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SUMMARY

The experiments described in this thesis investigate
whether differences.in measures of sexual behaviour

between strains of the male house mouse (Mus musculus )

are related to differences in the levels of plasma

testosterone.,

There was found to be a négative-correlation betwéen
measures of sexual behaviour and levels of plasma
testosterone across the eight lines of mice exaimmined,
This result was not mediated by an influence of
copulation on plasma testosterone levéls. This inverse
relationship was confirmed for some of the measures of

sexual behaviour in an F2 analysise.

Testosterone levels were found to show rapid fluctuations
when males were exposed to receptive females. In some
strains, testosterone levels were increased after 15
minutes exposure to an ihaccessible receptive tteaser!?
female., Immediately aftér a sexual behaviour test,

those males which showed sexual responses had increased
plasma testosterone leve;s compared to males which
showed no sexual responses, Testosterone levels were
found to be at £heir highest at the ihitiation of
mounting responses, and to gradually decline to low

levels 30 minutes after ejaculation. It was suggested



that rises in testosterone levels, or the release of
LH-KF and LH might be important in the mechanisms which

initiate sexual responses,

The dose-response relationships of (1) ﬁegsures of

sexual behaviour and (2) seminal vesicle weight;, with
doses of testosterone propionate (TP) injected into
castrate males of three strains were examined. it was
found tﬁat the doseé of TP necessary to maintain measures:
of sexual behaviour were greater than tliose necessary to
maintain the ﬁeights ot the seminal vesicles, The strains
showed ditferences in the doses of TP necessary to
maintain tlhe weights ol the seminal vesicles, but no
differences were tound in the doses of TP necessary to
maintain behavioural measures. Lt was suggested that

tihe 'basal' levels of plasma testosterohe may be less
thian those necessary for the display of 'n;rmal‘ sexual
behaviour, and that these results supbort the hypothesis
that 'acute' increases in plasma testosterone lefels

may be an important factor in determining‘the probability

of sexual responses.

The efilects of ﬁeonatal testosterone injections on adult
sexual behaviour were investigated. 1t was suggesfed
that differences in the 'neonatal’ testosterone pulse
might he related to the differences in sexual behaviour

between the strains, and that 'standardizing' this pulse



by injections of TP neonatally wight reduce the between
strain variability in sexual behaviour, and ﬁérhaps in
plasma testosterone levels. Measures of sexual behaviour
were increased in some strains, and there was a decreased
between strain variance, ‘Iestosterone levels wére
increased in one strain, énd there was an overall
decrease in- between strain vériability. 1t was suggested
that differences in the neonatal pulse of testosﬁerone
may contribute to the hetween strain dif'ferences in
sexual behaviour, but not necessarily to the between

strain differences in testosterone levels.
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CHAPTER ONE

HORMONES AND SEXUAL BEHAVIOUR




P

i.1. INTLOUUCTION

1t has been known since ancient times that the
castration of man and domestic animals suppresses the
development of secondary sexual characters, including
aggressive and sexual behaviour. However, Arnoid
Adolph Berthold in 1849 was the first to demonstrate
scientifically that it was some chemical substance
produced by the testes that was responsible for these
effects. As described by Corner {(1947), Berthold's
experiments consisted of the castration of six immature
cockerels. From two of these birds, helremoved both
testes, resulting in "typical capons -~ Fat, docile,
without combs, wattles and spurs'", and also lacking in
the "customary attention to hens", 1In two other birds,
he removed the testes as before, but replaced one of
them "among the intestines'". Both these cockerels
became typical cocks - with combs and wattles and fhe
typical aggressive and sexual behaviour, On later
removing the implanted testis, which had “acquired'
a gobd blood supply", the cock now fully castrated
npreverted back to the status of a capon”. From the
other two birds, ne removed one testis, and exchanged
the remaining testes, giving each bird the other's sex
gland, which he then implanted amongst tne intestines,

These birds also developed into normal cocks. ‘the
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experiment demonstrated that the testis exerts its
effects on morphology and behaviour. by some suﬁétance
released into the blood stream.

Since these early days, a whole new field of
biological researclt has developed - behavioural
endocrinology, 4t is lLowever, only in the lastilo-lS
years thuat researcii has been intensive (Beach, 1974} .
We now know that there are many hormones which have
effects on a variety of behaviours, and not only in
birds and mammals, liormones are reported to have
pbelhavioural effects in reptiles, amphibians, fish and
insects; and have been extensively reviewed (birds -
Lofts and Murton, 1973; mammals - pavidson and Levine,
1972, dart, 1974; reptiles - Crews, 1975; fish -

Liley, 1969; insects - kiddiford and Truman, 19?4).

'*hhe mechanisms by which hormones influence
behaviour are not fully understood, and several
complementary effects might be invoived. For example,
hormones are known to have ‘'central' and 'peripheral’
effects, Central effects are the direct effects of
hormones on specific brain regions, in particular
areas of the hypothalamus. In the castrate rat,
implantation of crystalline testosterone into some

parts of the hypothalamus will Trestore sexual behaviour,
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whereas implants into other brain areas are ineiffective
(vavidson, 1966b, Johnston and Javidson, 1972). Such
implants have only very small effects on peripheral
structureé, and are consiaered to be directly influencing
tite neural substrates concerned with the behaviour,
Peripheral effects of hormones are where there are
effects on the sensory input to the central nervous
system. For example, in the rat, the e jaculatory response
is partially dependent on stimuli from the penis during
intromission, Beach and Levinson (1950) have shown that
after castration, there 1is a regression of the sensory
penile spines, and tune increased ejaculation latency
may be a result of this decreased sensory feedback,
After testosterone treatment the spines are restored,
and ejaculation latency returns to precastrational levelss,
We also know that there are effects of hormones
during early development, which have permanent effects
manifested in the adult, tor example, if neonatal
female mice are injected with testosterone, tuey will
snow an increased level of male sexual behaviour, such
as mounting and intromission responses {Manning and
McGill, 1974). These effects may ualso be considered as
‘central’ and/or'peripheralz The neonatal testosterone
may ilave produced changes in the neuronal connections
in the brain, or may have produced peripheral changes

in hormone production and metabolism; and morphological
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changes such as clitoral hypertrophy. all thése
influences may combine tg result in the changed
bejiavicur of the adult (Uavidson and Levine, 1972).

It is often very difficult to assess whether a
hormonal effect on behaviour is the result of ceﬁtral
or peripheral changes. Sometimes it is possible to
separate out pérticular peripheral effects, by for
example selective denervation, or by examining different
behavioural measures. IF'or example, changes in mount
latency are unlikely to be mediated by changes in the
peripheral feedback from penile spines, although other
peripheral effects, such as changes in the respdnsiveness
of the olfactory mucosa cannot be excluded. Perhaps it
is unwise to attempt to separate out_particular changes
as being the 'major' effects: hormones have eflects on
50 many tissues that the changes in beﬁaviour are most
likely to be the product of a whole concert of small -
changes which summate together, resulting in the
behaviour being displayed under appropriate social and

environmental conditions,

TThe relation between hormones and-sexual behaviour
has been tihe most investigated area of behavioural
endocrinology (Javidson and Levine, 1972). One oflthe
main questions has been to determine how variations in

sexual behaviour, between individuals and during seasonal
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and sexual cycles, can be related to variations in

hormone levels, and the extent to which éuch hormonal
changes are instrumental in mediating behavioural change.
The techniques for investigating this directly, by
measuring plasma hormones, have however only been
developed in the last few years, and much of the knowledge
we have of the relationships between hormones and sexual
behaviour comes from work involving removal of the

hormone by castration, and replacement therapy with
exogenously administered hormone. Experiments ol this
type are discussed, with reference to male sexﬁal behaviour
in mammalis, in Sections 1.2.1 and 1.2.2. “There are problems
however in such an approach - castration and repiacement
therapy with hormones, such as androgens, produce so

many changes 1in phvsiology, that there are difficulties

in assessing which changes were in fact responsible for
tiie changes in belhaviour. For example, after castration,
the‘pre—existing balance between hormocnes is upset,

and there are increased plasma levels of luteinizing
hormone (LH) from the pituitary, and a regression of
peripheral structures such as the seminal vesicles. The
resultant decline in behaviour may be a consequence of
sevérul neural and hormonal factors, not necessarily the
specific loss ol testicular hormones. We can overcome
these problems to a certain extent by examining the

tnatural' changes in hormone levels which occur during



development, orrat different times otf the year in
seasonally breeding animals; +f there is found to be
a correlation between increasing levels of sexual
_responses, and increasing titres oI the hormone, then
this is good supporting evidence that the results of
the hormone manipulation experiments were dupli;ating
a ‘natural:’ event.- i1t is important that both these
approaches be applied din investigating tue role of
particular hormones in controlling sexual behaviour.
As has often been pointed out ~ correlations between
hormones and behaviour are notlby themselves evidence of
causality. oome of the work relating changing levels
of testosterone and sexual behaviour, during development
and in seasonal‘breeders, is discussed with reference
to male mammals in Sectipn 1.2:3

Experiments examining the behavioural effects of
castration and replacement therépy with testosterone,
and the correlations between testoste:one levels and
sexual‘behavioﬁr in the developing animal and in
seasonal breeders, suggests that testosterone is the
fhiormone important in the control of sexuél behaviour,
We now know however that steroid hormones, such ag
testosterone; can readily be metabolized intoe other
active substances, and one of these other metabolites
might itself be influencing the behaviour. This is
examined in Section 1.3, and the evidence that other

hormones might be involved is discussed with reference
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to male sexual behavidur in mammals. Although many
metabolites can ma;ntain or restore sexual behaviour in
castrate males, and in some animals there 1is evidence
that oestrogens in particular may be impoftant,
testosterone is & hormone which is found in the plasma
of all male mammals so far examined, and also ié'a
universal restorer of sexual behaviour in the castrate
male mammal,

The evidence is very convincing théf androgens
from the testis, and in particular testosterone, are
involved in the control of sexual responses in male
mammals., we migiht therefore ask: can we explain
differences in sexual behaviouf between individuals in
terms of ditrferences in plasma testosterone levels? It
is this aspect of behavioural endocrinoclogy with which
this thesis is concerned, and the discussion in Section

1.4 considers this question further.
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1.2, ANUROGENS AND SEXUal, BEHAVIOUR IN THIE MALE

l.2,1. Castration experiments

The most direct way to demonstrate the relationship
between testiculaf'hormones and sexual behaviour is hy
castration, In the rat, castration results in a

progressive decline in the behaviour, with the
ejaculatory responses heing the first to disappear,
followed by intromission and then mounting (Beach, 194k),
In a more recent study, Davidson (1966a) observed that
although some rats lose the ejaculatory pattern within

a few weeks, others can continue to show the ejaculatory
response for up to 5 months after castration. He also
observed that if a rat was capable of showing intromissions,
it he was left for long ehough with a female, he would
also show ejaculation, Mounts were however observed
after the disappearance of intromissions and ejaculation,
Differences in the dependence of the behaviour on
circulating androgens are clearly shown by McGill and
Manning (1976), in their study of the effegts of |
castratioh in different strains of mice, where it was
found that some straiﬁs lose the ejaculatory response
within a matter of days, whereas other strains will
continue to ejaculate for up to a year, Similarly, of
tiie trdpical goats studied by Hart and Jones {1975), only
one of eight animals lost the ejaculatory reflex after

18 weeks, and in rhesus monkeys Phoenix, Slob and Goy
(1973) repor% that 50, of males show ejaculation responses

a year after castration,




There are differences in the degree of dependenée
of sexual behaviour on androgens between species, and
between individuals of the same species. The mechanisms .
behind these differences are not known, but they are
not the result of compensatory adrenal androgen
production, since adrenalectomy has no effect on the
maintenance of post-castration sexual behaviour in
rats (Bloch and ibavidson, 1968) and mice (Thompson,

McGill, McIntosh and Manning, 1976).

1.2.2. Rkeplacement therapy experiments

Testosterone is the major lhormone produced by
the testis of the adult rat (Resko, Feder and Goy, 1968),
and esters of this hormone {which have longer lasting
effects) such as testosterone propionate (TP) have been
largely used in replacement therapy experimentén

After castrate animals have stopped éhowing sexual
responses, TP treatment will restore all aspects of
the behaviour, although there may be a 'lag periﬁd' of
several weeks before complete behéviour is shown, Beach
(194&) reported that TP treatment of castrate rats
resulted in a reactivation of the mating pattern in
' reverse order' - thus mounts and intromissions were
restored first,iand ejaculation later. Sometimes elements
of sexual behaviour can be shown to respond in a dose-
Jdependent manner, and Beach and ilolz-Tucker (1949)
found tiat with increasing dosesof TP there was a
reduction in mount latency, and an increase in the

proportion of animals showing intromissions.
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Whalen, Beach and Kuehn (1901), examined the doses
of TP necessary to restore copulutory behaviour aiter
it had ceased Following castration, .and found that the
doses were much greater than those found necessary by
Meach and Holz~Tucker {(1949) to maintain the behaviour,
This has been tTurther investigated by Davidson (}971),
who {ound that eight times the dose of 1P is needed to
restore mating in rats castrated for two months, than
is needed to maintain mating, when hormone treatment is
started at the time of castr#tion. Apparently, continued
hormonal stimulation is necessary if the structures which
mediate sexual behaviour are to remain responsive to
thie hormone.

1.2,3. Correilations between testosterone levels and

sexual behaviour in:

a) seasonal breeders

Correlations between increasing levels of androgens
and seasonal changes in behaviour were first established
indirectiy from examinations of testis weights, and
androgen—fesponsive tissues such as the seminél vesicles,
But now, with the awilability of assays which measure
plusma testosterone, we can examine directly the changes
in hormone levels which are associated with changes in
sexual behaviour, In the last few years there have
been many papers reporting seasonal changes in
testosterone levels, 1In the white-tailed deer,

(Qdocoileus virginianus borealis), McMillan, Seal,
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Keenlyne, Erickson und Jones (1974), report that during
the breeding season, plasma testosterone levels are |
increased sevenfold over the levels recorded out of the‘
breeding season, 2.1 ng/ml as comparea with 0.3 ng/ml.
Similarly, plasma testosterone levels are reported to be
elevated during the breeding season for the norse
(Berndston, Pickett and Nett, 1974), and the rock hyrax
(Neuves, 1973).

HHowever, such correlations do not reflect an
tabsolute! control of sexual behiaviour by testosterone
alone, since administraution of exvgenous androgens will
not necessarily result in the behaviour being shown
outiside the normal season, For example, in the red deer

stag (Lervus eluphus ), although sexual behaviouris

testosterone dependent, and only shown during the 'rut',
administration of testosterone at other times of the
veur lias no effect on sexual beliaviour, and will not
induce it out of season (Lincoln,luinness and'Short,
1976). Thus, increased plasma aqdrogen levels during
the breeding seasoll are necessary, but not a sufficient
stimulus for the normal display of sexual responses, and
other as yet unknown events are alsoe involved.

L) in sexuaml development

In immature males, plasma testosterone levels
are low, but gradually increase until sexual wmaturity
is reached, suring this period elements of sexual

behaviour start to appear., In rats, plasma levels of
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testosterone start to increase beyond about day 30
after birth, and reach maximum levels at wbout day 90
{tesko, Feder and Goy, 1968), and during tnis period,
between days 40-55, the adult mating pattern develops
(Stone, 1924).

Iinjections of TP given to immature ruts can hasten
the onset of sexual responses (Beach 1942a, Baum, 1972,
1973), such that animals will dntromit and ejaéulate at
an earlier age than controls, This suggests that in
young animals, sexual behaviour is absent partially

pecause oi low levels of circulating androgens.

To summarise, the evidénce that testosterone is
involved in the control of ééxual behaviour comes from
three mwain lines of fesearch. Firstly, castration results
in a decline of sexual behaviour, which, secondly can
be prevented by injections of 1P; and thirdly there are
correlations between increased testosterone levels and
the occurrence of sexual behaviour in seasonallyr

breeding animals, and in the developing individual,
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1.3, TesSTOSTEHONE HLTABOLISM Al SEXUaL, BEIaVIOUR

Although testosterone is the major plasma androgen,
there is now an increaéing amount of evidence suggesting
that it may be converted to other active steroids at
tne target orgun, Tor example, the prostate, sewinal
vesicle and brain of the rat can reduce testosterone to
5 @ - dibydrotestosterone (DHT) {(reviewed by HNinguell
anu Sierralta, 1975) and also many tissues can aromatize
testosterone to oestrogens - for example, brainltissues
of monkeys, rabbits, rats and mice {(reviewed by Naftolin.
and Ryan, 1975).

To determine whether such metabolic conversions
refiect the norual mectianisms of action of testosterone,
many studies have examined the effects of DUT and
oestrogens on the maintenance and restoration ol sexual
beliaviour and accessory seXx-structures. din fhe castrate
rat, administration of DT will not restore sexual
behaviour (Mcionald et al, 1970; Ieder, 1971), but
will restore peripheral androgen dependent structures
such as the seminal vesicles. The administration of
cestrogens will stimulate sexual behaviour in the adult
castrate rat (wavidson, 1969; Soédersten, 1973j. towever,
the most effective restorer of sexual behaviour has been
reported to be a combination of JHT plus low doses of

oestrogens, and ipaum and Vreeburg (1973) report that
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200 ug D1TP plas 2 pe oestradiol benzoate injected every
day into castrate rats will prevent the decline of

sexual behaviour. From these, and other similar results
arose tue 'Aromatization hypothesis', which proposed

that the metabolic conversion of androgens to oestrogens
is a necessary step in the mechanism of hormoneldependent
sexual behlaviour,. Further work, involving the adminiétration
of wvarious androgens which, according to their structure,
could or could not be converted to eitner LHT or
oestrogens, were tested for their efficacy in maintaining
and restoring sexual behaviour. Androgens which can be
converted to oestrogens ('aromatizable androgens'j, such
as testosterone, androstenedione, androstenediol are
capuble of restoring the full pattern of sexual activity
in castrate rats, {(Heyer, Larsson, Perez-Palacios and
dorali, 1973}, wiereas non-aromatizable androgens such

as T, androstanedione, 3 a-androatostanediol and
androsterone (leyer et al, 1973) wili not restore Qexual
benaviour, although will restore sexual accessory
structures such as seminal vesicle weighits and penile
spines, ‘lhese results show that in rats, the mechanism
whereby andlrogen acts upon the neural tissues uwediating
sexual behaviour way differ from the mechanisms whereby
androgen stimulates the growth of the accessory sexual
structures, and that varomatization' may be important

in the brain, whereas 5=0Q reduction may be important in

peripheral structures.
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llowever, there are some problems with this
hypothesis, and it way not be applicable to other Specigso
For example, JIHT has been reported to restore sexual |
behaviour in tlie castrate mouse (Luttge, i1all and Wallis,
1974), and rhesus monkey {(Phoenix, 1974). it may be
that these effects are mediated by an increused peripheral
feedback, since uoiiT wil]l restore sensitivity thfough its
action on the penile spines (Parrott, 1975), an effect
which might be important in these sexually experienced
animals. Ilowever, JUT will initiate behaviour, in
sexuually naive castrate guinea pigs (Alsum and Uoy, 1974),
rabbits (beyer and iivaud, 1973) and golden hamsters
{Fayne and uennett, 1976), suggesting thuat in these speciles
aromatization is not a necessary step in the mechanism of
androgen action on sexual behaviour.,

‘This discussion is n;t however critical to the
questions under examination in this thesis and is further
reviewed by rerez-FPalacios et al \1975}; Although fhe
mechanism of androgen action at the molecular level
may not be clear, the primary hormone is not disputed as
being testosterone, and in all mammalian and avian species
so far investigated, testosterone can maintain or festore

sexual behaviour after castration,
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1.4, CAN DIFFERENCES IN SEXUAL BEHAVIOUR BETWEEN

ITNDIVIDUALS BE EXPLAINED BY DIFFERENCES IN THE

LEVELS OF CIRCULATING ANDROGENS?

The observation that sexual behaviour declines
after castration, and can be restored in a dose-.
dependent manner as described by Beach and Holz;Tucker
(1949) raises the possibility that individual differences
in sexual behaviour may be related to differences in
the levels of circulating androgens. Attemptls to
stimulate belhaviour in 'poor' copulators by injections
of TP have been reported to increase sexual responses in
rats (Stone, 1938; Beach 1942b), suggesting that sexually
unresponsive rats may suffer from an androgen deficiencys -

However, these results are not in agreement with
those of Grunt and Young (1952, 1953), who found that
three lines of guinea-pigs which differed in sexual
behaviour, retained these differences when castrated
and given equal doses of TP. Similarly, Beach and |
Fowler (1959} found that there was a correlation between
pre- and post~castrational sexual behaviour in rats
receiving equal doses of TP, and they concluded that
individual differences in sexual behaviour could net be
explained in terms of differences in androgen levels.
These results were also confirmed by Larsson (1966)
who examined the behaviour of two groups of male rats;

one showing a low, and the other a high level of sexual
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responses, After castration both groups were given
high doses of TP (= 2 mg/rat/day) but the differences
in behaviour, observed before castration, persisted..
These experiments suggest that differences in
plasma levels of testosterone do not contribute to
behavioﬁral differences in these species and that as
suggested by Young (1Y6l) there are differences in
tissue sansitivity to androgens. liowever, this result
must be interpreted with caution - the sensitivit} to a
hormone, and the plasma levels of that hormone may be
closely linked. For example, we might speculate that
it is the sensitivity toe a hormone that in part determines
the leveLs of thut hormone in the blood. In this case,
testosterone release from the testis is controlled by
trophic hormones from the pituitary, in a negative |
feedback loop - and rising levels of testosterone
inhibit, either directly or indirectly via the
hypothalamus, the release of trophic hormones. Differences
in the sensitivity of the feceptors involved in this loop
may therefore have a direct effect on the levels of
testosterone in the blood, We might theretore still
expect there to be ditfferences in the levels of plasma
testosterone between animals showing differences in sexual
behaviours |
Tt is now possible to re-examine this problem by

directly measuring plasma lJavels of testosterone, in
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animals which differ in sexual behaviour. The experiments
described in this thesis investigate whether differences
in measuges of sexual behaviour in the male house mouse,
such as those described by McGill (1962}, are related

to differences in plasma levels of testostgrone. In
Chapter Three, Experiment 1 examines these two measures

in 8 lines of mice, and discusses the relations between

them.,.




CHAPTER TWO

GENERAL MatERIALS Anb METHODS
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5.1 EXPERIMENTAL SUBJECTS

2.1.1. The liouse Mouse { Mus musculus)

The house mouse has a number of characterisfics
which make it a useful animal for laboratory stﬁdy. They
are easy to maintain and breeding is continuous throughout
the year - gestation lasts three weeks, and the young
reabh adult size in about ten weeks, Further, many inbred
lines are available which should enable comparisons to be
made between results, from different workers, on many
aspects of mouse physiology and behaviour,

2.1.2., Housing and Maintenance

Subjects were weaned at four weeks and housed, in
single sex groups, in large cages (27 x b4 x 12 cm); At
eight weeks, they were placed in experimental groups -
either singly in small cages (33 x 16 x 12 cm), or in
groups of eight in the large cages. (The 'large' and
'small‘-cages described were as used in all subsequent
experiments.) Lighting was on a reverse 12/12 cycle
{on 7.30 pm, off 7.30 am), and room temperature was
maintained at 22°%:. Standard laboratory chow and water
were available ad libitum.

