gland development. Be“r}sbn and Morrls (1971) found
that mothers exposed dally to 37°C for 7 hours in'the last two weeks of
pregnancy subsequently showed frnpaire_d lactation, reflected in a reduced
growth rate of foster young. | The ir_nmed-iate decline In lickingaln the ~.
early .métgartum period (Rosenblatt and Lehrman, 1963) may‘therefore

be a result of the suddeln i;ncrease in surface area to body-volume ratio

that follows parturition.

- ' -

Perhaps the obvious function of the ventral surface grmﬁlng that
' f.ollows‘ a nursing period is the cleansing of the nipples and the area
around them. Another possibility is that licking, and perhaps saliva
F‘spreading are used ar this time to facllltate dissipation of heat. It would
-’fbé useful, therefore, to consider the Eemperature changes that a mother
undergoes during alnursing peri::d. fx:'r:he interval whén the mother

has been a@ay from the nest the ectothermic pups wiil have lost heat
down the teﬂrnperat'ure gradient from aﬁout 350 C towards room tempera-

ture. When the mother goes onto the nest to nurse, heat will be conducted

. . : l
from the mother to the pups and the.temperature of the pups will begin
to /gise, as hear. is retained in a2 manner differe_nt from the situation
where the mother is lying on a non-biological medium,

As the temperature of the interface between pups and mother
approaches its maximum, this would presumably become uncomfortable

for the mother and cause her to terminate the nursing period. That it

is the mother and not the pups who is responsible for the termination
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of the nursing period is suggested by the observation that pups suckling
ah anaesthetised mother will continue to do so for hours (Wakerley and
Lincolﬁ, 1970) and do‘noc therefore terminate the alliance when satiared.
Further, high terhperacures, which ‘might be associated with prolonged
nursing, do not cause pups to emit distress calls (Allin and Banks,
1971).
~ If the artainment of a éri;ical temperature during nursing is, in
fact, responsib-le for the termination of nursing by the mother, then as
the pups develop homiothermia through the ;firsc Ewo weéks, and as the
litter gains i.n mass, :hé rise time to this critical cut-off temperature

would presumably shorten. On this basis, it would be predicted that

through lactation the average duration of the nursing period would

decrease although no substantial change would be expected in the frequency

of nursing. The findings from the present study provide support for
this view. Also it would be predicted th_a:, as the ambient temperature

increased, the critical temperature would be reached in a shorter time

- and the duration of nursing should therefore dec:reése. Such a relation-

ship has been observed in the course of the present investigarions.
Although the laboratory in which the present study was corﬂuéted was
thermostatically-regulated, ﬂuczua:iops in room temperamré of as much
as 8°F have been recorded, and ar the upper limit of variability (about
78°F) a higher proportion of mothers were:"‘c_abserved to be our of the

nest than ar the more usuil room temperature (72° F). Ik will be
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recaliéd too, that in Experirﬁenz Va in which there was no control of
room temperature, an inverse r_ela:iqnship was found £>etween ambient
temperature and the amount of time spent nursing.

The hypothesis of temperature control of nursing may also be
used to explain other observations. For éxaﬁiple, the characreristic
difference in nursing time between the light cycle and the dark cyc;:le
(Grota and Ader, 1969; present study) cannot be explained simply on
the basis of the fact that the rat is nocturnal and therefore more active
at night so that she spends more time away from the nest enga{éed in
other activities; the data from the present study show that the mean
nursing frequency over Days 2-14 is virtually identical between dark and
light cycles within both the heavy and light grdups. Thus, the pattern
of nui-sing behaviour is the same bu,ﬁ the durarion of 'nur'sing periods i§
less. The shorter nursing period may be explained on the basis that ar

night the bajy-temberatu:é is higher than during the day, and therefore

AL R il el &Y e, fa e L e T L

the rise-time to the critical temperature would be less.
Further, the findings thar mother rats spend more time with a

small litter than with a large litter (Seitz, 1954; Grota and Ader, 1969:

s ',".4..4-!-*“” o

Grota, 1973) may be due to a combination of two factors assuming that
the qualitative features of the nest, in both cases, are comparable (as
they are in continuous recording systems): (a) the area of interface between

litter and mother, .and (b) amount of heat lost by the litter Xin the between-

nursing interval. Thus, in the case of the large littér, (a) would be
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greater and the temperature would rise fnore quickly when the mother is
on the nest, and (b) would be less as an increase in the number of pups
reduces the ;urfa_ce area to body-volume ratio. Therefore, the tempera-
ture of the pups would drop less when the ﬁother is off the nest, and
when the mother goes onto the nest the higher.; starting remperature,
coupled with the greater area of interface, would act to reduce the time

taken to reach the cut-off point. For the small licter, (a) would be-

smalle;_ and (b) would be greater and the duration of hursing would

therefore increase.
| The other finding that was previously mentianed which has préwed .
difficult for other theories on the regulation of nursing, i.e., that |
a lactating mother of 10 dayg, if given a litter of 1-day age, “‘ﬁrﬂl'spem
an amount of tirn; with the litter thar is appropriate to the litter's
age and not to her stage of lactation {(Grota, 1973; sée also Hofer and
Wiener, 1971) can also be explained by the present hypothesis. The
-arnount of time the mother spends with the litter is determined by the
stage of homoiother mic development of the litter and its mass, both |
 of which determine the rise-time to threshold and therefore the duration
“ of the nufsing period.

. Although the present temperature hypothesis is consistent with
the variou; observarions that have been made on lactating rats, and
. appeax.-s to fit the dara of the present study and those that have been

reviewed here, it would not be tenable unless it could also be demonstrarted
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thar (i) the rat is sensitive to these labile changes in peripheral tempera-
ture, i.e., of the skin surface, and (ii) tﬁat behavioural adjustments
are made to amelijorate a condition of thermal discomfort. Recent work
in the field of behavioural thermregula:ion suggests that both condi-
tions may be adequately met. |

Weiss' and Laties (1961) observed, using an -operant pai-adigrn,
that réts in the cold would lever-press to obxain heat. That core-
temperature changed too slowlyl to mediate such reinforcement suggested
that the behavioural adjustment was being made on the basis of peripheral
changes in temperaturgé. Using a thermocouple recording device,
implanted under the dorsal skin, it was found tha; the rats employed
the operant to maintain a constant peripheral (subcutaneous) temperature.
Lipton, Avéry, and Marotto (1970) subsequently demonstrated thét,
in an oper\ant situation w_here lever-pressing could be used t;a escape
heat of varying intensities, rats‘maintained skin-temperature within a
very narrow band. At room-temperature, the skin-temperatures
associated with response iniﬁation and termination were, at their
extremes, no more than 2°¢c apart, and at the two lowest heat intensity
levels (1amps of 100W and 150W) were within 1° C of each other. Several
other studies have shown a similar behavioural adjustment to ther mal
stress under a variety of conditions (Lipton and Marortto, 1969;
Epstein and Milestone, 1968; Hardy and Murgatroyd, 1968). Thus, it

appears that the rat is able to discriminate relatively small excursions
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in peripheral temperature and use léarned behaviour to acl'jﬁeve thermo- -
regulation within fairly narrow limits. As the temperature range from
the time the mother goes on the nest until the time she gets off is pro-
bably in the order of several centigrade degrees, it would be very
unlikely if some temperature control were not effected. A schematic
summary of this temperature control mechanism is shown in Figure 35.
It should be stated in conclusion that such a mechanism is entirely
untested as yet, and is hypothesised here to fit the present data and
incorporate the observations. of others; however, it would appear to be
a profitable and interesting line for further“investigazion. |

To summarise this discussion on possibility (_i\_()_thaz maternal
beha\(iour is modulated bv factors in addition to those that are associated
with nourishment of the litter: the evidence is conclusive that the mother
is responsible for controlling the temperature of the litter over the
. first 2-3 weeks, and this function is as important as that of providing'
nourishment for the growing litter. Acoustic signals from the litter
may serve, not only to protect against individual isolation, but also
to bring the mother to the nest and "initiate a nursing pericd. Although_
temperature-loss appears to be the principal stimulus for the initiation
of these distréss calls, other physiological and perhaps learned stimuli,
~may assume differential importance through the eariy developmental
period. Once the hursing period is under way, the température of the

licter will begin to rise and may reach a level at which the mother begins

-
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to experience discomfort. She may then disengage herself from the
litter to protect against hyperthermia. As the pups develop homoio—
thermic control, and as the l_i:t.er increases in ‘mass, the rise-time to
this cut-off temperature would be expe;:ged to shorten. Increases in L
maternal body-weight in the first half}of lactation will increase the
vulnerability of the mother to hyperthermia and therefore should
augment the decrease in rise-time. 1 The overall effect of this thermal
interaction may be responsible for the decline in the duration of nursing-
periods and the.decline in rotal nursing time that has been reported
here and elsewhere. Althc:;ugh xzur'sing data was not obtaiﬁed in the
present study bevond the second wéek, it fouowé from these observa-
tions that the decline in maternal body-weight in the second half of -
-lactation should decrease the mother's tendency towards hyperthermia
while nursing, and this, together with a postural change to nursing
from a lateral position, should allow sufficient time to maintain a
reasonable level of nursing until the time of weaning.
The preceding discussion has been concerned with the possible

role of four major sets of variables in the modulation of maternal

llncreases in prolactin levels in the postpartum period (Amenori,
Chen, and Meites, 1970) may reduce susceptibility to thermal stress;
Thoman, Wetzel, and Levine (1968) found that Nembutal anaesthesia,
which depresses body-temperature in the non-pregnant rat, did not
achieve this effect in lactating rats. Other hormones may also be
involved in dampening the effects of acute temperature fluctuations
(see Verniko-Danellis, 1972).
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behaviour. Although certain biases may be apparent in the discussion
(at least in terms of completeness) the intention has not been to suggest
thar only one of the four is responsible for the pattern of maternal beha-
viour thét has been described here and in other continuous recording
studies. The temperature hypothesis has been reviewed in some detail
because it accommodates most of the obsefvations and findings on
rﬁarefnal behaviour and also because it has not previously been formu-
lated. I is very likely that more’ than one, possibly all four, and perhaps
other mechanisms are involved in a complex temporally-interrelated
fashion, but without further work a dominant role rnay not yet be ascribed
Lo any one, or cornbmanon of, the variables Ehat have been discussed.
Besides appraising some of the many factors that may be involved in
the modularion of maternal behaviouz;, the other purpose of the present
discussion has been to provide a background against which the findings
of the present study, and those of the study which follows, might be
interpreted. ’I‘he-final part of the present discussion ischerefore con-
cerqed with the differences in nursing behaviour between heavy and light
mothers, and the apparent consequences of these different nursing regimes
on the development and adult behaviour of their foster litters.

Nursing Behaviour:--The nursing data show that heavy mothers

spend less time with their litters than do light mothers. Although a
slight difference in frequency of nest-periods is apparent between the

two groups, the lower nest-time in the heavy group is achieved also by
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a decrease in the durarion of nursing periods. Two explanations may
be suggested for these differences. |

The first relates to the possibility of structural and functional
differences in the mammary glands of the two groups of mothers. As
was indicated earlier, the differences in body-weight between the two
groups at the time of breeding were probably due chiefly to differences
in age. As it has been demonstrated thaz the rnan:lrnary glands undergo
a phase of allometric growth from the prepubertal stage to at least
100 days (Sinha and Tucker, 1966; see also Schmidr, 1970; Cowie and
Tindal, 1971) it follows that the heavier and older rars would have had
more mammary tissue at the start of pregnancy than the lighter, younger
rars.- As the amount of tissue growth during pregnancy and lactation is
a function of the arnoun:. pres::nt at the start of pregnancy (see S_chmidt,
1970) it foilows too that the heavy mothers would have more mammary
tissue -by. parturition, and perhaps through lactation have a higher level
of functional activity compared with the light mothers. In support of the
above, Pritchard and Tucker (1970) found that, in three. groups of
rats bred at different ages (44, 63, and 82 days) mammary gland develop-
ment by the time of barturizion, as measured by DNA content, was
greater in the older rats. Also, Moon, Griffith and Turner (1959)
found that maternal bod};-weig,hr was higﬁly correlated with dry weight
of fat-free mammary tissue, and Hanwell and Linze_ll (1972) report that

mammary gland weight is a constant proportion of body-weight for rats
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iﬁ full lacta:ion. |

It might be argued :ﬁerefbrg thar enhanced structural and functional
mammary gland development in the heavy group of mothers was respon-
sible for éhe shorter duration of the nursing period, perhaps by allowing
a.greater ‘!amounc of milk to pass to the pups in a given_j time. Thus,

when the pups had received a sufficienf volume of milk the nursing period

‘was terminated. However, such an explanation would require that pup

satiety was involved in the regulation of the length of the nursing pericd,

\'— - -
and other evidence suggest that this is not so. Pups put to an anaesthe-

tised rn;ather will coantinue to suc;lde for hours (Wakerley and Lincoln,
1970). It may indeed by the case that the heavy mother passes a greater
amount of milk to her f)ups id a given time, but there is no evidence to
suggest that the duration of nursing is con.trolled di rectly by the amount
of milk thar has passed from mother to pup. In fact, if the heavy mothers
did produce more milk it might even be expected that the nursing period
would havé been‘prolonged.

Another possibility to consider is that the increases in mammary

gland development by parturition, that are presumed to have occurred in

- the heavy group, may not have been retained in the postpartum period.

Pritchard and Tucker (1970) assayed their three groups of mothers on

the 16th day of lactation and found no significam differences in mamimary

gland DNA content at this stége- Neither were there any significant

differences in litcer-weight gain between Days 3-16 although the data, as

T
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for mammary glam DNA, show a trend towards higher values in the
~ older group of mochérs. To summarise: the evidence from other studi';esf
suggests that the heavier and older mothers would have e%f{oyed a greater
degree of rnammary development by parturition, although if this advan:agé_
were retained in the postpartum period it would be unlikely that a con-
co:m‘;ani’. increase in milk production would have acted to reduce the
duration of the nursing period.

The second explanation involves the temperé:ure control mechanism
discussed earlier. The greater h'ody-ﬁreigh: of the heavy mothers would
result in a decrease in the ratio of surface area to body-volume, and
therefore heat-dissipation would be less efficient in thes;e mothers,
The increased mass of these mothers may have also resulted in 2 more
effective interface berween the ventral surface of the mother and the
litter especially in the nest-boxes used in this study. Béth these factors
would act to reduce the rise~time to the cut-off level at which maternal
hyperthermia is threatened an& would therefore shorten the durarijon
of the nursing period. The slight'iﬁcreases in body-weight of the heavy- |
reared pups over the light-reared pups would act to further reduce the
duration of nursing. The results of Experiment Va and Vb in which a
similar relations;hip was indicated between maternal body-weight and
nursing time in the normal nesf, indicate that the findings of

“the preseht study are not simply an artifact of the nest-box design.



297

Observations on Development

(a) Morphological Development:--The significant increases in
body-weight of the heavy-reared litters ‘over the light-reared litters may
have been due to a higher production of milk by the heavy mother although
Grosvenor and Turner (1959) reporf that litter-growth is not affected by
incréases in rﬂilk-supply up to a point. While it may seem incongruous
that litters who spent less time with their moﬁhers gained more weight,
it is clear thart there is little overall relationship between nest-time
and weight gain. Despite a substantial decline in nest-time through the
first two weeks of lactation litters maintain a steady growth-rate. The
presumed increase in milk-production in the heavy mothers would be
expected to increase the degree of mammary engorgement between nest-
ing periods, and this, in turn, may change the latency to fi_rst ME, the
amount of milk released at ME, and the frequency of MEs (Wakerley,
I-;ill, and Lincoln, 1973).‘ Thus, the heavy mother may be capable of
passing a greater amount of milk to her litter in a shorter time.

Although the weight gain of the litter is frequently used as an
index of lactational performance of the mother (see Kon and Cowie,
1961), Kumaresa‘zrn. Anderson, and Tucker (1967) and others have
questioned this assumption. The enhanced growth rat; of heavy-reared
pups may not therefore be a simple manifestation of superior lactation
by the heavy mother. Tactile and thermal stimﬁli may also be involved

in the regulation of growth as Sayler and Salmon (1969) have suggested,
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and the different nﬁrsing regimes of heavy and light mothers might
certainly be associated with an altered thermél and tac:;.ile stimulus

input to the litter. The shorter nursing period of the heavy mother would
produce an altered pattern of temperature change in the litter both during
the nursing period -and in the time when the mother is absent from the
nest. An altered pattern of tactile stimulation both from litter-mates
and from the mother may result and might be augmented by the differ-
ences in nursing frequency between the groups. Such a conclusion is
suppbrted by the findings of a study by Hofer aﬁd Grabie (1971) in which
it was demonstratéd that speci fic changes in pup activity, and hence the
amouht of between-puptactile stimulation, occurred in conjunttion with
different phases of the nursing cycle.

