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Abstract

The general aim of this study has been to examine
some physiblogical and behavioural aspects of crowding in
.mice. The notion of stress has been central to this study.
Using Selye's General Adaptation Syndrome hypothesis as a
framework, modern ideas of stress have been re-examined.
Social stress and population regulation in the house mouse
have been reviewed. It has been concluded that social fac-
tors can regulate mouse populations and‘that it can be fe-
male reproductive productivity that is limiting. Little is
known about the social behaviour of females and, in parti-
cular, social stress.

Plasma corticosterone levels in female mice were
measured, using radioimmunoassay, as an indicator of stress.
Basal plasma corticosterone levels were unaffected by hou-
sing density, social stability and some methodological pro-
cedures. Small differences in plasma corticosterone between
grouped and individually housed mice were found when values‘
of mice sampled at pro-oestrus were excluded. Pro-oestrus

values were almost twice those at other stages of the oes-

trous cycle.

The circadian rhythm of plasma corticosterone was
not different in grouped and individually housed female mice
but stress response levels were higher in the grouped mice
after blood sampling and ether but not after ether ﬁreatment

only. It was concluded that whilst some differences in ad—

renocortical functioning occur between differentially housed
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female mice these are not indicative of social stress.
Further, the use of adrenocortical activity as an indicator
of stress was examined critically.

It was proposed that the failure to replicate the
results of "semi-natural" studies in laboratory experiments
was due to either genetié strain differences or to the pre-
sence of males. Preliminary studies showed that male urine
can activate the adrenal cortex in females.

The suppression‘of 6estruslfound in grouped

females was due to pseudopregnancy and not anoestrus.



CHAPTER 1

Concept of Stress

It is an everyday belief that crowding animals has
deleterious effects on health and that it is in some way
"stressful". Similarly, overcrowding people is believed to
generate emotional and physical imbalance resulting in social
disruption as evidenced by the "abnormal" behaviour of people
in cities (Milgram, 1970). With the ever increasing human
population size and consequent increase in intensity of
agriculture, the understanding of the nature and effects of
crowding and overcrowding in both people and animals seems
important. It is within this context that this study has
been carried out. The general aim has been to study some
physiological and behavioural aspects of crowding and over-
crowding.

The term crowding is usuélly used rather loosely
to mean a large numbi | | animals or things massed
together and overcrowding is too many people or things
massed together. Both terms also imply a limitation of space.
Clearly the notion of 'too many' implies that there must be
a normal, natural number. With humans or animals it is not
easy to state what are normal, natural numbers and on what
criteria this is decided. It cannot be on a strict numerical
basis since it is obvious that different species of animal
have different requirements for space. The space require-
ment for any particular species will depend on a vériety of

factors.Amongst the higher vertbrates social organisation

is a prominent factor.
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There are two components of density; numbers and

space. Because social organisation is important in deter-
mining the space requirement in higher vertebrates attention
will be paid mostly to numbers of animals since this, largely
determines density effects. It is however recognised that
physical space is a component of density and may in some
circumstances operate independently of numbers (Brittain,
1973).

Attempts to define what are normal,natural numbers
of animals objectively must include some consideration of
the selective forces operating. It is recognised thét in
human or "artificial" animal populations (laboratory or
farm animals) survival of the species (or genes) may not be
the prime selective force. Thus assessment of normal numbers
and overcrowding of these populations is a subjective value
Judgement. The térm grouping does not involve the emotive-
ness of the notion of overcrowding and can be considered as
an assembly of animais (or people) which can be regarded as

a collective unit.

. House mice (Mus musculus L) have been chosen as an

experimental model in this study for a variety of reasons.
They are readily available, cheap, easily kept, easier to
experiment with than primates (or humans) and are frequently
used 1n similar studies so that there is now a considerable
volume of literature on most aspects of mouse biology. Des-~
pite this knowledge there are substantial gaps in under-

standing of social bebaviour and the physiology of behaviour

‘in mice.

L4

One of the central paradigms drawing together work
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on overcrowding and grouping was a hypothesis formulated
by Christan (1950) in which overcrowding led to social stress,
reproductive failure and hence regulation of population
numbers, (Chapter é). This hypothesis was based on Selye's
notion of a General Adaptation Syndrome (GAS), postulated
first in 1936. This hypothesis stated that an animal, as a
result of noxioﬁs stimuli responded in a:both specific and
general fashion. The general response was seen in three
phases; an activation of adaptation mechanisms, notably the
adrenal cortex, then a settling to a new level of adaptation
if the stimulus persisted and finally an exhaustion of the
"adaptation organs" leading to death. The adrenal cortex. was
considered the main organ of adaptation although it was re—
cognised -that the response was co-ordinated by the central
nervous system (C.N.S.). It was possible to recogniée the
three phases of fhe G.A.S., alarm, resistance, and exhaustion
by changes in the size and weight of the adrenal glands.
Thus in the initial alarm stage the adrenal would increase:
in size, indicating an increase in corticosteroid output,
then throughout the period of resistance the adrenal gland
would remain in an enlarged state, indicating continued
hyperactivity. Finally the adrenal would decrease in size
as its secretory capacity was exhausted.

The adaptation response was seen as a result of a
variety of different stimuli eg. trauma, burns, surgery,
haemorrhage, temperature, X-rays, electric shock, emotional
disturbance. Apart from the specific action of these stimuli
(eg. local skin damage in thé case of burns) there was a
general activation of adapt:tion mechanisms. The stimuli wére

termed stressors and the response, stress. The degree of
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stress was dependent on the severity of the stressors and the
length of time they affected the animal. It was thus only
through prolonged stress that the full G.A.S. would be shown.

The ability to adapt to various stressors was
vital to an animal's survival. Without the organs of adaptation
eg. adrenal glends, animals die. This could be prevented in
adrenalectomised animals by the replacement therapy of
corticosteroids. It was presumed that the corticosteroids
aided adaptation, by means of a release of metabolic re-
serves, but that continued secretion of corticosteroids was
maladaptive. The G.A.S. was seen as leading or giving rise
to diseases of adaptation.

Sincé the crystallization of Selye's hypothesis
in 1950 there has been considerable attention devoted to the
concept of stress. An attempt is made here to identify some
of the major strands in the understanding of stress. This
has nop been performed comprehensively.

' The layman's meaning of stress is that of a person
being under pressure psychologically and finding it difficult
to cope with the situations faced. The results of stress are
psychological breakdown and physical disorders such as sto-
mach ulcers. This understanding of stress is however largely
intuitive and it has been the attempt of biologists to de-
fine stress more objectively (Table 1l). Some workers have
defined stress with respect to the changes that occur in an
organism eg. Selye (1950), whilst others,as the stimuli that
elicit such changes eg. Coffey (1971). In this study the term
stressor will be used to indicate the stimulus and stress as
the changes. It should be noted however that if is difficult

to identify those stimuli that are stressors ( without



TABLE 1

DEFINITIONS OF STRESS

"Systemic stress"...." a condition in which, due to function
or damage, extensive regions of the body deviate from their
normal resting state".

"Stressor"...."any stimuli that causes stress”.

( Selye, 1950 )

Stress...." the force producing or tending to produce defor-
mation in a body, as distinet from strain which is deforma-

tion resulting from a stress".

( Lee, 1966‘)

Stress...."any aversive stimulus for the animal".

( Coffey, 1971 )

Stress...."some divergence from the normal which through
homeostatic mechanisms, will eventually be brought back to

the original level™.

( Davis, 1971 )

Stressor...."any input, external or internal, which is po-
tentially capable of driving a. variable, whose stability is

essential to life, outside of its permissible bounds;

stressors, in addition to eliciting specific compensatory
responses in a homeostatic organism, also usually serve as

inputs which increase ACTH secretion",

( Rodgers et al, 1974 )
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TABLE 1 continued

Stress...."factors, usually considered noxious in some way,
that activate the pituitary-adrenocortical axis and promote

glucocorticoid secretion".

( Brain, 1975, )

Stress...."the prolonged inability to remove a source of po-
tential danger, leading to activation of systems for coping
with danger beyond their range of maximal efficiency".

( Archer, 1979 )
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resorting to anthropomorphism) and this can only be achieved
by measuring some physiological or behavioural variable in
the animal that is deemed an indicator of stress, ie, a
stressor is any stimulus that causes stress.

There is a general agreement that stress is a per-
tﬁrbation of normal homeostatic mechanisms of an animal. It
is implicit in most definitions that physiological changes
that occur in a stressed animal affect the body generally.
It is also accepted that the physiological and behavioural
changes that accompany stress are systems of adaptation that
become inefficient or mal-adaptive. At present, it is not
possible to measure stress directly but one can measure some
physiological and behavioural consequences of stress. The
net result of stressors are physical and psychological dis-
order and a lack of ability to cope with environmental
demands. Some of the functional changes are characteristic
of stress eg. adrenal activation. It does not necessarily
follow that a change in one indicator systenm's activity'im~
plies stress.

What is meant by adaptation? "It implies an
active change (in physiology and behaviour) initiated by
contact with the environment. This change can result in the
maintenance of a steady state at a higher or lower than normal
level as caused by activation of adjustive responses or it
can involve the adoption ofa new pattern and/or intensity of
bodily reactions conforming to the new demands",(Bajusz,

1969). We must , again tackle the question of what is
'‘normal'. If an animal is placed in an abnormal énvironmeht,
various mechanisms operate to adjust to the new setting, and

the animal survives. There may come a point however where
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this adjustment preventé successful reproduction, although
the individual survives. In physiological terms the animal
has adapted successfully. In evolutionary terms it is not
successful, if it is assumed that natural selection operates
on the individual.

In attempting to ascribe behaviour (or physiology)
as adaptive or .mal-adaptive, two seperate theoretical view-
points have been taken: cf. Daly (1973); Levine (1971). The
ethologists argue that adaptiveness must refer to the
particular species natural habitat whereas the behaviourists
argue that adaptiveness refers to the setting to which the
animals are exposed. For example, in explaining early
handling effects of rafs on subsequent behaviour the high‘
"emotionality"” and . hesitancy of approach in an "open field"
in non—handied rats is seen as mal-adaptive by the be-
haviourists, because it is inappropriate to a relatively
inocuous sifuation like the "open field". However, these
responses are seen as normal by the ethologists since in the
wild a wariness of being preyed upon would be highly adaptive
and that the "open field", which is a brightly 1it novel
arena, is a highly noxious stimulus to a small rodent. At the
root of these differences lies the importance attached to
either genetically fixed, species specific behaviour or en-
vironmentally determined behaviour characteristic of a
variety of species. The function of adaptive behaviour and
physiology in a natural setting is ultimately survival.
There may be no function in an unnatural setting.

Selye's G.A.S. hypothesis emphasised physical fac-
tors as causing stress. More recently it has beéome clear

that "emotional disturbance" may be a more important



13

component of stress than thysical damage (Mason,1968). Thus
a physical sfressor eg. burn, has a psychological component
eg. fear, pain and that it is the latter which activates
systems of adaptation. Stress is then dependent not only on
a particular external stimulus but also on how that stimulus
is perceived by the individual. This perception will depend
upon an individual's past experience, psychological con-
ditioning and upon any fixed inherent needs.

The sort of factors which can act as stressors
include extreme'sensory stimulatioﬁ, pain, novelfy, frus-
tration and a variety of social stimuli which can all bring
about emotional arousal and stress. In fact stress has been
seen as a non-specific or general "emotional arousal". This
generality of response is in accord with Selye's G.A.S.

One "important aspect of stress is the notion of
prolonged exposure to a stressor (Archer, 1979; Selye,
1950). An animal may become "emotionally aroused" due to
some stimulug. This only becomes a damaging stress when the
animal continues to be "emotionally aroused" and the normal
homeostatic mechanisms are over-ridden by the continuing
responses to the stressor. This distinguishes what is an
adaptive process and what is a mal-adaptive one. The adap-
tive value of emotidnal arousal can be seen as the pre-
paration for a "fight or flight" response. When an animal
is faced with a situation that is perceived as a potential
danger, systems are activated in preparation for coping with
that danger. On the behavioural side these may be, for
example, flight, fighting, "freezing" or submiésive sig~
nalling as appropriate to the circumstance and species.

il
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What are the physiological systems involved in
this "emotional arousal"? At the outset it must be realised
that the CNS plays a major role in co-ordinating the res-
ponses to a stressor. Since body functions are ultimately
regulated by nervous and/or hormonal syétems it is not sur-
prising that the CNS plays a major role although this has
frequently been forgotten in the enthusiasmiﬁor a particular
physiological system. |

Historically, the sympathetic nervous system was
first seen as the physiological system accompanying stress
(Cannon, 1929). Adrenaline and nor-adrenaline are secreted
by the system, particularly the adrenal medulla, in response
to emotional arousal, (Smith, 1973). The catecholamines have.
a variety of functions but specifically increase heart out-
put, divert>blood to the skeletal muscles from the viscera
and increase blood glucose. The changes can be interpreted
as a mobilization of resources for a "fight or‘flight" res-
ponse.

With Selye's G.A.S. hypothesis attention was
turned to the .adrenal cortex as a physiological system of
adaptation. The adrenal cortex secretes a variety of steroid
hormones, the‘ﬁain ones being mineralocorticoids, which
regulate mineral and water balance and the glucocdrticoids.
The glucocorticoids eg. corticosterone, cortisol have a
variety of actions. In fact glucocorticoid receptors have
been found in almosf every tissue of the body that has been
examined for their presence. The glucocorticoids affect car-
bohydrate, lipid and protein metabéiism, generally increasing
liver glycogen deposition and glucose production at the ex-
pense of protein production (gluconeogenesis), (ég. Schulster

et al, 1976).
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Glucocorticoids also influence the metabolism of cate-
cholamines (Coupland, 1968) suppress the inflammatory res-
ponse ( eg. Schulster et al, 1976) suppress the immune system
(Joassoo & McKenzie, 1976) and alter behaviour (eg. Brain,
1978).

The conventional view of the function of the
adrenal cortex is that it is the main organ of adaptation,
perhaps operating in conjunction with the adrenal medulla.
Qverall, the peripheral actions of the hormones of the
adrenal are seen as elevating blood glucose levels and acutely
maintaining blood pressure, these actions are seen as
crucial in mobilization of resources for coping with danger.
Ceftainly if animals are adrenalectomised and given salt to
restore the mineral balance they can survive, but only under
"ideal" conditions. Any rapid change in these conditions
leads to death since these animals are unadaptable to environ-
mental conditions. The prolonged action. of high levels of
glucocorticoids is also detrimental to the health of the
animal and the manifestations are similar to those encoun-
tered in stress. It is because the adrenal cortex is consis-
tently activated when an animal is stressed ( as Jjudged by
other criteria) and that the adrenal corticoids show adaptive
and mal-adaptive actions that adrenocortical activity and
stress have become almost synonymous. In the literature, the
secretion of glﬁcocorticoids from the adrenal cortex in res-
ponse to any stimuli has been called the stress response.

The adrenocortical activity has consistently been used as a
measurement of stress. However, definitions of étress as
activation of the adrenal cortex (eg. Brain, 1975, ) whilst

being satisfactorily specific either do not embody the notion
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of adaptability or assume that this system is the main
mechanism of adaptation. There is also the danger of circular
reasoning: a stimulus is stressful if 1t activates the
adrenal cortex and stimulation of the adrenal cortex is stress.

The level of adrenocortical activity has been
meésﬁred in a variety of ways. Firstly there is the quan-
titative assessment of adrenocortical functions in terms of
hyper- and hypo- secretion of hormones. Adrenal weight has
been used most frequently in the past; the larger the adrenal
the more active the secretion of hormone (Selye, 1950).
More recently direct measurements of plasma concentrations
of hormone have been used. These include measurements of
basal levels, stress response levels and circadian rhythm
phase. The basal levels are the normal, unstressed concen-
trations, ugually the control values in an experiment used
as a comparison for a treatment effect. Basal levels vary
with a large variety of factors, including species, age and
developmental stage, genetic strain and environmental fac-
tors. The stress response levels ar e measured after acute
activation of the adrenal cortex by any stimulus, external or
internal. Sometimes these levels are related to a known and
usually standardised external stressor eg. electric shock,
ether exposufe. The time period for the maximum stress res?
ponse in micé and rats is characteristically fifteen to
sixty minutes. However, persistent stimulation can prolong
the activation.

There is a characteristic daily variation in
pituitary-adrenal activity which is expressed in glucocor-
ticoid levels which approximately fit a cosinor wave pattern.

It is possible to assess the phase of the wave pattern, in

4




17

terms of peak or trough or amplitudes etc, usually in re-
lation to the light dark cycle of twenty four hours. There
areMrhythms in both basal and stress response levels. The
timing of the rhythm can have effects independently of basgl
or stress response levels per se. Other quantitative methods
of assessment have included adrenocortical histology using
cell numbers and zone widths, in vitro glucocorticoid output
and measurement of the pituitary or hypothalmic factors re-
gulating adrenal activity.

In addition to quantitative output the gqualita-
tive output has been assessed in vivo and in vitro. The main
glucocorticoid secretion is épecies specificy in rats and
mice this is corticosterone whereas in man and dogs this is
cortisol. Since cortisol and corticosterone have different
physiological actiQities (or strength of activities) the ratio
of these has been measured as a function of a stressor.
Attention hasyalso been paid to supplementary adrenal steroid
output ‘eg. adrenal andrdgens, prbgesterone, oestrogens.

Factors ffequently ignored are the dynamics of
glucocbrticoid secretion, the metabolism and plasma binding.
Measuring & plasma level of glucocorticoid at one time point
conveys no information about the effects on any rate sensitive
receptors. Measurement of glucocorticoids has, with few ex~
ceptions, been made of total plasma corticosterone. However,
over ninety per cent of glucocorticoids in plasma are bound
to a specific binding protein, corticosteroid-binding-
globulin (CBG) and the physiological characteristics of bound
and free corticoid are different. |

With this array of different methods of}measﬁring

adrenal activity a serious problem in the relationship
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between adrenocortical function and stress can be identified.
What parameter or parameters of adrenocoftical function
accurately indicate stress ( in terms of adaptive and mal-—
adaptive functioning)?

| One novel approach fo this whole problem has been
to search for‘the design geal ,for the adrenal cortex. As
stated, the conventional supposed design goal has been
viewed as the peripheral actions of glucocorticoids on meta~
bolic function, mobilising energy reserves for a fight or
flight reaction. This assumption has been challenged (Yates
& Maran, 19741). ‘

Peripheral metabolic effects of high doses of glu—
cocorticoid usually require two to four hours to appear yet
the stress response of the adrenal cortex, which can produce
glucocorticoid ievels twice or three times as high as the
circadian peak of basal levels, operates within minutes of
stimulation, reaches a peak within fifteen to sixty minutes
and can decline to basal levels within four hours if the
stimulation is removed. Further, it has never been convin-
cingly proven that changes in glucocorticoid during stress
responses have beneficial or significant effects on periphe-
ral target tissues. All the peripheral metabolic actions of

.glucocorticoids can be explained by a permissive action of
the hormone that requires their presencé above a certain
level but not a change in concentration. Whilst it is true
that it is difficult to see the function of a single stress

response in terms of peripheral metabolism, prolongéd stress

responses would have ~cumulative effects,

Yates and Maran proposed that the target organ for

the stress response of the adrenocortical system was the brain
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and that the design goal was the preservation of the stabi-
lity of information processing and coping . capacity of the
brain. Thus under normal conditions when an animal can core
there is a "euphoric state" characterised by a "concordance
between an ideal image of conditions defining a. comfortable
niche and the. interpretation of a daily, averaged estimate
from seﬁsory inputs of the: reality conditions provided by
the environment". Stressors bring aboﬁt a lack of concor-
dance and a. loss of ability to cope (™ a. dysphoric state").
The euphoric and dysphoric states corfespond to levels of
general emotional arousal. The emotion generating components
of the brain( perhaps situated in the limbic: region) are
seen as the stress response targets of glucocorticoids. Glu-
cocorticoid output during the stress response is then an
attempt to restore the euphoric state. |

These notions are based on the facts, (a) that
glucocorticoids are consistently released in response to
emotional diéturbance ( although not to any speéific emo~-
tion and not sensitively to the. intensity of emotion),
(Smith, 1973), (b) glucocorticoids are taken up by various
regions of the brain (Yates & Moran, 19742 ), (¢) gluco-
corticoids can affect various behaviours (de: Wied,1974;
Tevine, 1968). Whilst much of the hypothesis is highly
speculative and difficult to test experimentally it does
illustrate the weaknesses of conventional explanations of
adrenocortical function., Further it recognises and distin-
guishes between general adrenal activity and the stress res-
ponse of adrenal activity.