The strains and hybrids used, are listed in each
experiment. The derivation of the Fl hybrids is as

listed overleafl,
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Parent Lines

E, Hybrid Female Male
BDFl C57Bl1/6Fa LBA/2J
DBFl DBA/2J ¢578B1/6Fa
CBF | ' Balb/c C57B1/6Fa

Unless stated otherwise, all animals used were from

Ay

stocks bred in the Zoology Department, University of

Edinburgh.
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2,2. BEHAVIOUKRAL OBSERVATION

2.20.1, General Description

Copulation in theimale house mouse is characterised
by a series of mounts and mounts with intromission which
result in ejaculation (McGill, 1962). When a female
is placed witu a male, he approaches and will show genital
investigation, After a few minutes he mounts, and if the
female is in oestrus, she will adopt a lordosis position,
witlh the back arched, and head and hind-quarters raised,
1f not in oestrus the female rears on her hind legs and
may kick the male away. wWhen the male mounts, e palpates
the female's sides with his forelimbs, and shows rapid
pelvic thrusting movements. As soon as intromission is
achieved the rate of thrusting changes to a slow steady
rate of about one per second. After about 10-30 seconds,
the male dismounts, and both male and fehale will usually
show genital grooming., After a géries of intromission‘
bouts, varying from one to over 30 deéending on the
strain of mouse, eJjaculation occurs. This is characterised
by an accelerated rate of thrusting, and a quiver of
muscle contraction over the whole body. The female is
firmly clutched by all four limbs, and the pair may fall
over on to tlhieir sides, and remain mofionless for up to

20 seconds. Male and female then separate and show
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further genital grooming. No further sexual interest

is shown by the male for a variable period of time, which
may range from hours to several days, and is known as
tlie refractory period,

2.2.2. Testing Procedure

The stiwulus females used in all behavioural tests
were from the UDFl hybrid. Behavioural oestrus was induced
by intraperitoneal injections of 100 pg oestradiol
benzoate on the day prior to testing (0,02 ml frém a
solution of 5 mg/ml in arachis o0il: Benzyl Alcohol;‘

90:10 v.v., Intervet Laboratories, Bar Hill, Cambs, }.
Females from this hybrid were used in all tests in order
to reduce variability in male.behaviour due to differences
in the behaviour of the females. Before 5eing used in

a behavioural test, all females were observed for a few
minutes with 'stud' males, in order to check that all
females were in fact receptive, that is showed little
squeaking, some movement during mounting, but remaining
still during intromission. As feméles became more
experietced, they reliably showed high receptivity

and thus pretesting was discontinued.

pehavioural tests were conducted during the dark
phase of the lighting cycle, under dim red illumination,
The test animals were observed in clear plastic cages

(33 x 16 x 12 cm) with flat 1lids, and the floor covered



Fgure 2.1
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A typical copulation of the house rmouse as shown

orn _an event recorder tape.
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by wood shavings. In a test, the male and a receptive
female were placed in the cage and observed for AS minutes.
Lf no mounts occurred after 10 minutes, then the female
was exchanged for another. The male was allowed a total
of three females, tihe third remaining with the maie
until the end of the test. A male intromitting was left
undistﬁrbed until the end of the test, wilen animals were
returned to their home cage. .

The behavioural events were meashred with an
idgecome - Peebles Event Recorder, and the behaviours
recorded were: mounts, intromission bouts and ejaculation,
Eight animals could quite éomfortably be‘watched at once,
and from tie records the following measures were taken:

Mount Latency = the number of minutes from the start

of tie test to the first mount. (M.L.)

Intromission Latency - tiie number of minutes from the

start of the test to the first intromission. (I.L;)

Ejaculation Latency - the number of minutes from the

first intromission to ejaculation. (E.L.)

Total Intromission Time - the sum of the intromission

bout lengths (only calculated if the animal ejaculated}

(T.1.)

Number of Intromissions = the total number of intromissions

before ejaculation., (No.I.)
A diagremmatic representation of a typical copulatory

series is illustrated in rigure 2.l.
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2,3 ASSAY OF TESTOSTEHONE

2.3.1. Principle of the Assay

The measurement of hormone levels by radio-
immunoassay (RIA) was first developed by Yalow and
Bersen in 1959, to determine insulin levels in human
plasma, Since then, KIA has become a standard technique
in many laboratories. In RIA, labelled énd unlabelled
hormone compete for binding sites on an antibody - the
reaction obeys the law of mass actign and, at equilibirium,
the binding of the labelled hormone is inversely
proportional to the concentration of unlabelled hormone.
By counting the radioactivity associated with the antibody,
the amount of unlabelled hormone cahn bé inferred by |
reference to a "standard curve" (Figure 2.2.), which
shows the effects of different amounts of unlabelled
hormone on the binding of a constant amount of labelled
hormone to the antibody. This assay principle is shown
in Figure 2.3.

An KIA for testosterone was-established by Dbr.
Charles Corker, at the MRC Reproductive Biology Unit,
Edinburgh; where facilities for doing the ussays were
very kindly made available to myself. The method was
based on that of luruyama, Mayes and Nugent (1976),
and is summarised sghematically in Figure 2.4. For

completeness a full assay description will be given
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Figure 2.4

Method outline of the testosterone assay.

3

Plasma sample + tracer

l

Extract with hexane-ether

H~testosterone

L 4
Organic phase put on chromatography column

v : .
Testosterone containing fraction collected and

organic phase evaporated under nitrogen

v

Residue dissolved in buffer and left to stand 1 hour

| |

Aliquot for RIA Aliquot for recovery tracer

v
Aliquot incubated for 1 hour with HBAT and Ab

v
Unbound testosterone adsorbed onto dextran-coated

charcoal, and removed by centrifugation

Remaining solution containing testosterone bound to

Ab counted.




here but the method has since been published by Dr.
Corker {in press).
2.3.2. Materials

Solvents and reagents

The assay reagents, and their suppliers, were as follows:

Alumina (for chromatography) ~ Savory and Moore Ltd., London

Diethyl ether (analar) - pritish Drug nouses, U.HA.

nexane - may and paker Ltd., Dagenham, U.K,

Dextran T70 - rPharmacia, rondon.

norit A charcoal, and gelatin - Sigma Ltd., London

Toluene - A.J. Beverage iLtd,.,, rdinburgh |

hriton X100 - Koch-Light, U.K.

PPO and dimethyl-POPOP - Nuclear knterprises ptd., sScotland.

1,2~3H-testosterone (SA 46,7 Ci/mM)-lkadiochemical ventre,
Amersham, U.K,

Antiserum

The antiserum (EOl) was raised in goat against testésterone

-Je=carboxymethyl oxime-B3SA, and donated by wur. :.llilison

(1973). When used at a final dilution of 1:18,000,

three hundred microlitres bound 60% of the tracer (46pg).

Buffer

The buffer \pH 7.2) was prepared by dissolving 0,01 g

merthiolate, 9g sodium chloride, 8.6g disodium‘hydrogen

phosphate, 6,0g sodium dihydrogen phosphate and lg gelatin

in distilled water, and then diluting to 1000 ml.
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Txtraction Solvent
Extraction solvent was prepared freshly for each assay

from llexane:Ether, 1l:4 by volume.

{hromatography

Alumina colunns

Glass columns, 11 cm long and 0.5 cm in internal
Jiameter, were prepared from disposable glass pipettes
by shortening the constricted part., Each tube was packed
with 3 cm of alumina \A1203) after plugging the base
with glass wool. Before use columns were washed twice
with ethuanol, 4 times with metihianol, 3 times with
methanol:dichlorometnane (131) and three times
with dichloromethane, Each wash volume was 1.6 ml,

Dextran - coated charcoal

Charcoal (0.25 g) and Dextran T70 (0.025 g) were
added to 100 ml butfer and shaken thoroughly. The mixture
was stored at 4°C.

Standards

| Testosterone (10 mg) was dissolved in 100 ul
ethanol. One ml of this solution was diluted to 100 ml
with ethanol, 640 pl were removed, evaporated to dryness,
and the residue dissolved in 100 ml of buffer giving a
concentration of 640 pg/100 ul. This was then diluted
to give concentrations of 320, 160, 80, 40 and

20 pg/0.01 ml,



Radioactivity measurement

Aqueous samples were dissolved in 10 ml scintillation
fluid and counted in a rackard 3375 tricarb counter |
(efficiency 56%). The scintillation fluid was Prepared-
by dissolving 10 g PPO aﬂd 0.75 g POPOP in 25001m1 toluene
and then adding 1250 ml Triton - x100. |

Blood Samples

Animuls were exsanguinated under ether anaesthesia,
during the first half of the dark phase of the éycle
(between 10-12 p.m.;. plood was collected in tubes
containing LUTA as anticoagulant (parstedt Laboratories,
Leicestershire) and centrifuged, within 30 minutes at
1000 rpm for five minutes. Plasma was then removed and

stored at -50u until assayede

2.3+3. Method

2.3.3.1, pxtraction of samples. a) With chromatography.
To each 50 pl of plasma was added 20 ul of tritiated
testosterone {ca 10,000 cpm) as a.tracer, and tubes were
run on a whirlimixer for a few seconds., wmxtraction
solvent |1 my was then added and tubes whirlimixed for
thirty secoﬁds, twice. ‘The tubes weéere then placed in

dry ice,ethanol mixture, until the aqueoué layer was
frozen, and the organic layer could be decanted onto
washed alumina coluwuns, «olumns were then wasnéd with

1.6 ml extraction fluid, followed four times with 1.6 ml
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0.4% ethanol in hexane, and the testosterone fraction
eluted with 3.2 ml of 14,% ethanol in hexane, This
fraction was then evaporﬁted to dryness in a stream of
nitrogen. Buffer (200 ul) was then added, and tubes
left to stand for one hour, to allow the testosterone
to dissolve. A recoveryraliquot of 50 nl, and an
aliquot of 100-pi for assay were then removed,

b) without chromatography
Samples were treated as above, but evaporated to dryness
immediately after extraction, with no chromatography step,

2.3.3.2, Radioimmunoassay.

A standard curve, containing O, 20, 40, 80, 160, 320
and 640 pico grams per tube was set up in duplicates
Antiserum, 100 ul of a l/6000 dilution, was then added
to both standards and unknowns, followed gy approximately
10,000 cpm of tritiatea testosterone in 100 ul bﬁffer.
Two tubes were included which received 100 ul buffer
in place of the éntiserum, and which gave a measure of
the non-specific binding. Tubes Qere then whirlimixed,
and left to equilibrate for 1 hour at room temperature,
or overnight at 49¢. The unbound testosterone was then
reéoved by the addition of 1 ml dextran-coatad charcgaly
After whirlimixing for a few seconds, tubes were left to
stand for 15 minutes, on a bed of crushed ice. Tubes

were then centrifuged at 2,500 rpm for 5 minutes, and the

supernatant decanted into vials for counting.



Scintillation fluid was added, and after equilibration
in the counter for at least 1 hour, the vials were
counted for 4 minutes or 10,000 counts each.

2.3.3.3. Calculations.

The results were calculated on an Olivetti Programma
101, using a pfogramme which linearises the standard
curve by a reciprocal transformation of the number of
counts per tube. The programme (Appendix I) calculates
the regression between labelled testosterone counts and
unlabelled standard testosterohe amounts. The programme
then calculates the values of the unknown samples, using
the constants of the equation, which are expressed as
picograms of testosterone per tube.

Testosterone values were then corrected for recovery

and size of aliquots taken, and expressed as ng/ml plasma,

2.3.4, Characteristics of the assay

2.3.4,1. Specificity

Specificity refers to the amount of c¢cross-
reactivity of the antibody with ofher compounds. Of 16
different steroids examined, only dihydrotestosterone
was found to interfere with the assay (cross-reactivity =
25%). (vata from Dr. C. Corker.)

The specificity of the assay method, as applied to
mouse plasma, was checked by comparing results of samples

analysed with and without chromatography. No significant
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differences were found between samples, with and without
chromatography, of four strains of mice (Table 2.1).

This suggests that mouse plasma contains no steroids which
interfere with RIA of testosterone, as also found by

Lucas and Abraham (1972). The chromatography step was
therefore omitted from the assay. |

2.3.4.2, Sensitivity

The sensitivity of an assay method is defined as
the smallest amount of compound the method will detect.
The sensitivity was 8 pg (determined by br. C. Corker),
which is eguivalent to 0,4 ng/ml plasma.
2.3.4,3. Precision

The precision of an assay method represents the
reproducability of estimation. The between assay variation
was calculated from the results of a quality control run
in each assay. This gave a value of 7.7 ng/ml, SE + 0.3,

n

]

27. After several assays had been performed, the
recoveries were found to show little variation within,
and between, assays (Table 2.2), therefore a constant
recovery factor of 85% waé used in subsequent calculations,
2.3, 4,3. Accuracy

The accuracy of a method is defined as thé possible
deviation between the estimated amount and the true
amount present in tie sample, and therefore indicates

the systematic errors of a method, The percentage



Table 2.1

Plasma tesiosterone levels measured after hexane-ether

extraction only compared to extraction followed by

chrométography.
With Without
Strain : L chromatographyA chromatography
ng / ml - ng / ml
‘Balb/c - 13.8 15.0
Balb/c ' _ 14.4 13.6
Balb/c - 20.5 19.4
BDFl 17.6 15.4
BDF | 4.6 , 3.8
| ' ' . - , .0
BDFl 1.2 .l
CBA/H 8.0 _ 7.5
CBA/H 10.3 . 9.5
CBA/H ' 11.1 11,4
2 sE ) 2.24 X 0.27 2,17 ¥ 0.28

Mean ( Ln -

ng / ml 9.4 N 8.8




Table 2.2

|
L

Recovery of tracer testosterone - réasults

from four assays.

a) Within assays
: Assay .
Recovery (%) A B c D
Mean X - 82 91 86 84
Standard SE 0.9 .12 1.7 0.9
Error :
Standard SD 4.5 5.3 3.8 h.3
Deviation ’
Number n 21 22 5 22
b) -Between assays.

(using data from above)
Mean recovery SE sSh n

85.4 1.9 39 oy
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recovery of known amounts (2-6 ng/ml) of testosterone

added to plasma was 105.6 + 9, after correction for

recovery. (Data from Dr. C, Corker.)
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2.4, STATISTICAL ANALYSIS

2.4,1., Dbata Distribution

Experimental results were e;amined by parametric
statistical methods, wherever possible. These-may only
be used, however, on data which is normally distributed,
and therefore preliminary results, from observations of
Balb/c¢ and C57Bl/6Fa, were examined to determine the
distribution of the data.

The method used was as described in Sokal and
Rholf (1969), Program A 3.1. The programme computes the
mean and median of the data; Gl and G2 which are measures
of skewness and kurtosis respectively; and 95% confidence
limits. TIf the mean and median are not significantly
ditrferent, and the 95% C.L. for Gl and G2 are symmetrical
about zero, then the data is normally distributed. If
Gl is positive, tunen the distribution 1s skewed to the
right; and if negative skewed to the left., This skew
will also be shown in the 95% confidence limits which
will not be symmetrical about zero, Similarly, a posifive
G2 indicates a "peaked" curve; and a negative, a
nflattened" curve. If the data does not satisfy the
conditions necessary fdr a normal distribution, then a
transform can be applied. ¥Yor example, data showing a
skew to the right can of'ten be normalised by the

reciprocal or logarithmic transform.
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2.4,1.1. Testosterone levels.

Testosterone levels for the two strains showed a
positively skewed distribution, which was normalised
by logarithmic transformation, as shown in Tahkle 2.3 and
2.%, All testosterone data was subsequently transformed
to logarithms for analysis, but for clarity{ group
mean values are also expressed in the usual way of ng/ml,
2.&;1.20 Behaviour,

the number and total time of intromissions
preceeding ejaculation;- and the ejaculation latency,
were all normally distributed. Mouht latency was
however skewed to the right and was normalised by the
logarithmic transform.

Hehavioural data was further examined, to determine
the relation hetween tie different measures of sexual
behaviour. I1f two measures are found to be highly
correlated, then it is likely that they are indices of
tlie same phenomenon, and continued measurement of both
may be unnecessary. In the Balb/c and C57B1/6Fa strains,
thie ejaculation latencies were significantly correlated
with the number of intromission bouts {(Balb/c r = 0.8,
af. = 22, p < 0,00i; C57B1/6Fa, r = 0.9, df = 25,

p < 0.001), and the total intromission time {Balb/c r =
0.8, df = 22, p < 0.001; v¢5781/6 r = 0.9, df = 27,

p < 0.001). Because of the high correlations between
tliese three measures, it was decided to measure only the

latency to ejaculation in the behavioural tests.



Table 2.3

Frequency distribution statistics for testosterone data.

" Balb/c Strain - Number of animals = 73.
1) . using no transform
Statistic Stand,.Error Confidence Limits

( 95 per cent )

Aﬁgggl | 8.90 0.85 . 7.21 10.61
Median . 6.70 1.07 ' 4.60 8.83 .
Gl 1.09 0.28 0.54 1.6l
G2 0.77 — 0.55 .0.32 1.85

- Note that the mean > median; Gl is positive,-andrits
confidence limits are not symmetrical about =zero.
This data is therefore NQOQT normally distributed, but

shows a marked skewness to the right.

2) using a logarithmic transform
Sfatistié Stand.Error Confidence Limits
' (.95 per pent )
Mean ' 0.78 ~ 0.05. 0.68  0.87
Median 0.82. - : 0.06 0.70 0.95
61 -0.42 0.28 ~0.97 0.12
G2 ~0.72 | 0.55  -1.81 0.36

Note that mean is not sdignificantly different from the
wmedian; Gl ihdicates a skaness tb,the left, but confid-
ence limits are_éyﬁmetrical about zero. This data can
therefore 5é assumed to approximate to a normal distrib;

ution.



Table 2.4

Frequency distribution statistics for testosteroné data..

C57B1/67: Strain Number of animals = 52

1) using no transform

Statistic

Stand.Error Confidence Limits.
' ( 95 per cent )

Mean 5.46 0.65 " ho1s 6.76

Median . 3.30 ‘ 0.82 1.66 .93
Gl 0.91 0.33 . 0.26 1.55

G2 ~0.41 . 0.65 -1.68  0.86
‘Note thaf mean > median ; Gl is positive , and its conf-

idence limits are not symmetrical about zero. This data
is therefore not normally distributed, but shows skewness

to the right.

2) using a logarithmic transform

Stand.EkError Confidence Limits
( 95 per cent )

Statistic

Mean 0.55 " 0.05 ©0.44 0.67
Median 0.52 0.07 0.37  0.66
Gl ;0.05 0.33 -0.69 0.60
G2 -1.26 0.65 -2.53 0.02

Note that the mean is not significantly different from

the median; GY indicates a slight skewness to the left

but confidence limits are symmetrical about zero. This

data is therefore normally distributed.
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2.4.2., Statistical Tests

Where possible pérametric testé were used throughout,
‘using appropriate transformations to normaliselthe
distribution of the data where necessary. Homogeneity
of variance was determined by the Fmax test - wPere
the ratio of the two variances is calculated and the
value read from "F" tables with degrees of freedom of
one minus the sample size for each group. Ratio values
greater than "F" at p < 0,05 show there to be significant
differences in variance. Subsequent statistical tests
on such data incorporated correction factors for
heterogeneity of variance, as described in Sokal’and
Rohlf (1969) and Snedecor and Cochran {(1967). Differences
bhetween groups were analysed by Analysis of Variance
( Anovar), and Student Newman-Keuls a posteriori tests.
Correlations between sets of data were determined by the
Pearson Correlation coefficient, using transformétions
as 1lecessary to ensure linearity.

where non-parametric statistical tests were

necessary, these were as described in Siegel (1956).



CHAPTER THKREE

PlLaS:i LEVELS OF TESTOSTERONE AN SEXUAL BEHAVIOUR IN

STRALNS OF ‘Tuik HOUSE MOUSE (MUS SUSCULUS )




3.1, GENERAL INTRODUCTION

If we are to examine the role of testosteroné in
the control of male sexual beliaviour, it is first
necessary to discuss the various components of -the
behaviour, Séxual behaviour is built up from many units,
ana each unit may be related in different ways to plﬁsma
testosterone. Tiere is no single measure which
describes sexual behaviour, but a series of measures
which relate to different aspects. Behaviour has
components of "start", "continue" and "stop", which in
this context may be equivalent to mount, intrdmisgion
and e juculation, and each of these may be controlled
by very different factors. Evidence that these
components may be differentially controlled comes from
three‘lines of experimentation: the effects of castration
and testosterone replacement therdpy; the mode of
inheritance of tiie components; and the effects of spinal
transectione.

Beach (1944) examined the effects of castration
on the sexual behaviour of the male rat, and found that
the different components of mounts, intromissions  and
e jaculation declined differentially. The ejaculatory‘
response was lost by all rats after 25=-30 days, thén
intromissions declined, until only a few of the rats

even mounted. lteplaucement therapy with testosterone
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propionate restored the behaviours in the 'reverse’
order - that is mounts, then intromissions and finally

e jaculation, Similarly, castration in the mouse

results in a differential decline of the three components,
with the ejaculatory response being the first to
disappear, When androgen therapy was given mou;t and
intromission responses were restored before animals
exnibited ejaculatory responses (Champlin, Blight and
McGill, 1963). These observations suggest that the
three hehavioural components have different dependencies
on androgens, and might therefore be controlled by.
different mechanisms,

A further line of evidence comes from observation
on the mode of inheritance of mount, intromission aﬁd
ejaculation responses. Wwork on the sexual behaviour
of hybrids between inbred lines of mice (McGill and
Blight, 1963a; McGill and Ransom, 1968) suggests that
the lutencies to the occurrence of the beliaviours cén
be inherited relatively indepenﬁently. For example,
the mount latency characteristic of one strain, and
the ejaculation latency characteristic of a second.
strain, may be found in association in the hybrid
between the strains. Similarly, between inbred lines
o1 mice, the latencies to mounting are not necessarily
related to tie latency to ejaculation, For example,

in a study by Vale and Hay (1972) on the inheritance
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of male sexual behaviour in the house mouse, the
latencies to mounting and ejaculation of the inbred lines
and hybrids were mot correlated - for example one of the
inbred lines, DBA/2J, showed the longest ejaculation
latesncy and yet also showed tite second shortest}mount-
latency of the nine inbred lines and hybrids examined.
Thus, the mechanism which ‘starts' the behaviour,
mounting, may not be the same as that which 'terminates'
the behaviour, ejaculation. Although this must seem
iniierently obvious, the two measures are sometimes taken
as being 'general' indicators of sexual motivation,
or sexual performance, as discussed by Dewsbury (1975).
tvidence that the ejaculatory respoise may be independently
controlled comes from the work of Hart (1968) on the
sexual responses of the spinally transected rat,
Such animals can exhibit erection and ventral flexion
after suitable genital stimulation, which closely
resemble the ejaculatory response. Thus, ejaculation
can be considered to be a spinal reflex, and not
necessarily under ‘control' from the brain structures
mediating sexual behaviour,

All these experimentél results suggest that the
different components of sexual behaviour may be
relatively independent, and should be considered

sepulrately. Beach (1956) proposed that there were in
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fact two mechanismms involved - one concerned with
arousal of sexual behaviour (the arousal mechanism AM)
and another with the execution of tihe copulatory pattern
(the copulatory meclianism CM). Thus, the AM mediates
the initiation and maintenance of the behaviocur, and

as tiie level of arousal increases, thekcopulatory
threshold is reacibed, at which point the male mounts
the female., Achievement of intromission results in
activation of the CM and with successive intromissions
the level of excitement within the CM incbeases until
the ejaculatory threshold is reached. Although this
model has since fallen into disuse, the termiuolégy
remains of value, and the 'AM' and 'CM!'! will be used in
this tiilesis, but only as a means of describing the factors
involved in the initiation of a sexual response, and
those involved in the maintenance and completion of
that response. Thus I shall consider that the AM

is represented by the latency to, and the occurrence

of mounting responses, and the CM by the latency to,
and the occurrence of ejaculatory responses. The
experiments to be described in tlhis chapter, on the
relations between plasma testosterone levels and sexual
behaviour, will attémpt to evaluate the role of the’

lhormone in both of these agpects.
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3.2, Lxperiment 1

The rel.tion between plasma levels of testosterone and

sexual behaviour in several strains of tlie house mouse

3.2.1. introduction.