The apparent relationship described here between the prenartal :
postnatal litter-size ratio and pup weight-gain adds support to the proposal
above that prenatally-established differences in mammary development
-are preserved, with functional consequences, in the postpartum period.
Although this is the first indication ir; the rat that prenatal mammary
gland development may.be regulated by the size of the litter that the
mother is carrying, the p_henomfenon has previously been considered by
oﬁhers (see Blaxter, 1961) and has been demoz_ustrated in mice (Bateman,
1954; Maéhin and Page, 1973). The present r'esults, although based on a
limited ﬁumber of observations, also suggest an interaction of this effect

with maternal body-weight. The effect of maternal body-weight upon
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litter -weight gain appears to be mitigated by increases in the litter-
s'ize‘rar.io. The interaction could be explained simply on the basis of
structural and funcr.ional diﬁereﬁces in the mammary glands, or may
instead be due to a more complex interaction between mammary gland
differences associated with the litter-size ratio and the different stimulus
input arising from the nursing regime that is associated with maternal
body-weight. These preliminary findings warrant further investigarion
as such factors may be an important source of influence in early growth
and development.

No significant differences were found in the other parameters of
physical Hevelopmenr that were investigatéd. |

(b) Reflex development:--The emergence of the two reflexes

studied, particularly that of the startle reflex, showed surprisingly
lictle variability compared with the results of other St;.ldieS' (cf. Ray and
Hochhauser, 1969; Schapiro, 1971). This may be due to the precise
dating of pup age, the balanced sex-ratio amd litter-size, and the uniform-
icy of rearing conditions in the present study. N:evertheless,‘ significant
differences between the two gfoups were detected which could be attri-
buted to the influence of the foster ‘mother.

Alrhough the litters reared by light mothers cannot in any way
be considered as "starved, " the differences in body-weight indicate
that they may have been on a slightly lower plane of nutrition than the

heavy-re:aifédlpups. In this sense, the fiMiné of a slightly delayed



appearance of reflexes associated with slightly lower weight-gain, may
be a subtle manifestation of the relatienship that has previously been . —
des_cribed between early undernutrition and reﬂe;\; development (Eeyrs
-and Lishman, 1955; Simonson, Sherwin, Anilane, Yu, and Chow, 1969;
. Smart and Dobbing, 1971).

The finding that reﬂex development was advanced in the females
of both groups is mteresnng in view of the prevailing assumption that
no such differences exist (see Eayrs, 1951). The detection of sex-
differences ir; l:he. present study may, again, be due to the unusually
constant reariﬁg conditio:;s and the balanced sex ratie. In the study
by Earys (1951) which was conducted ‘under’ normal laboratofy conditions,
with apparently no cu‘lling or standardisation of the sex-ratio, it was
reported that male pups scored higher than femalee in the free-fall
righting reflex at 15 days of age, and also showed a’r; earlier appearance
of the placing reflex. No sex differences were found for the startle
reflex or for negative geotaxis (see also Cregory, 1970). In a recent
study (Slob, Snow, and de Netris-Machot, 1973) untreated males showed
a slightly earlier appearazice of the starrle, and free-fall righting
reflexes compared with untreated fernales although the difference was
not statistically evaluared.

It is possible, of course, that the stabilised rearing conditions of
. the present study may have Suppressed, Or even reversed, sex-differences

that would be present in the natural rearing conditions. A more

i
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parsin";onious explanation is that the rigid control of postnatal litter and
nest parameters thar was achieved in the present study optimised the
likelihood of detecting these small differences between the sexes. The
failure to detect such differences in other studies thar have e;amined the
early ontogeny of reﬁex development un;:Ier various experimental condirions
is probably not a serious one, as nor mally it would be expected thar

the distriburion of sexes between varioué groups would be evézr. However, -
the hypothesis that gngrogen secretion differen:iall} favours reflex
dévelopment in the male (Eayrs, 1951) Is difficult to accept in the light

of the present findings and those of Experiment VIIL _

Observations in the Adult Stage

(a) Female assav:-- The complete "catch-up” in female body-

weight at 56 days, coupled with the tendency for brain parameters to be
negauvelv correlated with preweaning growth-rare, appears to be
somewhat paradoxical. For example, in studies that have been concerned
with the experimental manipularion of growth in infancy (e.g., Lar,
\fiddowson, and McCance, 1960) it has usually bgen found thar decremenfs
in early growth usually persist well into adulthood. with females showing
more "catc;h-up" In soft tissue than males (W illiams, Tanner, and

. Hughes, 1974). Early undernutrition has also been demonstrated to

- result in the suppression of brain parameters in adulthood (Winick and
Noble, 1966b; Dobbing and Sands, 1971). | '1

The.results of these studies are not necessarily in conflict with
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the present findings. Although the lig/ht-rea}ed femnales were possibly

less well nourished th:in the heavy-reared females, the [;attern of 'growth‘

and development wés well within the bounds-of "norrnali:.:y. " . In fact,

the tendency towards higher values of brain parameters in the light-

reared group may belie the tacit not}on'of a continuum berween sub-

normal and maximal growth, as well as the idea thart nmximall is some-

i:ow optimal. If r.hé__ structural development of the brain, atrained by

| the adult stage, is taken to reflex tl?;e efficacy of éarly ‘development, the

present data suggest rather thar oprimal may lie somewhere between |

subnarmal and maximal. | -,
The difficulty in describing what is "normal’™ and whaE is "optimal”

has been discussed by others (Dunn, Murphy, and Rockland, 1946; |

Blaxter, 1961). Alrhough the treatment of the problem under condirions

~ thar are far removed from the natural habitat and therefore from the

forces o;f natural selection may have rendered the issue sjomewhac academic,

some recent c;)nsiderarions may at least suggest a-re-eocarn‘inatjon of

the belief that accelerated growth in early life is necessarily beneficial.
Osborne and Mendel (1926) originally suggested that the developmental

process may be disrupted with adverse physiological consequences if

early growth were unduly rapid. Recent evidence suggésts that

relatively mild influences in early development, although pfoducing what

initially appears to be a suppression of growth, actually résult in an

enhancement of the structural development of the brain. It has
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o ﬁequenrly been demonstrated, for example, that animals which are
handled in infancy, or subjected to treatments involving an "enrichment”
of stimﬁ/lus input to the organism, demonstrate changes in adult behaviour
that are commonly considered to be more adaptive orf"intelligent" (see .
reviev;r by Meyers, 1971). |

Alrman, Das, and Anderson (1968) handled rats from Days 2-11
and iﬁjected labelled thymid/i,ne to examine the course of brain cell-
proliferarion in the pos:-hanﬁling period. Whereas at 11 and 14 days
the unhandled animals had heavier brains than the handled animals,
ar 41 and 101 days there were no significant differerces between the
two groups. In a pdot study, using animals derived from two litters,
these same authors found that, for a similar pattern of brain growth,
the rate of cell-proliferation between 11-41 days was substantially higher
in the handled group. It was suggested that the apparent deceleration
of brain maturation in the hapdled group allowed for a delay in the prolifera-
tion and migrarion of nﬁcroneuron;, and that this extension of the period
of structural plasticity of the developing brain could lead to.a more adap-
tive organisation of the brain by environmental influences. Such "improved”
organisarion of the developing brain would account for the superior
‘performa';lce of handled animals in problem-solving tasks.
| With regard to the present findings on the female brain in

adulthood, it appears that the early lowér. growth rate in the ligthreared .

litters had no adverse effects on later body-weight or on structural
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parameters o the brain, rather it appears that some slight advantage
‘ may have been gained.

- (b) Open-field behaviour:--Perhaps the most interesting findings

in the present experiments were the correlative relationships between
male behaviour in the open-field, and the amount of time spent with
the mother in the first two weeks of postnatal life. The inverse
relationship between the two most frequently measured parameters of
| open-field behaviour, activity and defecation, is a commeon finding 'in
open-field studies. 'Activity was posiéively correlated, and ciefecation
negatively correlated, with nest-time. These results are of particular
interest when compared with those of Seitz (1954) who found thar mothers -
rearingl small litters tended to be mdre "marernal” than those rearing
large litters, and that in adulthood ammal>s from small litters were more
active and less emotional than those from large litters. The findings
on ma:er:;al behaviour were not anticipated by Seitz, as, on the basis
of a simple reinforcement paradigm, it might have been expected that
\.differences between mothers would have gone in the other direction,
i.e., that more maternal behaviour should have occurred where there
were more reinforcers '(pups). Thar the éqnverse was the case suggested
that ;naternal responsiveness might undergo "fatigue” when over-
stimulated by a large litter. Since these original observations,
several studies have confirmed the inverse relationship between maternal

behaviour and litter-size, using a continuous recording system (Grota
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and Ader, 1969; Ader and Grota, 1970; Grota, 1973). The nocion thar
"fatigue” is involved in the conrrol of maternal behaviour is unlikely
as a mother ar Day 10 of lactation will swiftly increase her nest-time
if given a younger-litter (Grota, 1973). An explanation on :h?gsis of
thermal factors seems-more likely.

The effects of early experience on adulr behaviour were mterpreted
by Sextz (1954) as indicarive of a relationship between early "competition
and frustrarion” and the later response to a novel sirua;ion. Animals
from ierge litters fwould have experienced more competition and frus-
tration in their food-seeking behaviour in infancy, and, in adulthood,
subsequently showed a greater "expectancy of danger™ in the novel
situation by being less active and more emotional. On the basis of
Denenberg’'s hypothesis (1964), however, the extra stxrnulanon arxsmg
from the competition within the lirter should have decreased the level
of emotionality in adulthood.

In the presenf study, with- the litter-size variable held-constant,
the same sort of relation-ship obtains between the behaviour of the mother
and the adult behaviour of the animals, i e., where the mother spent
' less time with the littér, more emotionality and less activity was
Observed in adulthood. It has already been posited here that the
different nursing patterns of heavy and light mothers may have been
responsible for the early developmental differences, and while the

possibility remains that competition and frustration levels may have been
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different in the two groups of litters and rﬁay, therefore, have been
responsible for the effects observed, it seems that matefnal behaviour
may be implicated more directly than this, and may indeed be the
critical variable.

Schaefer (1963; 1968a; 1968b) has proposed, as an alternative to
the stimularion hypotheses (Levine, 1962k Denenberg, 1964), thar the
temperature variable is crifically involved in thé mediation of effec:ts
arising from early handling. This view has generally received support
from others (Hutchings, 1963; 1965; 1967; 1968; Caldwell and Kesnei',
1966; Mclver, Jeffrey, Stevenson, and Nieléon, 1968) and changes in
maternal behaviour attendant with such trearment have also been
implicated (Young, 1965; Caldwell and Kesner, 1966). The findings of
the present study, in conjunction with the theoreticél model that has
been proposed for the temperature éonr.rol of nursing, can be used to
link together these two theoretical standpoints of stimulus input and
temperature change. | |
‘ For the heavy mothers, the shorter duration of nursing faeriOds
coupled with the longer between-nursing intervals would presumably be
Na“s'é_oi:iarec_i with a d-ifferent‘ cyclic pattez;n of temperature change in the
litter compared with the light group. As adherents to the temperature
hypothesis have noted, even slight changes in temperature may alter the
kinetics of metabolic events in early infancy, and may hold important

consequences for development and adult behaviour. The difficulty,
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however is Lbac thesecyclic changes in-litce'r temperature are probably
also associated with cyclic chariges in activity and other physiological
parameters. These, in turn, may change the degree of‘within'-.litter
stimulation and hence the level of stimulus-input during infancy. It is
difficult to conceive of an experimental design that would effectively
separate these two classes of variables as they are so inextricably
relared to each other. Despite this difficulry, the present findings offer
‘additional infor mation pertinent to the theoretical issues surrounding
the early handling phenomenon, and emphasise L}ie critical role of the
mother in the mediation of the effects.

To conclude the présent discussion, it would perhaps be worthwhile
to briefly consider the signiﬁéance of the behavioural changes that ha;e
been observed here to be correlated wuh preweamng experience. The
behaviour of the light-reared ma.les in the open-field, if considered

~more adaptive and appropriate, could be viewed as corroboration of the
female assay dara where it appeared that a slower pattern of early growth
and development miight have been more “optimal” than the higher growth
rate and slightly precocious reflex devélopment of the heavy-reared
animals. This might s:uggesc that what has been observed. in the present
study is a slight shift in the degree of "infantilisation” (Altman, Das,
and Anderson, 1968) or neoteny (see Ashley-Montagu, 1955).

The principle of neoteny generally holds that the longer an organism

spends in its early developmental stages the more beneficial it is,

aw
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in that, during this plastic stage of onrogeny the organism is subject to
environmental influences that may mold structural and functional develop-
" ment in a fashion that will allow the organism to respond more appro-
priately to the contingencies of the environment in adulthood. In essence,
it is the zeitgeist of the epigenetic approach. As Schapiro noted,
"...a compressed temporal-experiential interval may

prematurely foreclose behavioural adaptability. In fact,

an optimum interval may be necessary for brain develop-

ment and experience consolidation.. During this time

afferent input is constructing a neuroanatomical founda-

rion for later behaviour. "

Brain Development and Behaviour,
1971, p. 327. '

The finding that the period of postnatal ﬁeurogenesis is extended
following early handling (Altman, Das, and Anderson, 19€8) appears to
be an exarhple of experimentally-induced neoteny, agnd is of particular
interest in view of the crirical role in brain function that has been
ascribed to these late-appearing microneurons (Scheibel and Scheibel,
1964; Altman, 1967). -

Clearly, there is some lower limit to the rate at which early
development may proceed and still_hold "beneficial " consequences for
the organism. Where development is restricted by nutritional deficiency,
61' where other influences prevent the realisation of at least "normai"

' development, the conseqﬁences may prove to be chronically detrimental
to the organism. What is needed is a pattern of early development that

optimises the interaction between the genetic substrate and environmental



inﬂ_uences éuch that the organism is best adapted to its particular
ecological niche.

In this regard, it cannot wit?:x any certainty be stated whar the

characteristics of “intelligent” or adaptive behaviour are with respect

Vto the present fir@;ggs. Intuitively, it mighr be felt that lowered emotion-
ality and a hfglher level ot exploratory behaviour are a combination that
indicare good adaptivenéss to a novel situation. On the other hand, .
it might be considered that to experience fear and to minimise explora-
tion are a more effective means of dealing with new circumstances. |
Thus, while the Iigﬁrreared males may indeed have been neotenised
through the pattern of their mother's nursing behaviour, it may not
necessarily be concluded that their behaviour in adulthood reﬂec;ed
sﬁch an advantage. This general proﬁlem in the assessment of behaviour

will be discussed again in the study which follows.



SUMMARY

The findings and observations of the present study, in which natural

differences in maternal body-weight were studied, may be summarised

as follows:

(1)
@)
(iii)
I (iv)

(v)
(vi)

{vii)

- (viii)

(ix)

Body-weight of female rats ar time of breeding had no apparent
effect on gestation period, litter size, or birth-weight of offspring.

Time of parturition was related to the photoperiod and was
determined, within very narrow limits, by litter-size.

Birth-weight of offspring was inversely related to litter-size.
G

Following pregnancy and lactation, primiparous light mothers
incurred 2 higher overall weight gain by the post-weaning stage
than did heavy mothers.

Heavy mothers spent less time throughout lactation with their
litters compared with light mothers. The difference was achieved
apparently through a reduction in the duration of the nursing
period and by a slight reduction in the frequency of nursing period.

Body-~weight gain of the litter was determined, in part, by the
body-weight of the foster mother and by the prenatal:postnatal
litter size ratio of the foster mother. These two variables
appeared to interact.

The development of reflexes in pups was influenced by body-weight
of the foster mother.

Brain parameter values of the female otfspring, in adulthood,
appeared o show an inverse relationship with early growth and
development.

Behaviour of the male offspring in the open field, in adulthood,
was highly correlated with preweaning experience.

The modulatior of maternal behaviour during the course of Iactation'

310 -
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was discussed and a theo?y based on temperature dependence was proposed.
Differencés in early development and adulthood were interpreted from

the theoretical standpoints of.early handling and neoteny.
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) Figure 21

Plan of open-field and summary of observations. M = mirror,

S = starting square, and E = experimenter.
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Pigure.ZI

OPEN-FIELD PLAN

gll

OBSERVATIONS

il

Activity: recorded as the number of lines crossed in the 5 mimute
observation period. The criterion for a line-cross was met when
the subject placed both forefeet over the line,

Defecation: measured as the number.of fecal boluses &eposited in
the 5 minute period.