In this discussion of the adrenal cortex.no men-

tion has yet been made of the regulation of adrenocortical
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activity. Since this is reviewed frequently, (eg. Dallman &
Yates, 1968; Dallman & Jones, 19733 Yates & Maran, 19741;
Krieger, 1979; Wilkinsorn et al, 1979; Ottenweller et al,
1978; Jones, 1978) it will not be dealt with in detail.

The adrenal glucocorticoid production
is mediated by the hypothalmic-hypophyseal axis. Stimulation
from higher brain centres causes release of a neuro-trans-
mitter, as yet uncharacterised, Corticotrophin Releasing
Factor (CRF) from the hypothalmus. This passes to the ané
terior pituitary via vascular portal vessels causing the
release of adrenocorticotrophic hormone (ACTH). The released
ACTH is carried by the blood circulation to the adrenal
where it stimulates glucocorticoid production and
release. Glucocorticoids can prevent ACTH reléase acting in
a negative feedback system that can self—reéulate normal
levels. The site or sites of feedback receptérs may be at
the pituitary, hypothalmus and higher brain centres. During
the stress response the negative feedback system is partly
or wholly overridden.

Of importance are the findings that ACTH has extra
adrenal effects on both physiology, (Berliner et al, 1969)
and behaviour, ( de Wied,‘1974; Brain, 1978). A hypothesis
has been generated , dissociating the effects of ACTH and
glucocorticoids on some behaviour, (Weiss et al, 1970).

The hypotheses illustrated so far have dealt with
the adaptive function of the adrenal cortex. They do not
deal with maladaptive functioningbroughtébout by prolonged
exposure to danger. Selye, (1950) and others, (eg. David et
al, 1970)'have documented some of the pathdlogical effects

of prolonged corticoid treatment and, although it must be
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stated that most of Selye's work utilised deoxycortico-
sterone, a relatively minor adrenal product, the overall
conclusions do not differ substantially. Some of the patho-
logical effécts include arteriosclerosis, increased blood
pressure (with subsequent damage to the kidneys), peptic
ulcers and reduced disease resistance.

An integral part of Selye's GAS hypothesis was the
notion 'that an animal under stress ceases reproductive acti-
vity. Thus, apart from the effects of other pathological dis-
orders, prolonged stress is maladaptive because reproductive
activity is curtailed. The mechanisms for this cessation of
'gonadal activity was a supposed shift in anterior pituitary
activity. Increased ACTH production leads to decreased gonado-
trophin production, in order to mobilise energy for survival.
The evidence in favour of the simplistic notion is over-
whelmed by more modern studies, which indicate a much more
complex relationship between the pituitary hormones, (see
Chapter 2).

To conclude, there is substantial evidence that
the adrenal gland (medulla and’cortex) is important in
adaptive physiology and that it is instrumental in maladap-
tive functioning brought about by prolonged activation (stress).
Smith, (1973) wrote "as a respondent‘to emotionél afousal,
glucocorticoid Ievels are reliable, non-specific and insen-
sitive". The hypothesis that emotional arousal is a respon-
dent to glucocorticoid level (eg. stress response) is
speculative and as yet unproven. The specific design goals
of the different aspects of adrenalAfunction eg. basal

levels, stress response etc. remain elusive.

Some investigators have critisised the importance
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placed upon the adrenal in adaptation. Mason,(19682) pro-
posed that rather than a single endocrine response to stress
there is an overall response of all the different endocrine
glands ie. thyroid, pituitary, gonads,adrenals. This con-
clusion was based on extensive data from experiments sub-
jecting monkeys to avoidance learning for several days and
measuring a wide variety of hormones throughout the pro-
cedure. Sbme hormone levels increased during the period of
learning ie. adrenaline, noradrenaline, glucocorticoids,
growth hormone and thyroxine, all of which have a catabolic
function in metabolism. The other hormones, insulin, oes-
trogen and testosterone which have an anabolic function,
decreased.

However, subsequent work (Mason, 1975) indicated
that the view of two groups of hormones with antagonistic
actions orerating during stress was simplistic and that
with differént stimuli, there was a different overall hor-
monal response., This notion is supported by many modern en-
docrinological studies which indicate that endocrine systems
interact synergistically and antagonistically, (eg. Ogle &
Kitay, 1979). However, it does tend to break down the long
established view that sfress is a general or unitary res-
ponse, with some specific physiological changes brought:about
by non—specific stimuli.

To summarise: stress is a theoretical concept; it
is not possible to measure it directly; it does not corres-~
pond to any one physiological system. Stress refers to the
failure of normal physiclogical and psychological homeostatic
systems to cope with environmental demands. The initial res-

ponse to these environmental demands is adapfive; prolonged
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exposure leads to maladaption and pathological changes. An
essential part of the need for adaptation is the psycho-
logical perception of stimuli. The response almost always
involves a general emotional arousal. Both physical and
psychological stimuli can activate the adaptation systems.
The adaptation systems are regulated by the CNS. Current
opinion still favours the adrenal (both medulla and cortex)
as the main endocrine organ of adaptation. However, it is
recognised that other hormone systems interact to modulate
the effects of the adrenal. No distinction is made when con-
sidering adrenocortical activation between the different
possible mechanisms of glucocorticoid action; level sensi-
tive actions (basal levels), acute rapid changes in level
or rate sensitive actions (stress response) and temporal

actions (circadian rhythm phase).
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CHAPTER 2

Social Stress and Population Regulation

Christian's hypothesis concerning the regulation
of animal populations was first formulated in 1950 to explain
the cyclic fluctuations frequently found in rodent poﬁulations
( Elton, 1942 ). It has been extended and developed since,
( Christian, 19554, 19555, 1956, 1959, 1960, 1961, 19651,

1963,, 1968, 1970, 1971,, 1971,, 1975; Christian & Davis,
1964; Christian, Lloyd and Davis, 1965). Briefly, the hypo-
thesis said that as a population increased in nuibers, social
interactions between individuals increased and intensified
leading to"social stress", the activation of the adrenal
cortex and other organs of adaptation, increased mortality,
dispersion and decreased reproduction. Thus behavioural and
endocrine mechanisms were seen as instrumental in regulating
the population numbers.

In its original form, the hypothesis was a iogical
extension of Selye's GAS hypothesis: excessive social in-
teraction acting as a stressor inducing the GAS. The res-
ponses to social stress would be to escape from it (leading
to dispersion perhaps to less favourable habitats), or even-
tually to the pathological symptoms of stress, including re-
productive failure. Over the years the emphasis has shifted
with respect to the specific mechanisms believed to be in-
volved énd it has become apparent that in different species
there may be different social mechanisms. Christian's hy-
pothesis does not suffer from the theoretical difficulty en-
countered in other notions of population regulation by social
mechanisms (eg. Wynne-Edwards, 1962) of having to assume

group selection.
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The evidence for Christian's hypothesis comes from
three types of study. Firstly there is the study of natural
populations, where animals are trapped, counted and various
physiological parameters measured eg. adrenal weight, re-
productive condition. The physiological parameters are then
correlated with the estimate of population density. For
example at high density there may be large adrenal weights
and small gonadal weights. A few studies have utilised the
method of artificially manipulating the population size
and measuring the physiological characteristics ( eg.
Christian and Davis, 1955 ).

The second approach has been to set up "semi-
natural" populations in an enclosure. Usually a few animals
are placed in an enclosure supplied with adequate food, water,
bedding material etc and the population allowed to grow
freely. At periodic intervals the population size is assessed
and various parameters measured. In addition to physiological
and reproductive measures, it is possible to record behaviou-
ral influences and follow individual animals success or fai-
lure.

The third method of study has been the pureiy labo-
ratory technique of grouping animals together, recording the
various parameters and comparing these with a control situa-
tion. Most of the studies investigating specific physiologi-
cal mechanisms have involved laboratory experiments.

Evidence from these three approaches to the pro-
blem have collected together to support Christian's hypo-
thesis. In view of the vast literature and the breadth of the

hypothesis no positive or negative conclusions have been

reached . The hypothesis is not amenable to
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falsification and critical papers ( eg. Negus et _al, 1961)
have concentrated on specific aspects. Apart from Christian's
papers the influence of population density on behaviour and
physiology has been reviewed by others ( Anderson, 1961;
Basheniné, 1963; Calhoun, 1962; Thiessen, 1964; Snyder, 1968;
Myers, 1966; Bronson, 1967; Archer, 1970; Brain, 19711;
Vaizelli, 197%; de Feudis, 1975; Brain, 19751; Brain and
Benton, 1979). .

Some studies on natural populations of a variety
of different species have revealed correlations between
population density and reprodﬁctive efficiency and an ad-
renal measure in the apparent absence of conventional limi-
ting factors. Food , weather, predation, disease did not
have a primary role in regulating numbers. These studies are
summarised on Tables 1 and 2. At higher densities there was
an increase in adrenal weight and a decline in reproduction.
Whilst this does not unequivocally prove or disprove the
idea of social'stress regulating populétion size it lends
some support to the notion that the effects observed in
semi-natural and laboratory studies may operate in the wild.
There is a growing feeling amongst ecologists that in small
mammal populations at least, social behaviour can bperate_to
regulate numbers (eg. Krebs, 1978).

Attention will be paid mostly to the House Mouse

(Mus musculus L. ) because it is used in this study. House
mice have a world wide distribution and are highly adap-
table, flourishing in a wide diversity of habitats, inclu-
ding cold stores (Laurie, 1946), open fields (Linduska, 1950)
heathland (Berry, 1968), grassland ( Lidicker, 1965) salt

marsh (Breakey, 1963), urban areas including warehouses,
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Correlations between Population Density and

Reproduéti#e Efficiency in Natural Populations.

SPECIES

Rats

Rattus norvegicus
Rabbits

Oryctolagus
euniculusk

Voles

Clethrionomys
rufocanus

Microtus montanus

" californicus

" pennsylvanicus

agrestis

" ochrogaster

Lemmings

Lemmus trimucronatus

Dicrostony
groenlandicus

Mice
S ———

Peromyscus

REPROCDUCTIVE MEASURE.

Number of pregnancies

Number of young

surviving

(1)Inhibited
maturation

(2)ILitter size
(1)0Ovulatory rate

(2)Number of
pregnancies

(3)Birth rate

(W)Litter size

(1)Inhibited
maturation

(2)Inhibited
reproduction

Litter size

Inhibited
reproduction

maniculatus bairdii (1)Inhibited

reproduction

Peromyscus leucopus (2)Inhibited

Mus musculus

maturation

(1)Number of
pregnancies

(2)uBg, 9fafetel

...........

REFERENCE

Davis, 1953

Myers, 1966

Kalela, 1957

Hoffmann, 1958
Hamilton, 1937

Christian, 19712

Chitty, 1952
Fitch, 1957
Rausch, 1950
Barralow, 1952

Christian, 19712

Southwick, 1958

Evans, 1959
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TABLE 2

Correlations between Population Density and

Adrenal Measure in Natural Populations.

SPECIES ADRENATL MEASURE REFERENCE
Rats Adrenal weight Christian, 1959

Rattus norvegicus

Rabbits " " Wodzicki and
Oryctolagus cuniculus L. Roberts, 1960
Voles
Microtus montanus " " Adams et al, 1959
Microtus pennsylvanicus " " Louch, 1956
Microtus agrestis @ " " Chitty, 1960
Lemmingé
Lemmus trimicronatus (1)Adrenal weight  Andrews, 1968

(2)Adrenal secretory

function

Mice
Peromyscus maniculatus Adrenal weight Christian, 1971
bairdii & 2

Peromyscus leucopus Q " n : " -
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shops, restaurants and dwelling houses (Laurie, 1946), flour
stores (Laurie, 1946), farm buildings (Brown, 1953) and corn
ricks (Southwick, 1958). Because of this diversity of habitats
it is clear that regulatory factors will vary from population
to population. Some factors identified as important, include
inter-specific competition (Lidicker, 1965) and climatic
conditions, notably temperature (Berry, 1968).

Under laboratory conditions of controlled light and
temperature, mice will breed throughout the year. Pregnant
females have been found throughout the year in some studies
of natural populations (Taurie, 1946; Smith, 1954). However,
various studies clearly indicate a cessation of breeding
throughout the winter months (Parkes, 1924; Kalabukhov, 1937;
Southern and Laurie, 1946; Lidicker, 1965; Berry, 1968;
Brown, 1953 ). The reasons for this have been attributed to
low temperature (Berry, 1968 ), a combination of low tem-
perature and absence of food (Parkes and Brambell, 1927-8 )
and photoperiod (Pennyciuk, 1972 ).

The characteristic feature of "semi-natural" po-
pulations of house mice has been the failure of reproduction
as numbers increase, in the absence of uncontrolled tempera~
tures and photoperiod and with provision of bedding material,
nest boxes, food and water (Crowcroft and Rowe, 1957, 1958;
Christian, 1956, 1961; Lloyd and Christian, 1969; Snyder,
19¢8; Brown, 1953; Southwick, 195545 1955535 Calhoun, 1956).
In confined populations, low temperature (Southwick, 19551)
and limited food (Streckler and Emlen, 1953) can inhibit re-
productive efficiency but social factors clearly play a role
in the other studies. Density per se is not the factor in

limiting numbers, since absolute numbers of different static



30

populations given the same area varied (eg. Southwick,
19551). It must be concluded that it is the social inter-
actions among individuals that limit growth (Petrusewicz,
1957). laboratory studies grouping males and females to-
gether reveal the same picture of lack of reproductive
success at high densities (as well as increased mortality),
(Crew and Mirskaia, 1931; Retzlaff, 1938; Christian and
Lemunyan, 1958).

It is necessary then to examine more closely the
social behaviour of house mice. A.characteristic feature is
fighting between adult males (Ulrich, 1937; Calhoun, 1956;
Crew and Mirskaia, 1931; Retzlaff, 1938; Brown, 1953). This
is believed to be related to the establishment of territo-
rial beha&iour amongst males (Crowcroft, 1955; Crowcroft
and Rowe, 1963%; Anderson and Hill, 1965; Mackintosh, 1970).
Male mice, given sufficient area, will form distinct defen-
ded territories. In smaller areas, one male will dominate all
the male mice in that area, forming a dominance hierarchy
with dominant, subdominant and subordinate males. Territories
and dominance are established in male mice by fighting
(Anderson and Hill, 1965).

Under most circumstances there is no fighting bet-
ween male and female mice (eg. Croweroft and Rowe, 1958;
Ulrich, 1937). However iactating:or pregnant females have:
been observed attacking males (eg. Brown, 1953). It has been
Presumed that this is defensive behaviour rather than social
hierarchical behaviour.

The question of social structure amongst female
mice remains unclear. It has been shown that in a crowded

group only a few females are reproductively active (eg.
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Retzlaff, 19328; Lewontin and Dunn, 1960; Lloyd and Christian,
1969; Snyder, 1968} and that these are socially dominant, in
terms of activity and distances moved (Lloyd and Christian,
1969). It has also been shown that these reproductively
active females are predominantly the oldest (and largest),
best . established and cohabit with males of high social
rank (Snyder, 1968).

Retzlaff, (1938) reported prolonged fighting
amongst female mice leading, in some cases, to death. Other
reports mention the existence of aggressiveness amongst fe-
males (Weltman et al, 1968; White, Mayo and Edwards, 196%;
Schartz et al, 1974). Fredericson, (1951) found fighting
amongst females but only when they were subjected to com-
petition for food. There is a large body of evidence suppor-
ting the view that females are largely unaggressive to each
other (eg. Bronson, 1967; Anderson, 1961; Calhoun, 1956;
Ulrich, 1937; Crowecroft and Rowe, 1957, 1958; Brown, 1953).

Mice are believed to form breeding units or demes
(families), (Lewontin énd Dunn, 1960) which are socially
stable. Individuals are recognised (Rowe and Redfern, 1969)
and both males and females are said to defend the'home area.
of the deme against strangers (Anderson, 1961; Reimer and
Petras, 1967).

Christian's hypothesis predicts that at increasing
population density theré is an increase in the number and/or‘
intensity of social interactions causing social stress and
leading to increased emigration, reproductive: failure and
mortality. With the knowledge of territorial or dominant be-
haviour of male mice and the fact that mice form stable

breeding groups it could be predicted that dispersion might
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be a prominent factor in population regulation. In fact, it
has been proposed that reproductive failure»is of little
importance in natural populations of house mice (Crowcroft
and Rowe, 1958; Anderson, 1961). This was because densities
used in semi-natural studies exceed any density found in the
wild and that the first response to crowding would be emigra-
tion. Crowcroft and Rowe, (1958) showed that when a confined
static population was given extra room, the new area. was
rapidly colonised, reproduction increased and the numbers
went up. Streckler, (1954) showed that emigration prevented

a decline in feftility usually found in a confined population
with limited food. The emigrants are predominantly subor-
dinate males (Rowe et _al, 1964; Butler, 1980; Calhoun, 1956).

Christian, (1961) has countered this reasoning so
that whilst accepting dispersion as one factor,‘there is a. .
limit to the number of suitable habitats. The emigrants
would be expected to find marginal habitats since it has been
shown that strange males are unable to join breeding demes
and it is only rarely that females succeed (Reimer and Petras,
1967). Also, there is evidence that high densities of mice do
occur in the wild and that reproduction is inhibited (eg.
Evans, 1959; Young, Streckler and Emlen, 1950).

Thé failure in reproduction operates at different
levels (see Table 3). In house mice it is generally agreed
that there are usually sufficient fertile males to impreg-
nate any oestrus females (Snyder, 1968; Christian, 19712).
Southwick, (19552) observed a high incidence of abnormal
male sexual behaviour, termed copulation pressure (Calhouﬁ,
1949), whereby because & number of males were attempting ,

copulation, no one male could successfully achieve



TABLE 3

Summary of Endocrine and Reproductive changes found

within confined, freely growing populations of

Mus musculus: Effects of increasing density.

REPRODUCTION

(a)Reduced female fertility
(i)inhibition of gonadal
function
(ii)inhibition of sexual

maturation

(iii)increased time between
ovulation

(b)Reduced number of
Pregnancies

(i)male sexual behaviour
abnormal

(¢c)Reduced litter size

(i)abortion or resorption
of embryos

(ii)reduced number of ova
(d)Increased infant mortality

(i)nest disturbance

(ii)suppressed lactation
ENDOCRINE
(a)Increased adrenal weight

(b)Increased zone widths of
adrenal cortex

(c)Decreased ovary weight
(d)Decreased testis weight

(e)Decreased seminal vesicle
weight

(f)Decreased thymus weight

REFERENCE'

Southwick, 1955,

Christian, 1956, 1959, 1961
Crowcroft & Rowe, 1957, 1958
Lloyd & Christian, 1969

Christian, 1956, 1961
Lloyd & Christian, 1969

Iloyd & Christian, 1969

Southwick, 19551

Christian, 1959

Christian, 1956
Brown, 1953
Southwick, 1955,

Christian, 1959

Christian, 1956, 1961, 1963,
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ejaculation. Snyder, (1966) showed a decline in capacity to
impregnate females in grouped males. Also grouped males pro-—
duced fewer spermatozoa than controls. Dominant males, in a
freely grouping population had normal sperm counts whereas
subordinates had lower spernm counts and collection of sperm
by electrically induced ejaculation was less successful.
Several studies have jdentified the primary cause
of reproductive failure in house mice as an increase in in-~
fant mortality (Christian, 1959; Brown, 1953%; Southwick,
1955, ). This was due 0 & railure of females to build a
successful nest, cannibalism of the young by mothers, abandon-
ment of pups by mothers (Brown, 1953) and a failure in lac-
tation (Christian, 1959). Brown, (1953) observed that attempts
to build nests were thwarted in pregnant females by distur-
bance from other mice. The failure to build a successful
nest and the disturbance during parturition led directly to
abandonment of pups or cannibalism. Brown, (1953) proposed
that the key to success ijn reproduction was nest defence by
females and it is plausible that dominance in females confers
success in defending the nest. |
Christian, (1959) in & study of freely growing

populations also identified 1itter survival as an important
factor in reproductive failure at high deqsities but Eon—
cluded that this was due to suppressed lactation. Nests were
built and undisturbed by other mice yet the stomachs of the
nestlings contained no milk. Christian and Lemunyan, (1958)
also found Suppresséd lactation in grouped females.

| Crowcroft and Rowe, (1958) found in their popula-
tions reduced fertility of female mice and no evidence of sig-

nificant infant mortality. They proposed that infant mortality
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would only be important where there were inadequate physical
conditions for nest building, eg. small nest boxes with only
one opening. Accepting this and the notion that it is female
productivity that limits reproduction in mice the mechanisms
of reproductive failure could be (a) inhibition of ovulation
(b) inhibition of sexual maturation (¢c) increased abortion
or resorption of embryos (d) reduced number of ova. Evidence
has been found supporting all these factors and this will be
dealt with later.