To investigate whether differences in sexual
behaviour can be related to differences in plasma
testosterone levels, these two measures were examined
in as many strains as were readily available., The three
strains {Balb/c, C57Bl and DBA/2J) described by McGill
(1962) were includedlin the experiment as these were
already knowa to show differences in sexual behaviour.
3.2.2., Method.

Male mice were housed in groups of 6-8, in large
~cages, under the conditions -+ previously described,

‘"he strains examined were CBA/H and Balb/c (from stock
bred in the Zoology Department, Ldinburgh); C57B1/6Fa
(from the Genetics Department, University of Edinburgh);
pBA/2J(F) (from Fisons Ltd., Loughborough) and bLBA/2J
(from the M.K.C, Animal Breeding lentre, Carshalton).
Three Fl hybrids were also used - from stock bred in

tiie Zoology Uepértment, IEdinburgh, using parenfal strains
as described - BDFl, CBFl and UBFl. When the mice were
9-10 weeks old, testing of male sexual behaviour was
begun, using the method previously descrihed, Tests
were given twice a week, and the animals were killed

tareve days atter the fifth test, and blood was removed

for analysis of plasma testosterone,



~ho-

3.2,3. HResults.

Plasma testosterone levels

Within each strain there was a large range in plasma
testosterone levels, with considerable overlap between
the strains., The lower values recorded, of some animals
within each of the strains, were at the threshold of the
assay - 0.4 ng/ml, and higher values of over 8 ng/ml
were found. 1n two of the strains, CBA and Balb/c,
individual values of over 20 ng/ml were recorded. Despite
the high overlap, there were significant differences in
mean testosterone levels across the strains - Analysis
of Variance F(l7,103)= 2.15 p < 0.05., Table 3.1 shows
the testosterone levels for the 8 strains - in both the
transformed logarithmic state, on which'statistical
analysis was conducted, and also_the data expressed as
ng/ml.

Sexual Behaviour

The number of tests in which mount, intromission
and e jaculation respornses occurred was calculated for
each mouse, and the average response for each strain
determined. This is expféssed as the average percentage
of tests with the behaviour. The mounht and ejaculation
latencies were aléo calculated for each mouse over the
tests, and the strain average determined. However the
latencies from tlhe tirst pehavioural tests were found
to be greater than subsequent tests, and theretore the

strain average latency was actually calculated from



" Table 3.1

Mean plasma testosterone leveils of several strains

of the house mouse.

Number of ' Tesfostefone ' -Testbéterone
'Strain: Animals Ln. I SE K n. ml
Balb/c 15 . - 1.75 0.32 5.8
cBa/H 15 1.67  0.36 5.3
DBA/23 (F) 16 - ‘1.71 0,22 . 5.5
CBF, 13. - - 1.29 0.29 B 3.6
¢57B1/6 15 1.16 ©0.28 5.2
DBA/2J (M) 1k 0.89 0.37 2.4
BDF 16 0.91  0.25 . 2.5
DBF, | 8 0.52 0.33 - 1.7

Analysis of Variance

"F* = 2,14 , pg 0.05  df = 7,104
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Jdata of tests 2-5 only. 4as described in cChapter 2, the
mount latency data was logarithmically transformed
before any analysis was conducted.

The measures of sexual :behaviour, and Analysis
of Variance, are shown in Table 3.2, Theré were highly
significant differences on all the benhavioural méasures
of the B groups examined. The strains exhibiting the

most beliaviour were the €57, BUF, and 0BF wheré

1 1’
over 90% showed mount and intromission responses on every
test. The CB%‘and UBA(M) showed mount and iniromission
responses of over 65%, followed by the Balb, CBA and
WBA{F), with mount and intromission responses of over
50w. The ejaculation frequencies were greatest for the
BUF, and WBF (over 80.), followed by the CBF , C57
and BA{M) (over 60%), and the lowest frequencies were
shown by the Balb's, CBA's and JBA(F) at between 4 and
37%. Mount latency was sh;rtest in the BDFl and uBFl
hybrids, at less than 2 minutes, and greatest in the
Balb and JBA{(F) at over 6 minutes. Similarly, the
shortest ejaculation latency was shown by the BDFl'
and DBF, (less than 8 minutes), and the longest latencies

were shown by the Balb and CBA at over 17 minutes,

Lelations between testosterone levels and sexual behaviour

There were no correlations between plasma testosterone
levels and behaviour within any of the strains. However,

across the strains, the mean plusma testosterone levels



Table 3.2.

Sexual behaviour measures for eight lines of the

house mouse { Mus musculus )

Average % tests with: Mount

Ejac.

Strain N Mount Intro. Ejac Latency Latency
Ln. (nins) (mins)
Balb/c 15 60 51 23 1.84(6.3) 21.7
“sE I 14 14 6 0.18 3.0
CBA/H 15 61 sl 1.80(6.1) 17.7
Sg ¥ 3 2 0.34 b7
DBA/éJ(F)lé 66 62 37 2.10(8.2) 10.0
sg I 7 7 8 0.18 2.0
CBF, Coan 73 67 60 1.41(4.1) 9.3
sE 1 8 10 12 0,10 1.9
C57B1/6 15 96 91 62 0.99(2.7) 14.8
sg ¥ 2 2 3 0.18 1.7
DBA/2J (M) 14 85 80 67  1.41(%.1) 9.9
SE = 2 2 3 0.18 2.2
BOF, 16 100 100 96  0,59(1.8) 5.1
sg 2 | - - 1 0.10 0.9
DBF 8 97 92 80 0.59(1.8) 7.6
sk I .3 3 10 0.18 1.7
Analvsis of Variance
'F' values 9.8 8.6 8.9 7.1 7.0
o df = 7,105 7,105 7,105 7,98 7,78
p < . 0.001  0.001

0.001 0.001 0.001
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were negatively correlated with all the measures of
sexual behayiour recorded, as shown in Table 3;3. Two
of these relationships, those between testosterone and
the average percentage of tests with mounting and with
mount latency, are shown graphically in Figures‘j.l and
3.2,
Fo il “iscussion

The wide variation in plasma testosterone levels
between individﬁals within strains agrees with the data
of Bartke, Steele, Musto and Caldwell (1973) who found
levels ranging from less than 1 ng/ml to over 20 ng/ml,
between individual mice., Further work by Bartke and
Dalterio (1975) found that this variation in testosterone
levels Dbetween individuals ‘could also be demonstrated
within single individuals which were bled on more than
one occasion. They proposed that testosterone was
secreted in a 'pulsatile?' fashion from tie testes,
resulting in episodic peaks of plasma testosterone,
Such a pulsatile secretion has also been proposed for
the rat (Bartke et al, 1973), but is not restricted to
rodent species. Katongole, Naftolin and Short (1974)
report that in the ram, blood samples taken from
individuals at hourly intervals reveal plasma testosterone
levels fluctuating over a wide range of 3-28 ng/ml.

sSuch femporal variation within individuals in the
levels of plasma testosterone poses problems for the
assessment of o?erall or average levels. Ideally several

sumples from each individual should be taken, and



-Tablerj.j

Pearson correlation coefficiants between strain

mean testosterone levels and sexual behaviour.

Testosterone levels (;Ln ) v, r= p <
Average % tests with:  Mounting -0.83 0.01
Infromitting ~0.73 0.05

Ejaculating -0.85 0.01

Mount Latency " 0.89 .0.01
_Ejaculatioanafency 0.71 0.05.

( df = 6 )

The correlations of testosterone with mount
and e jaculation latencies were calculated
using the logarithmic transform for both

behaviours.




Fipgure 3.1

“The relation between strain levels of testosterone

and sexual behaviour in the house mouse.{ Mus musculus)
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Figdre 3.2

The relation between strain levels of testbsterone and

sexual behaviour in the house mouse. ( Mus musculus )
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the average lcvel determined from the samples., However,
such a strategy was not found feasible in the mouse,
and we need an alternative solution to this problem,
Since tne experiment described involved the use of
inbred lines of mice, it may be, since these anfmals
-arelisogenic, that the sampling of a group of these
animals is effectively the same as the multiple sampling
of an individual. Thus, I would argue that the strain
mean level of testosterone is a measure which does
ref’lect average levels of testosterone, and which can
usefully be examined in relation to the.behavioural
characteristics of the strain, Such a pulsatile pattern
of testosterone release may well account for the
observation that no significant correlations between
testosterone levels and measures of sexual benaviour
could be demonstrated with strains, using data from
individual mice, but that clear correlations could be
demonstrated using the stralpn mean levels of testosterone,
The measures of sexual behaéicur reported here
~agree with the findings of Mc@ill (1962}, who examined
some of the strains (Balb, €57, UBA) under a similar
test procedure. ‘The strains of mice in which a large
proportion of animals showed mount, intromission-and
ejaculation responses nad lower mean testosterone

levels than the strains which showed little copulatory
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behaviour under the test conditions. Similarly, strains
with short mount and ejaculation latencies fhiad lower
plasma testosteréne levels than strains with long mount
and ejaculation latencies. The observation that plasma
testosterone levels were correlated with all th? measures
of sexual behaviour, suggests it to be invelved in
several aspects of sexual behaviour, and map: for

example be involved in the 'AM' and 'CM' as described

by Beach {1956). ‘Inat is, that testosterone levels may

be important in the mechanisms relating to the initiation
of sexual behaviour {(as measured by mount frequency and
latency), and to mechanisms relating to the execution

of the behaviour (ejaculation frequency and latency).
ilowever, 1t must be‘pointed out that the ejaculation
frequency is directly related‘to mount frequency (since
only animals which have mounted can ejaculate), and
therefore tlie correlation between plasma testosterone and
ejaculation frequency may be partially an artifact.

‘The mechanisms whereby such a negative correlation
between plasma testosterone levels and sexual behaviour
might ogerate are at this stage obscure, and ‘before
discussing possible interpretations of the results,
the next two experiments will attempt to verify.this
finaing., EL£xperiment 2 investigates whether the
negative correlation was a behaviourally mediated effect,
and Lxperiment 3 examines two F2 populations, to
ascertain whether the relationship Qas due to a chance

association of the two measures.



3.3 Eiperiment 2

An investigation of plasma testosterone levels in

sexually inexperienced strains of the house mouse.

3.30.1. Introduction

Experiment 1 found that, across strains of mice,
levels of plasma testosterone were inversely correlated
with measures of spxual behaviour. A simple, and rather
trivial, explanation of such a finding may be that
copulation itself has effects on plasma testosterone
levels. For example, ejaculation may result in a
depression of testosterone levels for several days
following the behavioural tests, an effect which might
produce the reported negative correlation between
measures of sexual behaviour and testosterone levels.,
There is some evidence for such etffects from data in the
rat. Bliss, Frischat and Samuels (1972) report that
males which copulate to satiation show depressed
testosterone levels,

3.3.2. Method,

Sixteen animals from each of the following strains
were used: Balb/c and BDF, (from stock bred in the |
Zoolopgy Uepartment, Edinburgh) DBA/2J (M) (M.E.C.

‘Animal Breeding Centre, Carshaltop) and C57Bl/6Fa {from
the Genetics Department, University of Edinburgh).
Animals were housed in groups of 8, in large cages,

under conditions as previously described. Animals
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were left undisturbed (apart from cage cleaning) until
they were 13 weeks old when they were killed and their
blood assayved for testosterone,
F3.3:.3. illesults

“he plasma testosterone levels of the four strains
are shown in ‘1able 3.4. ‘lhere were significant
differences between the strains - Analysis of Variance
'yt = 2.96, df = 3, 59, p < 0.05., Balb/c showed the

highest values and uUFl the lowest,

3.3.4, iscussion

These results show that there are strain differences
in plasma testosterone in animals with no lheterosexual
experience, Each of the strain values reported here is
not significantly different from the value of the
previous experiment, in which animals were sexually
experienced. ‘he rank order of gdecreasing testosterone
levels for this experiment is Balb/c - DBA/2(M) -
¢5781/6 - nuFl, the same order as found in the previous
experiment. ‘<herefore, we can reject the hypothesis
that the negative correlation demonstrated between
plasma testosterone and sexual behaviour was behaviour-
ally mediated.

A second possible explanation of this negative
relationship between testosterone and sexual behaviour
js that the correlation is spurious, and the product of

a chance association of the two measures within these



Table 3.4

Testosterone levels of four strains of the house

mouse -~ with no heterosexual experience.

Strain
Testosterone

Level Balb/c ' C57B1/6  DLBA/2J(M) BLE,
Ln 1.39 1.0 1.28 0.46

T osp 0.27 0.28 0.19 0.25
ng / ml b1 3.9 3.6 1.6

Analysis of Variance - 'F' = 2,96, df ='3,59, p<0.035

Number of animals in each strain = 16
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almost totully genetically homogeneous strains. This
possibility is exawined in the next experiment, which
describes an analysis of an F2 derived from two of the

hybrids described in Experiment I,
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3.4, Experiment 13

An analysis of testosterone levels and sexual behaviour

in male mice from an F_ generatione
-

3.4%4.1. Introduction

In Lxperiment 1, it was shown that, across
several stfains of mice, a decrease in mean plasma
testosterone level wus associated with an increasing
level of sexual responsiveness, Before analysing the
underlying mechanisms of such a relationship, it is
necessary to demonstrate that the finding is not
merely fortuitous, due to a chance association of
genes controlling plasma testosterone and genes
controlling sexual behaviour, —

The probability that the relationstuip was due to
chance scems untikely, since a large number of strains
were examined. However, the strains used in the
experiment were derived originally from only three-
major stocks -~ the CBA and UBA linés from one, the
Balbs from another, and the C57s from a third (Staats,
1966). The remaining three lines were Fl hybrids from
combinations of the above. Therefore the possibility
of @ chance association between sets of geneé relating

to the controul of testosterone and sexual behaviour

is certainly not impossibles
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This can be investigated by an examination of
an F2 generation, in which independent segregation of
the two characters can occur., ror example, shire (1967)
quotes an example of an F2 analysis used to examine an B
association between body weight and activity iﬁ two
strains of mice. One strain was low in bbdy weight and
very active, and the other was heavy and less active.

The question was of whether bodf weight had a direct

effect on ambulatidn scores. When an F2 from the

hybrid of these two strains was examined, the relation
between body weight and ambulation disappeared -~ body
weight measures were independent of ambulation scores.
Therefore, the original observation that body weight

and ambulation score were relétedy7was a chance.association;
ambulation was not being limited by body weight.

An F2 analysis therefore involves the examinafion
of the offspring from an FI h&brid, from parental lines
which differ in the charactgrs to be investigated.

For example, in the case dascribéd here, the Fl hybrid.
would be produced from a cross between a strain with
high testosterone levels and low sexuél behaviour, and
a strain with low testosterone levels and high sexual
behaviour, On the chance asﬁociation‘hypothesis, the

¥, hybrid therefore carries all four ‘'gene sets!

1

controlling these characters, and recqmbination can be
examined in individuals from the F2 generation. If,in

the Fz, there is no association between testosterone
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levels and sexual behaviour, then the original observation
was due to chance and not to some common physiologicai
mecinanisim, Conversely, should the relationship hold,
then this is evidence that there is some physiological
mechanism which has effects on both testosteroné 1évels
anu sexnal behuvioury or that the two are causally‘
associated. liowever, there are practical problems
associated Qith such an experiment, since it depends

on an analysis of individual animals. ILn Chapter 1,
testosterone levels were found to be very variable
botween indiviaual mice, and these differences_wure
su;gested to be due to & pulsatile release of
testosterone., “Thus, one estimate of plaéma testosterone
per mouse may not be a representative measure of
testosterone production, and each mouse shiould ideally
be serially sampled several times to give an estimate

of 'overall' testosterone levels. ilowever, attempts to
do tuis were unsuccessful - direct methods of orbital
sinus or cardiac puncture with or-without anaesthesia
were considered to be too stressful a procedure to

yield any meahingful results, and attempts at titting
canulae in the tail were ineffective due fo th¢ collapse
of the blood vessel;. The experiment was therefore
carried cut witii only one estimate of testusterone‘per

mouse, aidl it was hoped that by the use of a large



~51~-

number of animals, and by grouping the testosterone
data into‘categories determined by the behaviour and
determining the average levels, - ;“these problems
could be overcome.

Two F, populations were examined -~ the first

2
showed no relation between testosterone levels and
sexual behaviour, and therefore a second line was

examined, in which testis and seminal vesicle data

was also taken as a further measure related to plasma

testosterone levelso

J.4.2. Method.

The two F2 populations examined were derived from
the BDF1 and thelCBFl hybrids. The BDFl is the hybrid
between a C57Bl1/6Fa fewmale and a DBA(F) male, and the
CBF, is the hybrid between the Balb/c female, and a
¢5781/6Fa male. These parental lines were described in
Experiment 1 - the DBA and Balb/c show much less sexual
behaviour than the C57Bl line, under the test conditions_
described, and also have higher plasma testosterone
levels, The F2 progeny of these hybrids were housed in
all male groups at weaning, in large cages, and at
9 weeks of age were isolated into small transparent plastic
cages and maintained under conditions as previously

described, Tests of sexual behaviour were started at

10 weeks, using the procedure previously described,




except that the receptive BDF. females were introduced

1
into the home cage of the male, the metal food hopper
of which was replaced by a4 clear observation lid. Five
beﬁavioural tests were given, and three days after

the last test, the animals were killed and blodd
samples removed for assay of testostercone. The.‘CBF2
were also dissected and the weights of fne testis and
seminal vesicles {(plus tie coagulating gland, and

expressed of the fluid contents) were recorded,.

3.4.3. lesults.

a) BUF2 animals. Forty-two BDF2 males were

examined, and correlations between testoéterone levels
and the nuuber of tests in which mounting, intromission
and ejaculation responses occurred, and also mount and
ejaculation latency, are sliown in Table 3.5. There were
no significant correlations between testosterone levels
and any of the behavioural measures.

The data was also examined by grouping the animalg
into behaviourul categories - for example by the number
of tests in which each animal showed mount, intromission
or ejaculation responses. The testosterone mean of
each group was then calculated and correlated with tie
frequencies of behaviour, ilowever, the data was not
vefy variable, on average over 90 of animals mounted on
every test, and over 70 intromitted thcn meant that

the data was not spread evenly across the categories,



Table 3.5

Correlation cbefficiants between testosterone levels

and sexual behaviour in an F, generation from C57Bl/6

2
and DBA/2J parental lines.

Testosterone level ( bn ) r = p<
Mount frequency 0.09 ' ns
Intromiésion frequency -0.11 ns
Ejaculation frequency -0.08 ns
Mount latency ( Ln ) -0.20 ns
Ejaculation latency 0.08 ns

Number of animals = L2 , df = 40 .
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The ejaculation data was slightly more variable, with
655 of animals ejaculating per test, and this data is
shown in Figure 3.73. The mean testoste?one 1eveis of
the animals which fall into each frequency of ejaculation
(from 0-5) is shown - but there was no significant
correlation between.the testosterone level and
e jaculation frequency,

The mean testosteromne level for the F2 was 4.1 ng/
ml, {(Ln. = 1.%1, sE = 0,18), a value intermediate between
thie values previously reported for the parental strains,
Thne percent {(+ SE£)} animals showing mounting was 90 + 3,
intromitting was 73 i 6 and ejaculating was 65 + 7.
These percentages are all greater than the values
reported in kExperiment 1 for the parental strains.
The average mount latency for the F, was 244 minﬁtes
\Ln = 0.87, SE = 0,12) and the ejaculation latency was
9,4 minutes, SE = l.4, both of which are shorter than

the values reported for the parental strains.

b) CBF2 animals., after obéerving the first
experimental group of this F2' it became apparent that
there were further problems of the experiment which
were not forseen in the original design. One of the
parental lines of the F2 - the Balb/c - was an albino
strain and therefore one guarter of the F2 were
lhomozygous for albinism. It was noted that the sexual

behaviour of albino F2 animals was less frequent than




Figure 3.3

The mean testosterone levels of'BDF2 animals - grouﬁed

into ejaculation frequency over the five tests.
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the pigmented animals - the percentage of animals
mounting, intromitting and e jaculating was significantly
ditferent, as shown in ‘Table 3.6. The mount iatencylof
'responders’' was however not significantly different
from the pigmented animals. 1t was liowever necessary

to analyse the data from the albino and pigmentéd groups
separately. 1n order to have sufficient data from the
albino group, further animals were examined and the'
final number of pigmented and albino animals is

selected and does not thefefore reflect the expected
Mendelian ratio.

albino animals

Twenty albino animals were examined, and the
correlation coefficients between the plasma testosterone
levels and the number of tests with sexual respoﬁses,
and the latencies to mount and ejaculation, are sﬁown
in Tables 3.7 and 3.8. None of these reached
signiticance, ‘lhe data was further analysed by
grouping the animals according to their behaviour,
as in the uUFz analysis, and qalculating the mean
'testosterone levels, Theronly behaviour which was
'‘spread’' across tlhe 6 possible frequencies {0-5
inclusive) was the wmount frequency, as shown in Filgure
3.4, but the mean testosterone levels were not

significantly correlated {r = -0.57, df = 4, p = n8).



Table 3.6

Differences in sexual behaviour between albino and pigmented

animals in an F2 generation derived from Balb/c and CS?B1/6

parental 1ines;

- - i
Behaviour _ Animals Analysis of Variance
( % se) Albino  Pigment® 'Fr  df  p <
No. of animals 17 .20

Average percent
tests with

. a) Mounting 67 X 7 ok 4 10.7 1,50 0.001
b) Intromission e Ty g3t 16.3 1,50 0.001
¢) Ejaculation- 22 X 6 58 ¥ 6 17.5 1,50  0.001

Mount latency
(Ln ¥ sE) 1.9420.19 1.49%0,11 h.7 1,44 0,05
( minutes ) | (7.0) (4.4)

Ejaculation Latency
(. minutes ) 9.4%1.8 13.9%1.4 4.3 1,38  0.05




Correlation

Table 3.7

coefficiants between testosterone levels

‘and sexual behaviour in an'F2 generation from Balb/c

and C57B1/6 parental lines.

a) Albino animals Number of animals = 20
Testosterone Levels v. r = df = n <
Mount frequency -0.15 18 ns
Intromission frequency -0.06 18 ns
Ejaculation frequency 0.21 i8 ns

b) Pigmented animals Number of animals = 32
Testosterone lLevels v. r = df = p<
Mount frequency . -0.35 30 0.05
Intromission frequency -0.ho 30 0.05
Ejaculation freduency -0.02 30 ns




Table 3.8

Y

Correlation coefficiants between testosterone levels

and mount and ejaculation latencies in an F2 gener-

ation from Balb/c and C57B1/6 parental lines.

a) Albino animals Number of animals = 20
Testosterone levels (In) v, r = df = p_<
Mount latency ( Ln ) 0.28 19 ns
Ejaculation latency (n=11) - - -
b) Pipgmented animals Number of animals = 32
Testosterone levels {Ln) v. r = df = b <
Mount latency { Ln ) 0.10 30 ns
Ejaculation latency 0.13 28 ns




Figure j.hr

The mean testosterone levels of albino CBF-2 animals -

grouped intc mount frequency over the five tests.
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Testis and seminal vesicle weights were measured on
only 11 of the mice, and there were no significant
correlations with testosterone levels, or with any
of the behavioural measures.