Claogse~Bear: recorded when the subject reared on the hirnd-feet

and touched one of the side-walls with one or both fore—feet. These
rears ‘always occurred in one of the 12 perimeter squares.

Open—Rear: recorded when the subject reared on the hind-feet and
did not touch the side-wall. These rears usually occurred when the
subject was oriented away from the side—walls.
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Figure 22

Group mean maternal body-weights through pregnancy
and lactation for the eight light -mothers (open circles)
and either heavy mothers {(circles). At each stage;-:.?ﬁe
EWO curves are significantly different from each ocher

(see text for details).
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Figure 23 \ .

Group mean daily nest-time in late pregnancy and over
first fifteen dayé postpartumn for five heavy mothers
(circles) and six light mothers fopen circles). Standard

error of the mean indicated by vertical bars.
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Figure 24

Group mean frequency of nest-periods for six fight
mot‘hers (open circles) and five heavy mothers (filled _
circles) in light period (upper record) and dark period
(lower record), in late prenatal period and f_irsr two

postnatal weeks.
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Figure 25

Group mean frequency of nest-periods in late pr

period and first two postnatal weeks.

enatal
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Figure 26

Frequency distributions of nest-periods for the six light
mothers on prenatal Day 20 and Postnatal Days 2, 8,
and 14. Light period (0800-2000 hr.) shown on left and

dark period (2000-0800 hr.) on right.
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Figure 27

Frequency distributions of nest-periods for the five
‘heavy mothers on prenatal Day 20 and Postnatal Days
2, 8, and 14. Light period (0800-2000 hr.) shown on

left and dark period (2000-0800 hr.) on right.
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Figure 28

Group mean duration of nest-periods obtained by dividing
daily nest-time (see Figure 23) by daily ﬁ'equenc;'
(Figure 25). Light group represented by open circles,
heavy group filled circles, and standard error by vertical

bars. 4
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Figure 29

~

Frequency distributions of off-nest periods for the six

~ light mothers on postnatal Days 2, 8, and 14.
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Figure 30 -

Frequency distributions of off-nest periods for the five

heavy mothers on postnatal Days 2, 8, and 14.
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Figure 31

Mean weights of litters reared by light mothers (open
circles) and by heavy mothers (filled circles). -Vertical

bars indicate standard error of the mean.
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Figure 32

Regression of litter weight gain on maternal body-weight

for each of five prenatal to postnatal litter-size ratios.
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Figure'33

Developmental parameters- analysed by sex irrespective

of prenatal or postnatal conditions.

males: filled circles.

Females: open circles;
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Figure 34

P
Activity and defecation of males from eight heavy-reared,

and eight light-reared litters over five days of testing

in adulthood.
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Figure 35

Highly schematised model for temperature cdntrol of
nursing behaviour. Cut-off level is shown constant at

about 37° C through lactation, although this may shift at
various stagés;due to dampening effecvé of hormones and
other factors (see text). In saw-tooth plot, vertical arrows
indicate when mother gets on the nest; broken line shows
increase in pup-temperature concomitant with increase in
temperature of maternal ventrum. Mother gets off nest

at cut~off level and solid line shows decline in pup tempera-
ture which follows. Arrows indicate direction of temperature

change. Average duration of daily nursing indicated by

solid bars on abscissa (Days 1-15 postpartum).
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Table XXII . "

Experimental '&sign.  For each of the four postnatal groups,
the first letter denotes the prenatal origin of the mother
and the second letter the prenatal origin of the pup.

H = heavy; L = light.
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Table XXII
Postnatal ‘ Prenatal Origin Rumber
Group Mother - Pup Wts
B B B 4
B/L H L Y
L L L 4
% S B 4
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' Table XXIV

Group mean (+standard error) nest-time in light period
(0800-2000 hr. ) and dark period (2000-0800 hr. ) for five

heavy and six light mothers,
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Table XXIV

GROUP MEAN NEST-TIME + S.E. (min.)(

A
HEAVY MOTHERS LIGET MOTHERS 3
0800-2000  2000-0800 Ratio 0800-2000  2000-0800 Ratio g
Prenatal Day 19 63% = 8 310 = 17  2.06 663 + 10 391 £ 35 1.71 'g
20 575 :28 245270 2,35 652 + 18 353 2 35 1.85 .é
21 - .- - - )
Postoatal Day 1 - 487 + 72 - 398 = 44 g
2 509 =44 220 2 25 2,31 560 £ 22 253 :17 2.21 b
3 373232 202:35 1.8 48831 240 s 10 1.87 %
4 312226 18828 1.66 413 =+ 31 233 £ 16 . 1.77 3
« 5 269 :22 177:17 1.5 375 £33 206223  1.74 Ai
6 241 220 161 + 21  1.49 321 £ 26 208 : 22  1.54
7 28x 222 17027 1,41 31221 179215 1.74
- 8 28:20 1W5:17 17 313226 151 212  2.07
9 226 +43 121 :16  1.78 280 £ 17 165+ 7 1,70
10 287 415 143 : 20  1.31 237 22 153 :16 1.55
11 184 & 5 126 = 25  1.46 237+ 28 157+ 9. 151
12 170 + 14 131 217  1.30 225221 155+ 8  1.45
13 145 £ 24 116 £ 10 1.25 206 = 9 143+ 120 1,44
14 137+ 10 121:19 1.3 192+ 17 1102 4 1,75
15 124 224 9%+ 9 1.3 155+ 10 102 & 16 -1.51
fgf;f ae1sy | 3356 2115 4274 2065
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Table XXV

Group rﬁean (<~standard error) frequency of nest-periods
in light period (0800-2000 hr. ) and dark period (2000-0800 hr.) .

for five heavy and six light mot&ers.
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]
Table XXV
GROUP MEAK FREQUENCY + S.E.
~. HEAVY MOTHERS " LIGHT MOTHERS

0800-2000 hr.  2000-0800 hr. 0800-2000 hr. 2000-080G hr.
Prl:_utal Day 13 12.60 = 2.34 21.60 » 2.20 8.57 » 1.13 23.0 + 1,95
20 14,33 : 1.58 | 18.20 » 2.91 10.29 + 1.73 28.0 & 2,35

L
Ll g #

21 - -x - - -
Postnatal Day 1 - 14.20 & 2,27 - 18.83 »+ 3.38
(2 15.67 2 0.20 14,17 » 1.40  16.86 s 1.727 18.29 . 1.58
3 16,50 £ 0,92  13.33 2 112 17.70 2 1.60  15.86 2 1.74
4 13.83 & 0.87 12,17 »+ 1:47 16,71 +' 1.04  14.86 s 1.34
5 14.00 &£ 0.82 13,00 & 1,15 15,57 & 1,00 . 13.00 s 1.25
6 22.83 » 1.35  12.00 & 1.12 14,29 s 1.21  11.86 s 0.91
7 12.50 + 1.31  13.50 + 0.76 14,14 s 0.88  13.86 s 0.74
8 14.17 £ 0.40  13.17 5 0.95 14,71 & 0.42 11,43 & 1,09
9 13.83 s 0.51 14,50 + 1.63 14,71 s 0.61  14.29 . 1.38
10 12.80 = 0.66  14.33 + 1.61  14.43 & 1,15 16,00 : 1.13
11 14.50 &+ 1.09 14,33 + 1.91 12,33 & 1.20  15.00 « 1.41
12 13.00 & 1.29  13.50 « 0.99  14.50 & 067  15.29 « 1.85
13 12.00 + 1.06  13.50 + 0.89 12,00 + 0.7  10.14 « 1.39
14 10.67 + 0.71 13,33 0.88  12.14 s+ .44  13.29 + 1.51
15 10,17 + 0.87 ._'11.3;il 0.80  12.57 & 0.97  11.71 + 1.29
fgi;i 2-15) 184,47 186.16 202,66 200.88
Oays 2-15) 13.18 23.30 16.48 14,35
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“Table XXVI

Modal frequency of nest-peridd duration ln light and dark
periods for heavy and light groups.



Modal Frequancy of Nest-Period Duration

Table XXVI

e

0800-2000 hr. 2000-0800 hr.
HEAVY - LIGHT HBAVY LIGHT

Prenatal Day 19 5 5 3 5

20 5 5 5 5

21 5 5 5 'S

Postnatal Day 1 S L] 25 5

2 15 5 10 5

'3 5 LY 10 5

& 20 5 15 S

S 10 5 10 -

6 20 s 5 10

7 15 S 10 10

8 15 5 10 10

9 5 5 s s

10 10 20 5 5

1 L 20 5 5

12 10 5 10 5

13 5 5 5 3

14 10 5 3 3

15 20 5 5 S
3¢ duration iz 1 = 5 minutes
10: duration is 6 = 10 minutes
15: duration is 1l = 15 minutes
20: duration is 16 = 20 minutes
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Table XXVI1

Female body-weight and brain assay at 56 days.

Ve
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Table XXVIII

Measures of open-field behaviour of males i

n adulthood.
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Experiment VIII

- THE INFLUENCE OF PRENATALLY—ADMINISTERED GROWTH
HORMONE ON GESTATION PERIOD, MATERNAL BEHAVIOUR,
AND POSTNATAL DEVELOPMENT QF THE OFFSPRING

The results of experiments reported in Section I demonstrated

that the administration of growth hormone to the gravid rat produced no

-augmentation of body-weight or of braln parameters of fetuses assayed
near terfn. The absenée of any sugh changes in prenatal development
suggested that previously reported dlffer;nces In early postnatal -
development (Clendinnen and Eayrs, 1961; Ray and Hochhauser, 1969)
and in adult behaviour (Clendinnen and Eayrs, 1961; Block and Essman,
1665; Ray and Hochhauser, 1969), of the offspring from growth
hormone-treated mothers, were not due to a direct action of the
hormone on fetal development.

An alternative possibility was raised thét the hormone regime
may instead produce changes ln. the mother which might alter the inter-
action between the mother and her litter during the postpartum period,
and be responsible for thel expresslon of developmental and adult

_ differences in the offspring. The studles by other woi-kers, referred
to above, do not preclude such an interpretation as all offspring

were reared by their natural mothers.
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The possibility that the growth hormone-treated mother may affecl:
the development of the pups was suggested by the demonstration in three
experiments (II, 11, and IV) of & religblé and signif’Icant' Increase in
maternal bod}-weight d/urlng f:regnancy as a result of the horrmone
treatment, This incréase over that which normally cccurs during |
pregnancy was clearly not due to weight-lncreases in the cénfeTJtus,
but the experiments pfovlded no positive evidence of its origin or whether
such prenatally-established increases in maternal body-weight persisted '
Into the postnatal peried. | (

The results of other studies (Va, Vb, VID provided gvldence' of
a relation between maternal body-weight and maternal behaviour in
the ‘@' stpartum perl.od. and in one study (VI1I) other relations were fourd
between th_esé parameters and early development and adult behaviour
of the fostered offspring. |

In the final experiment to be reported here, several questions
were asked. Fix;st. does the administration of growth hormone affect '
the period of gesﬁation or parturition? Se_econd, do the prenatal
Increases in maternal body-welght, arising from the growt’h hormone
treatment, berslst in the postpartum period? Third, if the body-
weight differential with control mothers was maintained during
lactatién. were there any associated changes In maternal behavlour,

or any other changes in the mother consequent to the prenatal hormone

treatment? Flnally, it seemed important to 'stuciy the development and
\
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adult behév'ioux; of offspring from the hormone-treated mothers using
a &oss-fosterlng regime that would allow the partitioning of possible
ﬁrenatal and postn'acal sources of 1nﬂuence. '

‘T\vo studies;will be reported. In the first (Expex"iment Vliila),
the effects of two preparations of growth hormone were investigated,
Due to anomalous results that seemed to be unrelaEed to the exberimencal
treatments themselves (see below) the planned postnatal investigations,
outlined above, were not made. In the second (Eiperimeﬁt VIIIb),

one preparation of growth hormone was used, and as all grofgpslappeared

L
&

to be normal observations were continued as planned in the postnatal

pericd,



METHOD

-

" Subjects, and the conditions of mating and housing, were as .

described in Experiment VII, . ' I | ' 3

~ OnDay 7 of pregnancy, subjects were randomly assigned to one
of two groups. The growch hormone (GH) groups received dally sub-
cutaneoua injections of 3 .I U. of growrh hormone contained In 0.2 ml.
of physiological saline at pH 8.0+9.0 over Days 7-20 (inclusive).
In Experiment VlIla one group of GH subjects received an ovine pres=
paratlon (NIH GH-SIO) and the ocher a bovine prepara:@n (NIH-GH-B16),
In Experimeqt Vlllb, all GH subjggts recejved a bovine preparauon
NIH-GH-B17). The control subjects (CS)'in both experlments recelved
the same volume of the vehlcle in the same pH range and by(Zhe same
route. Subjects in all groups were i{njected and weighed around midday

’ . s N
L .

- On-Day 18 of pregnancy, subjects were transferred from the clear

. PYS 5

plaatlc cages to the continuous recarding cagﬁs descrlbed’previously. )
'Ifhe tlme of onae: of parturition was determined either by diregt
obaervag,on or by ed rnauon frﬁe event record and the state of ’_‘

_ the litter when firat notlced (qee F.xperimem VD, In Eﬂperiment VIIIb. _
(1 - .
a culling and gross- fostering proceduxﬁ slmllar to that employed ln

L

E.'xperlmen: VII. was carried out on postconception D@ ‘22 to provide .

f»‘..u\ .
- four: groupsﬁ‘rable XXIX) cogtamlng four mo:hers and lltters ln each T

. -~
-:; ' : 387
- . <y
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group. - However, as seven of the elght GH mothers gave birth on Day 22
(see Resulcs) It was necessary to foster pups from GH mOthers to CS
mochers who had given birth the previous day (Group CS/GH), ard to
foster CS pups born on Day 21 t6 GH mothers giving birth on Day 22

- (C}roup GH/CS). Thus, in some cases one-day old pups @ere moved
"backwards" to a mother who had just given birth, and in other cases |
newly=born pﬁps were moved "forwards" to mothers who had already
been lactating for one day. In gr&ups CS/CS and GH/GH, the

temporal' synchrony bet'wee'n pup age and macefﬁal 'stage of lactation
was Aot dls:urbed by the fosterlng procedure ‘

Postnatal observatlons on these sixteen mothers and their litters
were the same as for Experiment VII with the exception that litter~
welghts were .recordgd daily up to f)ay 20. Litters were weanéd‘ on
Day 25. Maternal body-welght was recorded dally up to Day 40 at which
t’i'me mothers were sacrlﬂced and body-weight, body-tength, _aﬁd organ
weights were recorded, _ |

At 56 days, female offspring were sacrificed and brain assays
performed. Between 75-80 days males were tested {n the open-field.
The observauqna were as describ}ln Experiment V1l with the tollowlng ,
modit_:ig&ion. lnstead of being placed dlrcctly in the open-tield at the
start of a trI&l._ each subjecr was flrst placcd in a closed rectangular

- box afﬂxed at floor level to one of the side-walls of the open-fleld. -

After 10 sec. had elapsed, a door was ralsed which permitted entry

~ ! ) . A . !
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-dlrec_::iy into the field. The latency for the subject to enter the tield N
'was recarded, and if the subject did not ventui-e_into the field within

two minutes a maximum latency score of 120 sec. was ‘given and the

- subject placed manually in the fleld. The door was closc;i immediately
to prevent subjects passing from :ixe fleld back into the waiting box. The
five-minute daily trial corri_menced ‘as soon as the subject eatered the

field voluntarily or was placed there by the experimenter,



~ RESULTS

Experiment Vi la.

Of flve subjects recelving the ovine growth hormone preparation
two showed a plateau in body-welighe arc_:gnd Days 17-18 and did not
deliver their litters, The remaining three had not delivered their -
litters by Day 23 by which time two were bleeding from the vagina,
They were sacrificed and, at autopsy, massive haemorrhages were ‘
apparent in the uterus. Fetuses appeared to be normally developed:
and allve {n one mother and dead In the other. The remaining mother
had not delivered by Day 24 .and her fetuses Were found to be dead at

autopsy. .

Four GH subjecrs receiving the bovine preparation denvered their-

nrcers In the early part of the light period on Day 22, Mean gestation
time was 535.254=0. 75 hr. One mother gave birth to dead fetuses on

| Day 28 (not Included in estimate of gestation time).
Of the CS subjects run concurrently with the above two groups,

8ix dellvercd thelr litters In the light pericd of the 21st day and one

denvered overnight becween the 20th and 21st day. Mean gestauon time.

was 514, 8522, 05 hr., wh!ch was slgnmcantly less than that of the
bovine GH group (p << 0. 00L).

" During pregnancy, signs of resplratory infectlon were apparent

360
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in both GH and CS groups and the incidence of resorption was abnormally
hlgh.. Following the observations reported above, no further measures
were made and the study was discontinued.  The laborator} was cleared
of all animals and after two weeks Experiment VIIIb was commenced using
& new stock of animals.