Central to the social stress hypothesis is the
idea of adrenocortical activation. Christian (1956,, 1961,
19631) found increases in adrenal weight in both males and
females and decreases in ovary weight and testis weight from
confined populations at high density. It should be noted
that some siﬁilar studies failed to reveal any differences
in adrenal weight (Southwick and Bland, 1959; Southwick,
1958). Most of the evidence for social stress comes from
studies of the male mouse where increased density is asso-
ciated with adrenal weight increases (eg. Bronson and
Eleftheriou, 196%) and increases in plasma corticosterone
(eg. Brain and Nowell, 19715). Other studies have indicated
lower adrenal weight (Davis and Christian, 1957) and 1owér
basal corticosterone (Louch and Higginbothan, 1967) in domi-
nant males than subordinates. It is noted that other reports
find no difference in plasma corticosterone levels between
isolates and groups and between dominant and subordinéte
(eg. Benton et _al, 1978). Adrenal weight is increased in
males exposed to a trained fighter mouse and those subjected
to defeat (Bronson, 1967; Bronson and Eleftheriou, 19651,
1965,, 19653). There is also evidence that social disruption
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through emigration and immigration of male mice can lead to
an increase in adrenal weight (Bailey, 1966, 1969).

It is generally accepted that fighting amongst
males constitutes a stress. There is however no evidence of
what specific social behaviour constitutes a stress in fe-
male mice. The assumptions are that inter-male fighting
stresses females or that females are accidentally attacked by
fighting males (eg. Bronsdn, 1967; Calhoun, 1956). The role
of female aggression and a dominance hierarchy may be impor-
tant but this remains unproven.

One alternative mechanism of altering behaviour
by overcrowding has been propoéed< through prenatal or pre-
weaning effects. It has long been recognised that young
animals are very sensitive to environmental disturbances.
Similarly if pregnant or lactating females are stressed it is
conceivable that there are permanent changes in the behaviour
and physiology of the young which could alter future repro-~
ductive success or at least determine dominance/subdominance
positions.

Diffefences in exploratory behaviour have been de-
monstrated in the offspring of mothers grouped during the
last week of pregnancy compared to individually housed con-
trols (Keeley, 1962). Others have shown prenantal effects on
growth, white blood cell count and "Evasiveness" (Sackler et
al, 1969), brain protein, RNA end DNA. (Petropoulos et al,
1972), "emotionality", corticosterone levels and suscepti-
bility to gastric ulcers (Ader and Plaut, 1968) and sexual
behaviour (Dahlof et al, 1977). It has been presumed that
these effects 'are caused by stress operating tﬁrough the

adrenal cortex although this has not been proven. Christian
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and Lemunyan, (1958) demonstrated persistent stunting in
offspring of crowded mothers which was presumed to be due to
deficient lactation.

Post-natal effects of various sorts of stimulation
have been investigated and reviewed (Daly, 1973) and will
not be dealt with hére. This does not necéssarily reflect
their importance.

Crowcroft and Rowe's studies on confined popula-
tions of house mice indicated inhibition of female gonadal
function and cessation of the oestrus and ovulation at high
density. In particular females had closed or partly closed
vulvae, inactive ovaries and thread-like uteri indicating
anoestrus. There are however varying degrees of inhibition
of gonadal function in female mice. It has long been recog-
nised that ovulation in the mouse is spontaneous, occurring
at regular intervals, mostly between four to six days (Allen,
1922; Parkes, 1926, 1928). In all-femalé groups, ovulation
is suppressed and pseudopregnant cycles of ten to twelve
days occur (eg. Lee and Boot, 1955). However the ovAaries
and uteri remain functional in contrast to true anoestrus
where the organs atrophy.

The understanding of the physiology of the ocestrous
cycle and ovulation has mostly been from work carried out on
the rat, and it is necessary in attempting to deal with inhi-
bition of ovulation , in the mouse to draw information from |
these studies. Whilst there are similarities in the mechanisms
of the oestrous cycle in the rat and mouse (eg. Michael, 1976)
it is clear that there are also substantial differences in
some aspects of the cycle (eg. Cambell et al, 1976).

A variety of factors have been shown to cause an-
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oestrus in rats and m&ce. Nutritional defieiency in rats
(Evans and Bishop, 1922) and mice (Halberg ahd Visscher,
1952), low températuré in rats (Tee, 1926) and mice
(Barnett, 1965) can cause anoestrus or prolonged dioestrus.
Photoperiod can affect productivity in mice (Pennycuik,
1972) and alter cycle length in rats (Hoffmann, 1968). Con-
tinuous lighting disrupts regular oestrous cycles in rats
(Everett, 1961) causing prolonged anovulatory oestrus but in
mice, whilst the oestrous cycle is lengthened it does not be-
come anovulatory as in rats (Cambell et al, 1976). Grouping
female mice in the absence of males, is said to produce
lengthened cycles (Lamond, 1958) and anoestrus (Whitten,
1959). However since thé return of a male brings on a rapid
oestrus and mating it is not clear what part these effects
may have in a natural population.

The endocrine mechanisms behind anoestrus remain
obscure. A model for the regulation of seasonal anoestrus by
photoperiod has been developed whereby daylength alters the
negative feedback characteristics of estradiol on luteini4
sing hormone (LH), such that anoestrus occurs when the feed-
back of estradiol is high and cycling when this is low |
(Legan and Karsch, 1979).

' Constant lighf—induced anoestrus is believed to be
a result of either desynchronisation of endocrine rhythms
(Cambell and Schwartz, 1974) perhaps due to the absenée of a
'zeitgeiber' (Hoffmann, 1978) or prolonged secretion of
oestradiol, However, this induction of anoestrus is not be-
lieved to be related to photoperiodic seasonal anoestrus

(Turek and Cambell, 1979).

. The notion that anocestrus can be caused by stress
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stems back to Selye's GAS (Selye, 1950). ACTH and gonado-
trophin secretion were believed to be in opposition. An

increase in ACTH led to decreased gonadotrophin (GTH) and
vice versa. The release of GTH during stress has been re-
viewed (Giuliani, 1969) and it is clear that some noxious
stimuli increase gonadotrophin secretion along with ACTH.

It has neverthe less been shown that stressors can
disrupt the oestrous cycle in rats, eg. noise and formalin
odour (Hagino, 1968), and unpredictable shock (Pollard et al,
1975). In the latter study, disruption of the oestrous cycle
by unpredictable shock was shown to be accompanied by high
levels of corticosterone. Jarrett, (1965) injected ACTH into
mice and found suppressed oestrus and lowered ovary, vaginal
and uterus weights compared to confrols. These effects were
abolished in adrenalectomised mice. In rats it has been
shown that ACTH can inhibit PMS-induced ovulation but that
corticosterone is ineffective (Hagino et al, 1969). ACTH
treatment at met-oestrus in rats blocked ovulation (Feder et
al, 1971). Thus, whilst the adrenal is required for ACTH-
induced suppression of ovulation it would seem that cortico-
sterone was not the critical factor.

Progesterone is secreted from the adrenal gland
(Short, 1960) and is under the control of ACTH (Fajer et_al,
1971). The amount of progesterone secreted from the adrenal
can exceed the amount from the ovary (Shaikh and Shaikh,
1975). Stress stimulates adrenal progesterone secretion
(Ogle and Kitay, 1977). Surgical stress can block ovulation
(Schwartz, 1964) as can progesterone administration (given
at the correct time), (Lisk, 1969). It is possible that

stress-induced adrenal progesterone can block ovulation per-
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sistently and lead to anoestrus (Ogle and Kitay, 1977). The
findings that irregular oestrous cycles in mice and rats
(Paris and Ramalay, 1974; Ramalay, 1975) are correlated with
the absence of adrenal corticosterone rhythms (or free
running rhythms) would also fit into this explanation, since
adrenal progesterone also follows a circadian rhythm (Mann
and Barraclough,1973).

Christian, (1956, 1961, 1959) demonstrated that
female sexual maturation was inhibited in confined but freely
growing populations of mice. The endocrine regulation of
sexual maturation has been reviewed recently (Ramalay, 1979).
Mechanisms of inhibition of maturation remain speculative.

ACTH inhibits sexual maturation in both intact and
adrenalectomised immature female mice, indicating a direct
effect of ACTH (Christian, 1964,, 19642). The effects were
however greater in intact mice. It has been shown that low
doses of weak androgens of the type secreted by the adrenal,
inhibited maturation for considerable periods (Varon and
Christian, 1963; Duckett, Varon and Christian, 1963) and it
was proposed that the dual effects of ACTH and adrenal andro-
gens inhibited maturation (Christian et al, 1965). However,
Christian (19712) noted that the inhibition of sexual matu-
ration found in freely growing populations involved no
ovarian, uterine or vaginal development in contrast to the
laboratory manipulations and concluded that other mechanisms
must be operational.

Other factors involved in reproductive failure,
implantation of the embryo, intrauterine mortality and reduc-
tion in number of ova, are believed to be of less importance

in population regulation although they have been observed in
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confined populations of mice (Christian, 1959). Failure of
implantation was observed in the laboratory where a newly
pregnant female was exposed to a strange male (Bruce, 1959).
This factor is pheromonal (Dominic, 1965) and the effect is
due to failure of prolactin secretion (Bruce and Parkes, 1960).
Chipman and Fox, (1966) demonstrated this effect in wild
mice and also showed that it could be induced by a change in
physical environment. It has also been shown that stressors
eg. noise, enforced swimming, handling and "open field ex-
posure" can block pregnancy (Weir and Defries, 1963; Runner,
1959). '

Christian, (1956) reported an increase of fifty
eight per cent in the number of resorbing embryos in mice at
high density. Females mated to grouped males produced signi-
ficantly smaller litters than those bred to males that had
been caged alone, and resorption of embryos was higher in the
former (Snyder, 1966) Injection of cortisol, cortisone or
ACTH in intact rats increases intrauterine mortality (Seifter
et _al, 1951; Davis and Plotz, 1954; Velardo, 1957). It has
been presumed that the increase in resorption of embryos at
high density is & result of social stress and adrenal acti-
vation (Christian, 19712).

To summarise: Christian's hypothesis conderning the
regulation of population size by social stress is an exten-
sion of Selye's GAS hypothesis. Whilst the generality of the
hypothesis has been questioned there is a growing volume of
evidence supporting the notion that populations can bé regu-
lated by social behaviour. "Semi-natural" studies of house
mice reveal a cessation of population growth in confined

enclosures, in the absence of physical limiting factors,
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attributable to social factors. The cessation.of growth is
due to reproductive inefficiency and/or an increase in in-
fant mortality. It is generally believed that (in house
mice) it is the females which are limiting in reproductive
productivity. Lack of reproductive efficiency can operate at
different levels; inhibition of sexual maturation, inhibition
of the oestrous cycle, abortion or resorption of the embryos
and reduced number of ova.Amongst males social stress can be
attributed to fighting as a result of territorial or domi-
nance behaviour. It is not known how or if social stress
occurs in females. The mechanisms of reproductive ineffi-
ciency remain speculative. It is possible that stress-

induced anoestrus in females is due to adrenal progesterone.
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CHAPTER 3 Materials and Methods

Introduction

In Chapters 1 and 2 some areas of weakness in the
notion of social stress have been identified. Having chosen
the mouse as an experimental animal it has been necessary to
understand some of the biology of the mouse which is species
specific. Social stress in male mice can be explained by
inter-male fighting and territoriality. However this would
not seem to be important in population regulation, since it
is female fertility which is the limiting factor, in house
mice. Little is known of social stress in females but it
appears that females can become anocestrus in response to
social stimuli. It is also known that social stimuli can
cause inhibition of regular oestrous cycles (the Lee-Boot
Effect) although the cause of this is not fully understood.

The original aims of this study were to ascertain
whether grouping female mice in different housing conditions
constitutes a stress and leads to adrenal activation. Also,
whether grouped females show true ancestrus or pseudopreg-
nant or lengthened oestrous cycles and whether these cycles
are caused by social stress and adrenal activation. At a
more general level, an attempt has been made to identify
which parameter of adrenocortical activity is an accurate
measure of stress. In order to answer these questions it has
been necessary to study some subsidiary problems, notably
the effects of various methodological procedﬁres and the
oestrous cycle on adrenocortical activity.

Attention has been paid primarily to the all-
female social environment but it is recognised that male/

female social interactions may be of importance in social
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stress. A few preliminary studies were attémpted to examine
the effect of presence of a male on the oestrous cycle and

adrenocortical functioning in the female.



45

Materials and Methods

Animals

Two strains of mice have been used. Most of the.
experiments have utilised TO strain (Tuck and Sons Ltd.),
an outbred Swiss albino line. C57 B1/10 inbred black mice
were used in one experiment (Chapter 4).

First generation virgin females aged between
twelve and twenty weeks old were used except for one experi-
ment (Chapter 7), where females direct from the supplier\
were used. Original males and females from the supplier
were allowed at least two weeks to settle into the animal
houses before mating. Males and females were then paired in
small cages. The male was removed before birth of the litter.
At birth, litters were randomly culled to eight pups and the
mothers and litters undisturbed until weaning at 18-22 days.
At weaning, the sexes were separated and females were either
randomly assigned to experimental groups or housed in fours
in large '.cages.

Individually housed animals were kept in opagque
plastic cages 30 x 13 x 11cm and grouped animals in similar
cages sized 42 x 26 x 11cm. Cages had wire tops with ad
libitum supply of Oakes P.M.D. pellets and clean water.
Sferile sawdust bedding was provided and the cages were
routinely cleaned out weekly except during pregnancy and
1actationAwhen they were undisturbed. The cages were checked
daily when fresh water was provided.

Several animal houses were used all of which were
relatively quiet, had controlled lighting and temperature
and air extraction. These rooms were used exclusively for

keeping the animals in and no experimental manipulations
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such as blood sampling were carried out in them, (excluding
vaginal smearing). With the exception of experiments utili-
sing male mice, all female mice were used in a "male smell
free" room. No male mice or old male bedding was allowed in
these rooms. All cages used by male mice were thoroughly
washed out before housing females.

Temperature was controlled at between 18°¢- 23°C.
In individual experiments this range was considerably
smaller. Reversed lighting was used mostly with fourteen
hours light, ten hours dim red light. Lights were then on at
8 or 10pm and off at 10 or 12am.

The decisions of these experimental conditions is
somewhat arbitary but have been based on an attempt to reduce
the variability between animals of adrenal or gonadal func-
tion. It is recognised that the mouse strain, age, conditions
of rearing, cage size, external disturbance, presence or
absence of males, temperature and photoperiod can all in-
fluence adrenal and/or reproductive physiology in mice.

Ovariasn Function

The object of assessing ovarian function has been
identification of ovulation. Various methods are available
including direct hormone measurements, histological exami-
nation of the ovaries, microscopic examination of fallopian
tubes, housing with a male and vaginal smearing. Vaginal
smearing has the advantage that it is easy, quick and can be
carried out over long periods. Disruption of the oestrous
cycle in mice by smearing has been reported (Tamond, 1958;
Bingel and Schwartz, 1969) but was not observéd in this
study.

Smears were taken daily by the lavage method,
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(Snell, 1941). They were dried, then stained with Giemsa
stain for thirty minutes, washed in water and redried.
Smears were routinely taken daily, 1-3 hours before lights
on, except when blood sampling took place, when smears were
taken after the blood sample.

The smears were staged after the description given
by Bingel and Schwartz, (1969). In addition some variations
are noted in this study.

Six day cycles had longer dioestrus, oestrus, pro-
oestrus or metoestrus stages. Pseudopregnant cycles could be
identified. These were characterised by five or more days of
diocestrus. The usual cycle length in pseudopregnancy was
eleven days, often with a characteristic mucification and the
appearance of small, nucleated cell types mid-cycle. Towards
the end of the cycle the smear was thin and had isolated
cornified cells. Occasionally the pro-oestrus/oestrus smear
following péeudopregnancy lasted only one day and the cells
never became fully cornified. Abnormal cycles were observed
with four or ﬁore days of heavy cornified cells or with over
fifteen days of dioestrus smears.

Whilst it has been shown that in the mouse there
is a correlation between the appearance of a. pro-oestrus
smear and ovulation (Bingel and Schwartz, 1969; Wallace,
19651, 1965,;. Snell et al, 1940) it is not known whether
this is so during pseudopregnant or abnormal cycles. Oestrdus
cycles in mice are notoriously variable compared with rats
(Allen, 1922; Parkes, 1926, 1928; Burns et al, 1936;
Suntzeff et al, 1936; Brown-Grant, 1966; Bingel and '
Schwartz, 1969).
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Adrenocortical Function

The different types of adrenal measure have been
discussed in Chapter 1. Adrenal weight is not a valid measure
of stress unless certain precautions are observed (eg.
Christian, 19631). Even then there are studies which fail to
correlate adrenal weight with plasma corticosterone (eg.
Brain and Nowell, 19712; Andrews, 1968; Sung et al, 1977).
Further, adrenal weight cannot provide éccurate information
about adrenocortical periodicity. Adrenal weight may reflect
the recent history of secretion of glucocorticoids (Bronson,
1967).

Two main methods have been developed for the
measurement of total plasma concentrations of corticosterone
in mice and rats. The fluorometric method, without a chroma-
tographic step, has been used commonly: the most popular
method being that of Glick et al, (1964) which is based on
methods of Guillemen et _al, (1958, 1959). More recently
saturation analysis methods have been utilised based on
either competitive protein binding assay (CPB) after Murphy,
(1967) or radioimmunoassay (RIA) after Yalow and Berson,
(1959).

Fluorometric methods without chromatographic
purificatién have been shown to be highly non-specific
(Frankel et al, 1967). Further studies on the rat and mouse
have indicated that the interfering non-specific fluorescence
is non-steroidal, that it varies with age (Diez et _al, 1976)
and physiological stress (Butte: gﬁ_gl, 1978).

Two saturation analysis methods have been developed
and used in this study. A CPB assay uSing dog plasma, vali-

dated in the mouse by Grad and Khalid, (1969), with some



49

modifications. A RIA, using rabbit anti-corticosterone-21-
thyroglobulin serum, based on the method of Gross et al,

(1972) with modifications.

Materials

Ethyl acetate (Analar) and 2,2,4 Trimethyl pentane
(spectrograde)Were supplied by BDH.

Ethyl alcohol (absolute) was supplied by Burroughs.
Phosphate buffer (BDH) 0.04m, pH 7.4 and Borate buffer
(Analar, BDH) pH 8.0, 0.01m containing 0.1% bovine serum
albumen (RIA grade, Sigma) and 0.1% bovine gamma globulin
(Sigma) were prepared monthly and stored at 4°¢.

Florisil 60/100C mesh (BDH) treated to remove "fines" after
Ito, Woo, Haning and Horton, (1972) and stored in sealed
containers.

Dextran coated charcoal prepared by adding 0.05% dextran T 70
(Pharmacia) and 0.5% charcoal (Norit X, BDH) to borate
buffer (without BSA or BGG) was prepared monthly and stored
at 4°c.

Unlabelled corticosterone (Sigma) was prepared in two stock
solutions in ethanol of 10ng/m1 and. 1pg/ml and stored at
-20%¢. Working solution of 10ng/ml in ethyl acetate was
"prepared fortnightly and stored at -20°¢c.