Pigmented animals )

Thirty-two animals were examined, and the correlation
coefficients betﬁeen the number of tests in which
sexual responses were shown and testosterone levels
are sﬁown in ‘tTable 3.7. The frequency of tests in
which animals showed mount and intromission responses
were ‘significantly negatively correlated with ﬁlasma
testosterone levels. Mount andrejaculation latencies,
averaged over tests 2-4 and shown in Table 3.8, showed
no significant correlations with testosterone levels,

Testis and seminal vesicle weights were measured
on 25 of the mice. wpoth of the organ weights weré
positively correlated with body weight (r = 0,74,
df = 23, p < 0.001; r = 0,64, df = 23, ;5 < 0.001),
and therefore were corrected to avstandard body wéight
of 20 g, before analysis, The levels of plasma |
testosterone showed no significant correlations with
either testis weight (r = 0.05, df = 25, P = nq) or
seminal vesicle weiéht (r = -0,025, df = 23, p = ns),
Also the testis and seminal vesicle weights were not

--

correlated with each other (r = -0.20, df = 23, p = ns)e
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The correlations between the sexual behaviour
measures and the testis and seminal vesicle weights'
are shown in ‘rables 3.9 and 3.10. The mount frequency
showed a significant negative correlation with the testis
weights, but none of the other measures were sigﬁificantly

correlated.

3.4, 4, Discussions

1he aim of this experiment was to determine whether
a negative correlation could be demonstrated between
testostercne levels and measures of sexual behaviour in
an Fé.geﬁeration, in order to ascertain whether the

negative relation as found in Experiment 1l was due to

a chance association of the two measurements. ‘lhe
Tirst ¥y examined - the olrF, - snowed no such correlation,
but the second - the UbFz - did show a similar negative

correlation between testosterone levels and sowme
measures of sexual behaviour,

the failure to demonstrate any correlations in
the UDF2 suggests that the correlations found in
Experiment 1 may, in fact, have been due to a chance
association., llowever, tlhiere is evidence to suggest
that this ¥, may‘be an atypical example. The BDFi
genotype, from which the Fz were derived, has very
special behavioural characteristics, mcuill and
Manning (1976) have found that this hybrid shows a

remarkuble retention of sexual behaviour al'ter



Table 3.9

Correlation coefficiants between testis weights and

sexual behaviour in an F2 generation from Baib/c and

C578B1/6 parental lines.

Testis weipht™ v, r = df = b <
Mount frequency -0.43 23 0.05
Intromission ffequency —0.35 23 ns
Ejaculation frequency ~-0,17 23 ns
Mount latency ( Ln ) 0.19 22 ns
Ejaculation latency -0.23 21 .ns

qTestis welghts corrected to standard body weight

of 20 g .




Table 3.10

Correlation coefficiants between seminal vesicle welghts

and sexual behaviour in an F, generation from Balb/c and

2

'C57B1/6 parental lines.

Seminal vesicle weighta v, r = df = p <
Mount frequency 0.31 = 23 ns
Intromission frequency 0.33 23 ns
Ejaculation frequency ‘ 0.31 23 ns
Mount latency ( Ln ) - -0.07 22 ns
Ejaculation latency . ~0.08 21 ns

aSeminal vesicle weights -~ expressed of fluid contents,
coagulating gland still attached, and corrected to a.

standard body weight of 20 g .
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castration, and males can retain the ejaculatory
reflex for several weeks, and often several months, This_
behavioural retention is not a result of compensatory
adrenal androgen prodﬁction, since adrenalectomy has
no effect on the responsé {Thompson, McGill, Mcintosh
and manning, 1976;. ‘herefore the BDFl genotype has
some mechanism whereby sexual behaviour is, or can
become, independent of tésticular secretions. 'This
means that in the F2 some animals will carry the genes
mediating this effect, and therefore the levels of
plasma testosterone may be irrelevant to the display
of sexual behaviour. 1in view of this, it is perhaps
not surprising that a negative correlation between
plasma testosterone and sexual behaviour could not be
demonstrated in‘an rz derived from this hybrid,

The second Fz examined -~ the bbrz - was derived
from the UBF1 hybrid which shows a high dependence on
androgens for the display of sexual behaviour. After
castration males from this hybrid iose the ejaculatory
reflex rapidly, and some show no sexual responses
at all (mcuill aﬁd manning, 1976).

In the CBF, analysis, a negative correlation

2

could be demonstrated, although there were some problems
associated with the experiment. 7The heterogeneity

within the F between tlie albino and pigmented mice,

2'

meant that there were unforseen factors influencing

the sexual behaviour of these animals. This may have
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been due to a specific effect of the albino gene on
sexual behaviour, or to more general debilitating
effects, There is evidence that the albino gene can
have specific effects on behaviour - for example

Tyler {(1970) has found that in a heterogeneous
population from an 8 way cross, animals homozygous
for albinism are slower in learning a runway task than
pigmented animals, However that the depression 6f
sexual behaviour may have been due to a generalised
effect is suggested by the observation that many of the
albino animals in this - experiment died before weaning,
and those that survived were often low in body weight
and had a 'staring' coate it may be that the parental
Balb/c strain has genes which in part compensate for
the effects of albinism, and that these become
dissociated in the F2 generation,

Within the albino F2, no gignificant corre}ations
between testosterone levels and sexual behaviour
measures were found.  This was perhaps to have béen
expected since only twenty animals were examined, which
appeared to be in poor condition.

In the pigwented animals, of this F2, testosterone
levels were negatively correlated with both the number
of tests in which animals showed mounting responées

and the number of tests with intromission responses,
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The failure to demonstrate any correlations with the
other measures could have been due to an insufficiency
of data, or because testosterone is not in fact related
to these other behavioural measures.

The testis and seminal vesicle weights we#e not
significantly correlated with the plasma testosterone
levels., However, using a larger number of animals,
Eleftheriou and Lucas (1974) report that, in €57B1/6J
and DBA/2J mice of mixed ages, & : there 1is a positive
correlation between plasma testosterone and testis
weight, but no correlation with seminal vesicle w;ight.
Therefore the fact that my results show testis weight
to be negativgly correlated with the frequency of
mounting, supports the observation that testosterone
levels were.negatively correlated with this behaviour.

This experiment has dewmonstrated that.téstosterone
levels, in one Fé liné,are inversely related to tﬁe
occurrence of mounting and intromission response;, but
not necessarily to the latencies to mount and ejhculation
or ejaculation frequency. Therefore, for two of:the
measures of sexual behaviour, there is evidence éhat
the negative correlations, found across the lines in
Experiment 1, were notddﬁg to a chance association of
genes controlling hormdne production and genes
controlling sexual behaviour. ‘Whether the other
behavioufs are in fact related is open to questibn -

it may be that the relation found across the strains
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between testosterone and ejaculation frequency was
because only those mice that mount can go on to |
ejaculate, and hence a correlation witﬁ berceﬁtaée
mounting may result in a correlation with percentage
ejaculating. However, it might perhaps be expected
that such an effect_might also gperate in the pigmented
CBF, examined_here. It may be that plasma testosterone
levels are related more to the probability that sexual
behaviour will occur, as measured by mounts and
intromissions, rather than to the way it proceeds

and finishes, as measured by’ejaculations. in terms‘
af peach's model of rodent sexual behaviour that is
to say testosterone levels may be related more to

the Arousal Mechanism (AM) than to the Copuiatpry

Mechanism {CM).
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3.5, GENSlaL DISCUSSION

The experiments deseribed in this chapter have
shhown plasma levels of testosterone to be negatively
related to measures oif sexual behaviour, both across
gtrains of mice, and between individuals from an F2
generation, In kxperiment L testosterone levels weré
inversely related to all the measures recorded, that is
to ifactors involved in both the initiation of sexual
behaviour (tlie arousal mechanism - AM) such as the mount
latency and freguency, and to measures related to the
execution and completion of the behaviour (the copulatory
meclhianism - CM)} such as the ejaculation latency and
frequency, However, in the F2 analysis, onliy factorg
related to the AM could be shown to be related to plasma
testosterone levels, ‘his suggests that the negative
correlations Tound in .wxperiment I between testosterone
and 'CM' measures may have been due to chance; and that
in fact testosterone levels are only involved in the
mecilanisms associated with sexual arocusal.

in the introduction to this chapter, we discussed
work suggesting that the elements of sexual behaviour wmay
be separately controlled, and may have differential
dgependencies on androgens. Work on the rat shows that
the elements of behaviour associated with the aM are not
affected in the same way atter castration as elements
associated with the UM. In the first 2-3 weeks after
castration, oavidson (1966) found that the intromission

latency showed a significant increase, whereas the
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e jaculation lafency decreased, Thus, cuastration impaired
thie AM, but facilitated the CHM, althougi oﬁly temporarily
- ejaculation latencies increased in subsequent weeks,
probably because of changes in peripheral feedback as
described by Beach and Levinson {(1950). The aM might
therefore be séid to be more 'androgen dependenf' than
the CM, since it snows impaired function after castration.

Bruin lesion studies also suggest that testosterone
may be more involved in the AM than the CM, Lesions in
thhe pre-optic anterior hypothalamic area (PO-AH) result
in a reduction or complete cessation of sexual behaviour
in male rats {Lisk 1968, Larsson and Heimer 1964}, an
effTect not related to changes in circulating androgen
levels (iieimer and Larsson 1966/7). 1n rats, lesions
in thils area result in a significantly increased mount
latency, but no effects on intromission frequency or
e juculation latency (Chen & Bliss, 1974) - that is PO-AH
lesions impair tie aM, buf not the CM. After castratioﬂ,
Kierniesky and Gerall {(1973) report that in fhe rat,
implants ol testosterone propionafe into the medial
PO-4AH have no effects on ejaculation latency, but
significantly decrease the mount latency. Control implants
in other brain areas have no behavioural effects,
suggesting that testosterone. is necessary for the normay
function of the PO=-aH in controelling the AM,lbut is not
necessary for the CM.

in the liouse mouse there is litfle evidence to

support the hypothesis that the AM is more androgen
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dependent than the CM. In fact, some work on the
effects of castration would seem to suggest quite the
opposite. Manning and ‘thompson {1976) examined the posti-
castrational sexuai behaviour of BDFl hybrid males,

and Tound that mount and intromission latencies were not
atfected, but that the e jaculation latency was
significantly increased. ‘this is in contrast to
Davidson's (1966) results with the rat, and suggests
that tlie M is more Jdependent on androgens than the AM,
Jowever, this experiment used animals with cousiderable
sexual experience, and made comparisons of pre- and
post-~operational performance, such that there are
problems of assessing the influence ol surgical trauma
on these measures. ‘Jue effects of castraticn on sexual
behaviour of several strains of mice, including the uUFl
hybrid, are described in Chapter Five of this thesis |
and the results were found to be in essential agreement
with oavidson (1966), Compared to sham operated
controls, tue mount latencies of castrates showed a
significant increuase, wihereas the ejaculation latency
siiowed a sligiht, non-significant decrease. These

. results, plus tire failure to demonstrute a correlation
between plasma testosterone levels and measures
associated witih the CM in an F2 generation,suggqst that
the fauctors associated with the =M are in fact more

anurogen dependent than is the CM,
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How might this negative relationship between
plasma testosterone levels and the incidence of sexual
responses be interpreted? Unfortunately a knowledge
of plasma testosterone levels is not sufficient to allow
any.predictions,regarding,for example, the outpdt of the
hormone from the testis, or of whether gonadotrophin
levels are higher in some strains than in others, It
is important to remember that the plasma level of
testosterone is the product of two processes - one,
the rate of output from the testis, and two, the rate
of clearance from the blood-stream. There may be
strain differences in metabolic clearance from the
plasma - and it is perfectly possible that the low
testosterone strains such as BDFl may in fact release
more testosterone from the testes than a high testosterone
strain such as the Balb/c. However, to facilitate
discussion, we shall for the moment ignore these
problems, and shall assume that the metabolic clearance
hetween tie strains is the same. 'Tf so, then there is
a hypotiesis which may explain this apparent anomally
of high plasma testosterone levels being associated
with low levels of sexual activity.

J+lasma levels of testosterone are controlled by
the secretion of gounadotrophins from the pituitary, in
particular luteinizing hormone (LH)'(Hali, 1970), which
has effects on the Leydig cells in the testis.

Testosterone and Lil interact together in a negative



feedback loop, such that rising titers of testosterone
inhibit tiie release of LH, either directly or via the
hypothalamus. Similarly, falling titers of testosterone
result in the reiease of LH from the pituitary. Thus,
there is a balance maintained between LH and testosterone
which results in a coustant taverage'! plasma testosterone
level., “This balunce point may be defined in terms of

the sensitivity of the hypothalamo-pituitary axis to

the testosterone levels - thus strains of mice with

high plasma testosterone may have a lower- sensitivity,
such that the LH feedback loop is tgwitched off' only

by relatively high levels of plasma testosterone. Such
Jifferences are known to exist in pre- and post-pubertal
male rats - for example Negro-¥Yilar, Ojeda and McCann
(1973) founa that tue doses of testosterone propionate
(TP) necessary to suppress plasma L and FSH levels

vary according to the age of the animal. Thus in 15

day old rats, 10 FgTP/lOO g body weight was sufficient

to suppress LH, but at 58 days of age this dose was: no
longer effective, suggesting that the sensitivity of

tne hypothalamic pituitary unit to the negative feed-
back of testosterone declines during sexual development.
it may be that the hypothalamic structures which are
thought to mediate sexual behaviour, such as the
prepptic area, are similarly insensitive to the

ei'fects of testosterone, resulting in the poor sexual

behaviour that is characteristic of for example Balb's
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and CHBA's. To examine tuis possibility further, the
experiments described in Chapter l'ive investigate

the efiects of festosterone injections on morphological
and behavioural parameteré to determine‘whether the
straijrns differ in 'responsiveness' to testosterone.

If the hypotnesis is correct, then it is expected that
the dose ol testosterone necessary po maintain measures
of sexual behaviour, at the level of the intact animal,
will parailel the levels of testosterone which are
characteristic for that strain, In other words, that

a strain with high plasma testosterone levels 'needs'
that much testosterone for the visplay of sexual-
behaviour,

A second hypothesis,lwhich might explain‘tnis
nepgative correlatiovn, concerns the levels 01 testosterone
binding proteins in tue plasma. .It may be that high
testusterone strains, such as palb/c and CBA/H have
elevated leveis of binding proteins, such that testosterone
function is impaired at tihne site of negative feedback
control, and also at bumin regions mediating sexual
behaviour. That is, that the testosterone may be
tlocked' in a protein complex, suclh that gonadotrophins
aure released in high levels, resulting in a i gh
testicular release of the hormone., 'This possibility was
examined by compauring the binding properties of plasma
of several strains, and is described in Appendix 2, but was

not found to be an important variable - "high testosterone"
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strains do not nave increased levels of testosterone
binuing proteins.

Wwe must also cousider the increaéing amount of
evidence showing that plasma levels of testosterone
can umlergo rapid, transient increases in response to
copulatory stimuli, For example, in tne male r;t
Xamel, sock, #right and Frankel (1975) found that
testosterone, LII and prolactin were all elevated after
a sexual encounter, Such increases may be important
benaviourally, and the changes in testosterone may
control aspects oi sexual behaviour., Similar changes
may also occur in male mice, and it may be that 'low!
plasma testosterone strains show a greater, more rapid
responsiveness than 'high' testosterone strains. This
aspect is examined in Chapter Four, where changes in
testosterone in response to sexual stimulation are
measured, and discussed with reference to differences
in sexual behaviours

4 further consideration is that the etffects of
testosterone are not restricted to the adult animal,
lTestosterune nas effects perinatally during teritical
periods' of development, and infiuences the differentiation
of botn sexual morphology and behaviour (ward, l974).l
Thus, female mice treated with testosterone soon after
birtu show an enhanced masculine response potential
as adults (Manning and MeGill, 1974), énd male mice
show ej culatory responses at an earlier age than

oil injected controls (Campbell and McGill, 1970} .
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The strains of mice described in the preceeding
experiments may differ in the extent to which this
perinatal function is effective, and there may

be influences of both the prenatal maternail environment,
and the post-natal testosterone pulse. OUne of fhe
sources of behavioural variability between the strains
may be the product of differences in the levels of
hormones of materna; and sibling origin during gestation,
For example, Clemens and Coniglio (1971) have shown
that the adult behaviour of rats is effected by the
position that the individual occupies relative to
sibiings in the uterine horns, and female rats with
males on 'both sides' in utero show differences in
behaviour to lTemales adjacent to other females only,
Secondly, the neonatal pulse of testosterone, as
described in the r.t by iesko, Feder and Goy L1968 ),
and in tile mouse by Herger, Jean-Faucher, de Turckheimy
Vessidre et Jean (197%), may ditfer in magnitude and
temporal spacing between the strains., To determine

wlie ther the strain differences in plasma testosterone
anu sexual behaviour are the product of differences

in qeonatal androgens, an attempt was made to
‘standardise' the neonatal environment by administering
doses of testosterone propionate ou day 4 to males

from several strains. The plasma testosterqne levels
an sexual behaviour measures were then exa&ined in the

adults, and the results are described in Chapter Six.



CHAPTER FOUR

ACUTE UHANGES IN PLASMA TESTOSTERONLE LEVELS AN THEIR

NitLATION TO SEAUAL BEUAVIOUR

ool
B &+
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4.1 GENERAL INTRODUCTION

The experiments described in Chapter 3 have shown
that plasma testosterone levels were negatively
correlated with méasurements of sexual behaviour across
strains of mice. However, there was a great dgal of
variation in levels between individuals, an observation
thought to be the result of a pulsatile secretion
pattern of the hormone. The behavioural effects of
such transient changes in testosterone were not
considered, and the 'average!' strain levels were used
in the analysis. Such a procedure has an underlying
assumption that these pulses of testosterone were not
important behaviourally, and that the effects of the
hormone are of a sustained nature, not affected by
these transient pulses. Indeed, work on the decline
of sexual behaviour after castration, and its restoration
with injections of testosterone, would seem to'support
this view. Forrexample,—in the house mouse, the
elements of sexual behaviour do qot disappear immediately
after castration, but gradually decline over a period
of weeks (McGill and Manning, 1976), and restoration
of the behaviour with testosterone injections may
take several weeks before full behavioural potential
is re-established {Luttge, Hall and Wallis, 1974),
jlowever, there is now an increasing amount of evidence

that there are large changes in plasma testosterone
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levels, before, during and after copulation, and it may
be that these changes are related to the initiation of
sexual behaviour.

lncreases in plasma testosterone following
copulation have begen reported for many species ~ for
example in the bull (Katongole; Naftolin and Shqrt, 1971;
Smith, Mongkopunya, Hafs, Convey and Uxender, 197jh
the rhesus monkey (Rose, Gordon and Bernstein, 1972);
the rabbit (Saginor and Horton, 1968; Haltmeyer and
Eik-Nes 1969; Hilliard, Pang, Penardi and Sawyer, 1975);
and the rat (Furvis and lHaynes, 1974; Kamel, Mock,
Wright and Frankel, 1975). These increased levels of
testosterone are probably produced in response to
increased gonadotrophins, rather than for example to
changes in blood-flow to the testes, since in many of
these animals increased plasma levels of gonadotrophins
can also be detected. For example, in the bull,
Katongole et al found increased LH levels immediately
prior to copulatian and similarly in the rat, Mock et
al found increased levels of LI and prolactin after
copulatione.

The nafure of stimulus involved ;n these changes
is not fully understood - in some animals hormone changes
can be detected before physical contact actually occurs,
but in others copulation itself seems to be important.
For example, in the bull, Katongole et al report that

the sight of a cow being led to the bull was sufficient
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a stimulus for increased levels of LH to be detected,
and in the hamster, the smell of the feméle was found
to result in the pulse of plasma testosterone in the male
(Macrides, Bartke, Fernandez and D'Angelo, 1974j. 1n
the rat, increases in plasma testosterone can even
occur in response to inanimate, environmental stimuli
normally associated with access to recéptive females
and copulation: a male placed in a tésting arena in
which a recebtive female is usually placed, can result
in increased testosterone levels before the female is
put in the arena (Kamel et al; 1975)., ‘thus in sbme
species, changes.in plasma LH and testosterone are not
necessarily dependent on specific stimuli, or to sexual
contact itself {although copulation may enhance the
response), and can be produced before behavioural
changes are apparent.

Since these changes in hormone levels can be
demonstrated before copulation, theae increased levels
may have effects.on behavibur, either difectly by
the action of testosterone on neural areas mediating
behaviour, or indirectly via changes in gonadotwphins,
and gonadotrophin releasing factors in the brain. if
these changes are important in determining the
probability of copulétion, then there are several

predictions we might make regarding the time-course
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and incidence of such events. Firstly, these éhanges
would be expected to occur before the initiation of
sexual behaviour, and also they should be elicited By
stimuli without physicél contact between male and female
being allowed. Secondly, in the course of a single
test with a group of animals, we might expect animals
showing sexual behaviour to have higher testosterone
lévels than animals not showing any sexual behaviour,
The experiments to be described in this‘Chapfer
investigate whether there are such increases in plasma
testosterone in response to the presence of ocestrous
females (in the house mouse), and also whether the
incidence of such ‘acute' changes in testosterone can

be related to differences in behaviour,



.2, BEAMERIMENT 4

The effects of oestrous female proximity on plasma

testusterone levels in several strains of mice

h.2.,1., Introduction

In the general introduction, we discussed work
showing that short-term (acute) increases in LH and
testosterone levels occur in many male mammnals in
response to sexual stimuli., This experiment investigates
whether such clianges occur in response to olfactory
contact witn ovestrous females, and whether there are
strain differences in this response which mignt relate
to the strain differences in sexual behaviour, as
described in Experiment 1.

The strains of mice used were chosen on the basis
of differences in their requency of mounting behavicur -
five lines were examined, two low frequency mounters,
Balb/c and CHA/H, and medium DBA/2J and two high
responders, tne' C5781/6Fa and the hybrid BDF . It
was decided to use animals with some sexual experience
since the resuitts of Zxperiment 1 revealed that mount
and eJaculation'latencies were longer in the firs£ test”
than in subsequent tests, suggesting that the first
. encounter witn a receptive female may be partly a

tPamiliarization' situation,
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h.2,2, Method

All mice used in the experiment were obtained
from stock bred in tle laboratory, and were housed in

groups of 8-10 in large cages, under the conditions -

previously described. At 10 weeks of age the mice were
given a sexual exberience test which consisted of each
male being pluced in a small cage with a receptive BDE
female for one hour. pehavioural measurements were not
recorded, and males were then returned to their home
cage.