Experiment ViIlb

Of nine GH subjects recelving the bovine preparation on.e.del;vered
In the light period of Day 21 and the remaining eight just before or In
the light period of Day 22, Mean gestacion time was 533, 02 iﬁ. 75 hr.,
and mean litter size 10. 56 3= 0. 73. Body-weight of maie'pups at birth
was signlificantly greater than that of females (p<=0.0S, paired corqu'rl-
sons t-test). A signlﬂcan; negative regression of birth-welight (Y) on
lltter-slze.(X) was found ff_ﬁr the elght litters born on Dﬁy 22
(Y = 8,060 - 0. 144X; p(zéro slope error)«<2 0,05). No relationship
was found between gestation time and litﬁer-slze for those litters born
on Day 22. | | - |

of t@enty-one contr.ol mothers, nineteen gave birth in the light
pericd of Day 21 and two in the light period of 'Da‘y 22, Mean gestation
time was 518,01 = 1.36 hr, which was significantly less than that of
the GH group (p <0.0001). ' Mean litter size was 11.00 #=0. 51 which

1For comparison pu}ﬁoscs. Figure 36 shows the distribution of
birth=times for contro! mathers from Experiment VII (26) and Experiment
VIl (21) and mothers treated with NIH-GH-B17 in Experiment VIII (5).
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| was not aignlﬂcantly d{tferent from the GH group (p> 0.05). Body-weight
of male pups at birth was significantly greater than that of females
(p<<0.01, paired comparisons t-test). A significant negative regres-

- sion of birth-weight (Y) on litter-size (X) was found for the 19 litters

born on Day 21 (Y = 6,988 - 0. 124X; p (zero slope error)<<0. 601).

The regression of litter-size (X) on geatatn;n tirﬁé(Y) was negativé

(Y = 517.779 - 0. 156X) but not signiticant (p (zero slope error) >0.08).
Mean birth-weights of pups born to the two CS mothers on Day 22 were

not sléniﬂcantly differe;nt from those 'of GH pups born on Day 22 (p > 0. 65).

Maternal Body-welght:--Prenatal and postnatal body-weight curves

for the sixteen mothers that were studied postnatally are shown in |

Figure 87. After twc; injections of the hormohc. the eight GH mothers

showed a significantly greater increase in body-weight than the elght

CS mothers (Day 9: pP< 0.01}. Byl da} 21 thcg‘ was & mean difference

of 50 gm. between the two groups which was hléhly significant

| (p<<0.00001). Inthe E. ostpartum period, the body-weight curves of the

two groups were significantly different from each other at every stage,

al:hoﬁgh by the time of weanling the difference had closed to 40 gm. -

On Da} 40 the mean difference had cloécd still further to 22 gm. although |

the GH group were still significantly heavier than'the CS group (p <. 00S).
Multlple comparisons were made among the four groups of mothcré;

to confirm that the tWO.GH groups were §lgnif1caaatly heavler than the twe,

CS groups over Days 2-15 postpartum (timed from concépuon or from

-
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parturition). In both cases, the two GH groups (GH/GH and GH/CS) were
found to be significantly heavier (p<0.01) than the two CS groups (CS/CS
and CS/GH).

Prenatal:Postnatal Litter-size: Similar multiple comparisons were made

among the four groups to examine the ratio prenatal:postnatal litter-size, The

analysls established.that the ratios were not significantly different (p>>0.05)

. between the two hormone-treated groups of m/others (GH/GH and GH/CS) and

the two control groups of mothers (CS/CS and CS/GH), nor were tpere any
differences between the two groups rearing offspring from the hormone-
treated mothers (GH/GH and CS/GH) and those with 6ffspring from control
mothers (GH/CS and CS/CS).

Autopsy of Mothers: In addition to their increcased body-weight on post-

.natal Day 40 (timed from conception) GH mothers wert also significantly

longer from'ndse to anus (p<0.01) and from nose to tatl-tlp (p<0.025);

the increase in tail length was not significant (p>0.0S). Significant increases
In wet liver weight (p<0.025) and wet kidney weight (P<0.000S) were also
found in the GH group (’I‘abie XXVID: Inthe GH group, splanchnomegaly of
the kidneys was evidenced by a significant increase (p<0.05) in kidney

weight per unit body-weight (GH: 719, 764317, 580 mg. /100 gm.; CS:
673.808F11. 699 mg. /100 gm. ), whereas the Increase In lver welght appeared
to be probortl_onal to bady weight and the ratlo was not significantly different
between groups (GH: 8798, 744_-3-(_ 56.110 mg. /100 gm.; CS: 3735.754+82.400
tﬁg/mo gm.). . ‘
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Maternal Behaviour

Nest-Ti:me:--Oontlnuous records of nest-time, together with the fre- '
Aquency of nesting perlods; \j}ere avallable for all of the sixteen mothers
' studled.- Flgure Sahshows daily nest-time (dated from parturition) for each
of the four groups. In Figuré 39, the datd are collapsed into the two groups
of eight mothers and éroup x'nean daily nest-times are shown dated from
parturition. Because of the extended gestation period in the GH groiip. the
data-are also shown da:ed from conception so that in Figure 40 the GH curve
is moved one ciay forwards. Both groups show a decline in nest-time
through the peried studied, and whether the mea‘sures are timed from
parturition or fi-om conception ‘GH motheré show cons}lstently less time
In the nest compared with the CS mothers. .

Total time spent on the nest ove;- postnatal Days 2?15 (timed from
parturition) for the GH group was Sj«isi 201 min. which was significantly
legs (p<0.01) than the total tme for the CS group, 6866 + 237 min. Total
time spent nursing over posc-consepuon Days 24-36 was 5469 + 149 min.
‘for the GH mothers, and'S906t 208 min. for the CS mothers, the difference .
bordering on statistical, significance (0. 1>p>0.0S).

Total nursing time over Days 2-15 postpartum was negatively
correiatcd with mean maternal body-weight-over this perxéd (r = -0, 62,
p<0.0l). The same measures were also negatively correlated
(r =0, 35) when rmternal body weight was timed from conccption (Daya,
24-36) but not s&gnmcanuy SO (p>0 08).

Frgguencx of nest-periods:=-The same procedure was followed
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for the analysis of dally frequency of nesE-perlods. The data were: -
expressed :.with reference to the day of parturltioﬁ (Figure 41.. lower)
and to the day of conception (Figure 41, upper). For both analyses,

no consistent differences are apparém: between the two groups. Far
both groups of mothers, mean daily frequency showed a decline ﬁ-om
the 40-50 range in the early postpartum perlod to values below 30

by the end of the second week.

Observations on the Development of the Offspring

On each of the following measures of maturation, the data are
analysed in two ways: in the first analysis the 'respecuve postnatal
ages of all pups are dated from conception so that all litters are coﬁsi-
dered born at the normal time on Day 21. Inthe second analysis, post-
natal age Is dated from the day of birth; in this case litters born on
Day 21 are consldered O days old as are litters born on Day 22.

Body-weight:--Mean pup \.welght1 gain was relatively invariant

between the four groups over the first 20 postnatal days (Figure 42).

Desplte the very close s’i'milarlty In growth rate, it appears that after

the first postnatal week, the two groups reared by the hormone-treated
mothers (GH/GH and GH/CS) showed a stightly higher rate of growth

| than did the two groups reared by control mothers (CS/CS and CS/GH).

IMean pup welght for each litter was estimated from the mean of
- the mean welght of the males and the mean weight of the females at any

age: &[?'sg-%-Xd | | | ‘ .

-
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'I'he rate of Pup growth In all four groups appeared to be approxlma:ely

linear during this perlod and a comparison of :he slopes of the regression

lines through Days 2-20 yielded, for the two hormone groups of mothers

(GH/GH and GH/CS), respective valﬁes of 7. 789 and 7, 591, while for

the control groups of mothers (CS/CS and CS)GH} the values were

7.294 and 7. 245 respectively although the difference between the two

gets of slopes was not signif;gan: ‘(p >0.08). Th s.' it appeared that

pup growth rate, when time& from conception, was slightly Influenced

ﬁ?'the postnatal fas:er mocher and apparently not by the prenatal treatment.
- When pup age was dated trom Birth, a slight 'brenatal‘“ Influence

was apparent. A multiple comparlson of; mean pup weights at pos:na:al

"Day 15 showed the two groups of GH pupg (RGH /GH‘ 34 56 gm.,

. XCS /GH' 1 32,78 gm. ) to be slightly heavier than thC\ two groups of

CS pups (XCS/CS: 30.81 gm., XGH/CS: 31.90 gm. ) i‘ the comga\u-ison

bordered on statistical significance (0. 1 >p >0.08).

Mean pup welight at posrnétal Day 15, when timed trom conceptlon,
was positively cofrelated w.ith mean maternal bog;y-welght over the first
{wo weeks postpartum but not significantly so (¢ - +0, 85; p>0. 1),
and the same was true when mean Pup weight at 15 days was timed from
birth (r = +0. 42; p > 0. 1). | |

| "The carrelations between natural litter of the foatér mother and
mean pup weight at Day 15 (timed from concepcioh’ or from parturition)

were not significant (p> 0. 1) for all sixteen mothers, or for the elght
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GH or the eight CS mothers consid.ered separately,

gze-ogenir_lg:--When Pup age was dated from conception, no |
consistent differences between the groupa were apparent that could be
attributed to either prenatal or postnatal treatments. q;-/oub mean ages!
at which {irst eye-opening occurred wei:e: GH/GH: 14, ‘66 i’o. 25;
GH/CS: 15.1630.25; CS/CS: 14.91 =+ 0.42; CS/GH: 15.09 +0. 18.

When eye opening was dated from birth, however, multiple
ééﬁparlsona among the four groups ylelded a signifidant difference
(p <0.05) o°f about one day between the groups containing GH pups
(GH/GH and CS/GH, combined fnean: 14,004 0. 12) and the groups
contalning CS pups (CS/ CS and GH/CS, combined mean: 1S, OSiO. 14).
When tﬁe data for all pups were pooled and datéd from concep:io‘n‘-._nq
noticeable effects due to sex weré apparent. (Figure 43)..

S:artlé"}-eﬂex:-¥Whén pup age was dated from conception, no
consistent differences due to either prcnatal. or pos:pa:al treatm;nt
. were apparent.. Mean age .for. the litters reared by éﬁ mothers (_GH'/GH -
and GH/CS) was 11.84 420,08, and for those reared by CS mothers
(CS/CS and CS/GH) 11.8140.05. Mean age for pups éngmany from
GH mothers (GH/GH and CS/GH) was 11, 8 40,08, and for those from
CS mothers (CS/CS and GH/CS) 11. 83 50, 0S. "

Las in the previous experiment, the mean of the litter of eight
is considered as a statistical sample of one; the group mean on each of
these measures of development is based on four means,
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When pup age was timed from parturltion, however, a multiple
comparisons test on the log-transformed mean lzt':er ﬁgea nyldcd a
significant difference (p <0. 01-) of about one day. Litters o;-lglnally
frqrn GH mothers (GH/GH and CS/GH) had a mean age of 19. 9510. 14
agalnst 11.83 3=0.05 fdr the litters from CS mothers (CS/CS and GH/CS).

When the data from all pups was pooled as before, a small effect
due to sex was apparent (Figure 43). With numbers in both groups
equal (64), 17 females (27%) exhiblted the reflex on the critical Day i1

compared with 4 males (6%).

Free-Fall Righting reflex:--A simllar pattern was evident for the
development of this reflex.. When pup age was déted.from conception,
no effects ot prenatal or bosrr;atai treatments were evident. Mean age
for/ litters reared by GH mothérs wag 17,63 ;I:O. 21 compared with
17.95 #=0. 28 for litters rcared by CS mothers. Mean age for pups
orlgtnally trom GH mothers was 17, 84.3=0. 31 agalnst 17, 73&0 17 \

.; for pups from CS mothers.
When pup age was dated from parturition, pups\ from GH mothers
| showed a significantly (p <0, 05) carlier appearance of the reﬂe&:
GH/GH and CS/GH comblned mean: 16.97 0, S1; CS/CS and GH/CS
combined mean: 17.730.17. - \’
7 A marginal difference due to sex was apparent when the data for
all pups was pooled (Figure 43).

Vaginal Opening :==No consistent differences between the .grou'ps

/ A -
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were apparent In the age at which vaginal cpening occurred. Dated 'from
conception, mean age for the ferr;alea reared by GH mothers (GH/GH |
‘ and GH/CS) was 37.47 =1, 22, compared with 38, 53 $=1. 13 for those
reared by CS mothers (CS/CS and CS/GH) Neither were there any
significant differences when pup age was dated from parturition, Pups
born to GH mothers showed, on average. over two days precocity

{n comparison to pups from CS mothers but the difference did not
achieve significance (GH/GH and CS/GH combined mean: 36, 344 & 1.06; .
CS/CS and GH/CS combined mean: 38,78 1,32 p>0, 1),

| Female Braln Aasaz:--‘fhe results of the female brain assay at
postnatal Day 56 (timed from parturition) are shown In .Tablc XXXla. .
Multlple comparisons among t.hc four groups revealed no sligniﬂcant
'dlffcrerices due to elther prenatal or postnatal treatments.

- The data resulting trom an analysis based on postnatal treatment
l.e., effect of foster mother, is sum:;mrlscd In the upper part of
Table XXXIb, and the analysls based on prenatal treatment, I;e.,
~ prenatal origln of offspring, in the lower part of the table. Direct
comparlisons by t-test ylelded no significant dltfercnéés p>0.1)
in any of these measures thdt could be ascribed to either prenatal or
poé:na:ul treatments, ,

When compared whh conception-dated mean pdp-wcigh:_a: _Déy 18
all of the measures corrclatc& pos‘l:ively. but {n no case signiticantly:

(body-weight: r = 40, 36, p>0. 0S; brain-weight: r -+d.21. p>0.1;

A
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braln DNA! r = +0. 29, p>0. 1; bfain protelni r= -}0 82, p>0.1).

The results were similar when pup-\;clgh: was dated from parturition:
(body-wcight: r=+0.47, p>0.05; braln-welght_:- r=+40.41, p>0. 1
braln DNA: ¢ =+0.29, p>>0. 1; braln proteln: r = 40.24, p>0.1),

+. - Open-fleld Behaviour of Malcs:--Open-fléld scores for the four

groups of males over Days 75-w8(_J are summarised in Table XXXIl
Multiple comparisons among the four groups revealed ne slgnlﬂéant
effects that ébuld be attributed to elther prenatal or postnatal treatments.

Iltter mean actlvity scores were negatively correlated with total
nursing time over Days 2-15 (r = -0, 26) and with total nurslng time
over pos’t’-concei:tlon days 24-36 (r = =0, 23) but 1}1 nelther. cage was
statistical significance achleved (p >0. 1),

The use of the defecatlon scores in this situation is probably
invalldated by the fact that only; thosé boluses depositéd in the open field
were counted. Thus, & subject with a long latency for entrance [nto the
tield may have detecated In the w‘au:‘_lng-box' and subsequently defecated
less in the open-fleld. This conclu'alon s supported by the absence of
any correlation between defecation In the tleld and actlvity (r = -0,007).

That the latency measure itgelf can be conaldered és a substitute
Index of "emotionality" I8 suggested by £1 significant Inverse correlation
with activity (r: 0. 583, p<0.08)., No- gl gnificant correla:irons were .
found. “however, \betwc:én the latency measure and ‘nurseing time over | _
Dﬂys‘z-ls (r =+40,21, p>0.1) or with nursing time over pos:-concéptlon
days 24-36 (r = +0, 25, p>0.1).



. DISCUSSION

‘ The results of Experimeﬁ: Villa, although confounded by extra-
nebus factors, provide support for the;_f;inding previously reported, .
of a growth hormone-induced increase in maternal body-weight gver and
above that whicr} normally occurs durl;xg pregnancg‘( (Teel‘, 1926;

Hain, 1932a; Warts, 1935; Erazer, Huggett, and Wohlzogen, 1949:
Nixon, 1954; Experiments II, IiI, TV, of present study). The nature of
thig weight increase is discussed. below under Experirnent VIIIb.