Labelled corticosterone (1,2 5H corticosterone, specific
activity approximately 50Ci/mmol, Radiochemical Centre)

was diluted with ethanol on arrival to %pCi/ml and stored
in 5ml aliquots at -20°C. It was replaced yearly.

Lumagel (Lumac) was used for liquid scintillation counting.
Binding protein was prepared using fresh dog plasma. It was

shaken gently for 1 hour at 45°C with Florisil (1g Florisil/



50

10ml plasma) to remove steroids (Diez et _al, 1976). Plasma
was decanted and frozeﬁ in 2ml aliquots at -20°C until used.
Antiserum (rabbit.anti«xnticosterone—21-thyroglobulin,
Miles/Yeda) was obtained in freeze dried form and was stored
at 4°C and reconstituted as needed.

All glassware was soaked in Decon (BDH) and cleaned ultra-
sonically. Glassware was then rinsed in deionised water,
soaked in 5% HCl, rinsed in deionised and then distilled
water and dried. Disposable glass tubes were used in RIA
method and these were washed only in ethanol, deionised and

distilled water before used.

Methods

Extraction: CPB

Either 50 or 10gul plasma was pipetted into ground glass
stoppered extraction tubes (BQpl plasma was made up to 100ul
with distilled water). 1ml Ethyl Acetate was added, the tubes
were stoppered and sealed with a drop of water and'then
shaken vigorously for 3 minutes. ILayers were separated by a
bfief centrifugation. A 40-400ul aliquot was transferred to
the assay tubes in duplicate and dried either overnight in

a fume cupboard or under hitrogen. Standards were pipetted
into assay tubes in duplicate, triplicate or quadruplicate
from the working solution as 0.25, 0.5, 0.75, 1.0, 1.5, 2.0,
2.0ng. Four tubes had no steroid added but had solvent (zero
controls), another 4 tubes were prepared for the charcoal
blank and two tubes for total counts.

Extraction; RIA

Extraction was identical except plasma was washed with

2,2,4 trimethyl pentane before extraction. One ml solvent
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was added to the tubes and the tubes shaken vigorously for

1 minute. The aqueous phase was then frozen in a freezing

mix (dry ice and acetone) and the solvent discarded. Assays
routinely had 100 tubes for each set of standards. The stan-
dards were in duplicate 0.1, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0ng.
Two tubes were used for zero, two for the charcoal blank and
two for total counts.

Assay: CPB

1 ml binding solution (prepared with %uCi 3H—corticosterone,
3.5 ml stripped dog plasma made up{to.ﬂerml with phosphate
buffer) was dispensed into 50 assay tubes; Two tubes had
only buffer and 3E—corticosterone made up to the same radio-
active concentration as binding solution. Tubes were held at
37°C for 30 minutes and shaken twice. They were then placed
in an ice bath (3.5°C) for 41 hour and tubes shaken once.
Approximately 40 mg Florisil (one trial n=50, av. weight ¥
S.D. = 44,5 £ 1.3 ng) was dispensed into all tubes except the
two tubes for total counts. The tubes were shaken together
for 2 minutes, the Florisil allowed to settle for 5 minutes,
then 0.5 ml pipetted in liquid scintillation miﬁivial with

5 ml Lumagel.

Assay: RIA

0.7 ml binding solution (prepared with one 100 tube vial an-
tibody and uci 5H-corticosterone made up to 70 ml with
borate buffer) was dispensed to all tubes except charcoal
blanks, which had 0.7 ml JH-corticosterone and borate buffer.
After 25 minutes at room temperature tubes were vortexed.
Tubes were placed in a water bath at 37°C for 1 hour and vor-
texed. Then they were placed in an ice bath for at least 20 |
minutes. 200 Ml dextran coated charcoal, :which was stirred

continuously, and kept FF;%?CJ was dispensed
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into 50 tubes using a Computet pipetting machine in less
than 45 seconds. The tubes were vortexed and left for 10
minutes, then centrifuged at 3000 rpm for 15 minutes at 4%¢,
0.5 ml supernatant was pipetted into 5ml Lumagel in liquia\‘
scintillation minivials. Two tubes in every 100 had no dextran
coated charcoal added. To these 200ul buffer was added.
Céunting

Tubes were counted for 10 minutes (after shaking
and two hours equilibrium) on a Packard Tricarb. Counting
error was less than 2%. Counting efficiency was between
31-34%, and was monitored by automatic external standardi-

sation.

Calculation of Results: CPB

Results were calculated using a hand drawn graph
of ,peréentage binding against concentration.
RIA .

Results were calculated by computer using logit-
log transformation of Rodbard et al, (1970). Printout
included slope, intercept, correlation coefficient and test

of linearity of standard curve.
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Results

Specificity: CPB

| Murpny, (1967) found significant cross-reaction
with cortisol; 11—deoxycortisol; progesterone; 17 hydroxy
progesterone and cortisone in dog plasma. Similarly Grad
and Khalid; (1969) found cross-reaction with cortisol,
17 hydroxy-11-deoxy-corticosterone and 17 hydroxy proges-
terone; (see Table 1). Using male human plasma as the
binding source Clark and Nowell, (1978), found that 95 %
of total CBG bound steroid is corticosterone in TO strain
male mice. This is in agreement with others (Bloch;andtl
Gohen, 1960; Halperg et al, 1959,; Hoffmann, 1956; Triller
and Birmingham, 1965; Ertel and Ungar, 1968; Nandi et al,
1967; Wilson et al, 1958) who found little or no evidence
of 17-hydroxylated corticosteroids in mice. There is evidence
that some strains have these steroids, particularly cortisol
and 11 deoxy cortisol (Varon; Touchstone and Christian;
1966; Badr and Spickett; 1965 and Badr; 1971).

In females interference with progesterone is a
possibility and this was assessed; A pool of plasma was
assayed with and without added progesterone (100ng/ml):
with and Qithout 2;2;4 trimethyl ventane wash. Twelve ;
plasma samples were also assayed with‘and without’a solvent
wash (Table 2). These results indicate that progestérone 
can cause significant cross-~reaction but that the effect is
minimal in plasma samples presumably because progesterbne is
at too ;qydguqqncentration normally to interfere. The
2,2,4 trimethyl pentane wash is effective at removing
brogesterone interference without markedly lowering recoverj '

of corticosterone.
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TABLE 1

Specificity of Corticosteroid Binding Protein in

Dog Plasma.

Steroids tested % Cross *Time taken
reaction from to count
(Murphy, 1967) (%
Khalid,
Cortisol 100 2.18
Corticosterone 67 1.79
11 deoxy cortisol 75 -
Progesterone 40 1.55
17 hydroxy progesterone 30 1.98
Cortisone 50 1.68
Testosterone 5 1.29
Aldosterone 5 1.37
Estradiol-17-B : - 1.20
Estradiol - 1.36
Estrone - 1.28
17 hydroxy 11-deoxy corticosterone - 1.93
None 1.26

* Time taken to count 5000 CPM of 5H—corticosterone bound
to dog corticosteroid binding globulin following exposure

to 1 ng of various steroids.
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TABLE 2

Assessment of interference in CPB assay by Progesterone.

Est. Conc. Cortico- Est. Conc. Cortico-
sterone with solvent sterone without solvent
wash ‘ wash
(ng/ml) (ng/ml)
Blood samples 49 % 17 56 = 19
n=12
Pool 49,2 % 1 52.5 X 1.7
n=8
Pool + 100ng/ml 52.3 ¥ 1 80.2 ¥ 2.3
progesterone

n=_8
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TABLE 3

Specificity of rabbit anti-corticosterone-21-

thyroglobulin (data from Miles/Yeda).

Steroids Tested % Cross reaction calculated
B/Bo = 50% *

Corticosterone 100
Progesterone ‘20.6
Deoxy corticosterone 10.9
20ehydroxy progesterone 7.6
Cortisol 5.8
20B hydroxy progesterone 5.7
Testosterone 3.8
17 hydroxy progesterone 3.5
Androstenedione 2.4
Aldosterone 1.0
11 deoxy cortisol 1.5
Sxdihydrotestosterone 0.5
Androsterone 0.4
Cortisone 0.3
Dihydroxyepiandrosterdne 0.2
Estrone | 0.1
Estradiol 17B 0.1

Estriol 0.1

* B = counts of bound fraction of unknown

Bo= counts of bound fraction of zero
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Specificity: RIA

The specificity of the RIA method for measure-
ment of corticosterone in mice has been validated (Gross
et al, 1972). The cross reactivity of the antibody was
assessed by Miles/Yeda and is given in Table 3. The speci-
ficity is better than dog plasma, human plasma (Murphy,
1967) and the antisera used by Gross et _al, (1972).
Standard Curve: CPB

A typical standard curve is shown in Figure 1.
The maximum binding of the zero value in respect of the
total radioactivity is 60%.
Standard Curve: RIA

A typical standard curve is shown in Figure 2.
For fifty four assays the mean values for slope and inter-
cept are:

Mean ¥ SD Slope

1+

-1.0865 = 0.054

Intercept = -0.637 < 0,102
The maximum binding of the zero value in respect of the
total radioactivity is 65%.
Sensitivity and Blank: CPB

Sensitivity is two times the standard deviation
of the zero values. A. comparison of zero values with and
without solvent indicated that the solvent blank did not
deviate significantly from zero.

Sensitivity = 58 ¥ 36 pg for five assays

Water blank

]

2.5 ng/ml, n=3 in three assays.
The effective least detectable limit is 2.9 ng/ml in assay
range 0-100 ng/ml.

Sensitivity and Blank: RIA

Water blanks and solvent blanks were not
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significantly different from sensitivity.
Sensitivity = 40 ¥ 34 pg for nine assays.

Plasma treated with charcoal to remove all steroids
gave a concentration of 2.0 ng/ml X 1.5, n=6. Since the
plasma aliquot volume could be altered the sensitivity
varies. The plasma blank was assessed using different
aliquot sizes. |

The effective least detectable limit is 2 ng/ml in -
the assay range 0-100 ng/ml rising to 8 ng/ml in assay
range 100-300 ng/ml and 16 ng/ml in assay range 300-600 ng/ml.

It was possible when assaying plasma samples, to
accurately assess which expected range of concentrations
the samples would fall into, and therefore decide which
aliquot sizes to use.
Recovery:
5H—corticosterone was added to plasma and the

Percentage recovery after extraction was estimated.

Without solvent wash 100.9 3.4%, n=19 (3 experiments)
With solvent wash . 93.8 % 4.8%, n=34 (& experiments)
CPB

Corticosterone was added to a plasma pool,
assayed and the percentage recovery estimated, (Table 4).
Mean percentage recovery = 97.8%
The relationship of amount added to amount found is linear
with slope 0.9985 and correlation coefficient, r = 0.997.
RIA.

The percentage recovery was estimated as for
CPB method, (Table 5). Parallelism was further demonstrated
in different dilutions of a plasma pool since the relation-

ship was linear (slope =1.007 correlation coefficient 0.972).
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Mean percentage: recovery = 94.6%
The relationship of amount added to amount found was linear

with a slope 0.958 and correlation coefficient, r = 0.982.

TABLE 4 Estimation of Recovery of Corticosterone: CPB

Amount of Corticosterone Amount Determined % Recovery
added

(ng/ﬁl) (ng/ml)

n

0 22.1 3

50 61.8 3 79
100 115 3 106
150 160 4 90
200 215 4 110
300 318 4 103

TABLE 5 Estimation of Recovery of Corticbsterone: RIA

Amount of Corticosterone Amount Determined % Recovery
added

(ng/ml) (ng/ml) n
0 86.6 5
50 125 2 96.8
150 232 4 97
250 322 5 90

Precision: CPB

Within assay variation was assessed after the
method of Braunsberg and James, (1960), (Table 6)
Between assay variation was assessed using pools

of plasma, (Table 7).
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TABLE 6 Within Assay Variation: CPB

Concentration Mean Standard Coefficient of
Range Concentration Deviation Variation %
(ng/ml) (ng/ml) n
50 24 .1 ¥ 1.86 9.7 117
50-100 68.6 t 4.8 7.0 33
100-150 121 ¥ 6.1 ¥ 5.1 62
150-200 173 * 8.0 ¥ 4.6 24
200 281 9.8 I 3.5 46

TABLE 7 Between Assay Variation: CPB

Concentration of Standard Coefficient Number of

Corticosterone Deviation of Variation Assays

(ng/ml) %
Pool 1 63.3 t 12.0 * 19.0 4
Pool 2 120 X 15.5 ¥ 12.9 4
Pool 3 199 I13.3 Y 6.7 4
Pool 4 250 *o4.2 *o.7 4

Precigion: RIA .

Within and between assay variation was assessed
in six buffer pools with known concentrations of cortico-
sterone added. Two or three samples were included in over

twenty assays spanning a year, (Table 8).
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TABLE 8 Within and Between Assay Variation: RIA

Conc. of Number Conc. of Standard Coefficient Recovery

gortico-  of Cortico- Deviation of

sterone Samples sterone Variation

in Pool

(ng/ml) (ng/ml) (%) (%)
C, 12.5 8 10.7 1.3 2.1 85.6
¢y, 25 13 22.0 2.5 Y14 88
C3 50 16 45.8 * 2.7 * 5.9 91.6
C, 100 19 88.5 I 9. 8.7 88.5
G5 200 1% 183 tqp o3 9.5
Og 400 14 355 * 25.5 t .2 88.8

Mean recovery = 89 ¥ 2.3%

Mean Coefficient of Variation 2 9.1%

Correlation of CPB and RIA methods:

Thirty plasma samples were assayed using both
methods and the values correlated. There is a linear re-
lationship with slope = 1.043, intercept 12.8 ng/ml and
correlation coefficient, r = 0.989, (Figure 3).

Normal Values

In order to assess two different blood sampling
procedures and to get an idea of normal values at the ex-.
pected circadian peak and trough of adrenocortical activity
a preliminary experiment was performed. Sixteen virgin
female, TO mice, aged 120 days, individually housed, were
randomly assigned to two experimental categories. The first
group were blood sampled 1 hour before dark (at the expec-

ted circadian peak) by retro-orbital puncture after Riley,

(1960) with small heparinised tubes, after rapid ether
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anesthesia. One hour after lights on they were re-sampled
by decapitation after rapid ether anesthesia. The second
group were sampled at the same time by orbital method and
decapitated 1 hour before dark. All blood sampling was
completed within 3 minutes of disturbance. Plasma samples
were assayed by CPB assay.

Mean ¥ SEM Plasma

Corticosterone
n (ng/ml)
Group A Eye-—sampled at peak 8 - qu8 % 26
Decapitated at trough 8 29.4 s 5.7
Group B Eye—sampled at trough 8 41.5 X 11,4
Decapitated at peak 8 120 * 22

Using Mann Whitney U test there are no significant
differences between peak or trough values. These values are
"basal" levels ie. non-stressed. Great care was taken in all
experiments to ensure no disturbance of animals prior to
blood sampling. The animal house was entered up to five
times on any one blood sampling period and cages were
quietly removed. This experiment also indicates that blood
samples can be taken from one mouse within 12 hours of each

other, without the second value being affected.
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Discussion

Two saturation analysis methods have been de-
veloped from existing methods for the measurement of plasma
corticosterone in mice. The RIA method proved to be a better
system for a variety of reasons.

Firstly, it was simpler to perform and routinely
160 plasma samples, assayed in duplicate, could be analysed
in one week.

Secondly, the sensitivity of the RIA method was
better than the CPB method. Both assays however were sen-
sitive enough to allow the use of sméll volumes of plasma
(50 ul or less); an essential requirement for work where
repeated blood samples are to be taken from mice.

Thirdly, the precision was better in the RIA
method although, again, both systems operate within the
normally accepted range of variation and accuracy (Vecsei,
1974).

Fourthly, antibodies are believed to be more
stable than natural binding proteins and consequently less
likely to deteriorate in storage. |

Finally, the RIA. method is more specific than CPB
method. Since it is believed that the primary corticosteroid
in mice is corticosterone (eg. Clark and Nowell, 1978) and
the antibody used here is more specific than binding protein
in human or dog plasma (Murphy, 1967) or the antibody used by
Gross et al, (1972) it is concluded that this RIA system
genuinely measures corticosterone.

The "normal" values fouhd here are in general
agreement with those found by Grad and Khalid, (1969);
Spackman and Riley, (1974) and Barlow et al, (1975) but are
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lower than those found by Brain and Nowell, (19712); Solem,

(1966); Hennessey et al, (1977) and Schwartz et al, (1974).
Since these workers have utilised fluorometric methods it is
possible that the differences are a result of known inter-
ference factors in plasma (eg. Diez et al, 1976).

Statistical Analysis of Results

A characteristic feature of plasma corticosterone
values are their variability. Individual values can range
from less than 10 ng/ml to over 2000 ng/ml in mice. Even
apparently identical mice sampled at one point in time can
have values ranging from 50-350 ng/ml despite rigidly con-
trolling conditions. It is possible that this is a feature
of the episodic release of corticosterone (eg. Yates and
Maran, 1974).

Results in this study have mostly been expressed
as means ¥ standard error. However, frequently the data do
not conform to the necessary prerequisites of parametric
statistical analysis. Notably, it cannot be assumed that the
distribution of values follows a normal distribution nor
that variances are equal. Because of this, most of the sta-
tistical analysis has been performed using non-parametric
statistical tests (Siegel, 1956). p<0.05 is considered
statistically significant. |

To summarise: Methodology has been considered.
Vaginal smearing has been chosen as the method for assessing
ovarian function. Measurement of plasma levels of corticoid
by saturation analysis has been chosen as the method of
assessing adrenocortical function. Adrenal weights can be
difficult to interpret. Fluorometric assay methods inkthe

absence of a chromatographic step are unspecific for
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measuring corticosterone. Two saturation analysis methods
have been developed, a competitive protein binding assay
and a radioimmunoassay, both of which have been validated.
The RTA method is preferred because it is more specific,
sensitive, precise and simpler to perform. Two types of
blood sampling procedures; retro-orbital puncture and de-
capitation have been used to assess normal values of cor-
ticosterone in the mouse. Corticosterone levels do not
differ with either method. The retro-orbital method allows

repeated blood sampling from the same mouse.



69
CHAPTER &4

Effects of Social Ehvironment, Genetic Strain

and. Reproductive Condition on Bagal Plasma Corticosterone.

Introduction

Studies of density dependent population regulation
in the house mouse in "semi-natural" environments have indi-
cated that at increased density there is a deciine in female
fertility and an increase in adrenal weight (Chapter 2).

However, laboratory studies on crowding female
mice have failed to reveal consistent relationships between
housing density, social stress and pituitary-adrenal func-
tion (eg. Brain, 19751). Most work using adrenal weight as
a measure of adrenocortical activity has shown that indivi-~
dually housed female mice have larger, heavier adrenals
than group housed mice (Brain and Nowell, 19712; Bronson
and Chapman, 1968; Sackler et al, 1969; Schwartz et al, 1974;
Weltman et al, 1962, 1966). This has formed the basis of a
concept of "isolation stress" where social deprivation is
seen as a stressor (eg. Weltman et _al, 1966). Others found
no difference in adrenal weights of individually and group
housed females but showed histologically that the zone
widths of the glomerulosa and fasciculata of the adrenal
cortex were greater in the latter, implying increased adfeno—
cortical activity, (Christian, 1960; Mody and Christian,
1962).

Different investigators have shown that group
housed females have higher basal plasma corticosterone
levels than individually housed females (Brain and Nowell,
19712; Solem, 1966), that individually housed females have
higher levels than pairs (Schwartz et _al, 1974) and that
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there is no difference between grouped and individually
housed animals, (Champlin, 1969; Goldsmith et al, 1977).
In view of these variations in results, adrenocortical
activity in female mice in relation to housing conditions
has been re-examined.

Methodological factors can be of critical impor-
tance in studies of adrenal function. Novelty, daily ex-
posure to a novel situation and daily handling can all lead
to increased plasma corticosterone levels in mice (Hennessey
and Levine, 1977; Smolensky et al, 1978) as can general
disturbance in an animal house (Halberg et al, 1959; Riley
and Spackman, 1977). Goldsmith and Brain, (1978) have shown
that in male mice simply a change in housing can lead to
increased corticosterone levels and they have suggested that
social instability may account for some discrepancies in
reported results. Group size has similarly been implicated
as a source of variation in different studies with numbers
of animals per cage differing markedly (Goldsmith and Brain,
1978).