At 11 weeks the mice were exposed tu oestrous
BUFl females for 15 mihutes, and blood samples
removed. womall, clean cages were divided by a double
wire-mesh grill, through which air could tfreely pass,
but which would not allow contact between male and
female. & receptive fewmale, injected the previous
evening w;th 100 pg estradiol benzoate, was placed in
one half of the cage, and a clean plastic lid was
placed on top. After 5 minutes a male was placed on
the other side of the mesh, and left undisturbed for‘
15 minutes. The male was then removed, and exsanguinated
as previously described, within one minute, As |
experimental controls, male mice were placed in the
divided cage as before, but no female occupied the
other half of the cage. It was decided not to use
anoestrous females because mice will attempt to mount

such females (Macrides, Bartke and Dalterio, 1975)
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suggesting that 'general! female odours are sufficient
to stimulate sexual behaviour, and therefore may have
effects on testosterone levels.

111 the tests were conducted in the room in which
the mice were normally housed, and which coutained
females all the time., The micelwere therefore used to a
tbackground' female smell, but were not used to such
close proximity with oestrous females as was found in
the tests,

Differences between experimental and control groups
witlhiin each strain were examined using the student 't!
test, with the daﬁa transformed to logarithms to

normalise the distribution,.

L,2.,3. Results

The plasma testosterone levels of the five strgins
examined are shown in Table 4.1. In the Balb and CBA strains,
there were no significant changes in testosterone levels
between experimental and control animals. The DBA and
C57 strains both showed significant increases in the
plasma testosterone in the experimental groups (student
1t' test - 't' = 2.7, af = 14, p < 0.02, 't* = 2.8,
df = 18 p < 0.02),

In the BDF's high vélues of over 7 ng/ml were
found for both experimental and control groups.
Earlier measurements, reported in lxperiwment I, found

mean plasma levels of less than 3 ng/ml. Lt was thought



Table 4.1

The. influence of the proximity of oestrqus female mice

on plasma testosterone levels , in several strains of

the male house mouse.

a) Balb/c strain.

N
With female ‘20
No female 20

Testostercne level

Ln I sy ng / ml
1.42 0.31 .2
1.51 0.26 4,5

Student "t" test -

ns

b) . C57Bl/6  strain.

N
With female 10

No female 10

Testosterone level

Ln - SE ng / ml
1.12 0.32 . 3.1 *
-0.11 0.20 0.9

Student "t" test

- = 2,8, p<0,02
‘t{18) 'y P




c)

CBA/H strain.

Table 4.1 cont.

Testosterone level

N Ln Y s ng / ml
With female 19 1.60 0.24 h,9
No female . 19 1.34 0.27 3.8
Student "t" test -~ ns ‘
d} BﬁFl strain.
. Testosterone level
+ ~
N Ln - SE ng / ml
With female .16 2,00 0.19 7.4
No female 16 2,17 0.18 8.7
Student "t" test - ns
e) PBA/2J strain.
Testosterone level
N Ln I sk ng / ml
With female 8 2.63 0.37 13.9
No female 8 1.22 0.36 3.4
Student "t" test_'t' =
1< es (,]_14)

2.7, p<0.02
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that perhaps this strain was shéwing the "anticipatory"
e¢ffects, as described by Kamel et al (1975) for the
rat. Although tiiese mice were only given oue sexual
encounter prior to tne experiment, it may be that this
was sufticient for an association between the small
test cuges and copulation to be established. A second
group of HDFl's was thereforerexamined, in which the
mice were sexually inexperienced, Plasma testosterone
levels are siown in Table 4.2 - again both experimental
and control animals showed high levels of over o ng/mi,
but the experimental group showed levels of over 11 ng/ml,
significantly higher than controls (student 't' test,
'ttt = 1.7, df = 14 p < 0.05, onemtéiled since directién
of change predicted).

h.2.4, lsdiscussion

The results show tihat plasma testosterone levels
do change in male mice in response to oestrous female
proximity, and that these changes are most marked in
strains whiclt generally show a hiéh degree of sexuaal
responsiveness,

The Balb's and CBA's both of which showed the
lowest levels of sexual behaviour in Experiment 1, did
not show an increased level of plasma testosterone.
The 'medium' and 'high' sexual bebhaviour strains -

the LBa, C57 ana BDFl - all showed increases in



Table 4.2

The influence of the proximity of oestrous female

mice on plasma testosterone levels , in sexually

inexperienced BDFl mice.

Testosterone levél

N Ln. ¥ SE n m1
‘With female 8 2.47  0.20 11.8

No female - 8 1.88 0.29 6.6

Student 't! test- 't'=1.7, df=14, p< 0.05

( one-tailed )
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testosterone levels compared to controls,

However there were two anomalies to these results.
Firstly, when compared to the testosterone levels
measured in Experiment 1, both control and experimental
values for C57's were less than previously described.
1Basal'! levels from Experiment I were reported as
over 3 ng/ml, wheréas the experimental group of this
experiment also had levéls of over 3 ng/ml, but controls
were less than 1 ng/ml. It might be argued that in
fact control values showed a depression of testosterone,
rather than that experimental animals showed elevated
testosterone levels. However, animals used in this
experiment came from stock bred in the Zoology bepartment,
Edinburgh, whereas the previous experiment used'animals |
bred in the Genetics Department, Edinburgh. It may well
be that environmental conditions differ sufficiently
between the breeding colonies (for example - Genetics
use breeding cages which have perforated metal lids,
which allow very little light into the cage), to account
for these ditferences in testosterone levels. Secondly,

the BDFl hybrid mice all showed greater plasma testosterone
levels than those previously reported. Using sexually
experienced animals, both experimental and control group
values were greater than 7 ng/ml, whereas 'basal! levels

from Experiment I were measured at less than 3 ng/ml.
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Inexperienced animals also showed high levels in both
groups (over 6 ng/ml), although here the experimental
group did show grsater levels than controls (over 11 ng/ﬁl),
It may be that this strain is exceptionally sensitive
to female odour, and that control animals could detect
cestrous females in adjacent experimental cages -
although this seems unlikely since they ﬁere continuously
exposed to generalised female odours from the room in
which they were housed. A mére likely explanation is
that this strain shows increases in plasma testosterone
in response to u variety of stimuli, and removal from
the home--cage groups, and isolation for 15 minutes, in
the controls, may be sufficient a stimulus for these
changes to occur, These responses are however heightened
in tile presence of oestrous female mice. : .

The tailure to Jemonstrate changes in testosterone
levels in the Balb and CBA strains may be the product
of several factors - perhaps these mice need a preater
exposure tiwe to tie females or need direct genital
sniffing before the olfactory cues can be detected.
aAlternatively, the élasma testosterone of these strains
may be already at maximal levels, and there may be
changes in plasma gonadotwphin levels which were not
measured in this experiment, but which correspond to the

changes in LH which are inferred in the other strainse
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Increased levels of plasma testosterone in male
house mice have also been reported in other social
situations. Mucrides, Bartke and Dalterio (1975)
report that random-bred male mice exposed to "strangey
i.e.{=unfamiliar,females, show increased levels of
plasma testosterone after 30-60 minutes contaét.
tBasal! levels of 15 ng/ml, in previously isolated
animals; and ‘basal' levels of 8 ng/mlinigroup
housed animals {(with females) increased to over 23 ng/ml
in both groups. These values are considerably higher
than those from the present experiment because mean
values were computed arithmetically, but the increases
are of the same order. The females used here were of
unknown oestral state, and it might be argued that the
testosterone changes were related to a general tgsocial’
stimulus, rather than a specifically 'sexual{ stimulus
as outlined in the introduction., However Macrides et al
report that the mice repeatedly attempted to mount the
females, desQite their unreceptivg state, shiowing that
they perceived the stimulus as sexual, and secondly
exposure of the animals to ‘'strange’ males did not
have ahy significant effects on plasma testosterone,

Are these increases in plasma testosterone
important in determining tne probabilify of sexual
behaviour? The observation-that strains which show

1ittle sexual behaviour, are also those which do not
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show an increase sugpests that they may be important,

If this is so, then it would be expected that in a

group of mice which have been tested for sexual responses,
+ the 'responders' should have higher testosterone

levels than 'non—responders', an aspect which is

exuamined in the next experiment.



bh.3. LXPLRIMENT 5

Levels of plasma testosterone in several strains of

mice after a 30 minute encounter with a receptive female

4.3.1. Introduction

The previous experiment has shown that strains of
mice, which normally show a high incidence of's;xual
benaviour, show increased levels of plasma testosterone
after exposure to oestrous female mice. Strains of mice
which are generally unresponsive do not show these
changes. To determine whether these increases are
behaviourally important, this experiment examines
whether, in a group of mice, the animals which‘show
sexual responses are those with increased plasma
testosterone levels, 1t may be ‘that the increased plasma
testosterone is a generalised response shown by all
animals, and not related to the incidence of sexual
behaviour.

4.3.2. DlMethod

The experiment examined four of the strains as
previously described - the 'low' }esponding Balb/c, the
'medium' responding uJBA/2J and the 'high! responding
¢57B1/6¥a and tie fniybrid bDFl. All mice were obtained
from stock bred in tue laboratory, and were housed in
groups of 8-10 in large cages, undef conditions as
previously described. At 11 weeks of age, the mice -
were given a sexual experience test, as described in the

previous experiment.
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At 12 weeks of age the mice were given a sexual
behaviour test, using the procedure .: - previously
described, except males were given only one bDFl
receptive female, and the test was terminated after
30 minutes, when the males were removed énd blood
samples taken as previously described. Females were
not changed at 10 minute intervals, as in kxperiment I,
because here we wish to examine the "non-responders" to
determine whether.there have been testosterone changes,
as well as the "responders”. The test time was limited
to 30 minutes only, because testosterone may decline
rapidly after a '‘surge', and changes may go undetected‘
if samples are not removed relatively gquickly. Further,
if a mouse ejaculated during the test, he was removed
and blood samples taken immediately, as 1t was thought
there might be secondury changes in plasma testosterone‘
associated with this response.

4.3.3. Results

The mean testosterone levels for the strains are
siiown in Table 4.3. There were slignificant strain
differences (Analysis of variance I' = 4,9, 4f =3, 113,
ﬁ < 0.01), with C57 showing the lowest values of
2.8 ng/ml. ‘fhe behaviour measures are shown in
Table 4.4, which shows the percentage of animals
shiowing no sexual responses, and also the percentage

of animals showing mounts, intromissions and ejaculation.



Table 4.3

~

Levels of plasma testosterone , in several strains

of the house mouse (Mus musculus), after 30 minutes

' : . 1
exposure to oestrous female mice.

-~ a}) All animals.

Testosterone levels

No. of . »
Strain . animals Ln I sE n m].
Balb/c 52 1.86 0,18 6.4
C57B1/6 29 1.03 0.18 2.8
BDF 15 . 1.81 0.26 6.1
DBA/2J3(F) 11 - 1.76 0.26 5.8
Analysis of Variance - "F" = 4.9 , p < 0.01
l) Animals e jaculating before 30 minutes were

killed and blood samples taken.,




Table L. 4

Sexual behaviour measures for several strains of

the house mouse, in a 30 minute hehavioural test.

Behaviour is expressed as the percent animals

showing each behavioural category.

Sexual behaviour

No sex. % % o
Strain N behavis Mount Intromit Ljaculate
Balb/c 52 42 58 49 11
C57B1/6 29. i? 83 83 53
BDF 15 20 80 © 80 76
DBA/2J 11 31 | 69 56 ‘ 37

N = number of animals
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The mean levels of testosterone of animals showing
no sexual responses, and of animals showing at least
mounting responses are shown in Table 4.5. 1In all
the strains, the mean plasma'testosterohe levels of
animals showing no sexual responses were lower\than
those of animals showing at ;east mounting responées.
in two of the strains, Balb/c and C5781y this difference
was significant (Student ‘t* test - 't o= 2.1; df = 50
p < 0.05; vg' = 3.3 df = 237 p < 0.05, using correction
for heterogeneity of variance).

‘fhe relation between the behavioural levels
reached in the test. of no response, mount, intromission
or ejaculation and plasmé testosterone levels were
further examined in the Balb/c strain, where over 50
animals were examined. The mean plasma testosterone
level of animals in each behavioural category was
determined, and are shown graphically in Figure 4.1,
Using the non-parametric Spearman-kank correlation
coel'ficient, the 'levels of behgviour' reached were
positively correlated with plasma testosterone. The
individual data points for this‘relétionship are
shown in Figure 4,2, and show that a high plasma
testosteronellevel was not necessarily associated with
high behaviour, but that low plasma testosterone levels
were associated with a low level of behaviour. The
other strains were not analysed inlthis way because
of tite smaller sample sizes, and because the data was

not so evenly distributed.



Table 4.5

levels of plasma testosterone, in several strains

of the house mouse (Mus musculus}, after 30 minutes

exposure to female wmice in ocestrous.
,b)' A comparison of testosterone levels of animals
which show no sexual behaviour, with those of animals

which show at least mounting behaviour,

Balb/c strain

Testosterone levels

N. Ln. =+ SE ng /. mil
No sexua) behaviour 22 1.54 0.27 4.6
" Sexual behaviour 30 2.11 0.11 8.2
Student "t" test - g = 2,1, P < 0.05

.05781/6 strain

Testostercne levels

N. Ln. I sE n / ml
No sexual behaviour 6 0.39 0.33 1.4
Sexual behaviour 23 1.16 0.15 3.2

Student "t" test - ngr = 3.34 , p< 0.05




BDFl'strain

Table 4.5 cont.

Testosterone levels

_Z .

N. Ln. 2 sE n ml
No sexual behaviour 3 1,07 0.34 . 2,9
Sexual behaviour 12 2.00 0.26 . 7.4
Student "t" test - N.s.
DBA/2J(F) strain -

Testosterone levels
" ,

N. Ln. - SE n ml
No sexual behaviour 5 1.38 0.54 4,0
Sexual behaviour 11 1.92 0.27 6.8
Student "t" test - n.s.




Figure 4,1

. Levels of‘plasma testosterone in male Balb/c mice

after 30 minutes exposure to female mice in oestrous.

‘Mean testosterone levels are grouped accordiyg to the
maximum 1evé1'of'behaviour shown by each animal.Animals
ejaculating before 30 minutes'were-killed , and blood-

samples taken.
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" Figure 4,2

Levels of plasma testosterone in individual Balb/c

mice after 30 minutes exposure to ocestrous females.

The testosterone levels are grouped according to

the behaviour shown in the test.
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within each strain the relationship between
mount and ejaculation latency and testosterone levels
were deterwined, and are shown in Table 4.6. in all
of the strains, mount latency showed a significant
negative correlation with plasma testosterone levels,
using uata logarithmically transformed. There‘ﬁere no
significant correlations between ejuculation létency and .
testosterone levels in any of the strains,.
L.3. 4, siscussion

Analysis of plasma testosterone within strains
showed levels to be higher in animals showing sexuai
responses than in those not showing sexugl responses.
rurther, the latency to mounting was inversely correlated
to plasma testosterone - animals which mounted quickiy
had highwer testosterone than tliose mounting later in
the test. lHowever, e jaculation latenéy showed no
correlutions with plasma testosterone levelse

Within each strain, animéls which showed sexual
responses of at least mounting had higher testosterone
levels than animals showing no sexual responses =
these differences were significant in the palb and C57
strains, the other strains failing to reach significance
jue to the swaller number of animals examined. -4n
the wualb,c strain, further analysis revealed that
testosterone levels were also positively related to the
jevel of behaviour shown, thus animals which intromitted

and ejaculated had increased testosterone over animals

which only mountede.



Table L .6

Pearson correlation coefficiants between plasma

testosterone levéls-and mount and ejacunlation

latencies in the male house mouse(Mus musculus).

Animals were killed and blood samples taken either
at ejaculation or after 30 minutes exposure to

oestrous feinale mice.

a’) Mount latency
Strain
Statistic Balb/c C57B1/6 BDFl DBA/2J
r= -0.33 -0.44  -0.73 -0.58
n = 30 273 12 11
p < 0.05 0.05 0.05 0.05
‘b) Ejaculation latency
. Strain
Statistic Balb/c C57B1/6 BLF | DBA/2J
T o= . 0.30 -0.35 _-0.13 0.32
n = .5 16 11 6

P < ns _ ns  bs ns
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In all the strains, mount latency was inversély
related to plasma testosterone levels, but ejaculation
latency showed no such correlations. ‘This suggests that
testosterone levels are more related to factors involved
in the initiation of sexual behaviour, rather than
to factors involved in the 'execution’ and termination
of tue behaviour. <The apparent relationship between
increased plasma testosterone and percentage ejaculation
in the palb‘s was probably an artifact - oniy those
animals which mounted early in tne test, and therefore
had high testdsterone, had sufficient time in which
to show tie ejuculatory response. ‘Thus, in terms of
seach s model of rodent sexual behaviour (1956), plasma
testosterone may be associated more with the arousal
meclianism tlian with the copulatory mechanism,

Although these results support the idea that
increased téstosterone levels may be important in the
initiation of sgxual behaviour, there are several broblems
which must be furtner-examined. ;irstly, we must examine
whether testosterone increased before the initiation of
copulation, or whether animals with already high levels
were thoSe that showed sexual responses, Although |
tiiis seems unlikely in view of the r'teaser'
experiment deséribed earlier, it must be noted that an
effect could not be demonstrated in the high 'basal’®

testosterone strains such as salbsc and ubpa. whether
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testosterone 'rises' prior te copulation, or whether
animals with already high testosterone lefels are those
which show sexual responses is difficult to deterwine,
and may well be a combination of both factors. After
the introduction of a receptive female, those animals
with low plasma testosterone levels may increase their
levels, and those animals with already high levels may
maintain them for the duration of copulation. 1In the
preceeding teaser experiment, it was found that strains
of mice with low 'busal' testosterone levels; as
determined in Experiment I, showed elevated levels after
15 minutes exposure to an gestrous female, but that
strains witi: high basal testosterone levels did not
show such increases. Thus, in BDFl, C57 and 0UBa,

where testosterone levels gignificantly increased under
‘teaser! conditions, it seems likely that the testosterone
increases seen after the test were related to the
incidence of sexual behaviour; but that in the Balb
strain it was those animals with already high
testosterone levels that showed sexual responses. The
failure to detect increases in plasma testosterone in
the Balb strain was also confirmed in this experiment,
the level“of testosterone after 30 minutes' exposure to
a receptive female was 6.% ng/ml, a value not
significantly different from the tteaser! level of

4.2 ng/ml, and the 'basal' levels, from Experiment I,
ot 5.8 ng/ml. A similar phenomenon'has been reported

in the rabbit (liilliard et al, 1975), where if testosterone
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levels were low preceeding copulation they tended to
rise, but if already nigh they did not show further
increases. Similarly, in the bull (Katongole et ai,
1971), sexuual stimuli result in a large pulse of LH;
witich if testosterone levels were low, results in a
release of the hormone, but if testosterone was already
high has no further effect,

Secondly, since all blood samples were removed
after copulation, it may be that the positive correlation
between plasma testosterone and measures of sexual
behaviour was a secondary effect, due to the release
of testosterocone in response to copulatory stimuli, "
in particular intromissions and ejaculation., Although
the previous 'teaser' experiment demonstrated that
testosterone levels could increase without physical
contact between male and female, it may be that this
tpulse! declines rapidly, and the changes seen in
the present experiment wmay be secondary responses to
other stimuli. This question would be simply answered
if it were possiﬁle to take continuous blood
samples from the mice, but as tiiis was not possible,

a second approach was adopted, which involved removing
blood samples from the mice when particular behavioural
criteria lhad been reauched. That is, to keep the
behaviour  -as a constant, and examine the testosterone
levels wt several stages as is described in tile next

experiment.
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b, 4, BAPERIMENT 6

The levels of plasma testosterone at different stapges

of copulation iy three strains of the house mouse

h.4,1, introduction

The experiment aims to determine whether
testosterone levels change during copulation, and in
particular whether they increase after intromissions
and ejaculation. The previous experiment has
demonstrated that immediately after sexual behaviour,
mice have elevated testosterone levels, which
positively correlate with the amount of sexual behaviour
shown. This experiment examines whether this correlation
was the result of copulatory stimuli having direct
effects ocn plasma testosterone levels.

One way of determining whether copulation has
effects on testosterone levels is to measure the
levels in blood samples removed from the animal as
soon as the behaviour is shown, If these levels are
high, then we know that the increases in the levels
occur before any direct effects of genital stimulation
cah have effect. .nalysis of blood samples removed at
later stages of copulation will show whether copulatory
stimuli have ‘'additive' effects - perhaps ejaculation
results in a pulse of testosterone.

For this type of experiment, it is important to

assign the animals to he measured at each stage of
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behaviour before the experiment begins so that, for
example, 'fast' copulators are not inadvertently
selected for particular groupSs We know from the
previous experiment that animals which start to copuluate
quickly have higlier testosterone than animals slow‘to
initiate behaviour and care must be taken to ensure
tfiese animals are not, for example, grouped in the
ejaculation category.

The tour stages of copulation used here were
(i) the first mount, (ii) the end of the second bout
of intromission, (iil) ejaculation and {(iv) 30 minutes
after ejaculation.
hoh,2, Method

Balb/c, ¢57Bl/6Fa and BDFl male mice, from stock
bred in the laboratory, were housed in groups of 8-10
in large cages, under conditions as previously described.
it 10 weeks of age, all animals were piven a sexual
experience test, and were placed with receptive BDFl
females in single cages for one hour.

At 11 weeks, tiie animals were placed with
receﬁtive BuFl females, under conditlons as previously
described, in single cages. kEach male was assigned
to one of the 4 hehavioural categories, and as soon
as criterion was reached, the male was killed and
blood samples removed for assay of testosterone.

Animals not reaching mount and intromission

criteria within 30 minutes of the test, or which did
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not ejaculate after 30 minutes of intromission were
eliminated from the experiment,
h,4.3, Results

The plasma testosterone levels at the different
stages of copulation, for each of the strains, are shown
in Table 4.7. There were no significant differendes‘
within the Balb's and €57's for each stage of behaviour,
but the.nDFl's-snowed significantly higher levels at
mount and intromission’ than at ejaculation, and 30 |
minutes after ejaculation (Analysis of Variance F = 8.7,
df = 3, 29 p < 0,01), The strain means were averaged
across the corresponding behavioural categories, and
the 'overall' changes in testosterone for the three
strains are shown in ‘lable 4.8 - there was a décline in
testosterone levels from mounting to 30 minutes after
ejaculation,

1t is also of interest to compare the testosterone.
leve;s between strains at corresponding behavioural
categories, At 'mounting' there were significant
differences between the strains (Analysis of Variance
't = 12.2, df = 2, 17 p < 0.01), and all strain levels
were significantly diffe: ent from one another (Student
Neumgn-neuls a4 posteriori test). uDFl showed the '
highest testosterone level of 16,5 ngyml, followed by

Balb/ec with 7.8 ng/ml, and C57 showed the lowest levels



Table 4.7

Levels of plasma testosterone, in samples removed at

different stages of copulation , in several strains

of the house mouse,

Animals were allowed to copulate until reaching a pre-
assigned criterion of sexual behaviour, after which they

were killed and blood samples taken. The eriteria used
|

were - the first mount (Mount) ,the second intromission

bout (Intro) , ejaculation (Ejac) and 30 minutes after

.

ejaculation (Ejac-30).

a) Balb/c strain.