- Of particular interest was the extension of :nof‘m;al gestation that
occurred under the influence ofuthe two hbrmone preparations. Apparently,
this effect was not due to oc'hgr conditions in the éxperinienc as the
control mothers that had successful pregnancif:'s delivered their litters
 after a normal gestatién period. “-; Further, it appeared that the two -
hormone preparations, although *édminiscered atr equivalent dose-levels, 1
produced different effects on the gestation period. While those mothers |
receiving the bovine preparation showed an extension of gestation of about

‘one déy and appeared (with one exception) to deliver their litters normally,

those receiving rhé ovine preparation underwent more prolonged gestation

) S
1Although the potency of the two preparations was adjusted to
equality on the basis of the assay information provided by NIH, true

equilibration is not guaranteed as the NIH estimared is based on the mean
potency of several assays.
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which was associated with fetal mortality. The several possibﬂicles |
for this effect are: qualitative differenc'és between ovine and bovine
z;reparations; actﬁéi differences in potency; differential contaminat‘ion'
by other pituitary hormones. ) |

Before discussing the results of Experiment VIIIb, a; preliminary
comment would be appropriate concerning the comparability of Experiments
.VII and VHUIb., The fundamental objéctivés in both experiments were
ideﬁ:icﬁ and, indeed, it was anticipated [I;at the design of both experiments
would also be the same. However, the fact that growth hormone-treatment
- extended gestation forced a modification of the cross-fostering procedu::é
and therefore of the experimental design. This, ._togerh'er with other
p:rocedural changes (see above) precludes any direct comparlson between
the studies even though some effects were replicated.

In Experiment VIllb, the effect of growth hormone on maternal
body-weight during pregnancy was confirmed. Observaﬁions continued
into the postpartum period established that a significant differe’ntial
in body-weight was rnaxr/mamed but by postnatal Dav 40 the mean diff-
erence was less. :han half of that which obcained on prenatal Day 21,
Although the increase in body-wexght during pregnancy has been
observed by others (see above) using crude preparations of the hormone, )
the effect has been de;scribed in only two of the studies that have

employed purified preparations of the hormone (Nixon, 1954; Tuchmann-

Puplessis and Mercier-Parot, 1955). In the absence of any direct

-



: ~ | 373
1

measures of grow]‘.h, Hain (1932a) surmised that the weight-increase was .

due to the deposition of fat. She also suggested that increased mammary

growth was not respc't-mle for the effect as, during the period covered

by her injections (first‘six days of pregnancy), mammary development
Ve '

was negligible. )
Later work in the non-pregnént rat by Greenbaum (1953), and

Greenbaum and M;Lean (1953a, b), suggests thaf, undef the }nﬂuencg of
growth hormone, far mobilisation occurs and that its oxidativé metabolism
provides a source of ¢nergy which spéres the dietary proteins agd' malkes‘
them available for fhe formation of new tissue. Inthe present'study,
measurerr;ents on the mothers at postnatal Day 40 provide a clear demon-
stration that a genuine growth occurs in response to the hormone during
pr'egnancy. Ir is possible that the additional fat depots that are laid down
in early pregnancy (Beaton, Béare, Heh Ryu, and McHenry;. 1954)

may augment the responsiveness to the hormone. The finding, in the
present study, of a ﬁroportionél increase in liver weight and a splanch-
nomegalic increase in kidney weight contrasts with the observations of
Bates, Milkoyic, and. Garrison (1964) in the non-pregnant ra?f Following
10 daily injections of 10 mg. of growth hormone, these workers found |

a splanchnomegalic ingrease in liver-weight but a propbrtional increase
in kidney-weight, If the difference in organ growth observed in these

two studies is not due to effects of the hormone regime and dose-level,

it may be due to a synergistic relationship between growth hormone and
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other hormones dur.‘lng‘pregnancy. | B
Although the increase in marernal weight that Hain (1932a_) observed

may not have Involved an increase in mammary tissue, it is possible

that the hormone regime employed in the present study stimulated
-mammary growth. Development of the mammary glands is extremely
" rapid dﬁring the second two weeks of pPregnancy (see Schmidt, 1971),

and Moon (1965) has reported a significant increase in rnamrnary gland
DNA by prenatal Day 20 following daily injections of 2 mg. of growth
hormone over Days 3-19. Thus, part of the maternal body-weight lncrease
may have been due to a specific increase in mammary tissue. This
possibility receives some support from the postnatal pattern of body-
weighf loss in the GH group in the present study. Whereas in Experiment
VIL, the mean difference in body-weight between heavy and light mothers
dropped from 33 gm. on prenatal .Day 21 to 18 gm. by postnatal Day 40,
the difference between GH and CS mochers-dropped from 50 gm. on
Day 21 to 22 gm. by Day 40. As ﬁotal involution of the mammary glaﬁds
was evident at autopsy on postnatal Day 40, it appears that-a greater
proportion of the weight chénge in the présent'.s:udy may have involved
the mammary glands.
An alternative possibility is that exogenous GH does not have a

selective manimogenic effect but, instead, achieves che increase in
'mamméry glapd DNA that Moon (1965) observed, by inducing a higher

rate of growth in the mother., This may have been associated with a
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similar allometric increase in mammary gland growth to that which has
been observed in the normally-gquing.rat (Sinha and Tucker, 1966;
see discussion, E:-cperlment-VII). To summarise, the evlaence §uggésts
that efther through a seléc:tive effect of GH on the developing mammary
gland, or by an allometric lnc;éase in mammar} gland growrh’ accom-
panying the GH-induced higher rate of growth, increased mammary growth
would be expécted and méy have been partly r-es_ponsible for the increase
in maternal body-weight during pregnarcy. ,
The indication in Experiment Villa and the unéé;uivocal demonstra-
tion in Experifmen: VI‘IIb'of an increase in gestation time in mothers
receivi.ng GH ;‘jis.of considerable interest. In some of the earlier studies
in which crude preparations of the hormone were used (Teel, 1926 |
Hain, 1932b; Sontag and Munson, 1934; Watts, 1935; Zamenhof, 1942)
_ extended gestation was reported and was attr ibuted to either a delay in
implantation or pituitary gonadotrophic contaminants. Surprisingly,
in only two of the fnany studies that have been conducted since the puri-
fied crysralliné preparations became available in the 1940s has such an
effect been reported (Nixon, 1954; Tuéhmann-Duplessis and Mercier-Parot,
1955). An,explanacion for this may be found, perhaps, in the nor mal |
definition of "term. " Although the gestation period of the rat is reported
to be 21 days (Altman and Dittmer, 1962) a margin of one day either
side of this estimate would be considered within normal limits, and

4

Dieterlen (1963) gives the range of variation as 20-24 days. As the
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. -exact time of parturition is not usually recorded in most studies, it would
Tonet be surprlslng if a difference of about one day escaped notice. .

Before considering some of the possible mechanisms by which
grgwrh hormone treatment may extend géstatlon, some preliminary
comments are in order. . First, prolongation of gestation may have _
been caused by contamination with other pituitary hormo;zes;. Earlier
preparatléns of the hormone were contaminated with al’irenc;cortico-
trophin and thyrotrophin (see Clendinnen and‘ Eayrs, 1961):' and although
present preparations of growth hormope supplied by NIH are of a high
degree of purity, it is possible that there could be a cumulative effect
of trace contaminants. Second, the degree of extension of gestation in
GH-treated mothers may not reflect the absolute influence of the facter
responsit;le for-the delay. It has been demonstrated here and elsewhere
that parturition bears a strong relationship to the photoperiod. Thus,
were the delaying influence suffiéient to hold off parturition on-ly for

\a few hours until the beginning of the next dark cycle, the influence of
photoperiod might be strong-enough to generate a further delay so that
parturition is held over into the beginning of the next phocbperiod. This
may have been the case in the present study. .

The mechanism by which prenaral treatment with growth hormone
extends gestation is presﬁncly obscure but it seems clear, .at least,

that the phenomenon is not related to maternal body-weight at the time

of parturition. In Experiment VII, using animals of the same strain
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‘and bred under the same conditions, no relationship was found between
. maternal body-weight and gesrar.ioﬁ f;erlod. The range of maternal body-
weight was substantially wider than the dlff&ential es:ébli'sﬁed in the .
present study through the effect of growth hormone. It is also clear that
the effect is not due to & reduction In litter-size in the GH group (see
below). -
Ir has been demonstrated by seyeral groups (see Pepe and Rothchild, - ‘
1972) that parturition in the rat Is preceded by a decline in progégterone
secreticn, resulting from the regréssion of the'corpo.ra lutea. Aithough
the pituitary gonad_btrothin, luteinising hormone (LH) has been consi-
dered as the specific luteotrophic agent (Raj and Nipugdal, 1970;, the*
demonstration that hypophysectomy on Day 12 of pregnancy results in
a slower than normal decline in serum progesterone neéf term and
extended gestation (see also Tuchmann-Duplessis and Mercier-Paror,
1955) suggests a non-essential role for pituitary LH (Pepe and Rothchild,
1972). Alternatively, it. seer"ns' that the sus;aining lureotrophic stimulus
may be placental in origin (Linkie and Ninswender, 1971). The immuno-
logical similarity between growth hormone and this chorionic luteotrophin
(see Pecile and Muller, 1966: egrlie;- discussio'n in Section I) raises
the possibility that exogendus GH may mimic the luteotrophic a;:ti'én of
the placental hormone. The administration of GH in _late gestation (up
to and inclpding Day 20 in the present study) may therefore act to

o

ex:eggi the progesterone blockade of parturition.
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in endogenous GH at normal term resulting from a "short" feedback
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A secdnd possipility is that the delay in parturition may not have been
due to a chronic oracute excess of GH but instead to an acute reduction
effect of ‘:he exogenous GH (Krullch and McCann, 1966;  see_ also Mocra,
Fraschini and Martini, 1969). In this regard, the gtudy by Pepe and |

_Rothehild (1972) is of interest, In that maternal hypophysectomy resulted

in prolongation of pregnancy, and was assoc’iated with a sioWer than

~ normal decline in serum progesterone level after Day 19, Against an

"acute'’ explanatlon however is the flnd’mg that gestation was prolonged
when growth hormone-treatnje&zg was discontinued on Day 15 of pregnancy ;
(Tuchmann-Duplessis and Mercler-Parot, 1955). .

A third po;sibility involves both the fetal and maternal a_dfenal
glands. A facilitative effect of GH on adrenal gland weight in the adult
animal.has been reportea in several sc'udies (see Mangili, Motta, and

Martini, 1966), and depressed feral adrenal gland growth is reported

to occur when the output of maternal corticosteroids is high (see Jost

‘and Picon, 1970). The involvement of fetal corticosteroids in prostaglandin

(PGF ,a) synthesis (see Liggins, 1972) suggests that a reduction of
feral corticosteroid output might reduce prostaglazidin synthesis. Luteo-
lysis might therefore be delayed with a consequent extension of the pro- _

gesterone blockade of parturition. Although che.re are reports of adrenal

gland hypertrophy in the ne‘wborn offspring of mothers receiving GH

preparations durihg pregnancy (Hultquist and Engfeldt, 1.949; Engfeldt and
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Hultqulsl:,r 1953) it seems likely from other studies that this éffect
was due to postmaturity (see Boe, 1938; Eguchi and Arlyuki, 1963;
Thliveris and 'Connéll, 1973).. In fact, the adrenal hyperrrophy' observed
in postmatui'iry by Eguchi and 'Arlyukl' (1963) was associated with a
reduced content of /ascor.bic acid, which Indicates reduced adrenal gland
activ‘ity (Sayers, Sayers, Liangand Long, 1946). Thus, the effect of daily
injections of GH may have been to inc;rease maternal adrenal gland
welght and-maternal corticosteroid output. This could have causeci a
suppression of fetal adrenal gland growth, and a reduction in fetal M |
. corticosteroid output, resulting in reduced prostaglandin synthesis and
a consequent delay in parturition.

aI: Is also possible that PGF, X is involvéd more direcely. Li
(1956) has reported a direct action of GH on the ﬁcerus, and Pharriss
(1970) has suggested that local changes in the uterus may influence the
blood supply to the ovaries, and modify a local vasoconstrictor effect
~of PGan on ovarian blood supply. Thus, exogenous GH rnéy effect
local uterine cha:nges which delay the subsequent luteolysis and
regression of the corpus luteum theorised to result from a pr;Staglandin-
In{iuced reduction In arterial berfusion of the ovaries.

One final possibility is that growth hormone has a prolactin-like
luteotrophic action. Growth hormone and prolactin have similar biologic
actions and it is possiblé that, like prolactin, growth hormone may act

to sustain the release of progesterone from the corpora lutea, or from
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the adrenal gland (see Plva, Gagliano, Motta, and Martini, 1973), ;"of:,- |
support the blockade of parturition. \ ' ‘
i The pattern of'bi-rth's in the CS group essent{ally supports the flnd-
Ings of Experiment VIL timing of parturition was again related to che
phocopériod, and negative regressigns were found between litter-size and
birth-weight, and between litter-size and lengtﬁ of'gestacion (although the
éffec: was weaker In the latter). In addition, the observation first made
by King (1915), and later by others (Angervall, 1959; Benson and Morris,
1971;5m!art, Adlard, and Dobbing,-1972) of an influence of sex on
birth-weight, receives further confirmation here.

In the GH group, the prélonged gestation appears to have had a_ -
slightly disruptive effect on these relationships. Although the'lnfluen.ce
.of sex on birth-weight, and the relationship of birth-weight to litrer-

' size, were both confirmed, not all births took place in the light phase,
- and no relationship was found between lengt‘h of gestation and llttéf'-s'ize.
With regard to litter-size, Previous reports have suggested that \
| the prenaral administration of GH may result in a diminuition in the

size of the litter (Barns and Swyer, 1952; ‘Campbell, Innes and .

Kosterlitz, 1953; Cotes, 1954: Nixon, 1954), and the possibility is

raised that both fetal "gigantism, " and the extension of gestation, may

be secondary to this effect. Inthe p;resent stuay, however, as in those -

described earlier (Experiments II, III, IV), no effect of GH on litrer-

size has been found.
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The analysis of maternal behaviour yielded results that were In-
general accord with fhose of Experiment VIL 'For all mothers, daily
nest-time showed a decli.n'e./ and frequency of nest-perlods a slight
. decline, through the pericd studied. As before, the heavier group of
mothers (GH) spent less time with their litters, and maternal bedy-weight
was negatively correlated with nest-time, ~ That the correlatioﬁ was
statistically slénificant when nest-time was dated from parturition,
and not when it was dafecL from conception, i-aises the que‘s_tion of from
when nest-time should be datec_i; | The synchronous relatlonshlp that
has been demonstrated between nest-time and age of litter (Grota,

1973), together with the-possibility that nest-time is related to the |
stage of homoionhermlc development of the litter (Experiment VII),
suggests .that nest-time should be dated with respect to the conceptual
age of the 'li:c.er.' Ho_wever, while there may prevail an overall syn-
chrony between nest-time and age of litter, the relationship may 'not

be so clear in fhe early Eostgartumrperi‘od: Although par:uritioﬁ Is
presently viewed as the pivoral event in the initiation of milk secretion
(see Schmidt, 197i), it Is not clear what effect extended gestation has.
upon the process. Also, the effect upon the fetus of spending almost a
full day in utero past the time when it was sufficiently mature to be born,
is not known. It is possible that homoiother mic development of post-
mature offspring is differént from that of normally-born offspring. Thus,

if temperacq;-e-regulation is involved in the regulation of nest-time,
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changes In the homolothermic development of the litter, if only in ﬁhe
early stage;a of the Estg’gcum-'perlod, would cransientiy alter the syn-
éhtony referred-to above,

A second major problem conéerns the causgl basis of the lowered
nest-time in the GH group. If, as it appears,. exogenous GH Is mammo-
genic duﬂng pregnancy, then an essentfal parallel exists between the
heavy mothers of Experiment VII, and the GH mocher_s of the present  ,
study. _Theoretical ly, both groups would have had a relatlveiy larger
amount of mammary tissue in the postpartum period (compared with
their respective comparison groups), pei'haps assoclated \;.rith increases
in milk-output. This, in turn, may have de;errhined the amount of time
spent with the litter (see earlier discussion, Experiment VI). On the
basis of the temperature-regulation theory of nursing that has been
proposed (E:;ﬁerlment VII), the Increased body-weight of the GH mother
in the postpartum period would be expéc:;éd to result in a lowered nest-
time. '

Where the early development of the offspring is concerned, it is
clear from the present data tﬁat pups born to GH mothers show no
precocity when compared with those from CS mothers when pup-age is
dated from conception. When postnatal age is dated from parturition,
however, signlﬁcanc ga1n§ are observed, both in physical and CNS rnatu--
ration. This raises the question of dating of developmental events. .

The two obvious possibilities, as Barrow (1970) points our, are:
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(1) developmental events occur at a genetically-predetermined point In

-—

time, and the event of parturition Is without effect on this timing, and *

!