Most studies on housing conditions of female mice
have used albino mice (Brain and Nowell, 19712; Goldsmith et
al, 1977; Champlin, 1969; Sackler et al, 1969; Schwartz et _al,
19745 Weltman et _al, 1962, 1966; Bronson and Chapman, 1968).
However, Thiessen, (1963) using male mice was only able to
show adrenal enlargement in two strains of mice out of six,
C57 Black mice and C3H/2 in response to density. Further,
Levine and Treiman, (1969) found that C57 mice had & higher
stress response thah three other strains tested.

In this chapter I have examined the effect on basal

corticosterone levels of some methodological factors, group
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size and genetic strain of mouse.
Methods

Animals were blood sampled at 11 am ( 1 hour
before lights out, at the circadian peak of adrenocortical
activity) by retro-orbital puncture (Riley, 1960) after
rapid ether anesthesia. Less than 400/ul of blood was
collected from any animal. Cages were quietly removed from
the animal house to an adjacent room and blood sampling was
completed within 3 minutes of entering the room. The animal
room was not entered more than five times per sampling
session.

Blood was centrifuged within 45 minutes of samp-
ling and plasma frozen and stored at -20°¢C until assayed.
In six samples out of 297 insufficient blood was collected
for assay. Individual plasma samples were assayed for cor-
ticosterone by RIA, (Chapter 3).

Results are expressed as mean ¥ standard error.
Friedman ANOVA and Wilcoxon matched pairs signed ranks test
were used for statistical analysis of correlated samples
ie. samples from the same mouse. Kruskal Wallis ANOVA and

Mann Whitney U test were used for uncorrelated sample

analysis.



72

Experiment 1

The purpose of the first experiment was to assess
the effect on plasma corticosterone of taking more than one
blood sample from mice. Fifty two virgim female TO strain
mice aged 18 weeks, housed in groups of four ffom weaning,
were randomly assigned to four experimental groups: group
of 10 (GR10), n=10, individually housed (I), n=10, groups
of four with unfamiliar cage mates (GR4 UNFAM), n=16 and
groups of four with the same animals from weaning (GR4 FAM),
n=16. All animals were then undisturbed for 28 days, then
blood sampied. Seven days later a second blood sample was
taken.

Results

The mean plasma corticosterone values for the four
experimental categories at the two blood sémpling times are
shown in Table 1. Statistical analysis revealed no differences
either between the first and second blood samples or between

the different groups.



TABLE 1

The Effect of taking a blood sample on Basal Plasma

Corticosterone Levels in Differentially Housed

Female mice,

Group of 10
G10 n="10
Ind1v1dually
housed

I n=10

Groups of 4
Unfamiliar
GR4 UNFAM n=16
Groups of 4
Familiar

GR4 FAM n=15

Mean Plasma Corticosterone Level

* *
Kruskal Wallis ANOVA

( ng/ml )
18t Blood 2nd Blood Wilcoxon Test*
sample sample
163 ¥ 25 140 ¥ 12,7 N.S.
139 ¥ 14 172 £ 17,5 N.S.
41 X 12,3 152 1 10,5 N.S.
1714 * 48 169 T 13 N.S.
N.S. - N.8.

*Wilcoxon Sign Rank Test for differences between means

(correlated data)

**Kruskal Wallls ANOVA testing flrst and second blood

Sample means 1ndependent1y (uncorrelated data)

N.S. = not statlstlcally s;gnlflcant.,
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Experiment 2

The purpose of this experiment was to assess the
effect of changing housing conditions on plasma cortico-
sterone levels. Twenty virgin TO strain females aged 18
weeks, housed in groups of four from weaning, were randomly
assigned to two experimental groups: a group of 10 (GIG)
and 10 individually housed (IGI). All animals were undis-
turbed for two weeks, blood sampled, then their housing con-
ditions exchanged ie. the group of ten were individually
housed and the individually housed were grouped into ten.
The animals were undisturbed for a further two weeks, blood
sampled a second time and rehoused in their original condi-

tions. Seven days later a third set of blood samples were

taken.

Results
The mean plasma corticosterone values are shown

in Table 2. There were no statistically significant

differences.
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TABLE 2

The Effect of changing housing conditions on Rasal

Plasma Corticosterone Levels in Female mice.

Mean Plasma Corticosterone Levels

( ng/ml )
1st Blood 2nd Blood ~ 2rd Blood Friedman
sample sample sample ANOVA*
GIG***n=9 148 * 22 102 £ 7 14 I 23 N.S.
TGT*** 169 £ 13,7 124 ¥ 12 175 L 20 N.S.
Mann Whitney ~
U test*+ N.S. N.5. N.8.

*Friedman ANOVA for correlated data

**Mann Whitney U test for testing difference between means
(uncorrelated data).

*¥* See text

N.S. = not statistically significant
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Experiment %

The purpose of this experiment was to assess the
effect of group éize on plasma corticosterone levels.
Thirty TO virgin females aged 1% weeks, hqused in groups of
four from weaning, were grouped together. They were undis-
turbed for 26 days, then 21 animals were randomly selected
and blood sampled (sampling over two,days).

Results

The mean plasma corticosterone value was 136 2
10.7 ng/ml. There was no statistically significant difference
between this value and those in any of the groups in

Experiment 1.
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Experiment 4

In previous experiments animals were housed in
groups of four from weaning, then assigned to experimental
groups and housed with unfamiliar cage mates for less than
a month. The purpose of this experiment was to assess the
effect of a longer treatment of housing starting at weaning,
on plasma corticosterone levels. Fifty TO virgin female mice
were randomly assigned to either 3 groups of 10 animals per
cage or individual housing at weaning. At 12 weeks of age

(after 81 days of differential housing) all animals were
blood sampled and vaginal smears taken.

Results

The mean plasma corticosterone values are shown in
Flgure 1+ There were no statistically significant differences
between individually or grouped housed mice. However, there
was a statistically significant difference between plasma
cortlcosterone 1evels of mice at pro—oestruo compared Wlth
mlce at other stages of the oestrous cycle grouped ,
(p<0.05) and individually housed (p<O. ocm mice, (I‘lgure 1y,

37% of 1nd1v1dua11y hou sed females were 1n pro—oestrus}when

blood sampled compared to 7% of’group housed mice. :



Fig.1 Plasma Corticosterone levels in female TO
mice after 81 days of differentia housing

I - Individually housed
G10 - Groups of 10 :
Number of mice sampled is shown in columns:
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Experiment 5

The purpose of this experiment was to investigate
the effect of differential housing on plasma corticosterone
levels in an inbred strain of mice. Sixty two C57/B110
virgin female mice aged 18 weeks, housed in groups of four
from weaning, were randomly assigned to three experimental
conditions: individﬁally housed,(n=42), groups of ten (n=20)
and a group of thirty (n=30). All animals were undisturbed
for 34 days, then blood sampled. Only fifteen animals were
blood sampled from the group of thirty. Blood sampling took

place over three days.

Results

The mean plasma corticosterone values are presen-

ted in Figure 2. There was o significant difference between

the categories, using KW ANOVA.
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Fig.2 Plasma Corticosterone levels in
differentially housed C57Bl/10
female mice
I - Individually housed
G10 - Groups of 10
G30-Group of 30
Number of mice sampled is shown
in columns

KWANOVA p > 0-3
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Fig.3 Summary of results of differential
housing in female TO mice
I - Individually housed
G4 - Groups of 4
G10 - Groups of 10
G30-Group of 30

Number of mice sampled is shown
in columns

Data from Expt 1 are means of blood
sample 1and 2

KWANOVA p >0-1

(ng/mt)
N
O
=

o 1801 ‘
O
g
Q0 160r i !
S 140}
T
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Discussion

A characteristic feature of the results presented
here and elsewhere (eg. Brain and Nowell, 1971,; Bronson and
Chapman, 1968; Champlin , 1969; Goldsmith et al, 1977; see
Chapter 5 ) is their variability and inconsistency. Whilst
it is recognised that the pituitary-adrenal system in mice
is very sensitive to external stimuli and various methodo~
logical factors ( Goldsmith et al, 1977; Halberg et al, 1959;
Hennessey and Levine, 1977; Riley and Spackman, 1977;
Smolensky et al, 1978) these fail to explain all the varia-
tion in results. Thus in experiments described here, mice
have been reared from conception under controlled conditions
with only minimal disturbance then blood sampled rapidly
(ie. before the stress response ). Previous blood sampling
did not affect plasma corticosterone levels one week later.
In contrast to male mice (Goldsmith and Brain, 1978) there
was no e]evatlon of plasma cortlcosterone in females as a
result of changed- hou51ng condltlons or social 1nstab111ty.
The size of groups (1nd1v1dually housed, groups of four,
ten and thirty) had no direct effect on plasma cortlcosterone.
‘duration of differential housing

Again in contrast to males,

did not have a significant effect on plasma cortlcosterone.

The difference\betWeen males aﬂd females is not. that sur-

prising if it is remembered that amongst nales fighting is

common in establlshlnb domlnance whereas in females fjghtlng

is rare. ; o W ,
I the effects ‘of dlfferentlal houwlng on plasma

CGrtlcacterone in female mlce were weak Qr 1nd1rect cther

factors could blur any dlfference that might exlst.‘Ona -

major source of varlab111ty in the pitultarynidrenal “Yﬁtem S




83

is the activity of the reproductive system. Some workers
(Brain and Nowell, 1971,; Brain gt al, 1971; Bronson and
Chapman, 1968) have argued that adrenal weight increases
found in individually housed females are due to gonadal
activity; in particular increased oestrogen levels. It hag
been shown repeatedly that in all-female groups of mice,
oestrous cycles become irregular and longer than in females
individually housed (eg. Whitten, 1966). Brain and Nowell,
(19712) showed that the percentage of animals in pro-ocestrus/
oestrus is higher in individually housed animals than in
group housed and the results presented here (Experiment 4
support that conclusion. Further, results here and elsewhere
(Chapter 7) have shown that basal plasma corticosterone
levels at pro-oestrus are almost twice as high as at other
stages of the oestrous cycle. Re4analysis,0f the data from
experiment 4 (Figure 1) to exclude pro~oéatrus valués reveals
a higher mean valum for the grouped than 1nd1V1dually housed
mice. Whilst thls dlfference is not 51gn1flcant CQllatlQn
of results from several experiments (Chapters 4y5,6) ex~
cluding pro~oestrus values revealed a significant dlfference.
(Ind1v1dua11y housed mean plagmacortlcosterone v&lue
428 8.3 (s E.M.), n-49,,Groups of 10 mean = 162 9 Tai
n=42a. Slgnlflcantly different at p<O. 0005 level with Mann
Whltney U test. Unpubllshed datau) ' |

These results and others (Chapter 5) wsuld 1mp1y

'that grouplng doeo have some small effect on basal pla@ma [

COrtlcosterone. However, it is not known whether thls 13

,related dlregtly to sccial factcrs cr meﬁlatad by, fcr example!

"reproductlve function.,Pueudopregnant oestrouuvcycles are

'characterlstlc cf all*female groups (eg.;Whltten, 196m)**
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Since prolactin and progesterone secretion increases during
pseudopregnancy (Barkley et al, 1978; Choudary and Greenwald,
1969; Smith, Freeman and Neill, 1975) and prolactin (eg.
Myers et al, 1975; Ogle and Kitay 1979; Stern and Voogt,
197%/4; Vasquez and Kitay, 1978) and progesterone (Phillips
and Poolsanguan, 1978; Rodier and Kitay, 1974) can alter
pituitary-adrenal function, the effect of grouping may not
necessarily be directly behavioural.

In Chapter 7 I have argued that if the pro-oestrus
rise in plasma}corticosterone was oestrogen mediated, most
of the corticosterone would be bound to corticosteroid-
binding-globulin (CBG), since oestrogen induces CBG (Gala
and Westphal, 1966; Fortier et al, 1970). If the increase
was stress-induced much of the corticosterone would be un-
bound (Knigge and Hoar, 1963)-1Since CBG bound and unbound
corticosterone have different physiological actions |
(Ottenweller et al, 1979) a measure of total cortlcosterone T
would not necessarlly reflect the degree of "streSG" in
terms of the General Adaptatlon Syndrome (Selye ,1950) Thus,
the use of plasma cortlcosterone or. adrenal welght as a |
- measure of elther “soclal stress" or "1solatlon stress"'isA
' confounde@ by the reproductlve state of the anlmals, whlch
can itself be altered by social condltlons (Ryan and Schwartz,
1977) 1ndependent1y of stress.v » |

‘ . The experlments repcrted here offer no suppcrt for o

elther "1solatlon stress” -(Sackler ef al, 1969, uchwartz et;‘l, 
al, 1974- Weltman et al, 1962, 1966) or "social stress" S
(Chrlstlan, 197ﬂ2) in feﬁale groups.‘it remainsg unclear asaff}ff

t6 what social behavzours in females can cause: the adrenal i],;;[

,iactlvatlon and reproductlve fallure found lﬂ freely grOWlngJ‘




85

populations (Christian, 1956, 1961, 1963; Crowcroft and
Rowe, 1957, 1958; Snyder, 1968). Apart from the type of
adrenal measure used to assess hyperactivity, two factors
may explain the differences between laboratory and "semi-
natural" studies; the genetic strain of mouse and the
presencé of males. Most studies with freely growing popu-
lations have used wild mice, whereas laboratory work has
used inbred or albino mice. Both TO outbred albino strain
and C57 B1/10 inbred mice were relatively unaffected by
grouping in this study. However, Levine and Treiman, (1969)
have shown that even €57 Bl mice have smaller stfess res-
ponse than wild mice.

ILittle is known of the influence of males on
female adrenocortical function (Chapter 6). However, male
mice can affect the oestrous cycle and pregnancy quite

dramatically (eg. Parkes and Bruce, 1967; Whitten, 1966;

Chapter 8).
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CHAPTER 5

Effect of Social Environment on Plasma

Corticosterone: Circadian Rhythm and Stress Responsiveness.

Introduction

Studies on the effect of housing conditions on
pituitary-adrenal function in female mice have yielded incon-
sistent results (eg. Brain, 19754). In Chapter 4, looking at
basal plasma corticosterone levels at the presumed circadian
peak, no difference was found between individually and group
housed female mice, except when prowoeStrus values were
omitted from the analysis. With the development of a method
for repeated blood sampling from mice it has been possible to
carry out a longitudinal study of mice subjected to different
housing conditions. In this Chapter the circadian rhythm and
stress responsiveness of adfenocortical functioﬁ have been
investigated. gince knowledge of the oestrous cycle is im-
‘portant in such studies (Chapter 4)~and‘daily:handling or
disturbance can alter adrenocortical functlon (umolengky et
al, 1978; Hennessey and Lev1ne, 1977) the effeot of daily
vaginal smearlng on plasma cortlcosterone levels wag also
examlned. | |

- The 01rcad1an rhythm of pitultarymadrenal actlv1ty f
is con81dered endogenous. and 1is usually entralned ta the :
llght dark reglme, (Falberg et al, 1958). However,‘many fac-> *
tors can alter both the ster01d response at dlfferent tlmaa i

of the day and ‘the rhythm phase. Thug faad and water depr1~ ’

vatlon can alter the pha31ng of the cycle of plasma Cort100~ ; f 

sterone (Gray et al
19745 W11k1nson et al, 19?9) as can acute and chronlc

'istressoru (Parls mﬂd Ravaley, 19?4 Brodlsh, 19?4) leerge;;'”

19?8 Jchnson and Levzne, 19{4 Krlegerif“*'
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reproductive condition can alter the adrenal rhythm. Male
and female rats have different phasing of corticotrophin
releasing factor (CRF), (Hiroshige, 1974) and ovariectomy
advances the peak of CRF. Also, it has been shown that preg-
nant rats have a longer peak of plasma corticosterone (Grota
and Ader, 1970), lactating rats have no rhythm (Endroczi,
1974) and infertile mice and rats may have no rhythm (or
desynchronised free running rhythms), (Paris and Ramaley,
19743 Ramaley, 1975). Since reproductive condition can alter
rhythmic pituitary-adrenal function and social factors,
ineluding housing conditions strongly influence ovarian
function in female mice (eg. Whitten, 1966) it is of parti-
cular interest to examine the circadian rhythm of plasma
corticosterone in individually and’grOup"housed female mice,.
Apart from the ci:cadian rhythm’phase, pituitary-
adrenal responsiveness to stressors can vary throughout the
day. It hds been shown w1th a varlety of stressors that a
 h1gher cortlcosterone response occurs at the 01rcad1an
trough than at the peak (Ader et al, 1967, Allen et al 1975,
Dunn et al, 19723 Engeland et al 1977, Haus and Halberg,.
1196034 Ungar and Halberg, 1962, 1963, Ungar, 1964) In con- .
‘trast,'others have shown‘the~same responsevat~peak,and—trough -
(Retiene et al, 1967, Zlmmerman and crltchlow, 1967) Eraln ‘v
and co- workers (Braln, 19751, Brain and Nowell 1971'  "
; _Goldsmlth et al, 1976' Goldsmlth et al 1977) have argued
 that 1nd1v1dua11y housed females m&y be more Stresv“rGSponq €: V

sive than group housed fewaies. It 1s not kﬁown ir thig 1s

4apparent at all’ tlmes Gf the day.;«
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Methods

gixty TO virgin female mice, housed in groups of

four at weaning, were randomly assigned to twelve groups of
five animals at the age of 86 days and rehoused individually.

_ Twelve days later blood sampling commenced
at 11 am, then at 4 hourly intervals for 48 hours. Ten ani-
mals werelglood sampled under unstressed conditions (ie.
within 3 minutes of disturbance) at each time point as des-
cribed in Chapter 4. Each animal was sampled twice, the
second saﬁ%l% being 12 or 36 hours after the first. A vaginal
smear was taken\after each blood sample, then daily for six
days. The bloogd -sampling procedure was then repeated starting
at 11 am with the same mice being sampled at the same time as

previously sampled. A third blood sample (to assess stress

response levels) was taken from each mouse 15 minutes after

the second. |
A1l the anlmals ‘wére then rehoused into six groups

of ten anlmals in large cages, ensurlng that blood Sdmples

could be taken from the groups of ten mice at the same time

of day as before w1thout dlsturblng thelr cuge for 12 hours

{
prior to blood sampllng. Seventeen days after grouplng all

the mice were blood s“mpled at tbe same tlmes as used pre-

viously. Smearing was the same and aiter six days resampling

‘took place.

To summar1se,va total of ten blcod samples were o

‘taken from each mouse. Two blood samples from unstressea mlce,

12 or 36 hours apart were. taken from anlmals 1n each of four

experlmental condltlcns- xnd1v1dually housed (I), ina1v1du&ll¥*&f

housed and smeared (Is),group housed (G) and group houued
: and'smeared (Gs) In &ddltl@ﬁ twa "stres s" samples were taken,?;g
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one at the end of individual housing and one at the end of
group housing. Different groups of animals were sampled to
give values at four hourly intervals throughout 48 hours.

In a second experiment 40 virgin TO females, aged
120 days, housed in groups of four from weaning, were ran-
domly assigned to four experimental groups, two groups of 10
and two groups of 10 individually housed. All animals were
undisturbed for 18 or 19 days then blood sampled at 11 am.
One group of 10 and 10 individually housed mice were sampled
for basal levels then resampled 15 minutes later, for a stress
responsivéness level. The other animals were;ethsrised only
(until~uhconsciOUS)then blood sampled 15 minutes later.
| A1l bléod samples were stored and assayed for

plasma corticosterone as described in Chapter 3.