Testosterone Behaviour

Mount Intro Ejac Ejac-10

No. of animals 7 10 10 L

Mean - Ln | 2,06  2.00 2,20 1.01
SE 0.27 0.33 0.24 0.50
ng/ml 7.8 7.h‘ 9.1 2.7

Analyéis of Variance - "F"(3’27)= 1.88, p = ns




Table h.?;icont.)

C57B1/6 strain.
Testosterone Behaviour
Mount Intro Eijac @jac—jd
No. of animals 6 7 10 6
Mean - Ln. : 1.22 0.27 0.98 0.88
SE : 0.22 0. 34 0.35 0.11
-ng/ml 3. h 1.3 2.7 2.4
Analysis of Variance - "F" = 1.6%, p = ns
- S (3, 25)
BDFl strain. .
Testosterone Behaviour
Mount Intro Ejac Eijac-30
No. of animals 7 8 10 8
Mean - Ln. 2.80 2,63 1.50 1.51
SE . 0.17 0.20  0.27 0.24
ng/ml 16.5 13.9 h,s . L4.5
Analysis of Variance -~ "F =8.74% p < 0.01
| 3,29)




: o | - : Table 4,8

Overall plasma testosterone levels for Balb/c, C57B1/6

and BDF1 male mice, at different stages of copulation. -

Means were calculated from the mean plasma testosterone
levels for each of the strains, at each behavioural

category, as shown in Table 4.5 .

Behaviour Testosterone level

Ln t sp ng / ml
Mount - 2.03 0.46 )
Intro. 1,63 0.71° 5.1
Ejac. ' ©1.57 0.35 4.8

Ejac-130 1.12 0.19 3.1
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of 3.4 ng/ml. Similarly, at intrvomission there were
overall strain differences (r = 14,8, df = 2, 22

p < 0.01}, the highest values were shown by ggrl

\13.9 ngs/ml) and Balb {\7.4 ng/ml} and |57 was
significantly lower at 1.3 ngs/ml (student Newman-heuls
test;. At ejaculation there were also strain differences
\r = 4.k df = 2, 27 p < 0,05), with palbsc showing

the highest values (9.1 ngsml), and the lowest by

w57 1247 gg/ml) {Newman Keuls test). uuFl was
intermediate at 4.5 ngsml, and not significantly
different f'rom either ¢57 or balb, ‘Thirty minutes after
ejuculation there were no significant differences between
the strains (F = 1,7 df = 2, 15 p = ns),

L.,4., 4, Discussion

These results show that testosterone levéls do
not increase during copulation, but show a general
decline which continues after e,jaculétion° The highest
plasma testosterone levels were found at the initiation
of mounting (over 7 ng/ml), and the lowest values were
seen 30 minutes after ejaculation (3 ng/ml). There
were strain differences in testosterone levels at mount,-
intromission and ejaculation, although not at 30
minutes after ejaculation,

The finding that testosterone levels did not

increase during copulation agrees the findings of
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Kamel et al {1975), who found that in the rat, levels
of testosterone were as high after one intromission
bout as after ejaculation, but that both levels were
greater than the 'resting' levels of animals not
exposed to receptive females, ‘"ihey also measured LH
levels, and their data suggests that levels reached a
peak after less than five minutes contact with the
female, and then began to decline, although not
significantly.

+n the previous experiment of this chapter, it
was found that mice 'spontaneously' copulating had
higher testosterone levels than non-copulators, and it
was suggested that this may have been due tc stimulatory.
etfects of copulation itself on testosterone release.
However, tne results from this experiment refute this
hypothesis since plasma levels of testosterone were at
their highest at the initiation of the behaviour; and
declined rather than increased as behaviour p?ogressedo
Thus, the rises in testosterone levels or the already
high levels; of the ‘'copulators® of the previous
experiment must have occurred before the initiation of
sexual behaviour, and might therefore be involved in the
mechuanisms which mediate sexual behaviour. in fact, the
decline in testosterone levels found to occur during
copulation would have partially -masked- the relation
between testosterohe and sexual behaviour reported in

the previous experiment,
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At the initiation of mounting responses there were
large strain differences in plasma testosterone, with
nuFl showing highesﬁ levels, followed by ﬁalb/c and
tile C57's showing lowest levels, ‘this is a very
different situation from the 'basal' levels as ‘reported
in sxperiment 1, where the alb s showed higher
testosterone levels than nufl and 57, shus the negative
correlation described in wxperiment 1, between plasma
testosterone levels and measures of sexual behaviour,
breaks down when levels are measured at the time of
behaviour itself, and no simple relationship can be
substituted.

Thirty minutes after ejaculation, there were no
significant differences in plasma testosterone between
the strains, and levels were lower than those found at
mounting and intromission., In part, this may have
been becuuse fewer animals were examined (in particular
Balb/c¢), but the data does suggest that all the strains
were converging towurds uniformly low levels of
testosterone after ejaculation. This is of interest
because after ejaculation, mice show a ‘refractory’
period, during which sexual responses cannot be elicited,
and which may last for hours or even several days
(McG4i1l and Blight, 1963b). The results of this
experiment suggest that the refractory period may be

related to low post—ejaculatory testosterone levels,
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L,5. GENERAL DISCUSSION

To summarise, the three experiments described in

.this Chapter have demonstrated that:-—

1) Close proximity of oestrous female mice results

in increased levels of plasma testosteronein males,

in particular from strains with low 'basal' testosterone
levels, and a high probability of showing sexual behaviour.
2) Blood samples removed immediately after a sexual
behaviour test show that the incidence of these changes
in plusma testosterone is related to the incidence of
sexual behdviour such that within strains, plasma
testosterone levels were higher in ‘'copulators' than
‘non-copulutors’'; there were correlations between
testosteréne levels and the mount latency, but none

with the ejaculation latencye

3) Blood sumples removed at particular stages of sexual
behavﬂqur showed testosterone levels to be greatest

at theiihitiation of mounting responses ;nd to decline
during?cbpulation.

These ohservations suggest that increases in
testousterone levels (oT in some cases already high levels)
are directly involved in the mechanismms which control’
the initiation of sexual behaviour, but not necessarily
with tiose involved in the execution of the behaviour,

in particular with mechanisms mediating the e jaculatory

respunsee.
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llowever, it is important to note that changes
in the levels of testosterong are the préduct of a
sequence of neuro-endocrine evepts, and any of the
preceeding links wmay be important in the coatrel of
sexual behaviour. Thus a correlation between testosterone
levels and measures of behaviour, implies that there is
also a correlation between other hormones, such as tie
pituitary trophic hormones (e.g., LH, FSH) and
hypothalamic releasing factors (e.g., LH~xF). 1In fact
there is some evidencey largely from work in birds,
stiowing that the gonadotrophins can be important in

behavioural control, In the weaver bird (Quelea quelea)

seusonal changes in agonistic behaviour correlate
closely with chunges in plumage colouration, but not
witlh testis size (Butterfield and Crook, 1968), The
plumage is considered to be largely under the control

of circulating gonadotrophins, and they suggest that the
tendency to respond apgressively is largely controlled
by pituitary gonadotrophins in this species. Further,
administration of testosterone propionate to low
‘ranking (uelea males does not change their social

rank, but injections of LH (of mammalian epigin) can
change social status, within an hour, through improved
performance in agonistic encounters (Crook and Butterfield

1968), Similarly, in Starlings (Sturnus vulgaris)

castration, or administration of TP, has no effect on




the soci.l rank of an individual from a group (Davis,
1957), but administration of L (of mammalian origin)
can increwse the aggression of low ranking males within
10-15 minutes such that they change in social rank
(Mathewson, 1961). In the rabbit adrenocorticotrophic
hormone (AUTil) has also been reported to have
behavioural.effects. ijertolini, Vergoni, Gessa and
Irerrari (1969) injected male rabbits with synthetic
B-AUTﬂ into the lateral ventricles and found that after
30 minutes the animals were "gexually excited", showing
" penis erection and ejaculation. . They found no such
effects in castrates, or in animals pretreéted with
the androgen inhibitor cyproterone acetate. It is
interesting that in female rabbits, intraventricular
injections of »ClTil result in increased levels of Lid
(Baldwin, Haun aund Sawyer, 1974), and it may be that
the sexuel excitatory effects seen in males are in fact
related to changes in gonadotrophins. Thus, pituitary
normoneslare implicated as being important in sexual and
aggressive behaviours, but their role is not necessarily
absolute, tor.as Pfafrf (1970) has shown, hypobhysectomised
castrated rats still show increased sexual behaviour
after injections of testosterone.

Tine uypotialuamic releasing fucfors, such aé LH-RF,
may also have soue behavioural effects. In this context

the observations of ioss and McCann {1973) on the
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etfects of Li-kI' on the induction of lordotic responses
in female rats are very relevant. They found that
injections of LUH-RF resulted in lordosis respouses within
half an hour in 50 percent of animals, and in over '90
percent after 2 hours. Other releasing factors, such as
thyretrophin, had no eftfects on lordosis responses.
There may be similar effects in male rats, and since
as described by Kamel et al {(1973) there are increases
in plasma LH immediately prior to éopulation, it may
be that the IIl-RF, which 1is presumably also released
into brain areas, has direct effects on male sexual
beliaviour,

To summarise, the relationship found between
increased levels éf plasma testosterone and sexual

#

behaviour may be %he product of several, not necessarily
exclusive, neuro-endocrine events. The increased releuse
of androgens, gonadotrophins and hypofhalamic~releasing
factors may all nhave some effect on the mechanisms
which control sexual behaviour. Lt is unlikely that the
occurrence of sexual behaviour ié the product of a single
neuro-endocrine signal, but rather thet product of a
pattern of many stimuli, of which some, as these

experiments have shown, may be normonal.




CHAPTER FIVE

Tl EFPECTS OF CaSTKATION AN TESTOSTLHONE PHOPIONATE
THERAPY ON SLEAINAL VESICLE WEIGHTS AN MEASURES OF

SEKUAL BEHAVIUUR
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5.1. INTROWUCTION

in Chapter Three, plasma testosterone levels
seross several stirains of mice were examined, and it
was found that strains which normally show a high
incidence of sexual behaviour had lower testosterone
jevels than strains with a low incidence of sexual
behaviour. It was suggested from these results that
the strains of mice wauy differ in'tneir sensitivity to
testosterone, and that sexually respousive, low
testosterone strains had a heightened responsivity'at
the bypothalamopituitary axis, mediating the 'feedback
loop', and also at brain areas controlling sexual
beliaviour., Illowever, this inference has an underlying
assuamption which may not be warranted - that the levels
of testosterone measured in the plasma refiect the
testosterone requirements for the diqplay ol sexual
beliaviour. For example, that the strains of mice with
high testosterone levels "need" these leveis for
normal sexual behaviour. flowever, it may be that the
strains of mice witih high plasma testosterone have, in
féct, al excess ol hormone over that necessary for the
Jisplay of sexual behaviour. The high testosterone
levels may be related to some other phenomenon
concerned with other aspects of fertility, for example
the maintenunce ol peripheral androgen dependent

structures, such as the seminal vesicles,
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This problew of whether plasma testosterone was
only coincidentally related to behaviour lias besen
partially investigated in Chapter Three, An F2 analysis
was carried out, and the results supported the suggestion
that testosterone levels were closely related to sexual
behaviour, but positive results were in fact onl& found

in one of tlie two I, populations examined. A further

2
examination of tne role of plasma teﬁtoaterone would
seem necessary, and the experiment to be described in
this Chapter investigates the effects of injections of
testostekone into castrate males of three of the
strains previously described.

There is evidence from studies in botn the rat
and the rabbit, that in fact testosterone may be in
excess of levels required for the display of éexuai
benaviour. In-the castrate rat, the dose Qf injected
testosterone proﬁionate which will maintain ejauulatory
behaviour is lower than that necessary to maintain the
weights ol the seminal vesicles and the prostate at
tintact control' levels (Davidson, Johnston, Bloch,
smith and wseick, 1970). This suggests, as thie authors
point out that... "the normal circulating amouﬁt of
androgen is greater than the amount necessary for the
maintenance of sexuual behaviour." Similarly, in the
rabbit, the doses of testosterone necessary to restore
sexual behaviour to precastrational levels are less

than the doses required to restore the seminal fructose
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concentration (an androgen sensitive response} to
levels comparable to those of intact controls (igmo,
1974), Thus, in both of. these species, plasma
‘testosterone levels may be in excess of those
necessary for sexual behaviour.

One of the questions which this experiment
examines therefore, is whether a similar phenomenon occurs
in the mouse, in particular in those strains with high
plasmna testosterone levels. To determine this, the
doses of testosterone which maintain sexual behaviour
are compared with those that maintain the weights of
the seminal vesiclies. The minimum dose of testosterone
which maintains the seminal vesicles at the level of
intact controls, may be equivalent to normal levels of
testosterone. By determining whether the levels
necessary for behavioural maintenance are less, or
greater than, these levels, we can determine whether
‘normal basal' plasma testosterone levels are in excess
of tiiose necessary tor sexual behaviour,

These levels of testosterone which maintain
seminal vesicle and behavioural parameters can also be
compared across the strains, In this way we can
determine whether the strains differ in 'responsiveness!
to testosterone. Thus a strain in which sexual beliaviour
can be maintained with a low dose of festosterone Y
might be considered more androgen responsive than a

strain which needs a high dose of testosterone,
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In Chapter rour, the plasma testosterone levels
of several of the strains of mice, examined in Chapter
Three, were re-examined under different circumstances.
llere, plusma samples were removed when the animals were
near females, or before and during copulation. Under
these conditions, it was found tihat the plasma
testosterone levels were very different from the:
unstimulated 'bLasal' levels previously measured. VIn
some of the strains, there were large increases in
testosterone levels, and these increases were related
to some aspects of sexual behaviour, For example,
animals with high testosterone levels showed shorter
mount latencies than animals with lower testosterone
levels. 1t was postulated that perhaps_rises in
testosterone prior to responding sexually might be
important in controlling some aspects of the bebhaviour,
in particular the mount latency. 1f these changes
in testosterone are important in behavioural terms,
then we might expect to be able to demonstrate_a dose
response curve between injected testosteroue and
aspects of sexual behaviour.

in tue rat, a Jdose-response relationship between
testosterone propionate and measures of sexual behaviour
lhas been described by seach and tlolz-Tucker (1949).
Sexually experieunced male rats were castrated and L8
hours later dirferent groups were given 0, 25, 50, 100

or 500 ug of Testosterone rropionate respectively every
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day for 9 weeks. It was found that 50 ng TP/ day
maintained, that lower doses increased, and that higher
doses decreased the mount latenby. vaily injections of
50 pg TP or more maintained, or even increased the
proportion of rats displaying intromissions. It was
found that it takes more androgen to stimulate
e jaculatory responses, than to stimulate mounts or
intromissions, and that ejaculation latency was decreased
with increasing testosterone dose. However, the
behavioural compuarisons made were between pre- and
post-castrational tests, rather than to sham-operated
controls, and it is possible that the increased behaviour
observed may in part have been due to the increased
sexuual experience of the rats, |

In the castrate rabbit, it has been reported by
Rgmo and Kihlstrémﬁ(l97h)1 that there is no dose response
curve between testosterone and quantitative measures such
as the mount latency, although this study examined the
restoration, rather than the maintenance of sexual
pehaviour. Similarly, in the hybrid CD2E. mouse
{valb X 0UBA), Champlin, Blight and McGill (1968) found
that although 32 pg 1P injected every day would restore
the behaviour to normal levels, increasing the QOSe
to 1024 ug TP/day had no further effect, and measures

like mount latency could not be significantly decreased,
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The experiment to be described here investigates
.whether dose-response curves can be demonstrated in
strains of the mouse, and also whether behaviour can
be increased above normal levels, as Beach and Holz-
Tucker {(1949) céuld“do in the rat,

1o summarise, uxperiment‘s examines three main
questions:-
1) Do the 'basal’ plasma testosterone levels, as
measured earlier,reflect the "behavioural needs" of the
strain, or is,for example, testosterone in excess of
tuat necessary for the display of sexual behaviour?
2) o the strains differ in responsiveness to testosterone
in terms of maintenunce of peripheral structures such
as the seminal vesicles?
3) 1s there a dose-response relationship between
testosterone and measures of sexual behaviour, and

can behaviour be increased over "normal' levels?
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5.2. Method

Balb/c, C57B1l/6Fa and BDEl male mice, from
stock bred in the laboratory, were housed.singly,
at 11-173 weeks, in small cleur plastic cages, and
waintained under conditions as previously descriﬁed.
4ll males were housed overnight withh receptive UDFl
females on two occasions, to ensure that they were
sexually experienced before castration, The females
were checked for copulatory'plugs the following worning,
and only males which were known to have ejaculated at.
léast once were subsequently used in the experiment,

it 12-1% weeks of age all males were castrated,
or sham-operated under ether anaesthesia. 1the testes,
plus associauted fat bodies, were removed via a mid-
scrotal incision, which was then sutured with a wound
clip (Clay-idams, New Jersey - 9 mm Autoclipj. Sham
operated animals were anaesthetized, the scrotal sac
opened, left for one winute, and then the wound sealed
with an autoclip.

Jlormone replacement injections were given every
day - tue first injection being given while the animal
was still under anaesthesia after castration or sham
castration. -1he testosterone propionate (TP) (Sigwa
Ltd: Ah: androsten-17-0L-3-0One-Propionate)was
dissolved in Arachis oil:ethyl oleate, 90:10 vv, and
injected in 0.02 ml under the skin at the ‘'scruff' of

the neck. There were six experimental groups of 8-10
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mice for each of the strains. These were:

1) Sham operants + vehicle only injections

2) Castrates + vehicle only injections

3) Castrates + 6,2 ng P "

L) Castrates + 12.5 pg TP "

5) Jastrates + 25  npg TP "

6) Castrates + 50 ng TP "

Tﬁe mice were injected for 8 days%.(castration = day 1),

and tested for sexual behaviour on days 5 wnd 9, The
testing procedure wuas as previously described. After
the test on day 9, the mice wefe weighed, killed and
the seminal vesicles {(plus coagulating glands) were
removed, expressed of fluid contents and weighed.

Statistical Analysis

To compare the doses of injected TP which have
effects on different parameters, we need some way of
estimating the 'effective' doses of TR with so@e indicators
of central tendency and error factors of measurement.
Metiiods described in the literature compare the doses
of testosteroné which result in parameter values not
significantly different from those of intact controls
te.g., Javidson et al, 1970; DBartke, 1974). llowever
this method‘only gives a crude estimate of the TP
dose necessary, and gives no information as to the

variation in responsiveness of individuals. A more
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effective method of analysis may be to determine the
regression eyuation between the dose of TP and the
response, and to calculate the effective doses of TP
from this equation using the known response levels
from the control animals,

Therefore the correlation coefficient between the
doses of testosterone used (individual values) and the
response in Question was calculated using transformations
as necessary in order to linearise the data. The
logaritiunic transfofm was found to be necessary for all
testosterone values, and therefore in order to be able
to include the oil,i.e.; 0 dose levels, the data was
actually transforumed as Ln (Dose + 1). If_the correlation
was significant at p < 0.05 then the equation of the
line was determined. From this equation, the doseg of
testosterone which were equivalent to the levels of the
measured parameter in the intact control animals was
calculated. Individual values from the controls were
used, and the calculated levels of testosterone were
expressed as tihe mean + standard error, The equivalent
levels of testosterone for the parameters were then
compared using Analysis of Variance and Student Newmanw
Keuls a posteriori testse.

If the correlation between testosterone dose
and the behaviour was not significant, the data was
examined by ANOVAR to determine whether there were any
significant differences.between the groups receiving

different doses of testosterone propionates
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.1, Seminal Vesicle Weights.

Tlie dose response curves between semina; weights
and TF dose are slhiown in Figure 5.1. There were no
significant differences between the body weights oif the
strains (Sham contrels - F = 0.54, df = 2, p = ns, body
weiglts between 25-26 £), and therefore the séminal
vesicle data was not corrected to a standard body
weighf. There were no significant differences between
the seminal vesicles of the three strains in the 'sham'
operant controls, but in the castrate, oil treated
(0.TP) group there were significant differences (F = 7.5,
df = 2, 24 p =< 0.01), with the lowest value being
shown by Ba;b/c (Student-Newman Keuls test p < 0.05).
The Balb/c strain showed a significantly greater decrease
in seminél vesicle weight after castration - BDFl and
C57 fea by 48 and 52% respectively, but Balb/c fell by
708, significantly greater than both BDF, and C57.
{Linear combination of means = Snédecor and Cochran
(1967 p. 269) - €57 x EDF,, 't'= 0,097 mns; C57 x Balb
't' = 3,839 p < 0,005, BUF; x Balb % = 4,172 p < 0.001.)

Lxamination of the dose-response curves (Fig, 5.1)
suggests that one strain, BUFl, shows a ceiling etffect
_of response, at doses of TP greater than 12.5 npg/day .-

There were no significant differences between the
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semiﬁal vesicle wéights at TP doses of 12,5, 25 and

50 ng/day, and therefore the correlations were calcﬁlated'
only from the O, 6,2 and 12.5 pg/day doses. The
correlation coefficients and regressidn equations were
calculuted as shown in Table 5.1, using the testosterone
dose transformed to logarithms. In order to be able to
include the o0il controls (i.e., O ng TP) the data was
actually transformed as Ln (Dose +1). Individual data
points for each mouse were used, and all correlations
were significant at p < 0.001, The regression equations
wele then calculated, using transformations as for the
correlation coefficient, and from this equation was.
calculated the doses of TP whichh would maintain the
seminal vesicles at. the 'sham' lcevels, That is, each
value of t'sham’ seminal weight (y) was interpolated in
the equation, énd the dose of TP (x) calculated. The
doses oif TP were then expressed as IOgarithmic:mean +
standard error. The doses for the three strains are
shown in Table 5.2 - Balb/c needed signiticantly greater
doses of TP (over 30 pg/day) than eitlier C57 or BDF
(both less than 10 pg/day) (Analysis of Variance F = 11,07,
df = 2, 26 p =< 0.01, Student Newman Keuls - Balb

nighest dose over (57 and BDFl P <:_0.05)n



Table 5.1

|

Correlation coefficients and regression equations of

seminal vesicle (plus coarpulating gland) weights and

injected doses of Testosterone Propionate in castrate

mice,

Strain : Correlation coefficiant Regression line
r = df = p <. a = b =

Balb/c 0.90 A 0.001 19.454 21,913

C57B1/6Fa 0.87 43 0.001 33.909 21.192

BDFl 0.91 26 0.001 39.535 20,445

Equation . y = a + bhx, Qhere v = seminal vesicle

weight, x = dose of TP {Ln + 1).

Seminal vesicle weights were examined in animals receiving
0, 6.2, 12.5, 25 and 50 pe TP / day for Balb/c and C57B1/Fa,
but only 0, 6.2.and 12.5 pg TP / day for BDF, mice.

All TP doses were logarithmically transformed.




Table i.é

Equivalent doses of Testosterone Propionate ( TP npg /'d@y)

necessary to maintain the observed seminal vesicle weights

of sham castrated animals; as calculated from the regr-

ession of seminal vesicle weights of castrate mice on

“injected doses of Testosterone Propibnate.