(11) postnatal events fnay be Initiated by, and therefore bear a temporal-

_ _rel,at'lon'ship with, parturition. A third possibility might involve some

. Interaction between the two such that a given developmental event may be
genetic;zlly prograrﬁmed to occur in a_giv-én time (nterval but will be
Influenced by the timing of parturition, Further, there may not neces-
sarily exist a simple temporal relatlonship between parturition and
those events that are initiated by it,

. In attempting to divide éevélopmental events into those which are
timed from conception and those timed from parturition, it might be
expected that developmerzta'l -changes-assoclated.wlth those systems

-that und'e;go a substantial char;ge in the transformation from in utero

to ex uterd life, would bear some temporal contingency upon parturitionl.
Thus, Barz;ow (1970) has demonstrated that closure of the ductus
ateriosus, which normally occurs within 45 min, of parturition, does
not occur in utero when parturitlon is d;Iayed by up to two days. Pre-
liminary observations by Henderson (1973) on hooded rats indicate that
the initial population increase in fun'giform papillae of the neonatal
tongue is delayed in the offspring of mothers normally dellvering on

Day 22, compared with those of mothers delivering on Day 21. Also
decussation of the corticospinal tracts occurs within 24 hr. of parturi-

tion (DeMeyer, 1967) and this event may similarly be stimulus-bound,

-~
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i.e., tothe dramatic change in afferent input following parturition.

For developmental events that are associated with systems that

: . L
donot-undergo dramaric change at birth, it seems more likely that they
are timed from conception. Barrow (1970) studied the timing of hood-
pigmentation in the Long-Evens rat, and found that it occurred on )
post-conception Day 24, whether parturition was normal or extcndred by
progesterone.

With developmental events that are programmed to occur more
distantly from parturition, their time of appearance is presumably
subject to environmental influences. F or example, in Experiment v
it was demonstrated that the timing of reflexes, norrnaliy aﬁpearing in
the second to third week postpartum was influenced by the foster mother.

With insufficient experimeh:al data to jusciff any firm conclusions
on this important aspect of development, it would be advisable to adope
the most parsimonicus explénation, In the present study, a difference
of approximately one day wés found between pups from GH méthers and
those from CS mothers when developmental criteria were timed from
' parturition, and the gestation periods of these two groups of mothers
diffe-red by about the same margin. Therefore, it seems reasonable to
conclude that these events should normally be timed from conception.

In support of this conclusion, Gainer (1974) has established essentially

similar findings to those of the present study. The offspring from

untreated mothers who delivered on Davs 21 or 22, when compared on
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these developmental criteria, showed differences that could be accounted
for entirely by the difference in gestation period.

One difficulty in the present study is that, with postnatal development
timed from conception, r;b obvious influence of the foster mocher was
apparent on pup development (with the, exception of body-weight). Neither
was it possible to demonstrate an effect of prenatal:postnaral litter-
size ratio of foster mother on pup growth. If the criterion is adopted
that postnaral develop:ﬁent is best timed from conception, then it should
be possible, on the basis of the results obcained in Experiment VII, to
demonstrate an influence of foster mother. The only parameter for - '
which such an’influence was apbarent was puf} body-weight. The two
groups reared by GH mothers showed a slightly higher rate of gaiﬁ
through the first two postpartum weeks than did the two grm‘:ps ;eare'a
Sy CS morthers, and pup weight by Day 15 was positively cz%related
with maternal body?weight‘. Although this is the same pattern as that
observed in Experjment Vil, the effect of foster rﬁocher on pup growth
is not as strong as would be predicted on the basis of the difference in
maternal body-weight between GH and CS groups. In Experiment VII,
the body-weight difference between heavy and light ‘mothers 'was 30 gm.
or leés through the postpartum period whereas in the present study,
the difference was grearer.

Perhaps the obvious source of this inconsistency lies in the influence

of GH on gestation period and in the fact that the experimental design
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had to be changed to accommodate this effect. In set_c_ihg up the four
postnatal condirions it was netessary in some cases to place pups of
one-day postnatal age with mothers who had just given birth and, in
other cases, to give pups who had just been born to mothers who had
given birth one day previously. Thus, it wés not possible’ to replicate
the conditions of Experiment VII, and it was necessary in two of the
four gréups to alter the normal temporal synchrony betwe'\en mother
and litter in the postpartum period. )

A second source of variation may have arisen from the different

degree of “handling" in the two studies. In Experiment VII, pups-were °

weighed at five-day intervals from birth, whereas, in the present
study, weighing was performed daily. If,” as would be expected, a
c.;eiling e-ffect opi'erates in the "early handling"” phenomenon (see earlier
discussion) then the increased amount of handlihg in the present study
may have eliminated any di;fferences due to foster mother by differen-
tially favouring the pups reared by CS mothers.

A third possibility is that the maternal body-weight differences
established through GH treatment may not be qualitatively comparable
to the ad libitum differences in maternal body-weight thar prevailed
in Experirﬁent V1L Although there are, in both cases, superficial
similarities ‘in body-composition, aﬁd perhaps in the mammary glands,
GH mothers may have been qualitatively different in other respects from

the heavy mothers of Experiment VII.
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Aside from the pr'ocedural changes that were made in the ope;'n-.
field testing, these same considerations may apply. Unfortunately,
neither the results of the adult behaviour test, nor the observations

\, o8 eaﬂy_development, ‘ére comparable in any absolute sense with l:ho;e
- of Experiment VIL. Although the two studies were completed within

six months of each other, seasonal and other variations also preclude

any direct comparisons. ~
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SUMMARY

The findings and conclusions of the preserit study may be summarised

as follows:

1.

For the control group of mothers, parturition was related to photo-
period. Litter-size showed a negative regression on gestation time,
and-on birth weight, for litters born on Day 21. Birth-weight of
male pups was greater than that of females.

Three different preparations of growth hormone, when administered
from Days 7-20 of gestation, produced greater increases in maternal
body-weight than normally occur during pregnancy, and all prolonged
gestation. Ovine growth hormone produced a greater extension of
gestation than did bovine growth hormone. -

For mothers receiving a bovine preparation of growth hormone, 2
negative regression of birth-weight on litter-size was found but

no relationship was apparent between litter-size and gestation time.
Not all births occurred in the light phase, some occurred in the
late part of the dark phase. Birth-weight of male pups was greater
than that of females. No effect on litter-size was found.

Autopsy of mothers at postnatal Day 40 (post-conception Day 61)
established that mothers receiving growth hormone during pregnancy
had shown a genuine growth response. Liver weight increased -
proportionally to body-weight whereas kidney weight increases were
disproportionate. :

All mothers showed -a decline in nest-time and in the frequency of
nest-periods in the postpartum pericd. Growth hormone-treated
mothers spent less time with their litters than did control mothers.

Toral time spent nursing was negatively correlated with maternal
body-weight.

Offspring from growth hormone mothers exhibited precocious
development compared with offspring from control mothers when
pup age-was dated from parturition. However, ‘both groups of
offspring showed comparable development when pup age was dated
from conception. A slight precocity of females over males was
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apparent across all groups for the startle reflex.

7. A marginal influence of foster mother was apparent on pup weight
gain in the first two postnatal weeks. No influence of foster mother
was apparent on any other developmental parameter.

8. No effects, due to either prenatal or postnatal treatment, were
apparent with respect to body and brain development of female

offspring at 56 days postpartum.

9. No effects, due to either prenatal or postnatal treatments, were
apparent in male behaviour in the open field. Across all groups,
a negative correlation was found between the latency to enter the
field and subsequent activity in the field.

.

It was concluded that, while prenatal trearment with growth hormone
resulted in an altered prefile of maternal behaviour in the postpartum
period, through alterarions m the temporal synchrony betweén mother
and litter and possibly other factors, the inﬂuencé of foster mother”on / '
postnaral development and adult behaviour of the offspring was obscured.

Previous reports of precocious development of GH offspring are
probably due to a small but significant increase in the gestation period
bfl GH-t.reared mothers resulting in errorsin dating of age from concep-
tion upon which the timing of developmental parameters appears to

depend.



Table XXIX

"Experimental design. For each of the four postnatal
groups the first letters denote prenatal treatment of
mother and the second letters the prenatal origin of

the pups. - GH = growth hormone; CS = coﬁtrol_.

{F
.



Table XXIX

Experimental Design

Postnatal Prenatal Treatment Number
Group Mother Pup of Litters
GE/GR . GE - -GH 4
GH/CS GB cs 4
Cs/cs cs . - C8§ 4
CS/GH Ccs GH 4

391
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Table XXX.

Measurements at autopsy on eight growth hormone-treated
(GH) mothers and eight control (CS).mothers on postnatal

Day 40 (post-conception Day 61).
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w

MEASUREMENTS AT AUTOPSY ON GROWTH HORMONE-TREATED (GH)
' AND SALINE" INJECTED .(CS) MOTHERS

ON POSINATAL DAY 40

GH CsS
Measurement Mean SE Mean SE t probability
Body—weight 289.4 = 3.67 267.3 £ 4,95 3.58 r < .005
(g=.)
HA* Length 21.93 * 0.10 21.33 £ 0.19 2.78 p<.01
(em.) '
Tail Length 18.93 =+ 0,22 18.33 £-0.33 °  1.477 ns
(cm.)
Overall Length 40.83 * 0.25 39.66 + 0,46 2.257 p<.025
{cm.) T, ‘
Liver weight 20.98 = 0.25 10.00 + Q.36 2.202 p<.Q25
(gm.) )
Kidney weight 2.08 = 0.04 1.80 = 0.04 4.432 p <.0005

(gm. )} ;

*noge to anus



Table xxx 1

: Measmements at autopsy and brain assay of female
offspring on postnatal Day 56. Upper table (2) shows mean
values (Z=standard error) for the four groups. In the
lower table (b) postnatal mother effects are compared in
the first two rows, and prenatal treatmerit. effects in

the second two rows.



Table XXXI(a)

Group Mean * Standard Error
GH/GH GH/CS cs/cs Cs/GH

* Body weight (gm.) 197.8

I+

4.1 179.8

H

7.0 :188.7 % 6.9  178.2 * 4.3

t+
+

Brain weight (mg.) 1.816 0.012 1.756 = 0.0l2 1.786% 0.009 1.764+ 0.015

Brain DNA (ug.) 1626.8 % 30.7 1634.8

H

24.5 1592.0 = 31.9 1640.8 = 17.0

Brain Protein(ug) 1688. + 25 1682 + 55 1638 + 72 1611 + 57
Table XXXI(b)
G Body Brain Brain Brain.

roups Weisht tYeight DNA Protein

4 188.8 1.786 1630.8 1685
GH/GH and GH/CS

SE 5.1 0.014 18.2 28

. X 183.4 1.775 1616.4 1625

CS/CS and CS/GH '

SE 6.6 0.017 19.1 43

- X 188.0 1.789 1633.8 1649
GH/GH and CS/GH

SE 4.6 0.013 16.4 32.

b4 184.3 1,771 1613.4 1659

CS/CS and GH/CS
SE 4.8 0.009 20.3 43
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Table XXXII

" Summary of open-field behaviour of male offspring over

postnatal Days 75-80.



Table XXXII

Open-Pield Summary

397

Group Mean (* Standard Error)

Measure . GH/GH GH/CS _ cs/Ccs CS/GH

Latency to emter  72.4 * 14.3 814 x 6.9  69.4220.0 83.9 £ 14.0
Squares emtered . 75.1 % 6.5. 689 = 3.4 73.9+ 8.3 59.4+ 5.9
Boli (in field) 0.4 ¢ 0.1  1.82 0.6 1.8% 0.7 1.82 0.7
Close-rear 18.5+ 2.0 17.3+ 1.6 19.1s 1.8  15.6 + 0.8
Open-rear 8.2+ 2.2 3.9 0.6 7.9% 2.7 7.3% 2.0
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Figure 36

LS

Comparison of birth-times between control mothers of
Experiment VII (26) and VIIIb (21) and growth hormone-
treated mothers of Experiment VIIb (9). 12-hour light
(0800-2000 hr. ) and dark (2000-0800 br. ) periods indicared

on abscissa.
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Figure 37"

Maternal body-weight change through pregnancy and

‘lactation for eight control mothers (open circles) and

eight mothers treated-with growth hormone (filled circles).

40)



4Q1

WIVNLSOd,
o 2

T0HINOD ©

LI8-HO-HIN @

ove

082

0ce

0ot

CSWD) LHOIZM AQOS TYNNILVIN NYIN JNOHO

Figure 37



5

Figure 38

Group mean daily nest-time for each of the four groups.

Stage of lactation is timed from parturition (= Day 0).
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Figure 39

Group mean daily nest-time for growth hormone-treated
mothers (broken line) and control mothers (solid line).
Stage of lactation is timed from day of parturition.

Vertical bars indicate standard error of the mean.
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Figure 40

Group mean daily nest-time for growth hormone-treated
mothers (broken line) and control mothers (solid line).
Stage of lactation is timed from onset of pregnancy.

Vertical bars indicate standard error of mean.
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Figure 41

Group mean frequency of nest-pericds for growth hormone-
treated mothers (broken li.ﬁe) and control mothers (solid
line) timed from conception (upper graph) or parturiti'on'
(lower grap_h). Vertical bars indicate standard error of

the mean.
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Figure 42

Group mean pup-weight for each of the four groups in the
postnatal period. Growth hormone mothers: broken lines;

control mothers: solid lines.
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Figur‘e 43
Developmental parameters analysed by sex irrespective

of prenatal or postnatal treatment. Females: open circles;

males: filled circles.
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CHAPTER IV
GENERAL SUMMARY AND CONCLUDING DISCUSSION

The experimental work reported here has been concerned wﬁth:
(a) normal prenaral and postnatal developmental processes in the
-rat, and (b) the effects of growth hormone-treatment of the pregnant

rat on these processes.

Summary of main findings

In Section I, four eiperiments were conducted in order to assess
ti}e structural development of the rat in early ontogenetic stages. The
developmental course of body-weight, brain-weight, brain-cellularity,
and brain protein was observed'through the prenatal, perinatal, and
postnatal periods. " While most of these parameters changed in a uniform
and progressive fasﬁion over time, the net increase in brain-cellularity -
as measu::ed by DNA levels was biphasic. The discrete nature 6f the
first phase of DNA accretion in the prenaral pe.riod afforded an oppor-
~ tunity to examine the claim that growth hormone, administered to the
mother during pregnancy, resulted in hyperplasia of cells in the fetal
brain (Zamenhof, 1942; Zamenhof, Mosley, and Schuller, 1966).
The results of Experiments II, III, and IV, derived from assays on
fetuses delivered by caesarean-section, established that the hormone

treatment produced no detectable augmentation of fetal brain DNA, and
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was similarly ineffective in enhancing placenta-weight, body-weight,
brain-weight, or brain protein. It was also established that the treat-
ment did not produce any effect on prenatal litter-size. 'i'he only notice-
able outcome was a signiﬁcan:ly greater increase in the body-weight

of the pregnant rat. A discussion of these and other data in the general
context of fetal growth regulation lea to the conclusion that, with ade-
quaté nutrition, the fetus enjoys a relative autonomy ﬁ-dm maternal
inﬂu;:nces, and that fetal development was not augmented through the
continuous daily injections of growth hormone to the pregnant female.

These conclusions were difficult to reconc:il\e with other reports of
behavioural modification in the offspring of mothers who had received
the hormone during pregnancy. If such differences could not be attri-
buted to an acute influence of the hormone during the fetal period of
development, particularly on the brain, ‘then some other influence mu‘st
be responsible for the effects that were observed. It was felt that the
increase in maternal body-weight, which had been consistently observed
in growth .horrnone-treated mothers may have been involved in the
mediation of these postnatal behavioural modifications.

In Section II, the role of the mother in the determination of pup
development wa;‘I examined. In the first two experiments (Va and Vb),
observations of maternal béhaviour in the postpartum period suggested
that some of the variability in maternal behaviour might be attributed

to differences in maternal body-weight, and also to ambient conditions,

-
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e.g., temperature. Further, it was o}-asefved that the amount of time
the mother spent with her littér showed a substantial decline through the
fh"st two weeks postpartum. As this observation was in conﬂi;:t with

' some reports on the behaviour of the lactating rat, maternal behaviour
was subsequently studied in more detail in order to assess individual
differences between Iactér.ing mothers more fully.