90

Results

Mean basal plasma corticosterone levels for the
first experiment are shown in Figure 1. Friedman ANOVA
revealed significant differences between the four conditions,
I, Is, G, and Gs at 3 am, 7 am and 11 am (p<0.01; p<0.01;
p<0.001) but not at 3 pm, 7 pm or 11 pm. Further analysis
using the Wilcoxon test revealed significant differences
between individually housed (I) and group housed (G) wvalues
at 3 am, 7 am, and 11 am (p <0.01; p<0.01; p<0.005) and
between individually housed and smeared (Is) and group
noused and smeared (Gs) at 3 am, 7 am , and 11 am (p <0.025;
p <0.005; p<0.025). |

Smearing had a statistically significant effect
only at 7 am in group housed mice and at 11 am in individually
housed mice (p<0.025; p <0.05). At both these times un-
smeared animals had lower values than the equivalent smeared.

Stressed and unstressed mean plasma corticosterene
,values for 1nd1v1dually housed and smeared aﬁd group housed
and smeared are shown in Flgure 2 Kruskal Wallle ANOVA of

stress values throughout the day reveal no 81gn1flcant

difference in either grouped (p>0. 4) or individually heuged

(p:>0'§)’v51ues implying an absence~of c1rcad1an rhythm 1n‘,__,f

streas levels. However,
n matched palrs revealed a hlghly 81gnlf1cent

Wilcoxon signed rank test for dlffe-e

',rences betwee

:dlfference between 1nd1v1dually and group housed anlmdls ; :

Ep<0 eoooa) The latter had the hlgher leue.;;ﬁ"}: s

Mean plasma cortzco terone values fer expcrlment 2e

are shown in Figure 3, There are ne eignlflcanﬁ dszerenee@;'e?3

between 1nd1V1dua*1y

and group heused unstressed or ether
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stressed values. However in agreement with the first
experiment group housed mice had a significantly higher

stress level after blood sampling and ether than individually

housed mice (p<0.05).




Fig. 1 Plasma corticosterone levels throughout the day in female mice
| subjected to different housing conditions
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Fig. 2 Basal and Stress Corticosterone levels
throughout the day in female mice
subjected to different housing conditiong
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Discussion

The finding that grouped female mice have signi-
ficantly higher basal plasma corticosterone levels than
individually housed mice at the circadian peak contrasts
with other results where no significant difference was found
(eg. Chapter 4; Champlin, 1969). However, it has been shown
that basal plasma corticosterone levels of animals at pro-
oestrus are elevated (Chapter 4 and 7) and that when these
values are excluded from a comparison of grouped and indi-
vidually housed animals, the former have higher values
(Chapter 4 ). On average, only 16%vof individually housed
mice were at pro-oestrus when sampled compared to 37% in a
previous experiment (Chapter 4). This could explain the sig-
nificant difference found here but not elsewhere. However,
thé absence of any‘eignificant difference between indivi-
dualiy and group housedyénimals at 3 pm, 7 pm, and 11 pm in
this experiment per31sts even when pro-oestrus values are
excluded from the analygls. ‘

- The 81gn1flcance of a dlfference in- plasma cortlco;’
sterone in dlfferently housed female mlce at only some tlmes )
rof the day is unclear. It is p0531b1e that the hlgher basal
levels at and before the clrcadlan peak. are related to Jn—,;i
creased 5001a1 1nteract10n in a group, as postulated by

'Chrlstlan, (19712) The effect of an extremely actlve or

| otherW1ee aberrant 1nd1v1dual on cthers ln a gruup cannot be:f L

1gncred as an explanatlon for hlgher basal 1evels found 1n

groupe. As dlscussed in ghapter 4, the dlffer@ﬂce may not -

necessarlly be a dlrect behav;oural effact on adrenacortlcalr,gj:

functlcn but may be medlated by the reproductlve system.‘ﬁﬂ;_ 3:_

Tle argu%ent that the dlfference 1n ba al levelg
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found may reflect methodological factors (Brain, 19751;
Goldsmith et al, 1976, 1977) eg. previous disturbance, blood
sampling, social stability or differential stress respon-
siveness seems unlikely since elevation of values for

grouped animals occurred at only three times of the day out

of six sampling points. Further, it has been shown that plasma
corticosterone levels are unaffected by blood sampling 12
hours (Chapter 3) or one week (Chapter 4) previously or

social instability.

One week of daily vaginal smearing at the circa-
dian peak of adrenal activity did elevate plasma cortico-
sterone significantly but only at and around this time of
day. This is in agreement with others (Hennessey and Levine,
1977; Smolensky gﬁwg;, 1978) who found that the pituitary-
adrenal system in mice is sensitized by daily "training"
rather than habituated to it.

The presence of a circadian rhythm of basal plasma
cortlcosterone in mice- with hlghest values, aust before
| llghts off is conflrmed here (Halberg et al, 1959, opackman
~and Riley, 1974' Solem, 1966 Ungar and Halberg, 1962) |
However, neither hou31ng nor smearlng had any apparent effect .
on'the‘rhythmiphase;‘Parls and Ramaley,v(l974) found a change
in phase of plasma cortlcosterone rhythms 1n mlce as a result'
of bl-dally stress (but not vaglnal smearlng) and noted

altered fertility. Ramaley, (19’75) found that a 1arge percem

tage of rats that had no apparent ccrtlcosterene rhythm also 1; €

had 1rregular vaglnal smears. It is well: known that prcuplng
female mlce 1eads to: Sﬁontaneaus pqeudo;revnancy (Ryaﬂ and
'Schwartz, 197?) and anaestrus CWhltten, 1966)¢ The evxdenge

,:presented here 1nd1cates that the altered reproductlva state,f"




97

brought about by grouping, does not affect the phase of
pituitary-adrenal activity.

The finding that there is no circadian rhythm of
stress levels and therefore, that the corticosterone res-
ponse to a stressor is greater at the trough than at the
peak, is in agreement with others (in rats: Ader et al, 1967;
Allen et al, 1975; Dunn et al, 1972; Engeland et al, 1977;
Pfister and King, 1976; in mice: Haus and Halberg, 1960;
Ungar and Halberg, 1962, 1963; Ungar, 1964). However, con-
trary to other reports (Brain, 19754; Brain and Nowell,
197153 Goldsmith et al, 1976, 1977) stress levels were higher
in grouped animals than individually housed ones, using
blood sampling and ether as stressors. This result was con-
sistent throughout the day and was found in mice previously
unused or dlsturbed. However, in- animals subaected to ether
stress there was no difference in plasma cortlcosterone
levels, in agreement ‘with Brain and Nowell (19?42)

It is ‘known that pltultary~adrenal reSponse to,
stressors can be dependent on the type of stressor and its
intensity (Ader et al, 1967, Prledman et al al 1967, Dallman
1973). Blood sampling and eth&r may ccnstltute a” ,

and Jones,

more‘intense or dszerent type of stress than ether alone.

Activation of‘the pitultary-adrenal system can Operate
through dlfferent pathways (Dallman and Yates,’1968) and St

has been shown that ether can stlmulate the system at the.5~

‘ medlan emlnence, ‘without hlgher brazn centreo (Mat uda et al'

10643, Slnce hlgher braln centres would be 1nvolved in 0001al”:*

: utress'(Bagusz 1364 Shrlstlan, 19712) the relevanne af

ether utress responvlvemess to soc1al behavlcurs 1s questlen”W g¢

 able .
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The problem of which parameter of pituitary-adrenal
activity to use as a measure of stress, remains unresolved
(Chapter 1). Ader et al, (1967) discussed this in relation
to the stress response; the duration of elevation of corti-
costerone levels. The measurement of basal levels of plasma
corticosterone as a correlate of stress is equally problema-

tical being open to interference from reproductive factors,

for example.

In this and the previous chapter, basal levels,
circadian rhythm phase aﬁd stress levels (at a fixed time
point after stimulation) have been examined in relation to
housing density of female mice. Whilst some differences have
been found, higher basal levels of corticosterone before and
at the circadian peakv(excluding pro-oestrus values) and
| highei levels in résponse to‘blood sampling and ether in
groups of ten mice, there is no evidence of the permanently
elevated basal levels associated with the chronic stre°s of
 Selye's G.A. S. and 1mplled in Christian's hypoth851u of |

regulatlon of populatlon size by 5001a1 behav1our (Chrlstlan,

1971,).
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CHAPTER 6

Effects of Male Presence and Male Urine on Plasma

Corticosterone Levels.

Introduction

In Chapter 4 it was concluded that since no evi-
dence was found of social stress in all-female groups, that
the presence of a male could be important in eliciting the
adrenocortical activity and failure in reproduction found in
freely growing confined populations of house mice (eg.
Croweroft and Rowe, 1957, 1958; Christian, 1956, 1961, 1963,).
This factor has been ignored in most studies of differential
housing of female mice. Christian, (1960, 1961) demonstrated
that the adrenal response to grouping female mice, in terms
of adrenal weight, was smaller in the absence of males than-

when males were present. It has been presumed that this is a

by«product of inter-male aggresglon (eg. Bronson, 1967)
although the evidence for this is scanty (Calhcun, 1956)
Little'else ig known of the 1nf1uence,of males on pltultaryui
uadrenal function. |  ‘ ‘ ’v | | | |
| It is known that male presence can radlcally in-
fiuence’female ovarian functlon in the mouse (eg. Whmtten,

'1966“Parkes and Bruce, 1961) and that these effects are

medlated by pheromoneu found in male mouse urlne (Eg’»'jﬂ‘,‘
Maruden and Bronson, 1965, Domlnlc, 1966) It is also known :

_that pheromOﬁeq from grcuped maleu can stlmulate adrenocor~f T

tical ac'tivity in other males’ (RopartZ, 1966 Archer, 1069) o |
 perhapg by some aggre5510n modlfylng cues (Mugford an& i

' Nowell 1970) It 1¢ ‘not known 1f pheromane°‘from male urlne

ate female adrenscertlcal acthlty.~If thls were

 lt may offer an alternatlve explanatlon te the aug&estlcn o
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that accidental male attacks on females cause social stress
(eg. Calhoun, 1956).Crowcroft and Rowe, (1957) reported that
they could find no evidence of males attacking females.
Experiments were performed to assess the effects of
male presence and male urine on basal and "stress" levels
of plasma corticosterone. Since basal plasma corticosterone
values of females at pro-oestrus can be nearly twice the
values at other stages of the oestrous cycle (Chapters 4 and

7), pro-oestrus values are considered separately from others.
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Methods

Virgin TO female mice aged 14-16 weeks, were ran-
domly assigned to four experimental treatments; individually
housed with one male, kept in a separate wiremesh holder in
each cage (Im); two groups of ten females with one male in =a
separate wiremesh holder in each cage (Gm), individually
housed and given male urine daily (Imu) and a group of ten
given male urine daily (Gmu). Mice were undisturbed for 14-
16 days after rehousing, then blood sampled one hour before
lights out as described in Chapter 4. A second blood sample
was taken from each mouse 20 minutes after the first. A
vaginal smear was taken after blood sampling, then daily for
a week,

Sexually’mature male TO mice were used for housing
with females and for urine collection. Eight males were
housed in a cage with a wiremesh floor and aluminium funnel
fo collect urine. A glass ball at the bottom of the funnel
diverted faeées. No fccd was provided»so’the méles were
changed daily for a dlfferent eight. 2 ml of fremh male
urine per female mouse was dispensed onto beddlng dally ie.
grcup housed females had 20 ml dally 1n the cage.,:;>‘_

B A second experlment was - performed to assess the
short term effect of male urlne on plasma cortlccgterone
levels 1n females. Vlrgln females were randomly asslgned to
1nd1v1dual hou81ng or group houglng 1n tens and undisturbed B
for two weeks after rehou51ng.‘ Thlrty mmnutes after llghts N
out, at a tlme when mice’ are usually active- (eg. Halberg @t;,s;7
kal 19;9), 2 ml of wale urlne per. female mcu e was dl pense&%tiﬁ
‘into half the cngS and 2 ml of mater 1nto tha remainin§ |

 'cages. Care was taken to da thls quletly and rapldly. Bload :




102

samples were taken from each treatment group 20 minutes, 4
hours or 24 hours after urine or water application.
Plasma samples were stored and assayed for corti-

costerone as described in Chapter 3.
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Results

Mean basal and stress corticosterone levels of
female mice differentially housed with males or given male
urine daily are shown in Table 1. Individually housed mice
given male urine daily had significantly higher basal levels
than the group given urine or individually or group housed
mice with a male, (Mann Whitney U test, p<:0.01). The group
given male urine had significantly lower stress levels than
the other treatments (Mann Whitney U test, p<0.01). The
stress levels were otherwise not significantly different.

A«breakdown of data into mean plasma corticosterone
values taken from mice at pro-oestrus and those at other
stages of the oestrous cycle is shown in Table 2. Non pro-
oestrus basal values for individuaily housed mice given male
urine daily were significantly higher than the other cate-
‘gories (Mann Whitney U test, p<0.01). However:prcudestrus
values wére bnly‘significantly higher in the mice individually’
housed with males (Mann Whltney U test, p<§0 05). There were
too few pro-oestrus values 1n the group glven male urlne to g
‘be 1ncluded 1n the statlstlcal ana1y31s. There. were no &1gn1;
ficant dlfferences in stress levels 1n any of the categorles |

with elther pro-Oestrus or non pro-oestrus valueu.'

.~ Mean plasma cortlcosterone levels from the ;eccnd
experlment are shown in Table 3. Kruskal Wallla ANOVA re-
vealed a 51gn1f1cant dlfference between categorle% 1n values‘°f‘0
taken 20 mlnutes after appllcatlon of male urlne (H 15 07,3 i'

- p<0.01) but not 4 or 24 hours aftar. Females indlv1dua11y :
k,housed glven urzne and b§m§1ad 50 mlnutes later had Sl%nlwfﬁikhff
75f1cant1y hlgher values th&n the. ccntrols glven water only ;;b;iff

-f,'(Mann Whltney u teat, p<:O OOﬂ) but there was o dlfferenc
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between grouped animals.

Further analysis of data from animals sampled at
30 minutes, separating pro-oestrus and non pro-oestrus
values, is shown in Table 4. Individually and group housed
females given male urine had significantly higher non pro-
oestrus plasma corticosterone levels than the water controls
(Mann Whitney U test, p<0.025; p<0.05). Individually
housed females given urine also had higher pro-oestrus

values than water controls (Mann Whitney U test, p<0.05).
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TABLE 1

Plasma Corticosterone Levels in Grouped and Individually

housed Female mice either given Male Urine daily or housed

with a Male.

Plasma Corticosterone (ng/ml)

Basal Stress
Individually housed 168 ¥ 13 567 I 23
with male (Im) n=20 n=20
Group housed o
with male (Gm) 170 2 16 552 % 24
n=19 n=19
Individually housed seu * 18 566 * 30
and male urine (Imu) nell T ek
Group housed and azh 11 435 * 39

male urine (Gmu) n=10 =10
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Plasma Corticosterone Levels in Grouped and Individually

Housed Female mice either given Male Urine daily or housed

with a Male: Separation of Pro-oestrus and other values.

Individually housed
with male (Im)

Group housed with
male (Gm)

Individually housed

and male urine (Imu)

Group housed and
male urine (Gmu)

- Plasma Corticosterone (ng/ml)

, . Basal ‘ Stregs
- Pro-~oestrus Othenr Pro-oestrus Other
values values values valueg
223 2 16 150 £ 13 609 fep 550t op
n=5 n=15 n=5 n=15
235 2 40 159 16 552 f 71 553 f pg
n=5 n::/l6 l’l=4 n=15
289 £ 21 240 I 14 562 T 60 569 ¥ g
Il=—‘7 n:‘? 11:7 Il:?
175 124 £ 12 352 456 * 4¢
= n'—=8 I1=2 n=8
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TABLE %

Plasma Corticosterone Levels in Grouped and Individually

housed Female mice 30 minutes, 4 and 24 hours after

‘application of Male Urine or Water to the cage.

Plasma Corticcsterone (ng/ml)

After 30 After 4 hours After 24 hours

minutes

Individually . . ‘ N
housed and 137 = 12 91 - 8 136 - 13
water n=10 n="10 n="10
Individually . + +
housed and 339 2 58 106 - 14 ‘ 148 ~ 11
male urine n=9 n=9 - n=9
Group housed + + _
and water jggzgogq 1Oi=409 o -

Group housed o540 *
and urine  n=0 n=10
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TABLE 4

Plasma Corticosterone Ievels in Grouped and Individually

housed Female mice 30 minutes after application of Male

Urine or Water to the cage: Separation of Pro-oestrus and

Other values.

Plasma Corticosterone (ng/ml)

Pro-oestrus Others
Individually housed + +
and water 16g=5 29 422=7 11
Individually housed 532 % 9% oup * 20
and urine n=3 ‘ ne6
Group housed and }560 151 & 19
~ water n=1 v n=9
“Group housed and SRR | 5410 * 31
male urine o R T e T
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Discussion

The continual presence of a male seems to have

only a small effect on plasma corticosterone levels in indi-
vidually and group housed female mice. Both basal and stress
levels are similar to those found in females in the absence
of males (Chapter 5). However, it is noted that the differences
in both basal and stress levels of plasma corticosterone in
individually and group housed females found previously
(Chapters 4 and 5) did not occur in this experiment, pre-
sumably as a result of male presence.

| The most striking feature of the results here ig
that male urine can activate the pituitary-adrenal system of
the female. Daily application of male urine elevated plasma
corticosterone only:in<indiVidualiy~housed females. It has
been demonstrated that daily disturbance, novelty or hand-
ling, which are known stressors of mice (eg. Leviné and
Treiman, 1964) can lead to a sen51tlzat10n of the pltultary-
adrendl system and 1ncrease plasma cortlcosterone levels at
the time of dally dlsturbance (Hennessey and LQV1ne, 1977,‘
Smolensky et al 1978) Thus it is possmble that male urine -
‘acts as a stressor and when given dally 1ncreases plasm&
cortlcosterone 1evels. The failure: of male. urine" glven dallyf j
to stlmulate grouped females, Wthh in fact have generally
'1ower Values, is puzzllng- f | ,  7‘, | | £

The acute adrenal respon se to urlne 13 not 50  ¥ff

eaélly 1nterpreted as a response to dlsturbance or novelty;" 
as 31gn1flcant dlfferences over 51m11ar doses of watar were,v"f

‘ «recorded (Table 3) althOﬁgh 1t mlgbt be argued that an

 {[0dorous substance wouid have been a better ccntral than

U:~fwater. The elevatlon Qf plasma ccrticosterone certalnly .
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follows the same time course as the novelty response reccr-
ded by Pfister and King, (1976). Thus 30 minutes after
application to the cage bedding of male urine, plasma cor-
ticosterone levels are elevated over water controls and by

4 hours this difference has disappeared. The adrenal stimu-
lation by male urine after 30 minutes is apparent in both
grouped and individually housed females when pro-oestrus
values are é%cluded. The response to male urine of indivi~
dually housed: females at pro-oestrus is large and of a gimi-
lar order to the stress response after blood sampling and
ether exposure. This large response implies‘that females at
pro-oestrus are either generally highly stress responsive or

are responding to a specific cue in male urine.
Given the known pheromone-bearing properties of

mouse urine, it is more likely that the animals are respon-

ding to sexual or other information. Urine from mature male

mice is known to be an attractant to female mice (Caroom

and Bronson, 1971; Scott and Pfaff, 1970; HayaShi and Kimura,

1973) so it is possible that male-induced adrenal activation

1s"arouoal" prlmarlly assoclated with sexual stimulation./It

is not known if female urine has & 51m11ar effect on females.

It has been demonstrated that exposure of young female mlcg

to a male can 1ead te acute changes in serum LH and plasma

oestradiol (Bronson and Desaardlns, 1974) Slnce both LH o

and oestradlol can stlmulate adrenocortlcal act1V1ty (

Phillips and Pocl*anguan; 1978; Kltay, 1963; Coynp and. hltay,

1969) it is 93531b1e tbat adrenocortlcal actlvatlon of adult,‘ﬁ

f@mdles by males is

An altefnatlve exnla

8at1vated by an. alarm gharomona.,ulnce the

redlated by these reproductlve harmenau;ﬁflﬂ
natlon 15 that the adrenal 13:  S

males uaed to f@jf Lf;
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collect urine were subjected to severe stress (food depri-
vation, handled, rehoused daily and grouped) and stressed
mice can produce an alarm pheromone (Rottman and Snowdon,
1972; Muller—Velten, 1966; Carr et al, 1970) it is possible
that a stress pheromone activates the adrenal. Even the
presence of a "strange mouse" odour may be sufficient
stimulus for adrenocortical activation, an explanation which
would account for the absence of effect of continual male
presence. Rowe and Redfern, (1969) found a low level of
aggressivenessAin famil§ groups of mice due to the olfactory
recognition of individuals and found increased aggressive
encounters on the introduction of a strange mouse.