Strain Dose Testosterone Propionate / day
+
n. ZSE  ( ug)
Balb/c - 3.49 0,16 ( 32 )
C57B1/6Fa - 2.32 0.12 - ( 9 )
BUF, _hybrid 2.28 0.21 - ( 9 )

Analysis of Variance .'F! = 11.07 , p < 0.01
- (2,26)
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5.3.2, Sexual Behaviour Measures

The dose response relafionships between the
mount, intromission and ejaculation frequenciés and
doses of 1P for the three strains are shown in rigures
5.2, 5.3 and 5.4, fhe group frequencies were calculgted
by taking the mean of the number of tests in which each
mouse showed the behaviour at least once -~ thus for
example a group average of '2' shows that all mice
showed the behaviour at least once in both tests.

Mount lrequency

There were no significant differences between the
mount frequencies of the three strains in the tsham!
operant controls (F = 1.70 df = 2, 27, p = ns), and in
the oil treated castrates (F = 1.59 df =2, 23, p = ns).
The three strains all showed decreases in mount frequency
in the castraped 0il treated groups, although these reached
significance only in the Balbs (Sfudent 't! test 't' =
2.41 df = 16 p < 0.05)‘and the BLF,'s ('t = 2,69
df = 9 p < 0.05).

The correlation coefficients and regression
equations between mount frequenéy and TP dose are
shown in Table 5.3, using TP dose transformations as
described above, Correlations were gignificant in only

the ©57's and BULUF. 's, and regression equations were

1

calculated as before. The levels of TP which would

maintain the mount frequency at '*sham' levels wers



Figure 5,2

Average mount frequency of castrate mice receiving

different doses of Testosterone Propionate.

AMice were castrated on day 1 of the experiment, injected
daily with TP and tested for sexual responses on days
5 & 9. The number of tests (0,1 or 2) in which each
mouse mounted at least once was determined and the group

_ +
average expressed as mean ~ Standard Error.

The 'SHAM' group were sham castrated and giveh daily

injections of oil.
The numbers in ( ) = the pumber of mice in each group.

.( * group significantiy ditrferent from SHAM controls)-
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Figure 5.3

Average intromission frequency of castrate mice receiving

" different doses of Testosterone Propionate.

‘Mice were castrated on day 1 of the experiment, injected

daily with TP and tested for sexual responses on days 5 & 9.
The number of tests (0,1 or 2) in which each mouse intromitted
at least once was determined and the group average expressed as

mean b Standard Error.

The 'SHAM' group were sham castrated and given daily injectiohs

of oil.
The numbers in { ) = the number of animals .in each group.

( * group signiticantly different from SHAM controls)
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_Figure 5.4

Average ejaculation fregquency of castrate mice receiving

different doses of Testosterone Propionate,

Mice were castrated on day 1 of the experiment, iﬁjected
‘daily with TP and tested for sexual responses on days

5 &9. The number of tests (0,1 oxr 2) in which each mouse
éjaculated was determined and tlie group average expressed

as mean - Standard Error.

The 'SHAM' group were sham castrated and given daily
injections of oil.

The numbers in ( ) = the number of mice in each group.

(_# group significantly different from SHAM controls)
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Table 5.3

Correlation coefficients and regression equations of mount,

intromission and ejaculation frequencies and injected doses

of Testosterone Propionate in castrate mice.

Strain

Balb/c
Mpunt frequency

Intr™ frequency

Ej‘acn frequency

C57Bl/6Fa

Mount frequency
Intr frequency

Ejacn frequency

BDF, hybrid

Mount frequency

Intr® frequency

Ejacn frequency

Correlation coefficient

Regression line

0.19
Ol 16-

0.41
0.68
Oa 37

0059

0,28
0.36

Uy
A

Li
Li
41

35
35
35

P <

ns

ns

0.01
0.001
0.05

0.001
ns

0.05

1.265
0.543

0.123

0.178

0.359
0.200

0.164

A0.237

Behaviour frequencies
0, 6.2, 12.5, 25,&50 pg TP / day in Balbs and C57s, and

0, 6.2, 12.5, &25 pg TP / day in BDF

1%°

were examined in animals receiving

All correlations

between behaviour frequencies and testosterone dose were

carried out on data from individuals of each group.

Testosterone doses were logarithmically transformed.
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interpolated from the eguations, and are shown in

Table 5.4. DBoth strain TP doses were estimated at greater
than 19 pg/day, with no significant difference between

the two strains. Analysis of Variance of thé Balb groups
showed there to bé no significant differences between
TP-treated groups (F = 1.34 df = 4, 41).

Intromission freguency

There were significant differences between the
intromission freguencies of the three stfains in the
*sham' operant coutrbls (F = .36 daf = 2, 27 p < 0.05,
with Balb/c showing tne lowest IF - Student Newman Keuls
p < 0.03), but not in the‘oil treated castrates
(F = 3.18 df = 2, 23, p = ns), although the 'p' value
approached significance. The three strains all showed a
decreased intromission ffequency in the castrate oil
treated groups, although these only reached significance
in the ¢57's (t = 3.23, df = 17 p < 0.005} and the
BUFts (t = 2.56 df = 17 p < 0.02).

The correlation coefficients qnd regression
equations between intromission freguency and TP dose
are shown in Table 5.3, using transformations aé before,
The correlation wus only significant for the C57's, and
ttie dose of TP equivalent to the 'shams', shown in
Table 5.4, was over 18 pg/day. Analysis of Variance
of the udalb and UDFl's showed there to be significant

dit'fercences within tne TP treated groups {(F = 3.35



Table 5.k

Equivalent doses pf Testosterone Propibnate ( TP pg / day )

. necessary to maintain the observed mount, intromission

and ejaculation frequencies of sham castrated animals,

" as calculated from the regressions of behaviour fregquencies

of castrate mice on injected doscs of Testosterone Propionar

.Strain

Dose Testosterone Propionate / day

Balb/c

+

Mount

Frequency

., n
- Intromiss

Ejaculatn

I'requency

Freqgquency

Ln I sE - -
( ng )
C57B1/6Fa
. Ln__~ SE 3.0 £ 0,75: 0.62 3.62 ¥ 0.69
{ pg ) ( 19 ) (.36 )
BDF, _hybrid
Ln_ X SE 3.12 X 0.00 2.60 ¥ 0.69
( pg ) (22 ) (13)
Analysis of Variance ns ns
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df = 4, 41 p < o..os; I = 2.66 daf = 4, 43 p < 0.05).
Thus, in these étrains there were dosage effects of TP,
but they were not linear, or readily transformed to
linear relationships. However inspection of the dose-
response graph for ﬂDFl, shows that TP doses of 12.5
pg/day were sufticient to maintain the intromission
fregquencye.

Ijaculation frequency

There were significant differences between the
ejaculaution frequencies of the three strains in the
*sham' operant controls (F = 16.55 df = 2, 27 p < 0.01)
all strains were different from one another (Student .
Newman Keuls p < 0.05), and also strain differences in
the oil treated castrates (F = 7.36, df = 2, 23;

p < 0.01, wit;h UDFl showing the highest EF p < 0,05
S.N.K.). The cﬁstrute-oil treated groups were not
significuntly different from the 'shams' in the
Balb/c's and bDFl's but LF was significantly reduced in
the ¢57's (t = 3.14 daf = 18 p < 0.01). The correlation
coeliticients and regression equations are shown 1in
Table 5.3 - only C357's and BDFlAshowed significant
correlations, The doses of TP équivalent to 'sham!
control levels of ejaculation freqguencies are shown

in Table 5.4 - the level: for C57 was over 36 ue TP/day
and for BOF., was over 12 pg TP/day, but these values

1

were not significantly different.
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Mount latency

Phe dose-response relationships between mount
latency and TP are shown in Figure 5.5. There were
significant differences between the strains in the

2, 26 p < 0,05) and in

"'sham' controls (F = 5.32 df

tne oil treated castrates (F = 8.54 daf = 2, 20, p < 0.01).
The three strains all showed an increased. . mount latency

in o0il treated castrate groups, but these were significanf
only in the BDFl's (t = 2,14 af = 16 p < 0.05) and the
Balb's (t = 2.17 df = 14 p < 0.05).

The correlation coefficients and regression
equations are shown in Table 5.5. Mount lutency was
signiticantly correlated in all three strains, using
the transformations indicated in the table, and the
TP doses eqyuivalent to tue mount latency shown by tie
tshams' was determined from the regression lines, and
are shown in Table 5.6. All strains showed levels of ovef
17 pg 'I'P/day, and}BDFl showed the liighest at 39 pg TP/
day - but there Qére no significant differences
between the strains {('F'" = 0,17 di = 2, 26, p = ns).

Intromission lutency

The dose response curves between intromission
lateucy and dose of TP are shown in Figure 5.6, There
were no significant diftferences in the ‘'sham' groups
between tie strains (F = 2,05 df = 2, 22, p = ns)o E
In the o0il treated castrate groups there were no

[ e

significant differences (F= 1,58 df = 2, 15, p = ns)e.



Firgure 5.5

" Mean mount latency of castrate mice receiving different

doses of Testosterone Propionate ( TP ).

Mice were castrated on day 1 of the experiment, injected
daily with TP and tested for sexual responses on days

5 and 9. Latencilies for each mouse were averaged over both
tests, and the group average determined using the data
logarithmically transformed. The means are shown as Ln b SE,
and the numbers in { ) show the number of'énimals mounting

at least once over the two tests.
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Table 5.5

Correlation coefficiants and regression equations of mount

intromission and ejaculation latencies and injected doses

of Testosterone Propionate in castrate mice.

Strain _' Correlation coefficiant Regression line

r = df = P < ‘ a = b =

Balb/c

Mount latency -0.56 33 0.001 26.851 ~5.152
Intr" latency ~ -0.41. 25 0.05 3.102 -0.229
'Ejacn latency -0.21 7  ns - -
C57B1/6Fa

Mount latency -0.33 37 0.05 1.753 -0.197
Intr" latency -0.3h 34 0.05 14,986 -2.362
Ejacn latency 0.139 17 ns - -~
BDFl‘hybrid

Mount latency -0.61 54 0.001 2.302 -0.425
Intr" latency  -0.55 41 0.001  .2.118 -0.323
Ejac™ latency 0.10 39 - ns - -

Behaviour latencies were examined in animals receiving
0, 6.2, 12.5, 25 and 50 pg TP / day. All correlations
between latencies and testosterone dose were carried out
on data from individuals of-each group. Testosterone
doses were logarithmically transformed; as was the mount

latency of C57 and BDF

l L
of BUFj. The remaining latencies were not transfomed.

and the intromission latency




Table 5.6

Equivalent doses of Testosterone Propionate ( TP ug / day )

necessary to maintain the observed mount and intromission

latencies of sham castrated animals, as calculated from

the regressions of the latencies of castrate mice on

injected doses of Testosterone Propionate.

Strain Dose Testosterone Propionate / day .
Mount - ' 'Intromission
Latency Latency

Balb/c

Ln 2 SE 2.88 I o0.75 4.79 ¥ 0.58

( ng ) ( 17 ) | ( 119 )
C57Bl/6Fa

in ! SE 3.11 X 0.49 . 3.64 X 0.78

( ne ) (21) ( 37 )
BDF, hybrid :

Ln f SE " 3.68 * 0.69 2.86 % 0.80

(we) (39 ) (17)
Analysis of Variance . F = 0.17 F = 1.15

daf = 2,26 df = 2,22

p ns P ns




Fipure 5.6

Mean intromission latency of castrate 'mice receiving

different doses of Testosterone Propionate ( TP ).

Mice were castrated on day 1 of the experiment, injected

daily with TP and tested for sexual responses on days 5 & 9.
Latencies for éach mouse were averaged over both tests, and

the group average determined using thie data logarithmically
transformed. The means are shown as Ln X SE ( minutes ),

and the numbers in { )} show the number of animals intromitting

at least once over the two tests.

('v group significantly different from SHAM controls)
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The three strains all showed an increased
intromission latency in the o0il treated castrate groﬁps?
but these were only significant in the Balb's ('t' =
2,42 df = 9 p = 0.05) and the BUF  's ('t*' = 2.78
df = 15 p < 0.02).

The correlation coefficients and regression
equations are shown in Table 5.5, intromission latency
and 1P dose were correlated in all the strains, using
the transformations as indicated. The doses of TP
equivalent to 'sham' levels of intromission latency
are shown in lable 5.6 -~ all strain 1P doses were
calculated as being greater than 17 pg/day, with‘ﬂalb/c
showing the greatest level at 119 npg - but these were
not however significantly different (F = 1,15 df = 2, 22,
P = fns8).

Ejaculation latency

The dose-response curves between ejaculation
latency and dose of TP are shown in Figure 5.7. No
data has been sitown for the Balb's, since only 11
e jaculations were seen in all tue groups, and these
appear to have been randomly distributed throughout
the groups, snalysis of Variance of the C5H7 and BDFI
isham' controls showed there to be no significant
differences between the strains (F = 1,51 uf = 1, 17,
p = ns). comparison in the castrate group was not
possible since only one ¢37 ejaculated, The castrate
BuFl's showed no significant difference in ejaculation
latency from the shanm group {'t' = 1.31 df = 13 p = nsj.



Figure 5.7

Mean ejaculation latency of castrate mice receiving

‘different doses of Testosterone Propionate ( IB-),

Micé were castrated on day 1 of the experiment, injected
daily with TP and tested for sexual responses on days 5 & 9.
Latencies for each mouse were averaged ovér both tests, and
the group average determined and expreésed as mean + Standard
Error. The numbers in ( ) show the number of animals

intromitting at least once over the two tests.
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The correlation coefficients between ejaculation
latency and dose of TP are shown in Table 5.5'— nﬁne
of tne correlations were significant. Analysis of
Variance showed there to be no significaﬁt differences
hetween tie TP-treated groups in any of the strains.
(Balb-'F* = 2.89 df = 1, 6; C57-'F' = 1.51 df’ = L, 14;

BOF -'T! = 0.09 df = 3, 26.)

3.%.3. Comparison of TP doses necessary to maintain

seminal vesicle weights and those necessary for

maintenance of measures of sexual behaviour.

The doses ol TP calculated as being necessary
to waimtain seminal vesicle weights, and those necessary
to maintain measures of sexual behaviour were compared
within each strain using the Student 't' test. Where
variances between groups were significéntly different, the
depgrees of freedom used in estimating the probability
value were ualved, as described in Snedecor and
cochran {1967).

Mount iregquency

In both strains in which the comparisons were
possible (CH7 and BDFl) both TP values for mount
freqauncy maintenance were greater than foi seminal

vegicle weight}'but the difference reached significance
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in only the BLF 's, (c57 - 't' = 1.14 df = 18, BOF, -
't' = 4.18 df = 8 p < 0.01)., Since the C57's and
BUFl's did not show significant differences in thé TP
doses required to maintain the seminal -vesicles, or
mount freguency,- the data for the two strains was
pooled - and ﬁhe overall comparison between doses for
seminal veéicles and behaviéur compared. The dose of
TP for maintenunce of behaviour was then found to be
significantly greater than that required for seminal
vesicle maintenance (TP for seminal vesicles = 2.20 +
0.11, TP for mount frequency = 3.06 + 0.36; 't* = 2.21
df = 37 p < 0.05).

Intromission frequency

The comparison between TP doses equivalent to
seminal vesicle weipht and intromission frequency
was only possible in the C57 - where the equivalent dose
for intromission frequency was greater than that for
seminal vesicle weight, but this did not reach
significance (t = 0.93 df = 18 p = ns).

Ejaculation frequency

In both strains where the comparison was possible
(C57 and BDFl), the doses of TP which would maintain
ejaculation frequency were greater than thosé for the
seminal vesiclies, but these failed to reach significance,
The data was not pooled between the strains because the

ejaculation frequencies of the 'shams' were significantly

different,
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Mount latency

Comparisous of TP maintenance doses for seminal
vesicle weight and mount latency were possible for all
three strains. In Balb/c the equivalent dose for
mount latency was less than that for seminal vesicle
weight, but not significantly so. In C57's and BDFlTs
the doses oi TP were greater than for sewminal vesicle
weight, but these did not reach significance (t = 1.29
df = 18, t = 1,77 df = 16). However pooling the data
from the two strains resulted in the maintenance dose of
TP for mount latency being significantly greater than
for seminal vesicle weight (TP for seminal vesicles =
2.20 + 0.11, TP for mount latency = 3.25 % 0.45;
¢ = 2.24, df = 18 p < 0.05).

Intromission latency

Comparison of TP maintenance doses for seminal
vesicle weight and intromission latency were possible
for all three sirains. In Balb/c, the equivalent TP
dose for intromission latency was significantly greater
than that for seminal vesicle weight maintenance (t =
2.55 df = 7, p < 0.05). In C57's and BDFl's doses
for intromission latency maintenance were greater than
for seminal vesicle weight maintenance, but these were
not significant (t = 1,08 df =17, t = 1.31 df = 16),
However, the pooled data from the two strains did reach
significance (TP for seminal vesicles = 2.17 + 0.11, TP
for intromission latency = J.48 + 0.577 t = 2,24 Jdf = 17

p < 0.05).
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Ejaculation latency

No comparisons were possible, since the doses

of injected TP were not significantly correlated with

ejaculation latency in any of the strains,
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5.4, Discussion

70 summarise the results, it was found that in
all strains seminal vesicle weight and measures of
sexual behaviour were reduced after castration,; but
could be maintained at 'normal' levels with injections
of TP. The effective doses of TP for the maintenance
of seminal vesicle weights at control levels were
significantly different between the strains, but those
required to maintain sexual behaviour_were not. in all
strains, the doses of TP required for seminal vesicle
weipht waintenance were lower thaﬁ those required to
maintain weasures of sexual behaviour,

The maintenance doses of TP for seminal vesicle
weight were significantly different between the strains
Dalb's needed over 30 ng/day, whereas ¢57's and BDFl's
needed less than 10 pg/day. It may be that this
difference is partially an artefact resulting from the
Jifferential rates of decline of.the seminal vesicles
in the absence of androgens between the strains,

The Balb's showed the largest fall in sewinal wvesicle
weigihts after castration, and it may be that the
inability of comparatively low TP doses to maintain
seminaul vesicle weights may have been because tiese

structures regress more rapidly in this strain than
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the other two. OUne way of overcoming thiis problem
might be to examine the aése response reélationships

of the doses of WP necessary to restore tiie seminal
vesicles arter they havé fully declined. However this
approach also has problems, since the doses of TP
required to restore any hormone dependent process
following castration are almost alwéys higher than the
doses necessary to maintain tlhhe process (Davidson and
Levine, 1972). This suggests, as vavidson et ai (1970)
point out, that tissues which respond to androgens may
sjiow some form of regression following the removal of
the appropriate stimulating hormone, and theretore the
'‘restoration' dose of a hormone may bear little
relation to the '‘maintenance' dose. However, Bartke
(1974) has shown tnat there are strain differences in
the doses of TP which will restore seminal vesicle
welghts in DBA/2J and ¢578B1/10J mice. e castrated
mice trrom both strains, and two weéks later started
replaceﬁent injections of TP which continued for two
turther weeks. Animals were injected on alternate'
days, and then seminal vesicles femoved and weigheda.
The restoration dose for DBA/2J was 118 pg 1P (eqﬁal
to 59 nppg TP/day)}, and for C57B1/10J Qas 58 pg TP
(equal to 29 g TPj;ay). These values are higher than
the values reporteﬂ;in the present experiment, and may

N .
ref'lect furtier strain differences, or more likely
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the piienomenon of jncreased 'restoratioﬁ' doses as
described for the rat {(wavidson et al, 1970} .

‘leasures ol sexual behaviour were reduced aflter
castration, with some strains showing greater decrements
in behaviour than others. There were decrease# in mount
{Balb, muFl), intromission (C57, HDFl) and ejaculation
(¢57) frequencies; and increases in mount {Balb, BUF, )
ana intromission (Balb, BUFl) latencies. There were
nowever, no significant changes in ejaculation latency.
Consiuvering the behavioural results as a whole, it was
apparent that the Balb/c strain was most aftfected by
castration, ftollowed ﬁy the (€57's, with BJFl éhOWing‘
the preatest retention of sexual behaviour. This
result agrees with that of McGill and Manning (1976)
wlhio founa‘the same rank order of behavioural retention
in tihe strains. llowever, Manning and Thompson (1976)
found thnat mount and intromission latencies of the BDFl
strain were unaffected by castration, whereas in this
experiment they were found tolbe-increased. This
difference 1is probabiy due to the fact that Manning
and Thompson compared post-castrational performance
with pre-castrational berformance, and also gave
animals more pre-castration'sexual experienceo
They also found an increase in ejaculation latency,
which was not Tound in any of the strains descfibed

Liere, but again comparisons were made between pre-
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ana post- castrational behaviour, and animals were
sexually more experienced. By the time of castrution
they recorded ejaculation latencies of less than 5
minutes — considerably lower than any of the latencies
recorded here. They ébserved animals for a longer period
at'ter castratioﬁ, and in long-term castrates aﬁ incfeasing
ejaculation laténcy might be expected, since tnere is
evidence to show that periphéral structuresrmediating
peripheral sensory feedback decline after castratipn.
l'or example, in the rat, Beach and Levinson {(1950)
have shown that after castration there is a reduction in
thie sensoryv papillae of the penis, resulting in reduced
stimulation during intromission.
All of the post-castrational changes in sexual
behaviour recorded in this experiment could be
prevented by doses of TP, and there was a tose-response
relationship between TP and most measures o’ sexual
behaviour. In no cuse however. could tihe sexual
bejhiaviour be increased beyond the levels of sexual
behaviour shown by oil-injected sham operated controls.
There were significant cofrelations between dose
of TV and mount (C57, BDFl), intromission (€57}
and ejaculation'(057, BDFl) frequencies; and in all
the strains tfor mount and intromission latencies,
These results are in agreement with data for the rat

{Beach and ilolz-Tucker, 1949), However, in the rat
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it wus also found that the dose of TP reguired to

maintain ejaculation frequency was greater than that

required for maintenance of mount and intromission

frequency, a result not found in
Analysis ol Variance of dbses of
ecach measure of sexual‘behaviour
different in any of tne strains.
requirements between the rat and
to differences in the pattern of

a male rat ejaculates many times

the present experiment.
TP reyuired to maintain
were not significantly

Thié ditference in TP

mouse probhably relates

sexual behaviour -

in one short test

session, whereas a mouse ejaculates only once and

thereafter may show no more sexual responses for periods

of hours or days (Metill and Blight, 1963b).

The failure to demonstrate

an increased level

of sexual performance in TpP-injected animals also

contrasts with.data from the rat. Beach and Holz-
fucker (1949) reported that doses of TP greater than
50 pg/day decreased mount latency and increased
intromission Iredquency beyond levels recorded in pré—
custration tests. No such el fects were found in this
experiment, and as pointed out éarlier, the
increased level of behaviour found in the rat may be
a product of increased experiernce. Champlin, Blight
and McGill (1963) also report that in the cufl mouse

(a nybrid between Balb/c females and NBA/2J males)
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doses of 32 ug 1¥/day were sufficient to maintain
normal sexual behaviour, but that increasing the TP
dose to over 1 umgsday nad no further effects.