An automatic system was developed which permitted a 24 hr.
record to be made of the a:ﬁount bf time the mother spent with her litter,
together with a record of the frequency of her rfest—pgriods (Experiment
VI). The data obtained in this fashion accordedj well with that of other
workers who had employed a continuous recording s;,;stem of different
design (Grota and Ader, 1969). The amount of time mothers spent with
their litters showed a progressive decline in the firs; two weeks post-~
partum. In addition, a circadian rhythm was also apparent: mothers
invariably spent less time with their litters i;'l the dark cvcle than they
did in the Iight cycle,

In Experiment VII, the influence of natural differences in maternal
body-weight was studied. Using mothers in a wide range of body-weight,
it was demonstrated that maternal body—weight did not affect gestation
period, litter-size, or birth-weight of the ‘offspring. Parturition invari-
ably tooic\place in the light periocd, and fundamental relationships were

confirmed between litter -size and gestation period, and between litter-

size and birth weight of offspring. In the postpartum pefiod, a significant
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correlation was found_ between tocallnest-time and ;Paternal bpdy-w'eight,
as heavy mothers spent less time with their Iirtei-s than did light mothers.
A small but significant effect of foster mother on offspring development |
was found, and, females showed earlief maturation of the startle-

reflex than males. Body and brain parameters of female offspring,
autopsied ar 56 days, tended to be inversely correlated with growth in
the preweaning period. In the open—field in adulthood, activity of male
offspring was positively correlated, and defecation gatively corre-
lated, with amount of time spent with the mother Je first two post-
partum weeks. The modulation of maternal behaviour was discussed,
and a te'mperature-dependé‘nt model for nesting behaviour was proposed.
Postnatal development and adult behaviour of offspring were interpreted
from the theoretical standpoints of early experience and neoteny.

In Experirﬁegt VIII, a similar experimental design was employed to
study the prenatal and postnatal effects of prenatally-administered
growth hormone. Three different batches <->f growth Eormone, adminis-
tered daily from Days 7-20, resulted in greater increaées in body-
weight in the pregnant rat and in prolohgation of gestation. 'Ihé effect
on gestation period was not due to a reduction in litter~size, neither
was it due to absolute maternal body-weight at parturition. Several
possibilities were suggested to account for the effect. In control mothers,
the relationships between parturition and photoperiod, litter—size and

birth-weight, and litter~size and gestation period were confirmed,
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and birth-weight of male offspring was greater than that of females.
In the hormone-treated mothers, the photoperiodicity of parturition
was péf_tially obscured, and no regression of litter-size on gestation
period was apparent. The remaining relationships above were con-
firmed. No effeét of the treatment on litter-size was apparent,
Hormone-tfeated mothers spent less time with their foster-litters
compared with control mothers, and nest-time was r;egativeiy corre-
lated with maternal body-weight. When pup age was dated from
parturition, offspring from growth har mone-treated mothers showed
precocious maturation compared with offspring from control mothers.
When pup age was dated from conception, the development of ‘b.och groups
was comparable. Thus, the previouslyrreborted develﬁpme’ntal pre-
cocity of offspring from growth hormone-treated mOthexis could be
accounted for by the prolongartion of gestation that results from the .
t.rea_tment. No influence of foster mother on offspring development was
apparent other than_-.a slight effect on pup weight gain. No differences
due to prenatal or postnatal treatments were apparent in females
autopsied at 56 days, or in male adult behaviour in the open-field.
Autopsy of mothers at Day 40 revealed that a sig_nificant growth responsé
had occurred in the mothers treated-with growth hormone, and, while
liver growth apbeared to be approximately proportional to the increases
in body-vfrei'ght. that of the kidneys was disproportional. The failure
to confirm previous findings (Experiment VII) of an influence of foster

A
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mother on postnatal development of offspring, and a relations.hip between
pre-weaning experience and adult behaviour, was attx;buted to several
factors: (1) prolongation of gestation in the hor mone-treated group me;y
bave resulted in slight alterations in the postnaral development of
offspring from these mothers, (2) the cross-fostering procedure resulted
in temporal asynchrony in almost half of the mother-litter combinations
studied, (3) possible ceiling-effects due to more early-izandling, (4)
possible qualitative differences in maternal body-weight between normally

heavy mozhefs and those treated with growth hormone.

Some methodological considerations:--Jost and Picon (1970) have

stressed the need for a precise estimation of fetal stages in develop-
mental research and this considerarion must, it seems, be extended to
in/clude the early stages of postnatal development. Developmental

: ﬁarametgrs are inextricably related to time, and errors of 'a’s 'Iittle

as 24 hr may lead to substantially different i;lterpretations of experi-
mental results. For example, in Experiment VI, it was possible to
date offspring age both from time of conception and from time of partur-
itiox.u. It was shown that when pup age was based on time of conception
pups from growth hqrmor;c-treated mothers showed no developmental
precocitg, whereas when_ pup age was dated from parturition these

pups were precocious as Clendinnen and Fayrs (1961) and Réy and
Hochhauser (1969) have reported. Similarly, it is evident that previous

reports of fetal gigantism, and increments in brain structure claimed
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to result from growth hormone-treatment (see review in Introduction)
are open to serious question unless it can be demonstrated that age was
precisely dated. In the absence of any such data, and in view of the
results obtained here, it may be concluded that misdating of age could

be responsible for these effects. The problem of dating clearly assumes
more critical proportions when d_eveldprnental parameters change rapidly
in the space of a few hours, as does the perinatal population iﬁcrease in
fungiform papillae in the tongue (Henderson, 1973).

N The dating problem is at the basis §f another major difficulty, that
of considering what is "normal. " Fo:;: example, normal parturition in
the rat is said to occur between 20, and 22 days after conceptiori, alcthough
little is presently known concerning the effects of slighe prematurity .

Or postmaturity upon t-he subsequent development of the offspring. The
combined data for control mothers in Exberirnents VII and VIII showed
that over 907, of litters are borh in the light\ cycle of the 21st day. For
this particular strain of animals, under these conditions, that time
must be considered "normal” and births that.occur oa Day 22 must be
considered “abnormal.” The question then becomes: How abnormal is
a Day 22 birth? If tpis postmaturity is considered in termé of the toral
period of gestation, then an extra 24 hr in utero only amounts to an
increase in time of appfo_ximately 5%. However, embryological and’

. by ] . . . .
fetal growth is not linear from the time of implantation to the time of

parturition, the fetus grows at an exponential rate over the last week of
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gestation, and by Day 21 the placenta may be reaching the limits of its

function. An extra day in utero at this stage, therefore, could be

- considered as a considerable relative increase in time. Postmaturity

of several days in the rat is known to result in fetal mortality (see
Barrow, 1970) but, to date, little is known about the effects of slight

postmaturity, and only recently have atterripts been made to examine

the effects of prematurity (Konishi and Sun, 1972; Grota and Arnbroso,
1973).

A similar problem in the definition of "normality” is encountered
in the case of htter sxze In Section II, a litter-size of elghl: was
seleCted for study in the postnatal period as the probablhty of mothers
giving birth to at least this numbetr was Ingh and a balanced sex-ratio
could also be achieved. However, this number may not-be ideal for the
purposes of optimising postnatal effects thar may be exerted by the
mother, In addit.ion, although postnatal litter-size has been experi-
mentally varied in several studies (e. g., Sugita, 1918; Winick and Noble,
1966k; Edwardson and Eayrs, 1967: Dobbing and Sands, 1971), there is

insufficient data available on the effects of litter-size in the normal

situation; and what little is known has derived out of incidental observations

(see Bond, 1958; Draper, 1968). In the study referred to earlier by
Gainer (1974) mothers giving birth ro litters in the range 3-14 were
allowed to rear them normally, and observations on the development of

the offspring were made. In general, indices of physical and CNS
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maturation were found to be inversely related to litter-fize, l.e.,
smaller litters showed earlier marurarion. ‘These data suggest that
even though prenatal adjustments may occur in the mother so that the
subsequent demahds of the unborn litter may be adequately met in
postnatal life (sge Experiment VII), posm‘at_al Iitter-size, under normal
conditions is an important determinant of development. .
i:"erhaps the key word here is adequate, and the question bears on
the issue of what is "normal, " what .is “optimal, " and where "maximal”
lies with respect to the two (see earlier discussion, Expe_riment YII).
These questions’ ultimately reduce to evolutionary considerations. For
example, a small litter-size may have survival value in thar the off-
spring-will mature faster and therefore may more successfully protect
themselves against noxious forces of the environment. Alternatively,
- the neoteny principle would suggest that precocity may impose a lower
limit on developmental potential, and survival in later lscages m\ay be
ad\:ersely affected. Thus, what ;nay be construed as "deficits"” in the/
early stages of development may, in effect, be essential trapsitory
states of normal ontogeny (see I%!axter; 1961).

Although we are now more aware of the danger of anthropomor -
phic fallacy in the interpretation of animal behaviour (see Dobéﬁansky,
1956), a similar danger arises when extrapolations are made in the
opposite direc:ion'(see Dobbing, '1973). Recent research hé.s relied upon

animal models to elucidate the normal and abnormal course of early
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development, notably in the assessment of early nutritional influences. .
It must be stressed that the considerations above, partimﬂarly with
-regard to the principle of neoteny, are made within tl;e restricted
context of an/imal development. While neoteny may operate in some
broad fashion in human phylogenetic evoluﬁén (Ashley-Montagu, -~

- 1955), and in individual ontogeny, the factors involved would presumably
be of 2 more complex nature operating over a substantially longer p'eriod.
Parenthetically, similar restrictions apply to consideratiohé of the role
of temperature in early develobrnent. Being ectothermic at birth, the
rat is especially vulnerable to temperature changes, and theoretical
impiications .(see Experiment VII) necessarily must be i:estric_:ted Lo
species which show a similar pattern of dependency upon an external
soﬁrée of temperature dui‘ing the period of attainment of homoiothermia.
-Although ambient temperature changes may affect human neonatal
behaviour (see Elder, 1970), they may ultimately prove less critical
than in the rat, particulariy _as/the CNS is at a later and less vulnerable
stage of developmént at this time,

Another major ﬁah@ologicﬂ difficulty in sﬁndies of developrrfent
concerns the quantifiéation of observations. A specific example was
discussed earlier (see Intro&uction) regarding the diversity of treatments
grouped under the rubric of "early handliﬁg. " The complex inter-
relationships between mother, litter, and ambient conditioné in early

development (Plaut, 1970) necessitate more precise definition of the
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independent variables.[ more detailed ol;servation of the dependent
variables, and evaluation of the possible role of intervening variabl es.

In the case of the early ontogeny of the rat, the mocher clearly plays

a critical role, and can be viewed as a major intervening variable in
studies irvolving experimental manipulatién of the litter in the preweanmg
period. And yet, it i§ puzzling that studies on the effects of early exper-
ience have proceeded almost independentljr of the studies of maternal

- behaviour. . Despite the publication twenty years ééo of a paper by

Seitz (1954) in which the early interrelationships betweeh mother and |
lirter were stressed, it was not until quite recently that these coﬁsidera—
tions have begun to be incorporatéd into the schema of developmental
theory. Perhaps the reason for this stems from the fact thar, whereas

the studies on the effects of early experience have used a pfedominarirly'
experimental orientation, maternal behaviour studies have been more
ethological and naturalistic.

In studies of maternal _behavi-our over the last decade, however,
there has been a noticeable trend towards a more parametric approéch.
particularly in the assessment of hormonal irfluences. The basic
naturalistic conception of maternal behaviour has prevailed, however, in
that such quantificafion as has been made was based on relatively
short observation periods which, it now appears, were not representa-
tive. The approach taken by Grota and Ader (1969) was, in effect, no

more than an extension of the quantitative orientation that studies of

!
)
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maternal behaviour were beginhing to rake, although the advantag_es in-
herent in using this method have not been widely accepted (see Moltz,
1971; Hérbert, 1972; Lott, 1973; Adler, 1973). o

The reason for this reception might be that the continuous recordmg
techmque has been viewed as an over-simplification of maternal behaviour,

-

resulting in a resolution of a complex variable into a single discrete separa-
tion of the time the mother spends with the litter and the time she is absent
from the nest. This criticism is justified inson{uch as no observations are
made on other aspects of maternal behaviour viz: retrieving, nest-building,
g'roor__ning of young, ®t. It is, of course, in}portant'to establish whether c;chei'

. aspects of maternal behaviour decline in a similar fashion to nest-time in the

first two postpartum weeks. It is interesting to note, however, £hat nest-

time correlates well with the?{her criteria used to assess maternal behaviour

(Grota and Ader, 1969). That‘ the amount of time the m&her _spe__nds with

her litter is not a measure of nursing time per se isa reasonable objection.“
Further work is required to eétablish what prdportion of nest-time is con-
stituted by nursing-tinﬁe, énd whether this prop?rtion is constant through
lactarion. Hdwever, the measure of nest-time{ and the frequency and pat-
terning of nest-pericds, remain lmportanc features of maternal behaviour.
Whether the mother is nursing or not, her preéeric;m the nest eagenders

a markedly different set of conditions from when she is not there, conditions

1The first actempt to monitor maternal behaviour continuously
appears to have been made by Gustaffson (1948) - see¢ Experimernt VI

/

I
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that may be critical to the development of the young.

It must be emphasised that early experience of the litter and
maternal behaviour ané inextricably related and it becomes necessary
(espécially in view o the possibility that adult behaviour may be’
determined h§ prewéaning experience (Experiment VII), and that brain
celi-differentiation may be similarly influenced ol see below) that the |
two be considered together. 'i'he amoimt of :i{ne the mother spends with
her litter and the patterning of her nest-periods are the only reliable
parametric indices presently a;railable, by which preweaning experience
of the litter may be assessed. The mvesnganon of maternal behaviour
as a deterrmnant of ear,k{r experzence, and therefore as a rnajor epigenetic
source of in\fluence on development, should prove extremely profitable

in future studies.

With#he use of a continuous recording system of different desxgn

| (E)cper:ment VI), the results obcamed by Grota and Ader (1969) have

been conhrm_g_d,. and suggestive evidence has been brought forward
linking preweaning experience to adult behaviour (Experiment VII). In

the final part of this discussion, an-attempt will be made to integrate

the results of studies on the adult behaviour of offsﬁring from growth

, hormone-treated mothers with the present fifidings.

In the Introduction, several scudies’ were reviewed which suggested

that the offsprmg from growth hormone treated mothers showed

‘behavioural superxonty in adulthood. The fxrsz point that should be -
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maﬁe, pérhaps, is that"'helgavio&ral superiority" or "ihreiligence"
are both enigmatic terms when applied to animals.. In the study by
Block and Essman (1965), for exa-mple,’ extinction behaviour was assessed
following a single exposuré‘ to electric shock. The criterion for extinction
was'met if a sub]ecn entered a chamber where it first received.shock.
Over 20 extinction trials, offspring from growth hormone-treated
mothers showed a more rapid extincn:’ion of the avoidance response than-
did control offspring. It was‘reasoned that as the GH offspring had more
rapidly extinguished what was no longer an gppiopriate response, they
had demonstrated adaptive behaviour. Alternatively, it may be argued
that willingness to re-enter a situation in which a strongly aversive
expérience had occurred was maladaptive, or indicative of poor memory.
A more circumspect conclusion might. be that one group of subjects
behaved differently from the other.
' Clendinnen and Eayrs (1961) used a more traditional aSses'smenc

of "intelligence, " tﬁe Raiainowitz and Roswold (1951) modification of the
Hebb-Williams maze. Subjects weré.-thirst-mocivated to run from a
starting area through a maze to a goal box. Twelve different mazes
were .used and deviation; fro‘m a direct course were scored as errors.

. '_'Intell'ecrual capacity " was indexed by the total error score over the

‘ twelye problem;k Offspring from GH mothers made significantly fewer
errors than control offspriﬁg, and it was concluded that the GH-offspring

) ‘, ﬁad de.rnons.trated enhancement in the performance of cortically-mediated

5
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behaviour. Again, there is the problem of interpreting exactly whar
these -differen.ces in behaviour signify. High error scox:es in the Hebb-
Williams maze have been attributed to a greater tendency to explore
(Woods, 1959), and others have questio}zed the use of this test 6n the
grounds that performance is dependent on visual cues (Warren; 1965).
There is an additional problem in the stu&y above, in that GH-offspring
may have been heavier at fhe time of testing and there is no guarantee
that water-deprived animals of differing body-weight experience tﬁe
same degree of thirst motivation.

Iﬁ a study by Ray and Hochhauser (1969), gffspring‘ from GH-
treated or control mothers were reared in either enriched or isolated
environments follox_ving weaning. 'Differences were found in adulthood
only between those groups reared in the isolated condition, The main
difference in performance wés observed in the Lashley III maze. In this
procedure, thé food-deprived subject runs tlu;ough a maze to a goal-
bc-sx. Performance is assessed as the number of errorless trials to a
given criterion. Enhanced performance of GH offspring was also found
in a shuttle-box avoidance task in \;hich, following the onset of a dis-
criminative sfimulus (light) the éubject is allowed 10 sec to move toa
dark compartment to avoid shock.

In addition to the difficulties already mentioned in interpreting
sucl; béhavioural changes, the absence of any changes in the enriched

condition is difficult to explain. It may be, as the authors suggest,

e et
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that a ceiling effect occurred ard this seems reasonahle from the fact

: that, in general, SUbJECES reared in the ennched condmon performed
better in the learning tasks than did those reared in the isolated
condmon Alternatively, it might be argued that if neuronal hyperplasia
had resulted from the hormone treatment, a further augmentation of
bram structure should have occurred following experience in the enriched
environment as ohis treat}nent is reported to increaée the ratio of glia

Lo neurons (Diamond, Krech and Rosenzweig. 1564).