It is clear that the role of pheromones in social
interactions in mice is still not fully understocd. It is

suggésted that this may be a fruitful area of research.
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CHAPTER 7

Plasma Corticosterone Fluctuations during the Oestrous Cycle.

Introduction

It has been shown that activity of the pituitary-
adrenal axis varies with the oestrous cycle in the rat,

(eg. Critchlow et al, 1963). Buckingham et al, (1978) and
Raps et al, (1971) have demonstrated that plasma cortico-
sterone levels are higher both in the morning and evening of
the day of pro-oestrus than at other times in the cycle,
although there is no interruption in the normal circadian
pattern of variation. Champlin, (1969) found no difference in
plasma cortlcosterone at different stages of the cycle in
mice. However, in this study, pro-oestrus values were ele-
vated at the circadian peak compared with others (Chapter 4),
The purpose of this experiment was to examine variations in
plasmafcortiCOSterone'in the mouse more thoroughly in res-~
pect to the time of the day sampled and the stage of the
#oeutrous cycle. This was con51dered 1mportant because 1n any
attempt to correlate stress-lnduced adrenocortlcal act1v1ty
and 1nh1b1te& reproductlve activity the detalls of the 1nter~
action of the pltultary-adrenal system and the normal reprgw ‘
ductive cycle need to be known.(

Slnce Schwartz, (1969) has shown that five day
c&cllng rats dlffer in thelr hormonal balance from four day
cyclers,cnly mlce on four day cycles were used.‘These were;"
1nduced by the presence of maleS, as four day cyclew'are  if'

Otherw1se uncommcn in mice (Blngel and Schwartz, 1972)
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Methods

Two hundred virgin TO females obtained from the
supplier were used. They were allowed three weeks to settle
into the new animal quarters, then randomly assigned to six
experimental groups for blood sampling at four hourly inter-
vals. Half the mice were kept in reversed lighting (L:D,14:10
lights on at 2200 hours) and half on normal lighting (L:D,
14:10 lights on at 0800 hours). Results are expressed in
relation to normal lighting photoperiod. Mice were indivi-
dually housed each with a male in an inner wire cage, undis-
turbed for two weeks then blood sampled once by retro-orbital
puncture as before, (Chapter 4) at the different times of the
day. One vaginal smear was taken 1-3 days before, and 5
consecutive daily smears starting immediately after blood
sampling. Plasma samples were stored ‘and assayedbfor plasma
corticosterone as described previously, (Chapter 3). Only 4
day cycling mice were included in the data. Values for met-

oestrus and dioestrus were combined and means compared by the

Mann Whitney U test.
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Results

The circadian rhythm of plasma corticosterone
concentration was maintained through all stages of the
oestrous cycle, (Figure 1) with highest values always ob-
tained at 2100 hours, one hour before lights out. Compared
with values recorded at metoestrus and dioestrus elevated
corticosterone levels were recorded throughout the day and
night of pro-oestrus and only subsided late in the day of

oestrus. Statistically significant differences are shown in

Table 1,




Fig.1 Plasma Corticosterone levels at different times of the day
| - during the Oestrous cycle of the mouse

Plasma corticostét?hé' (nr%/mu

N
QO

Pro-oestrus ~ Qestrus

0500 1300 2100

Mtoestrus/ Dioestrus

0500 1300 2100 0500 1300 2100 0500
Time of day

SLL
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Concentration of Plasma Corticosterone at different times

of the day during the Oestrous Cycle of the Mouse.

Time

0500

0900

1300

1700

2100

0100

Mean Values : SE. Signlflcance calculated w1th reference tg i

metoestrus/aloestrus values.

Pro-oestrus

ng/ml

42.5

96.2 ¥ 14,9
. n='7
p< 0.01

.6 * 19.4
n=9
p<0,001

68.2 % 18.0
- n=12
NS

214t 28,5
n.:-.’lO‘, :

p<0.01

Oestrus

ng/ml

92,0 % 14.5
n="7
p<0.01

89.9 % 19,1
n=8
p< 0.025

n~8

”i"94 6% 10.6 1

L 1'1:7

n = number of animals per group.

Metoestrus/
Diocestrus
ng/m
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Discussion

Whilst most endocrine studies of the oestrous
cycle have been carried out on rats, a few studies indicate
that the mouse is similar (Michael, 1976; Murr et al, 1973).
The data presented here are in general agreemeht with those
from the rat (Buckingham et al, 1978; Raps et al, 1971;
Phillips and Poolsanguan, 1978; Critchlow et al, 1963)
showing corticosterone levels higher in the morning and
evening of pro-oestrus than at other stages of the cycle, but
the data. here show the elevation persisting well into the day
of oestrus in mice.

The reason why some previous work with the mouse
failed to show corticosterone elevation at pro-oestrus
(Champlin, 1969) may be the high variability of the oestrous
cycle in mice (Bingel and Schwartz, 1969). This is particu-
larly apparent in éll—female‘groups (Whitten, 1966) with the
absence of males and with daily:Vaginalfsmearing <Bingel'and
Schwartz, 1972) where'Only a few mice Shbw regular q-agy
cycles. | ; |

" Qestrogen may be the key to the 1ncreage in cor-

ticosterone at pro»oestrus. ACTH (Coyne and Kitay, 1969)

and corticosterone’ (Kltan 1963) are ‘depressed by‘evarlectomy.*
and restored by 0estrad101w17-B in ratu. Oestrogen induces
1ncreased thyrold stlmulatlng hormone (TSH) and’ thyroxxne
secretion, whlch 1n turn raise c1rculating 1@V@lu of ccr~
tlcostergne binding globulln (CBG), (Gala and Weatphal 19Q6>
Since the cortzcosterona-ACTH feedback Operates only on un~3'>
‘bound cortleosterane (Fortzer et al 19?0) auah a r;ge in.
- CBG can lead to 1ncreaaed AC H secretlcn, elevatlng plasma

:  oort1couteronu. Oemtradlol 13 hlgh durlng the mornlnbfgf prg,;‘
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oestrus in the 4-day cycling rat (eg. Butcher et al, 1974)
and TSH and thyroxine levels rise in the late morning and
early afternoon (Buckingham et al, 1978; Brown-Grant et al,
1977). It is not known whether there is a rise in CBG at
pro~oestrus, but it has been shown that CBG levels can
fluctuate daily in the male rat (and mouse) and are higher
in the female (Ottenweller et al, 1979).

Phillips and Poolsanguan, (1978) have argued that
corticosterone elevation at pro-oestrus in the rat is biphasic,
a morning risé due to high oestrogen and low progesterone;
the afternoon elevation due to LH (Butcher et al, 1974) which
has a stimulatory effect on the adrenal both in vitro and in
vivo (Vinson et al, 1976). However Buckingham gt al, (1978)
have shown a peak of ACTH in the afternoon of pro-oestrus,
higher than at other stages of the cycle,’implying that the
afternoon increase in corticosterone is mediated by ACTH.

The extension of the pro~oestrus elevation of cor-
tlcooterone reported here may reflect a more prolonged secre~
tion of oestrogen whmch Blngel and Schwartz, (1969) have
nggested occurs: 1n the mouse. ’

‘ ' The functlonal s;gnlflcance of 1ncreased COrthO~
sterone ‘levels at pro~oestrus is as yet unclear. It is of. ‘
1mportance to. know whether the 1ncrease is of unbound or
‘bound cortlcosterone since their phy31olog1cal act1v1tle
differ. As dlacussed 1n the prev1oug chapter, the functlon of
,cortlcostergne elevatlon may be "arousal" as aclated wlth,

k'oexual bohav1our. ; ‘ | , |
= Whllst 1t hao been shown that nOn*?hymlologlealtf'”

’ . doses of cortlcosterone caﬁ ﬁrlgger ovulatlon 1n henu (eg;ﬁ; s

,;Sharp and Beuv1ng, 1978) MOSt Cf the data does not %“PPOthf’  ﬁ
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the suggestion that corticosterone has a role in the ini-
tiation or facilitation of ovulation (although ACTH secre-
tion may be important), (Wilson et al, 1978).

In Chapter 2 the notion that adrenal progesterone
could inhibit ovulation was discussed. There is growing evi-
dence however, that pre-ovulatory adrenal progesterone can
facilitate the LH surge triggering ovulation, in conjunction
with oestradiol (Wilson et al, 1978; Feder et _al, 1971;
Cambell et al, 1977; Mann et al, 1976; Lawton, 1970, 1972;
Nequin and Schwartz, 1971; Rodgers gg_gi, 1974). Clearly the.
timing of the adrenal progesterone peak (or surge) is impor-
tant (eg. Lisk, 1969).

What emerges from this study is that the stagé of
the oestrous cycle can seriously interfere with the use of
plasma corticosterone as a measure of stress (uniess the pro-
oestrus rise ié considered "stress"). In view of all the
‘endocrine chahges dﬁringmpfo;oestrué“(eg:'Butcher‘gggg&;"
1974) it is useful'to treat ﬁro—oeStrﬁs‘énd ncnuprdnoestrus

female mice separately in any investigation of stress.
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CHAPTER 8

Effects of Social Environment on the Oestrous Cycle

Introduction

It is well known that the oestrous cycle of mice
is strongly influenced by social cues (eg. Whitten, 1966).
Pheromonal activity has been identified as an important fac-
tor in many of the effects on reproductive activity, such as
in spontaneous pseudopregnancy (Lee-Boot Effect), synchronous
oestrus (Whitten Effect), blocked implantation of embryos
(Bruce Effect) and accelerated sexual maturation (Vandenbergh
Effect). However it is not known whether social stress may
be an importanﬁ factor in initiating these effects nor is it
clear what part these effects may play in regulating popula~
tion size.

Tt has been shown that mice kept in all-female
groups can show spbntaneous«pseudopregnancy (Lee and Boot,
1955, 1956; Dewar, 1959, Mody, 1963; Caschera, 1960), leng-
thened oestrous cycles (mostly prolonged dloestrus) (Lamond,
1958, 1959; champlin, 1971 hlmura, 1971' Andervont 1944)
and anoestrus CWhltten, 1957, 1959) ‘The precise nature of
these 1engthened cycles is not understood. It has been.
suggested that the type of. oestrus suppre331ﬁn;1s depend¢nt.
on the 51ze of the group (Whltten, 196b) 4 '

L Th@ 800131 env1ronment of juvenlle female mlce can
determlne ‘their’ age of sexual matur&tlen (eg. Vandenbergh ‘_’
‘Drlckamer and Colby, 1972). Thus 1ncreased density of grouw;ti‘
‘ Ped juvenile females (Castrc, 1967, Drmckamer, 19(4) and ex~*' 
'posure of guvenxles to grouped females urlne (Calby and |

,r,Vandenbergh, 197&) can delay vaglnal Opening and flrst "ffAﬁi
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oestrus by up to twenty days compared to singly housed fe-
males. Male presence (Vandenbergh, 1967) and male urine
(Colby and Vandenbergh, 1974) are effective at accelerating
female sexual maturation. However Christian, (1956, 1963,)
produced some evidence of prolonged inhibition of sexual
maturation in females, in a dense population of mixed sex.
Notably young females had delayed involution of the x-zone
of the adrenal cortex, implying a delay in first pregnancy
and depressed ovarian and pterine weights in females up to
the age of 110 days compared to control females.

On the basis of this data and other (Crowcroft and
Rowe, 1957), Christian, (1971,) has argued that inhibition
of sexual maturation is an important factor in limiting
reproductive success at high’density and hence regulating
population‘size. Since in dense populations it is only the
socially dominant females that are reproductively successful
(eg. Retzlaff 1938) and that the Jjuveniles aré mostly of
subordinate 8001a1 rank it is plausible that inhibition of
sexual maturatlon is a result of social p081t10n. e

Ind1v1du311y housing female mice leads to short
oestrous cycles, mostly four, flve or six day cycleu (Blngel
and schwartz;-1969,\Champlln, 1971; Maruden and. Bronsan,
1965). Grbupéd females Showihg,lengthened cycles can be in«;‘
 duced by the presence ‘of & male, to return qumckly to oestrus 3
(Whltten, 1956, 19)7,,1958 1959, McKlnney, 1972 Marsden_~ 
and Bronson, 1965; Chlpmaﬂ and Fox, 19663 ‘Male presenca
can also induce short cycles (Whitten, 1957) Of predcmlnantly

">‘four days (Blngel and Schwartz, 1972) Nale urmne 13 efiecﬂ,;{**

tlve at 1nduc1ng oestrus (harsden and Bronson, 1964) but &t

,’lu not known 1f mt 1s as effectlve at 1nducxng four day
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cycles as male presence. The object of the experiments des-
cribed here were (a) to ascertain whether the size of
groups of female mice determined the type of oestrous cycle
suppression ie. anoestrus, pseudopregnancy, (b) to ascer-
tain whether prolonged inhibition of sexual maturation
occurred when Jjuvenile females were housed amongst groups of
adult females, (c) to investigate the effect of male pre-
sence and male urine on the oestrous cycle of grouped and

individually housed female mice.




123

Materials and Methods

Experiment 1

Fifty TO virgin female mice aged 81 days were ran-
domly assigned to three experimental categories: 10 indivi-
dually housed, 10 in a group and 30 in a group. A vaginal
smear was taken daily for 17-19 days, starting one week

after rehousing.

Experiment 2

Eighty TO virgin female mice were weaned at 21
days and fandomly assigned to four experimental categories:
20 individually housed, 20 housed in two groups of 10, 20
housed in groups of 10 with 5 adult females per cage and 5
weénlings, and 20 housed in groups of 30 with 20 adult
feméles and 10 weanlings per cage. Adult females were
approx1mately 160 days old at the start. Fifty days later

the younger mice were smeared daily for ten days.

’Experiméntyj ‘ .
 Ninety two TO virgin’female mice aged 14-16 weeks
0ld were randomly a351gne& ta'olx experlmental categorles
individually housed in a "male smell free" room (n =28),
group of 10 in a “male smell free" room. (n 1@), 1nd1v1_= 
”dually housed with 1 male kept in a separate w1remesh holder ‘
in each cage (n= 20), two groups of 10 w1th one mala per cage
kept in a wiremesh holder (n= 20), 1nd1v1dually housed glVen

U male urlne dally (n~ﬁ4) and gfﬁu? Of 10 glven male urine

ally (n= 10) Detalls of male urine collectlon and &ppllnil,._'a

catlon glven in Chapter 6. Mlce were undlsturbed fcr 14~ﬁ6 -
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days then smeared daily for 8 days.

Experiment 4

Sixty TO virgin female mice aged approximately
32 weeks o0ld were randomly assigned to six groups of ten,
housed with one male in a wiremesh holder per cage. They
were smeared daily for 9-10 days , then rehoused in a "male
smell free" room in groups of ten (5 experimental mice and
5 other females of similar age, previously housed together).
Daily smearing continued for a further 10 or 17 déys. The
females were rehoused when at dioestrus, pro-ocestrus or

oestrus between 2 and 5 hours after lights out.

Vaglnal Smearlng This was performed and the smears staged

as preV1ous1y descrlbed in Chapter 3. Pseudopregnant cycles
were deflned as haV1ng > or more consecutive days of dloestrus
or metoestrus. Abnarmalrcycles’were defined as 4 or more

v

days of oestrus.

;Statlstlcs y "

‘ Student t tests were yerformed for comparlsonm of
palrs of means. Ch1~squared tests for 1ndependent samples

were used for frequencv data.v
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Results

Experiment 1

The effect of numbers of female mice in a group,
on frequency of ovulation and type of oestrous cycle are
‘shown in Tables 1 and 2. Individually housed females show
significantly higher mean frequency of pro-oestrus/oestrus
‘smears in 16 days and a higher proportion of 4,5 and 6 day
cyclers than longer cyclers both in groups of 10 and group
of 30, (p<0.001). There was no statistically significant
difference between groups of 10 and group of 30 with res-.
‘pect to these measures, although it was noted that in the

group of 20, 4 mice showed abnormal cycles (prolonged

oestrus).

Experiment 2

The effect of'housing immature female mice in
groups and with adult females on the;frequency'of ovulation
and the tjpé of'oeStrous‘cycle‘are shown in’Tables % and 4.
Individually housed females Shcwed'Statistically‘signifia
cantihigher mean frequency‘of pro—oéstrus/oestrus,,(p<:o,oog>
énd higher proportion of 4,5 and 6 day cyclers to long
cyclers (p<O0. 01) than groups of females., There were no Slg_
nlficant dlfferences in these measures in groups of 10,
groups of 10 housed (5 juveniles plus 5 adults) or groupq
of 30 houced (20 adults plus 10 1mmature) '

Experlment 3
| Table 5 show th percentage of anlmals 1n each |

category w1th 4,5, 6 day or longer oestrous cycleu. It can
“be seen that male presence ‘with 1nd1vxdua11y hous&d femaleg
’1nduces a maaorlty of 4 day cyciers. Nale urlne glven damly

v te lndlvldually hou ed famaleu 1nduces 4 and 5 day cyclers
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in equal numbers. The cycles found in grouped females are
predominantly longer than those in individually housed fe-
males, and show signs of pseudoprenant cycles eg. mucifi-
cation of the smear. Male presence and male urine increase
the proportion of shorter cycles in a group and prevented
the high percentage of pseudopregnant cycles found in a
group without males present. Table 6 summarizes the results
of the effects of social environment on the oestrous cycle.
Tt is apparent that individual housing is effective in

maintaining short cycles regardless of male presence.

Experiment 4

Table 7 shows the effects of grouping female mice
at different stages of the oestrous cycle on the number of
days to thé next oestrus and the percentage of females
showing long cycles immediately, Females grouped at di-
oestrus and pro-oestrus did not show immediate long cycles
and ovulation usually'cccurred within three days whereas

69% of females grouped at oestrus showed immediate long

cycles.
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TABLE. 1

Effect of Numbers of Female Mice in a group on frequency

of Pro-oestrus/Oestrus Smears.

Mean Frequency of Pro-oestrus/
Oestrus i1n 16 days + SEM

n
Individually +
*
Group 10 10 1.9 £ 0.23
N.S.
Group 30 20 1.8 £ 0.4

Student t test
* p<0.0C1
N.S. Not significant
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TABLE 2

Effect of Numbers of Female Mice in a group on the type of

Oestrous Cycle,

Number of 4,5 Number of Chi-squared

fndividually 9,10 (90%) 1/10 (10%)
p<<0.001
Group 10 0/10 (0%) 10/10 (100%)
N.S.
Gr?g§ 20 | 2/26 (8%) 24/26 (92%)

(a) 4 mice had abnormal cycles
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TABLE 3

Effect of Housing Tmmature Female Mice in groups and/or

with adult females, on the frequency of Pro-ocestrus/

Oestrus PSmears.

Mean Frequency of Pro-oestrus/
Oestrus smears 1in 10 days
o+

n - SEM

Individually housed 20 2.2 £ 0,12

*
Groups 10 20 1.75 X 0.4 ~

| N.S.

Groups 10 + , ‘
(5 adults + 5 immature) 20 1.65 = 0.17 >N.S.

N.S.
Groups 30
(20 adults + 10 20 1.60 0,17 J
immature) ' ' o \

Students t test
* p<0.002
N.S. Not significant
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TABLE 4

Effect of Housing Immature Female Mice in groups and/or

with adult females on the type of Oestrous Cycle.

Nugbgrg of 4,5 Number of Chi-squared
an a Longer test
cyclers cyclers =22
jodividually 19720 (95%) 1/20 (5%)
p<0.01
Group 10 10/20 (50%) 10/20 (50%) ~
N.S.
Group 10
(5 adults + 5 7/20 (35%) 13/20 (65%) >N.S.
immature)
N.S.
Group 30
(20 adults + 10 5/20 (25%) 15/20 (75%) .

immature)

- N.S. Not significant
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TABLE 5
Effect of Male Presence and Male Urine on the type of

Oestrous Cycle.