In summary, it seems clear that all of the above studieslj provide
evidence of a difference in adult behaviour between GH-offspring and
control offspring.  However, there are some overriding'problerns in
interpreting the results. First, there is no indication thathtcer effects
(King, 1969 Abbey and Howard, 1973) were taken into account in statis-
tical treatment of the data. Second, in none of the studies was a fostering
procedure used, and it is therefore impossible to rule out a postnatal
mediation in the effects observed. In the study réported in
the ap;-endix (A), cross-fostering was conducted and only one representa -
tive from a litter was tested. In terms of "porformonce" control offspring

'reared by GH—mocherf were superior to the GH-offspring reared by
control mothers, although, again, the effects could have boen due to
differential mocivation and factors unrelated to higher brain function.

The failure to find any systematic differences in adult behaviour in

Experiment VIII of the present work has already been discussed in terms

laiso see Sara and Lazarus (1974).
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" of a disruption in the synchronous relationsinp between mother and

litter in the Eostpartum period. 'Ihe increased arnount of early handlmg

may have also reduced the hkehhood of detecting dlfferences in adult
behawour. An addmonal possibility is that the extremely uniform condi-
tions of rearing may have suppressed quahtanve differences between
GH mothers and control rnochers.

Having considered some of the methodologicsl issues in this
area, we may now turn to the explicit s'uggestion that differences in
adult behaviour can be atu:n;utec.i to modifications ;f cortical
structure (see Introdqcﬂon). The argument has been advanced thar
this rnodific}ation is est'al;lished under the acute influence of growth
hormone in the prenatal period, and takes the form of neurconal hyper-
plasia. Thus, it is'prdposed that a relatively slight increase in the toral
number 9f cells in the brain finds exi)ression in a modification of adult
.behaviour. The evidence from cther studies (Eayrs, 1961; Altman,
1967) would suggest instead that if any broad relationships were to be
estabhshed between CNS structure and function at this level, it would
be the pattern of cell ~connectivity {and therefore cell- dxfferenczanon)
that was involved rather than any change in the absolute number of cells.
Is evol;_:_tionarjr. terms, it Is not the density of cells thst has been associ-
ated with higher intellectual function so much as an increase in the elabora-
Eion of the neuropil /refleclted as an Increase in the cell-gray coeffic—ient

(see Bekoff and Fox, 1972).
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Cartical cells are little differentiated at birth in the rat. 'For the
sensori-motor cortex, Eayrs and Goodhead (1959) fourd that axonal
densit; increased most rapidly between postnatal Days 6-18, and dendritic
density between Days 18-24. Previous attempts to quantify developmental -
changes in neuronal connec:tivit-y have been made largely on the basis of
such indirect measures as the cell-gray c?efficient, and the dénsity of
axons, dendrites, and dendritic spines (see Aghajanian and Bloom, 1967;
Bekoff and Fox, 1972). More recently, however, direct observations
have been made on the ultrastructural development of morphologic junc-
tions bet/#veén cells, Aghajanian and Bloom (1967) féund a rapid increase
in synaptic junctions in the parietal cortex in the third postnatal week,
and Bloom (1972) has reported an earlier, triphasic (cf. Del Cerro and
Snider, 1968), and more protracted period of synaptogenesis in the
cerebellar éortéx in the postnatal period. This suggests then that if
any changes in cell-differeﬁtiat:i'dn and conn&tivity were to be established .
-the optimum time would be during the first three postnatal weeks,

i.e., atthe preweaning stage. |

To date, little work has been done on the important subject of
what factors influence the process of synaptogenesis. Bunge,. Bunge, and
Petersen (1967) have emphasised inherent genetic determinants of the
procesé. havirfg observed a substantial development of synapses in
explanted fetal cord tissue (afferent and efferent input abolished). It

is hard to imagine, however, that synaptogenesis comple'tely escapes
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environmental influence. A reduction in the number of dendritic spines
in the visual cortex has been reported in dark-reared mice (Valverde,
1967) which appears to be permaneht (Ruiz-Marcos and Valvérde, 1969),
and as l:hé majority of cortical synapses are estahlished on the deﬁdritic
spines (see Colonnier, 1968) it would be expected that corresponding
deficits would also have arisen in the ontogeny of synapses. That the
structural and functional properties of imrmature neurons differ from ‘
those of mature neurons (see Purpura, 1972) suggests further thar early—
mduced changes In synaptogenesis might subsequently give rise to
Profound and long-lasting modifications in CNS organisation.

In the study by Cl'j‘ﬁnnen and Eayrs (1961) several pararneters:
of cortical neuren structure were_compared" in the offspring of growth
hormone-treated and control rhothers. No histological evidence of
hyperplasia was found a‘lthough compared with controls, growth hormone
offspring showed a 20%, increase in the cell-gray coefficient, a 23%
increase in the number of dendrites associated with each neuron, and’
a 22% increase in the average léngth of dendrites. These structural
increments were estimated to have/ increased substantially the probability
of interéction between neurons. However, the aithors found it difficult
to reconcile the fact that growth hormone, administered prenatally, |
had influenced cortical cell-differentiation which occurs chiefly in the
postnatal period. The possibility was considered that cortical cell- ‘

differentiation was advanced In the growth hormone offspring. The
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finding of an increase in birth-weight and a progressive widening of
the bod.y-'weight difference with controls in the postnatal pgriqd .was
adduced in support of this contention. \

The experiments reported in Section I, however, firmly establish
. that there is no advance in body or brain growth in fetuses of growth
hofmone—treated mothers, and any difference in birth-weight can be
-accounted for b} extended gestation (Experiment VIII). Further, growth
hormone offspring fostered to control mothers do nar grow faster than
control offspring fostered to growth hormone mothérs, rather the converse
appears to be the case (Experiment VIII, Apendix A). Unless growth
hormone establishes a higher capability of protein synthésis prenatally
which is subsequently expressed in a greater degree of cytodifferentiation
'postnatally (see Jacobson, 1970), the logical conclusion of these data
must be that the neuronal hypertrophy observed by Clendinnen and Eayrs
'(1961) was"established during the normal postnatal period of"cell- |
differentiation under the influence of the grc;wth ho;rﬁone-'treated mother
whose behaviour is shown here (Ebtperirﬁenc VIII) to differ from that of
the control mother.

The envixl:onmen;al dépendency of the developing nervous system
has been well established (see Bekoff and Fox, 1972) and hypotheses have
been advanced to account for the effects of early experience on cortical
development (Schapiro and Vukovich, 1970). The conclusions above raise

‘the challenging possibility that the early plasticity of the developing
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nervous system of the rat is critically irfluenced by the relationship
between mother and litter in the preweaning period, and through this

dependency modifications in the structural and functional organisation

of the brain may be'e:srablished.1

©

lin a recent publication (Sara and Lazarus, 1974) the claim is again
made that the prenatal treatment with growth hormone (porcine) results
in 2 permanent increase in the number of cortical neurons and in an
"enhancement of learning ability. " It is possible that porcine growth
hormone differs, in effect, from bovine and ovine preparations, although
what evidence there i1s (Angervall and Lundin, 1962) argues against this.
In view of the results obtained in the present work, it seems more probable
that imprecise dating of pup age (arlsing from extended gestation - see
Experiments Villa and VIIIb) together with postnatal maternal influences -
(see Experiments VII and VIII) may have been responsible for the structural
changes observed, and that postnatal maternal influences were responsible

- for the differences in adult behaviour (see also General Summary and _
Concluding Discussion). ' ~

A discussion of the above paper together with a related report (Sara,V.R.
Lazarus, L., Stuart, M.C., and King, T.(1974)). Fetal brain growth: selective
action by growth hormone. Science, 186:446-447) is given in Croskerry, P.G.,
and Smith, G.K. (1975)). Prolongation of gestation by growth hormone: a con-
founding factor in the assessment of its prenatal action . Science (in press).
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endix A

DISCRIMINATED AVOIDANCE BEHAVIOUR OF OFFSPRING FROM
' CONTROL AND GROWTH HORMONE - TR EATED MOTHERS

. ¢

Previous reports have suggested chat the offspring from mothers
treated with growth hormone during pregnancy show behavioural superi-
ority in adulthood (see Introduction), although such an Interpretation
is open to question on the basis of the behavioural measures employed
(see Final Discussion and Conclusions) and the statistical treatment of _
' the data obtained (see King, 1969; Abbey and Howard, 1973), Apother ’
major difficulty in interpreting these studies is that, in all cases, the
offspring from growth hormone-treated mothers were reared by these
same mothers arnd the possibility of postnatal mediation may not there-
fore be excluded. The purpose of the present study was to investigate
the adult behaviour of GH-offspring who were not exposed to the post-
- natal influence of the GH-mother, and of control offspring who were.

The behavioural measure used was discriminated avoidance from

electric shock. This task was selected for several reasons, First,
- the difficulty which normal rats have in successfully performing discri-
minated avoidance (Meyer, Cho, and Weseman, 1960) would presumably
facilitate the detection of ""behavioural superiority” in growth hormone-
treated rats {c.f., Warden, Rcss, and Zamenhof, 1942). The difficulty
of the task would also give rise to a protracted periocd of acquisition

ch would be useful for comparing individual performances. Second,
al%ugh this measure Is time-consuming and therefore permits only
few sublects to be tested; behaviour in the operant situatfon may be more
precisely measured,

Hooded rats from the McMaster colony were used. Primiparous
females in the welght range 170-190 gm. were mated and insemination.
confirmed by vaginal lavagé. Pregnant females. were randomly assigned

to one of two groups. The growth hormone group (GH) received dalily
subcutaneous injections of growth hormone (NIH-GH-B14) contained in -
0.2 ml. physiological saline in the pH range 8.0-9.0, from the seventh
to the twentleth day of gestatign. The control saline group (CS) received
the same volume of the vehiclé by the same route, Animals were injected
and weighed around midday. Cages were inspected for litters in the

- morning, at midday, and in the evening, Within twelve hours of parturi-

tion, litters were weighed, culled to ten'pups, and GH-pups were fostered
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to CS-mothers and vice versa (see Table XXX1Il. Beginning on Day 6,
pups were sampled from both groups for use in another project; the
extent and rate of litter reduction was comparable in the two groups.
Litter weights were recorded daily to Day 15. Group mean pup weights
are shown in Figure 44. ‘No statistically significant differences between
the gregups were found on Day 2, but by Day 5 CS-pups were significantly
heavier (two-tail t-test: p< 0.01). CS-pups remained significantly
heavier unt{l Day 10, after which time the difference In group means was
not statistically significant, Maternal body-weight during pregnancy

and over the first 15 days postpartum {s shown in Figure 45. By
prenatal Day 13 the GH group was significantly heavier than the CS -~
group (P<0.05) and remained so during most of the @stgartum period.

In adulthood, males were randomly selected (one per Heter) for

. tegting In an operant paradigm Involving discriminated avoidance from
electric shock. A blind procedure was first used (the experimenter

did not know which group the animal was from ) to shape subjects to
lever-press to escape contipuous foor-shock, Flve seconds priorto

" ‘shock onset & warning signal (SDy consisting of two lights and a tong
came on. The lights were mounted to the side of and slightly above the
lever on the functional panel, The box was contalned in a sound-proof
.chest in a darkened room. Throughout the first shaping session, shock
intensity was 0.5 mamp, and the inter-trial interval (ITI) was 30 sec.
Where shaping was difficult the shock level was increased-to a2 maximum
of 2,0 mamp. and the ITI decreased to a minimum of 15 sec, Most

- subjects made their first lever.press within 10 min. and reached a

+ criterion of 10 consecutive escape responses in 30-50 min. When
criterion was reached, the apparatus was switched to automatic opera-~ -

tion for 30 min. with continuous shock level at 0,5 mamp. and ITI of
30 sec. On Day 2, subjects were allowed 10 continuous shocks at 0. 5
mamp followed by puised shock at . @ 8 mamp. for one hour. On

subsequent days; subjectﬁ 'were run for one hour with pulsed.shock at
C. S mamp.

The results over seventeen dafly one-hour sessions are shown In
Figure 46. Discriminated avoldance was calculated by expressing the
total number of responses during the five seconds the SP was on as a
percentage of the total number of SDs presented, Each of the control
subjects (reared by GH-mothers) demonstrated discriminated avoidance
behaviour. Following acquisition over nine sessions, the group average
wasg malintained at about 70-80%. In contrast, the percentage of discri-
minated avoidance responses made by the GH subjects (reared-by control
mothers) rarely excgeded chance level over the seventeen sessions. Two

other adult males from untreated, non- fostered control litters (CC) also
showed no acquisition of discrimination behavlour

<&
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Clearly, any Interpretation of these results must bé limited in
view of the small sample of animals that was used. However, by using
only one subject from a litrer,. statistical Independence is‘pchleved
arnd the absence of any overlap In the resulrs suggests a real difference
between the groups. The-design of the experiment does not allow any
conclusions to be drawn regarding the origin of this difference, Ideally,
a split-fostering design should be used In which mothers reared half
of their own litter and half of the litter from a mother in the other
group. This would allow some partitloning of prenatal and postaatal
Influences. For equality in all groups, however, It might be necesbary
todellver pups be caesarean-section in order to eliminate any effects
of extended gestation (see Experiment VIII) in the'GH group.

Summarg

Prenatal treatment with growth hormone over the last two-~thirds
of gestation resulted in a significant increase in maternal body-weight
which was sustained, in part, in the postnatal period. GH-offspring
reared by control mothers showed a lower rate of body-weight galn in
the first two postnatal weeks. In adulthood, GH males did not show
discriminated avoldance behaviour whereas control males reared by

GH-mothers did.

4- -'
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Figure 44

Mean weights in- first two weeks of pups born to control
mothers and reare;i by growth hormone-treated mothers
(---A--) and pups born to grow:h-hormoﬁe mothers and

reared by control mothers (—@—). Pup age is dated wfch _

respect to the onset of pregnancy, l.e., prenatal Day 21 =
\
postnatal Day 0. '
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Figure 45
/

Body-welght gain in pregnancy and in the first two weeks

_postpartum of six animals receiving 3 mg. of growth
hormone (NIH-GH-B14) daily from the seventh to the
twentieth day of geStatlon (filled ch"c‘les), and of six
saline-injected controls (open circles). Postnatally,

standard errors of means represented by shaded area. |
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Figure 46

Precent discriminated avoidance in individual adult males
(ﬁop eight plots). Controls reared by growzh-horrﬁone-
treated mothers are shown on left -(Ez; Jl,' M,;), growth-
hormone offspring reared by control mothers in middle
‘(52' F,, Cg), and untreated,non:fos;tered cdn;rols on
right (Tq, Uj) " Group data shown beiow, Broken line

1n7C2 plot indicates apparatus failure in one session.
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Table XXXIU

B
4

' {
L itter-size, weight, and approxgmate rime of parturition

Al

1
- in growth hormone and control groups.
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Table XXXIIT-
. ‘ Litter Average Pup
. Time of Rumber in Weight Weight
Croup Mother Parfurition © Lirrer (gm) (gm)
B OVERNIGHT 21-22 15 82 5.466
C " MIDDAY 21 14 81 5.786
- s MORNING 22 13 80 6.154
4 MORNING 21 13 72 5.539
D OVERNICHT 21-22 11 73 6.636
0 EVENING 21 1. " 63 . 5.727
12.83 5.884
z MIDDAY 22 12 63 5.250
J OVERNIGHT 21-22. 10 = s 6.500
. N MIDDAY 21 13 70 5.384
& G MORNING 21 11 56 5.090
9 MIDDAY 21 12 67 5.583
M EVENING 21 10 59 5.900
11.33% S.618%

*not significantly different from GH value

B
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. Appendix B

WEIGHT ON POSTNATAL DAY 15
(Expgrirnent VII) ~

i Analysis of Variance : s
Source of Sum of . Mean
Variation df Squares Square F p
Total 127 1158.6 . - ] - -
Prenatal (Pre) 1 18.8 18.8~_ 8.0 <.01
Postnatal (Post) 1 148.8 148.8 63.5 <.01
Sex 17 78.1 78.1 -33.3 <.01
Pre x Post I 116.3 116.3 49.6 <.01
Pre x Sex 1 6.1 6.1 2.6 ns
Post x Sex 1 0.6 0.6 0.3 .ns
"~ Post x Pre_x Sex 'l 0.9 0.9 . 0.4 ns
Licter Effect 24 562.5 23.4 10.0 <.01
Residual 96 224.9 . { 3 - -
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