Number of Number of Number of Number of

4 da 5 day o da Pseudo-
CyCLlers cyclers czciers pregnant

or
Abnormal
cyclers
Individually
housed with = 18/20 1/20 - 1/20
male ‘ (90%) (5%) (5%)
Group housed ¢,nn 720 4/20 3020
with male (20%) (35%) (20%) (15%)
Individually '
housed with — 7/14 (R4S - -
male urine (50%) (50%) |
G ‘ 'h a _ A ;
vith mals 3710 3/10 2710 210
urine ' - (30%) (30%) (20%) (20%)
Individually 4408  9/28  3/28 208
‘housed - (5og) - (32%) 0 (M%) (7%)
Group housed  J/10.  2/0 = om0

s T ;;(70%)_,5‘_»
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TABLE 6

Summary of Results: Percentage of Females in different

Social Environments with Short or Long Cycles.

4,5 or 6 day Abnormal and n Number of

cyclers Long cyclers ays
smeared
Individually
housed plus 95% 5% 20 8
male
Individually
housed plus 100% - 14 ]
male urine
daily
[ndividually 939 7% 38 8-10
Individually |
housed from 95% 5% 20 10
weaning
Group of 10 y 159
plus male | 85% 5% | 20 8
Group of 10 1 . |
plus male 80% 20% 10 8
uurine‘daily 7 o
- from weaning k 0% 2 @ s 20 : L
Group of 10 3u%  66% 60 810
Group of 10 L o ™ .
(5 from weaning 35% e 200 10
and 5 adults) R AT i TR
Group of 30 3% 6% 30 10
Group £ 30 . e N
(10 fromvweanimg¢;;'25%., ,{«:L'; v ?5%-,;7';QQf};~>3?95> 1gM,,;

and 20 adults) :
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TABLE 7

Average Number of Days until Oestrus Phase after Grouping

Females away from Males at different Stages of the Oestrous

Cycle.
No. of days to % Showing Long
Qestrus cycles
immediately
Dioestrus (n=18) 2.94 ¥ 1,25 6%
Pro-oestrus (n=22) 1f09 ¥ 0.29 0%
Oestrus (n=16) 8.75 & 3,24 69%
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Discussion

The results presented here are in agreement with
those of a recent study, (Ryan and Schwartz, 1977) that
grouping female mice leads to pseudopregnancy and not an-
~oestrus. Thus all the mice individually housed or in groups
of ten or thirty showed at least one period of pro-oestrus/
oestrus in sixteen days of smearing (Experiment 1). In con-
trast Whitten, (1959) found true anoestrug in groups of
thirty females with cessation of oestrus for periods of up
to forty days, lighter ovaries and fewer corpora lutea com-
pared to individually housed mice. It was proposed that the
failure to induce anoestrus in other studies (eg. Lee and
Boot, 1956) was due to small group size or to the presence
of male odour, (Whitten and Champlin, 1973).

‘These discrepanéies in reéultsfmay represent a
:genﬁine genetic strain difference. An alternative is that
in Whitten's study oestrus smears were missed perhaps due
rto heavy vaglnal mucification. It was noted in this study
that the pro~oestrus and oestrus smear stages after a
pseudopregnant cycle were. sometlmes rapld both stages
;pa551ng in twenty four hours and the cell types at oéstrus,
whilst recognlsably cornxfled, were unusual (Chapter 3).

; The results from the second experlment 1ndlcatea
;that nelther duratlon of grouplnb nor hous1ng of Juvenlles.
‘w1th adult females 1nduceﬁ anoestrus. Thus whllst grouplng
young female mlce can delay the flrst oastrus by up to _1;
twenty days (eg. Drlckamer, 1975), the allnfemaie soc1a1
;env1ronment daes net qeem to 1nh1b1t ﬁexual maturatlan 1nf “x'

- the same way or for the same. duratlon as a mzxedqgex popumgl

;:1atlon, (Chrlstlan, 1956} The fallure to obsarve anaehtrusif};:
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lends support to the notion that social stress is not found
in all-female groups, regardless of the housing density.

The cue for group-induced pseudopregnancy is be-
lieved to be pheromonal, since individually housed females
show pseudopregnancy when exposed to soiled bedding material
from a group of females, (Champlin, 1971). There is some evi-
dence that the pheromone may operate through taste rather
than smell, (Kimura, 1971). An unresolved problem is the
type of social behaviour in females which stimulates the
production of a pseudopregnancy-inducing pheromone. Tt is
not known if all the females in a group produce the phero-
mone. It has been observed here and elsewhere, (Whitten,
1959) that usually in a group of females, a few mice will
continue to have short oestrous cycles. Similarly, in mixed
groups it has been found that only'a few females will be re-
productively active, (Retzlaff, 1938) and that these are
socially‘dominaht, (Lléyd and ChriStian,‘1969),”It'isvpos—k
sible‘though unpro?en, thatjit is‘thesociallydominantifew
males whichvcontinue.to.have short cycles and‘produ¢eﬂthe
pheromone inducing pseudopregnancy. How an’ 1nd1V1dual female
mouse achleves dominance is unclear, (Chapter 2) S

A second unresolved problem 1s that of the func-
tlonrof group*lnduced psendopregnancy 1n ‘a natural habitat,
1f 1ndeed it is more than a-laboratory &rtefast“WhllSt‘lt’ls'
a form of reproductlve 1nh1b1t1on the fact that matlng is
succepsful with the 1ntroduct10n of a mA1e, CWhltten, 1966)
ylmplles that 1t s not an 13partant mechanlsm of papulatlsn

- regulatlon.\CIearly, the reproductlve 1nh1b1tlon of females

ifound lﬁ Sgﬁe ﬁtuﬂles af seml-natural pepulatlons, (Cr&wcraft[{f]f

'Tx'and Rowe, 1957} 13 qu;te daffersnt erm the pseudopregnancy
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found in all-female groups.

7 The results of experiment 4 here and those of Ryan
and Schwartz, (1977) indicate that the stage of the oestrous
cycle wheﬁ females are grouped determines the onset of pseu-
dopregnancy, with grouping at oestrus being most effective.
@his is a time when fresh corpora lutea are in the ovary. It
has‘been proposed that grouping acts as a luteotrophic stimu-
lus since it did not inhibit gonadotrophin secretion, (Ryan
and Schwartz, 1977). Smith et al, (1975, 1976) demonstrated
the existence of a bi-circadian rhythm of prolactin in rats
after sterile mating and no change in gonadotrophin secretion
in Support of this notion. A bi-circadian rhythm of prolactin
was found in:pregnant mice, (Barkley et al, 1978) but it is
not known if simila:,elevations of‘prolactin,occur during
pseudopregnancy in the mouse. It is noted that the luteotro-
phin seéretiOn in the mouse is believed to be prolactin’and
FSH; (Choudafy ahd‘Gfeenwald, 1969). Also SOma‘differences
haveibeen:fqundybgtw§en‘sterilermatingman&_grqupfinduced
;pseudopregnahcy in mice,,(Ryan and:SChwartZ,,l977)' No evi-~
dence has been found supportlng the view that SOClal stregs
~and adrenocortlcal act1v1ty initiate groupulnduced pueud0~
‘pregnancy. / ; ‘, L k
- The ablllty of male presence or male ur1ne to
éhorten cycles,:(Mar°den and BFOﬁSOH’ 1965 Bln%€1 and N
7 Schwartz, 1972) is ccnflrmed here. Male urine was 1ess

~veffect1ve at 1nduczng four day cycles than male presence.j.

However thlS may 81mply be because 1nadequate ur:ne was;sup~‘ i

| plied (approx1m&tely one thlrd to one half or a male S da;lkaf’

tnurlne productlon was glven per day) or urlne was upplled

'fonly once a day-w,f§~  
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It has been proposed that a male pheromone is able
to block luteotrophic secretion thus preventing pseudopreg-
nancy, (Ryan and Schwartz, 1977; Milligan, 1978). Pseudo-
pregnancy induced by sterile mating has been blocked effec-
tively by male pheromone, (Dominic, 19664) and pregnancy
block; caused by the odour of strange males, has been shown
to be due to a failure of prolactin secretion, (Parkes and
Bruce, 1961; Dominic, 19662). The mechanism involved in the
maintainance of four day cycles is not clear but it would
seem unlikely that it is further blocking of the luteotro-
phic secretion. It is noted'that male presence has a minor
protective effect on cycle length with mice kept in con-
tinuous light, (Cambell et al, 1976).

'OVerall,’theré is a continuum of social environ-

ment affecting the length of oestrous cycles in female mice
(Table 6) Ind1v1dual housing is effectlve at preventlng
~ long, pseudopregnant cycles that occur in grouped mice,
Similarly, male presence ‘and male urine are largely able to
fprevent pseudopregnancy in groups of ten females. Male pre-
sence seems to ‘have an addltlonal effect in 1nduc1ng four
day cycles in 1nd1V1dually housed females. These varlous
80c1a1 factors may be quantltatlve 1n thelr effects such
zthat for example, an 1ncreaae 1n size of a group of females
may increase the number of females enterlng pseudOpregnancy.

and the 1ntroduct10n of a male 1nto the grcup decreases ‘the

number shcw1ng pseudopregn&nt cycles." A
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CHAPTER 9

General Conclusions

The specific aim of this study has been to test
the hypothesis that at increased housing density, female
mice are stressed, as Jjudged by adrenocortical activity,
and become anoestrus. No evidence has been found to support
this view. No fighting behaviour was observed, even at high
density. There was no mortality of female mice. Subjectively
animals appeared in good health even &t very high density
(30 mice per cage). Assessment of adrenocortical activity
revealed some differences in functioning, none of which
could be positively identified as stress in terms of the
General Adaptation Syndrome. Lengthening of oestrous cycles
was believed to be pseudopregnancy rether than persistent
anoestrus at'high density. It seems~clear that with the
stralns of mice used in this study there is no soclal stresu
| 1n groups of females.;There is similarly llttle evxdence of
1solat10n stress. It would seem that s001a1 streus 1n femaleg,
if it in fact exists, would be a,result of male presence.
1Some preliminary évidence has been}presented’indicating‘thgt_
"a. pheromone in male4urine can activate adrenOccrtiaalﬂactie |
V1ty in femaleg. Other pOSSlble mechanmsms of utlmulatlng
soclal stress in females have been dlscussed.‘ |

, Attentlon has been pald to the relatlan hlp

| between mtress and adrenccortlcal actlv;ty. As d1 5edk,ﬂ '

:earller (Chapter 1) it 15 not useful to consmder adrenacorn‘_v g

‘tlcal actlvatlon and stress as synonymous. However, adrenalf f'
‘act1V1ty can perhaps be a uaeful 1ndlcator af stresm,'31nce

 1t is a rellable respondent of stress.:One problem however,‘i_;ﬂf

 ﬁcentres around hcw to measure adrenal actlvatlon.,,,li ;i?; 
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Conventional measures are adrenal weight and plasma gluco-
corticoid levels. Hypertrophy of the adrenal gland does not
always correlate with cortical hyperfunction (eg. Sung et al,
1976).

If it were accepted that the prime function of
glucocorticoid secretion was to facilitate adaptation to
the environmental demands (through métabolic and psycho-
1og;cal means) then one might expect plasma levels of glu-
cocorticoid would be a good indicator of stress. However,
these assumptions are not necessarily valid.

- Most assays of rat or mouse plasma glucocorti-
costeroids claim %o measﬁre total corticosterone, (although
in some fluorometric methods only 20% of the total estimate
can be attributed to corticosterone; Diez et al, 1976).

rHowever,‘cver 90% of plasma corticosterone is usually bound
to a protein corticostercid binding globulin (OBG), (eg.
Fortier et al, 1970) When an animal is acutely stressed by,

~ for exampie, fighting, anaesthetic inJeCtiénor given ACTH,
the increased glucocortlcald is prlmarlly ‘unbound (Knipge‘
and Hoar, 1963%; Bronson and Eleftherlou, 1965; de Moor et al,
1962). Consequently the measurement of total cortlcosterone
would tend to undereatlmate the change from unstressed to
stresg levelq of free (unbaund) ster01d |

- Negative feedback of. cortlccsterane on: ACTH -

secretion operates only through the UﬂbOund Cortlcogterone o

fraction (eg. Fortier et al, 1970). Slnce in u&ﬁtr@ﬁued

smtuatlons CBG 1evels effectlvely regulate the propgrtlgnsk Lf
of bound and unbourﬁ »teromd CBG 1evels can rppulate unwtr;f;
'qtreosed total cortlcosterane 1evels by the negatlve feed~]; j; j;

back loop‘ If lt 3‘8 asfcumed_ that lt 1‘) thb phyvlologlcal =

S actlcns 0f unbaund cartzcasteron& mhlﬁh ar' the“im"crt
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respondents of stress it follows that measurement of total
plasma corticosterone is not recessarily an accurate esti-
mate of stress since situations which raise CBG levels will
reveal increased adrenocortical activity but no increase in
unbound steroid levels. There are several situations in
whiéh CBG levels are raised. Barlow et al, (1975) showed
that female mice on day 16 of pregnancy had total cortice
sterone levels of 1400 ng/ml yet thé unbound~fraction was
only 1.5% of this or about 20 ng/ml. Others have shown an
increase of CBG activity during pregnancy (eg. Daughaday,
1959) and it has been suggested that this is due to eleva-
tion of oestrogen since oestrogen administration also in-
creased CRG levels (Westphal, 1974; Sandberg and Slaunwhite,
1959). There is a decline in CEG levels during lactation
(Koch, 1969; van Baelen et al, 1977). Gala and Westphal,
(1966) showed that TSH from the pituitary was necessary for
the increase in CBG after oestrogen treatment.,Durlng preg-
nancy there is an increase in. oeetrogen, and thig can stimu-
late thyrold activity (eg. Fortier et et _al, 19783 It remains
a poss;blllty that GBG levels can be in part determlned by
thyr01d act1v1ty‘ Thla would agree w1th the flndlng thdt -
cold 1ncreaoes total glucocort1001d but not unbound utGrOid
(Knlgge and Hoar, 1963) 31nce cold also stlmulates thyrozd
activity (eg';Yamada$ 1974).“Itn1s,notedfthatitestosterone’
and corticosterone caﬁ*dépreSs CBleevels'(Galaﬁand WQstjﬁél
1966) ‘but whether these way be tled to thyro;d actzv;ty 13

not known. T : | S S
| The po 31ble 1mpartance of the dlutlnCtlcn‘;fh>F ‘

’between bound and unbcurd cortxcoster01d hau been demmn“lff-iﬂi7 *

"otrated. In a vtudy’of a daﬁynrld mar«upzal it was fcundf?;_: g
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that after breeding, males but not females, suffered heavy
mortality. Whilst total corticostercid levels were not
particulary elevated, unbound corticosteroid levels were
high in males but not females, due to a sudden decline in
CBG levels, and this was identified as the cause of death
(Bradley et al, 1976). In this study it has been postulated
that the rise in corticosterone at pro-ocestrus may be due to
an increase in CBG, induced by oestrogen, and consequently
of '1little importance to any notions of stress. There is
clearly a heed for studies to identify the functions of
bound and unbound corticosterone during stress and to further
clarify alterations in their ratio attributable to non-
stress factors such as lactation or the oestrous cycle,

As noted, a variety of hormones affect CBG levels,
and hence presﬁmably, corticosterone levels. However, it
has been shown that some hormones can affect the adrenal
directly;veffectively increasing corticosterone levels. For
exaﬁple'LH,can'stimulate‘the~adrenal cortex directly (
Phillips and Poolsanguan, 1978; Vinson et al, 1976) and
’oestrogens mlnlmlse the convers1on of cortlcosterone to by~
| products in the adrenal (eg. Kitay et al 1971) Prglactln
1nh1b1ts cortlcosterone release but only 1n the absence of
the Ovarles (or presumably oestrogen) since prolactln and
oestrogen act synerglstlcally ta elevate certlcssterone VUt~
put (Ogle and Kltay, 1979, VHSQUGZ and Kltay, 19?8} *Pro~ |
'ge¢terone can depresu cortlcosterone output (Rodler and Kltay; !'
1974 ; ?hlllips and Poclaanguan, 1978) In vxew of these hor~ .
Hmone 1nteract10n@ how uure can we be when estlmatlng pld |

cortlcosterone 1evels (even unbound sterold) thdt we are? :

neas urzng ‘the ﬁegres of atress and not ‘some’ spec1f;c regult e
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of a hormone interaction.

Another difficulty in the use of plasma cortico-
sterone levels as an indicator of stress centres around the
notion of stress responsiveness. (It is difficult in itselrf
to disentangle the terminology). For example, Brain and
Nowell, (1971) found a difference in basal corticosterone
levels in grouped and isolated mice, the latter having
lower levels. However, both had similar levels after a
"standard stress” and it has been concluded that the isolated
mice were more stress responsive. A similar situation is
séen concerning the peak and trough of the circadian rhythm,
where stress responsiveness is supposedly greater at the
trough than the peak (eg. Allen et al, 1975) because there
is no circadian rhythm in '"stress" levels.

'~H0wever, it has not been unequivocally demonstrated
that a qulcker or more prolonged or higher stress response
has any beneflt over a- shorter or slower or lower response.,
It is not 1nconglstent with most data to say that the bene-
fit (in adaptatlon terms) of a stress response of adrenal
act1v1ty is an all~or»none action. Certalnly the remponse
can vary wlth dlfferent 1ntens1ty of stlmuluu (eg. Frledman
and Ader, 1967) but thls does not necessarlly 1mply that the‘
stress response receptoro need any more than above a thre”
shold level or. rate. Varlatlcns in. stregs res§onse 1evels
may - then be due. ta conaltlonlng facteru for. example,,
Barnett, (196@) demonstrated hlgher adrenal stress reuponses;‘
after oestrogen treatment. The stress reaponse levels af \3L¢ 
vcortlcouterone measured may also reflect the degree of nega- f 
‘tive feedback on ACTH (Vates and. Vﬁmﬂt 197"*“ de D%J-lmn and -

‘7Jones, (1975) demsastr&%eﬁ twe types Of streﬁs reapﬁﬁqet'”‘
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a feedback sensitive'and a feedback insensitive.

When using a "standard stress" eg. ether exposure,
the levels of corticosterone may accurately reflect the
degree of stress but may also be of little relevance to the
problem at hand, since activation of the pituitary-adrenal
system can operate through different pathways (eg. Dallman
and Yates, 1968; Matsuda et al, 1964),

What emerges from this analysis of the measure-—
ment of stress by adrenocortical activity is that we still
cannot accurately identify the funcation of corticosteroid
secretion during stress (Yates and Maran, 19741). It is
known that corticosteroids affect glucose metabolism (eg.
Schulster et al, 1976), blood pressure (Yates and Maran,
19741), inflammatory responses and disease resistance (eg.
Selye, 1950; Joassoo and McKenzie, 1976) and various beha-
viour (eg. Braln, 1978). The relative importance of these
actions in coplng wlth environmental demands is not so well
understood. Additionally cortlcosterone has been demonstrateﬁ
to have functions which seem to have 11ttle connection with
stress in terms of adaptablllty. For example, cortlcogterone
plays an 1nd1spensable role in mammary development dnd ini-
tlatlon of lactatlon (Talwaker et et al, 1961 Melteo et al,
11963), In blrds 1t has been shown that temporal Synerglum
between prolactln and cortlcostercne leads to gonadal deve~
lopment (Meler.et alf 1971)-~Th15 would seem to indicate -
that the rhythm of cortlcoster01d can have functlon apart
from stress effects.; ‘ | = ':: S
|  The general obaectlve of thls thesls has been to

| 1nveétlgate scme phy31ologzcal aspectq of socxal stresu,-7j

kpartlcularly overcrawdlﬁg. No evmdence ha@ been found of
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stress in female mice housed at different densities. The
dangers of extrapolating conclusions from mice to men has
been recognised (Brain, 19751; Brain and Benton, 1979;
Daly, 1973). It is hard enough to draw the same conclusions
from different strains of house mice. What can be stated is
that high density does not necessarily cause stress and
does not necessarily have deleterious effects. Any general
rules on the effects of "crowding" must recognise species-
specific characteristics. It seems that it is not density
per se which is the critical factor in determining crowding

stress but the nature and quantity of social interactions.
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