In all of the strains, the doses of TP necessary
to maintain measures of sexual behaviour were-greater
than the doses for maintenance of the seminal vesieles.
This is in Qirect contrast to the rat, where the
seminal vesicles required more T tinan did behaviour
{Javidson et al, 1970). If the doses of T¥ wnich
maintain seminal vesicle weights at control levels
are considered as being equivalent to nermal circulating
androgen levels, then for the mouse the 'basal' androgen
levels may be lower than those necessary for béhaviour.
This deficit could provide a functional explaunation
for the acute changes in plasma testosterone, which
ocenr imnediately prior to copulation, as described in
Chapter 4,

in the introauction, 1 posed three questions
which, if was hoped, would be answered by this experiment.

The first was whether the 'basgl‘ plasma testosterone
levels, as measured in xperiment l,reflected the
hbehavioural needs of the strains. That is, whether
the ‘'‘high® plaéma testosterone Halb/c strain ‘needed!
more testosterone than the 'low' plasma testosterone c57
arnd ALF. strains. apparently they do not for there-

1

were no significant differences between the strains



-124«

in the doses of TP required to maintain sexual behaviour,
Further, it was necessary to give higher doses of TP
tu aaintain behaviour than to maintain seminal vesicle
weights, sugpesting that in tyese three strains ‘*basal’
plasma testosterone levels are below levels reﬁuired
tor sexual behaviour. ‘The second question posed was
whether there were strain differences in respohsiveness
to 1P as measuared by the maintenance of the seminal
vesicles., The results suggested that the C57°'s and
BDFl's were more responsive than the Balb's - but as
previously discussed there were some problems of‘
interpreting the results. Question 3 asked whether
dose-response relationships could be demonstrated
between 1P and measures of sexual behaviour, and
whether behaviour coulud be boosted beyond ‘norm#l'
levels. ‘there were clear dose~respounse relationships
yor all measures ol sexual behaviour, apart from
e jaculation latency; but behaviour could not be
increased above control levelse

.iow do theée resblts relate to the tindings of
the previous experiments? In Chapter 3, it was
demonstrated that there was a negative correlation
between plasma testosterone levels and measures of
sexuil behaviour. 1t was suggested that this negativg
relationship may have beén the result of different

sensitivities to testosterone, of both the
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hypothalamo-pituitary axis, and of brain areas
mediating sexual behaviour., nowever, tle results from

he present experiment suggest this is not the case -
although no estimations of tie hypothalamo-pituitary
axis responsiveness to testosterone were made, the
estimations of behavioural responsiveness to androgens
shosed tue. e were no strain differences. ‘Thus sexual
behaviour from the high 'basal testosterone Balb/c
strain can be maintained with the same doses of P
as tue low ‘basal: testosterone <57 and uurl strains.

Chapter 4 examined 'acute' changes in testosterone,
and found that testosterone levels increased prior to:.
and during copulation. It was suggested that these |
increases in plasma testosterone might be important
in raising responsiveness and indeed there was found
to be a correlation between plasma-testosterone and
the mount latency.
We might expect to find then; as here, that

there would be a dose-response relationship between
injected doses of TP and mount latency. In Chapter b,
it was also found that acute chahges in testosterone
levels were not correlated with ejaculation latency,
and this independence from circulating testosterone was
confirmed in this experiment where there were no
signiticant differences in ejaculation latency between

the TP treated groups within each of the strains.



CHAPTER 51X

Tile INFLULNCE OF NEONATAL INJECTIONS OF TESTOSTERONk
PROPIONATE ON SEXUAL BEHAVIOUIR AND PLASMA TESTOSTEONE

LEVELS
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6.1, INTROUUCTION

The experiments descriﬁed in the preceeding
Chapters have concentrated on an. examination of the
role.of plasma testosterone levels in regulating aspects
of the sexual benaviour of édult males, liowever, we
now know that the eftfects of testosterone are not
restricted to the aduit, and that during_perinatal
periods of development testosterone has permanent
torganisational’ erffects on morphology, physiology and
benaviour {Ward, 1974). Much 6f titis field of research
has been concernéd with the control of the differentiation
of masculine and feminine potentials, and it has
concentrated on the erfects of perinatal androgens on
genetic females. trom such work it is clear that there
are fcritical periods' during which androgens interact
withh a succession of responsive tissues, resulting in
either further growth aﬁd development or a regression.
For example, as reviewed by le Moor, Verhoeven and
ieyns \1973), in the rat, there are clusters of
androgen related cdevelopmental events. For exémple, the
first 'urogenitai cluster' occurs prenatally, and
during this period androgens are necessary for the
development of the #Holffian ducts, urogenital sinus
and scrotal structures, and a second tbrain cluster’
occurs neonatally, when androgens determine the

gonadotrophin release pattern, and also aspects of
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sexual behaviour,., Many mammalian structures ére
initially undeiermined —~ and can develop in either male
or female directions, the controlling factor being

the presence'or absence of androgens at particular
developmental stuages,

iIf androgpens can have such pronounced effects
on. sexuul ditferentiation, it might be expected that
manipulations of androgens in the developing male would
have effects on the sexual behaviour ol the adult;

If the administration of androgen to genetic females
can increase the probability of male-like sexual

behaviour, would the manipulation of androgen levels
in males during the appropriate developmental period
result in guantitative differences'in male behaviour?

In the rat, the major testicular and plasma
androgen during the neonatal period is testosterone
(llesko, Feder and Goy, 1968), suggesting that this is
the hormone involved in these developmental processes.
if male rats are castrated, before or on the fifth
day after birth, they show decrements in sexual
belhiaviour when given replacement testosterone as adults.
Although méunting and intromission responses OCCUI,
the ejaculation response is absent (Mart, 1968). If

castration is delayed beyond day 13 however, males
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respond completely normally when given testosterone
replacement therapy (l.arsson, 1967). Attempts to
increase the incidence of male sexual behaviour, by
neonatal injections of testosterone iﬁ the rat, have
not however been successful, and such procedures have
no effects on the proportions of animals mounting

and intromitting {(Whalen, 1964} or ejaculating (Feder,
1967).

To my knowledge, the infiuence of neonatal
castration on the development of male sexual behaviour
in the house mouse has not been investigated., There
have however been some studies of such treatment on
aggressive behaviour, Peters, Bronson and Whitsett
(1973) castrated C57B1/6 mice at different ages after
birth, and found that castration before day 6
significantly reduced the incidence of fighting in
testosterone treated adults. As with the rat, the
androgen necéssary during this period is most likely
to be testosterone, since this is the major testicular
androgen during the neonatal period (Berger et al, 1975),
and testosterone replacement injections will prevent
this decrease in aggressive behaviour of neonatally
castrated mice (Eronson and Des jardins, 1969).

Attempts to influence adult sexual behaviour by
supplementing neonatal androgens with injections of

testosterone into intact-male mice have however been
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described, and two studies have shown that there are
signiticant effects. Work by Campbell and McGill {1970)
demonstrated that in the DBA/2J strain, injections .
of 100 ng testosterone propionate between 2-20 hours
after birth resulted in the adults showing ejaculatory
responses at an earlier age than 0il treated controls.
There were however no-qualitative differences in the
mating patterq of these animals. A study by Vale, Ray
and Vale (1974) examined a further three strains of

mice and found significant increases in sexual behaviour
in animals injected on day 3 with a large dose (1 mg)

of testosterone'propionate. Males from the Balb/c
strain showed an iricrease in the proportion of animals
mounting, and £57B1/6 males showed an increase in the
proportion of animals ejaculating. The third strain tal
showed no differences between control and experimental
groups.

Thus, in contrast to the rat, neonatal injections
of testosterone given to intact male mice can have
effects on the display of sexual belhaviour when.the
Ianimals become adult. The mechénisms of these etffects
are obscure but way be related to the obsexrvations
of Bronson ana Desjardins (1968}, and Vale, Kay and Vale
{1974) that neonatally androgenized male mice have
smaller testis and seminal vesicle weights than oil

injected controls. This suggests that there may be
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permanent changes in the basal levels of hormones
secreted by these animals. In Experiment 1, it was
demonstrated that across strains of mice, it is those
strains with low plasma testosterone which show most
sexual behaviour., It may be tiiat the decreaselin
testis weights tound in androgenised.male mice results
in a decreased androgen secretion which may in some
wuy be related to the increased levels of sexual
hehaviour.

These speculations lead us to the hypothesis
thativariations in androgen levels in early life may
modify both adult testosterone secretion and sexual
behaviour,-and may account for the striking strain
difterences in hormone levels and sexual behaviour
reported earlier in this thesis. 1In order to test
this hypothesis, an attempt was made to tgtandardise'
the neonatal le?els of circulating testosterone, by
injecting anjmalsrfrom several strains with a
single dose of Léstosterone propicnate on day 4 after
birth. If the hypothesis is correct, then we expect
there to be a subsequent convergence of hormonal and
behavioural parameters; such that for example, an
increased level of sexual behaviour might be associated

with decreased plasma testosterone levels.
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6.2, METIOD

The four genotypes used in the experiment were
the 'low' responding Balb/c and DBA/2J) strains, the
‘medium' responding C57B81/6Fa and the 'high' responding
BDFI hybrid. Wdreeding pairs, from stock bred in the
Department of Zoology, University of Edinburgh, were
established and whole litters injected with either
hormone or oily vehicle. At first, attempts were made
to inject litters on dJday 1, but due to the very high
mortality rate, this was changed to day 4 (birth = déy 1).
“hole litters of the strains were subcutaneously injected
with 100 pg testosterone propionate (Sigma Ltd. - AY
androsten-~17 - ol—3—one-pfopionate, dissolved in 0.02 ml
Arachis oil:Benzyl benzoate 95:5, v:v) and control_
litters were injected with the vehicle only. At 4
wecks,. the litters were weaned and the males housed in
groups of 2-6 until they were aged 8-9 weeks when they
were isolated into small cages. The sexual behaviour
tests were begun at 10 weeks - 5 tests were given
using the procedure ;f?previous;y described, except
that the receptive BuFl female was introduced in to the
home cage of the‘male.

At 13 weeks of age, the mice were weighed and
blood samples taken for determination of plasma
testosterone. The testes and seminal vesicles {plus
the coagulating gland and expressed of fluid contents)

were also removed and weighed,
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6.3, RESULTS

In the €C57's and BDFl's all anima;s in the TP
and vehicle treated groups showed mouﬁt, intromission
and ejaculation responses at leuast once in the 5
tests. Tn the UBA strain all testosterone treéted
animals slhiowed mount, intromission and ejaculation
responses, but in the vehicle injected animals, one
failed to show intromission, and two did not ejaculate.
In the Halb's, although all animals showed mount and
intromission responses, in the TP treated group 10
of the 12 mice ejaculated at least once, but only 5 of
the 12 control mice did so (Fisher Exact test p < 0.05).
The mount, intromission and ejaculation frequencieé,
and mount and ejaculation latencies are shown in Table
6.1. - The behaviour frequencies were calculated from
the number ol tests in which the behaviours were shown
tor each mouse, and fhe average over the 5 tests
calculated and expressed as a pe?centage. The mount
and ejaculation latencies were calculated similarly,
but using data from tests 2-5 dnly{ and using the
logarithmic transform for mount latency data. In all
the strains the TP treated groups showgd a greater
than or egqual Trequency of mount, intromission aﬁd
ejaculation responscs, compared to controls, but these

differences were not significant, within any of the




Sexual behaviour measures of four strains of mice treated

Table 6,1

with 100 up Testosterone Propionate on day 4 after birth.

a)  Balb/c strain

Sexual behaviour Treatment
( £sE) vehicle TP
Percent.tests/mouse with: ( N-= 12 ) ( N =12 )
Mounting 78 2 6 84 X 6
Intromission 52 ¢ 68 X 10
Ejaculation 16 £ 6 34 X 8
Mount latency (Ln. I SE ) 2.2 ¥ 0.2 2.1 X 0.2
( minutes ) ( 9.0 ) ( 7.9 )
“Bjaculation latency({minutes) 24.3 X 3.5 24,7 I 4.3
b} €3781/6 strain
Sexual hehaviour Treatment
( 2 sE) vehicle TP
Percent.tests/mouse with: ( N = 11 ) (N =11 )
Mounting 94 * 2 100 ¥ -
Intromision 92 2 100 r-
Ejaculation 78 ¥ ¢ gh X 6
Mount latency (Ln. & SE ) 1.0 Yo.2 0.3 2 o.1
(minutes ) ( 2.8 ) (1.4 )
Ejaculation latency(minutes) 15.3 % 1.4 15.3 X 1.6




c) BDF,  strain.

Tabhle 6.1 cont.

1
Sexual bhehaviour Treatment
( 2sk) vehicle TP

Percent.tests/mouse with: (N =11) { N =12 )

Mounting 1o ¥ - 100 ¥ -

Intromission . 100 X - 100 I -

Ejaculation 84 ¥4 g4 X
Mount latency (Ln. 2 SE ) 0.1 % 0.1 0.3 ¥ o.2

(minutes ) (1.1) ( 1.3 )

Ejaculation latency(minutes) 7.1 ¥ 1.4 10.4 1.6
d) DBA/2J strain

Sexual behaviour Treatment

( 2 sE ) vehicle TP
Percent.tests/mouse with: (N =6) (N =6 )
. 4+ +

Mounting 76 - 10 ok = 6

Intromission 66 X 12 oh T 6

Ejaculation 20 8 50 I 12

+ ., + +
Mount latency (Ln = SE ) 2.0 - 0.3 1.5 - 0.2
(minutes) ( 7.2 ) ( 4.6 )

Ejaculation latency{minutes)

23.8 % 4.2 17.2 ¥ 4.1
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strains. However, across the strains, the TP treated
animals showed a significant increase in behaviour
frequency (Sign Test N = 9 x = 0 p < 0.02).

Tiiere were no significant ditrferences in the
mount latencies betﬁeen TP treated and control animals
in the Balb's, DLHBA's and BDFl's, but the €57 strain
showed a signiticantly reduced latency in the I treated

group (Student 't' test 't' = 3.2 4f = 9 p < 0.01)

corrected for heterogeneity of varia ,» There were

no significant differences in ejaculition latency between

oyt
W

TP treated and control animals in an

% of the strains.
The body, testis and seminal ;gsicle weights

for the four strains are shown in Table 6.2, Organ

weights were all corrected to a standérd boiy weight

o1 20g to enable comparisons witli, and between strains

to be made. In the C57's, body weight was significantly

increased in the treated group (Student 't' test

vt = 2,01, df = 20 p <= 0.05), but £here was no change

in body weight in the cher strains. In all'strains,

the testis weights showed a significant decrease in

the TP treated groups compared'to controls (Student

1t! test: Balbfec 't! = 2.6 df - 22 p < 0,02

DBA/2 tt?' = 2,15 df = 10 p < 0.03; 057_B1/6Fa "t' = 3.9,

af = 20 p < 0.001; BUF 't! = 6.0 df =21 p < 0.001).



Table 6.2

Body, testis and seminal vesicle weights of four

strains of mice treated with 100 jug Testosterone

Propionate (TP) on day 4 after birth.

(.Testis and seminal vesicles all corrected to

20 g body weight.

Balb/c strain

a)
Treatment
Weights X SE vehicle TP
N = 12 N o= 12
) .+ +
Body (e) 23.6 = 0.6 23.5 = 0.5
Testis (mg) 154 * 4 127 ¥ 9
Seminal (mg) 61 L 3 65 X 2
vesicles '
b) C€57B1/6  strain
Treatment
Weights * SE vehicle TP
N = 11 N = 11
Body (g) 21.0 £ 1.9 2h.1 T 0.6
Testis (mg) 156 ¥ 3 134 Xy
Seminal  (mg) 70 I 5 73 Xy

vesicles




Table 6.2 conto

c) BLF

1 strain
Treatment
Weights & SE Vehicle TP
N=,l—l . - N = 12
Body () 25.2 ¥ 0.4 25.0.% 0.3
Testis (mg) 17k %2 155 % 3
Seminal (mg) ‘ 70 X4 59 X4
vesicles : ) . ‘
d) DBA/2J strain
Treatment
Weights * SE ' Vehicle TP
N =6 N =6
Body (g) 24,2 ¥ 0.3 24,5 ¥ 0,2
Testis (mg) 186 I b 170 %7
Seminal | 60 I 4 56 18

vesicles (mg)
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There were no changes in seminal vesicle weights within
any ol thne strainse.

Plasma testosterone levels are shown in Table
6.3 - the Balb's and C57's showed no significant changes
in this measure, but the BDFllhybrid showed a significahf
elevation in testosterone level in the TP treated group.
(student 't!' test 't' = 2,82, df = 21 p < 0.02.} No
plasma testosterone data was available for the WUBA strain.

To determine whether the TP treatment had any
ef'Tect on the within and between strain variability,
the P_ _ test (Snedecor and Cochran, 1967) wnich
tests for heterogeneity of variance was applied to the
beiiavioural and hormonal data. Using this method, there
were found to be no significant differences in the
variance of mount, intromission and eﬁaculation
frequencies of the TP and control groﬁps within each
of the four strains. The variance of the mount latency
was significantly reduced in the TP treated groups
compared to controls in the Balb's (Fmax = 3.08
p < 0.05) and the C57's (Fmax = L,78 p < 0.01}, but
was not significantly affected in the other two strains.
The ejaculation latency of the Ch7's was significantly
more variable in the TP treated group compared to
controls (Fmax = 5,74 p < 0.01), but was not affected

in the other thrse strains. There were no significant




Table 6,3

Levels of plasma testosterone of three strains of

mice treated with 100 ng Testosterone Propionate (TP)

on davy 4 after birth.

a) Balb/c strain

Treatment N. Testosterone levels
Ln. - SE e / oml
vehicle 12 2.22 0.27 9.2
TP 12 - 1,48 0.3h ok
Student 't' test - 't' = 1.67, df = 22, p < ns

b) C57B1/6 strain

Treatment N. Testosterone levels
Ln, 1l sE ng / ml

vehicle 11 0.71 0.39 2.0

TP 11 0.92 0.41 2.5

Student 't' test - 't' = 0,82, df = 20, p < ns




c) _BDF., strain

Table 6.3 cont.

1
Treatment N. Testosterone levels
+ oan
Ln. - SE ng/ ml
vehicle 11 ,0.907 .31 2.5
TP 12 1.93 0.21 6.9
Student 't' test - 2.82. df = 21, p < 0.02

( N = number of animals )

[
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changes in the variability of the testosterone levels
of TP treated animals compared to controls within any
of the stralns.

In order to assess whether there were any
changes in the 'between strain' variability of
beiavioural and hormonal measures of TP treated animals,
compared to coittrols, the between strain variance was
calculated using the ‘'strain means! as shown in Table
6.1 and 6.3. ©Of the 5 behaviour me asures taken, the
between strain variancé was less in the TP treated
groups, than controls, but none of these.reached
significance (Fmax values - MF = 2.46, IF = 2.1h4,
EF = 2.11; ML = 1.16; EL = 1.88). However, if all
the measures are grouped toggther énd examined by the
sign Test, then there was a significant reduction in
the between strain vafiabi;ity for the TP treated
group {x = 0, N =5, p < 0.03). The between strain
variance in plasma testosterone levels was less in the
TP treated groups (F__. = 2.64) - but this was not
significant. However, Analysis of Variance of individual
testosterone levels from the TP treated groups revealed
there to be no significant differences between the
strains ('F' = 2,47 df = 2,32 p < 0.25}, whereas in the
control animals there were significant strain differences

in this measure ('F' = 6,534 df = 2,31 p < 0.001),
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6,4, DISCUSSION

These results in part support the hypothesis
outlined earlier - neonatal testosterone treatment
did result in a convergence of sexual. behaviour meuasures
between the strains. The adult testosterone lévels;
although showing a decreased interstrain variability,
were however not reduced in the TP treated groups; and
tie HDFl hybrid showed increased adul t plasma testosterone
levels after neonatal TP treatment,

The normally low responding Balb/c . strain showed
an increased number of animals showing the ejaculatory
response, and the £5781 strain showed a decreased mouht
latency. These results are in agreement with those of
Vale etlal {1974), who fﬂuﬁd in addition that their
similarly treated C57's showed an increased frequency
. of ejaculation compared to controls. The failure to
find any increases in measures of sexual behaviour in
the BuFl_hybfid may partly be because the tests were
not sutficiently sensitive to defect differences, but
also, it seems likely that the behaviour of this hybrid
is already at a maximal level. The testosterone
injections had been naffective", since, as with the
other strains, there was a reduction in testis weight
of tile treated groupe.

The reduction in testis weights, in the tfeated

animals, is in agreement with the findings ot Vale et



..]_37_

al (1974) and Hronson and Jesjardins (1968). These
authors also found decreases in seminal vesicle weights,
a result not recorded in this experiment. This
difference mav be a dosage effect, since the two
previous studies used a far greater neonatal dose of
1 mg TP, and also injected tihe animals at an eaflier age.

The lack of detectable changes in the levels of
testosterone in treated Balb/c and (3781 mice may have
been partially because of the small numbers of animals
exumined. 4 study in the rat by irick, Chang and Kincl
{1969) also failed to find effects of neonatal TP on
adult testosterone levels, althougii a more recent study
\Joseph and Kincl, 1974) did find a change in testicular
enzymes concerned with androgen biosynthésis, which
might lead to a reduction in plasma testosterone levels,
llowever the huFl hybrid of this study showed a marked
increase in plasma testosterone in thé neonatally
treated group, showing TP can have effects on adult

£

testosterone levels - b@?jtney d0. not necessarily
accompany changes in segﬁal behavioﬁr.

The cnanges in seéﬁal behéviour and testosterone
levels in the TP treated?groups were sﬁch that there
was 4 decreésed betweenrétfain variability in £hese
measures. This finding_in;part supports the hypothesis
that differences in neonafﬁl androgens during the

neonatal period may contribute to the variance in
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behaviour and hormone levels observed in adults from
several strains. liowever, it is important to demonstrate
that tihiis neonatal trgatment reproduces a ‘normal'’
physiological event, gnd is not a treatment so extreme
as to produce a very abnormul adult animal, although
we know that testosterone levels do increase after birth,
we do not know tlhie effects of 'bousting' this neonatal
pulse trom 'physiological!’ to what must be !'pharmacological’
levels. There is some indirect evidence tihiat this
treatment does not exert its effects through 'abnormal'
physiclogical mechanisms from the findings of the F2
analysis described in Chapter 3. The F2 derived from
BYalb/c and C57 pdrental lines was examlned, ancd it was
found that there was a negative correlation between
testis weights and wmeasures of sexual behaviour, ‘Thus,
the chnange in testis weights produced by neonatal TP,
and the 'matural' variation in a mixed population are
both related to'measures of sexual behaviour, such
that a decreased testis weighf is. associated with an
increased level of sexual behaviour,

what are the mechunisms wﬁereby these increases
in sexual beha§iour might be effected? There are of
course many factors involved in the control of Sexua;
benhaviour, and several, not necessarily exclusive

changes in physiology might be involved., For example




-139-

neonatal testosterone might have influences on both
gquantitative and qualitative aspects of adult hormone
secretion, and thexg might be changes in the levels of
adulit androgens in the plasma, as found for the ﬁDFi
hybrid; or‘changgs in the way the androgens are utilized
such that early testosterone facilitates the formation
of active metaholites {De Moor et al, 1973).
1f tnere can be changes in adﬁlt'testosterone‘

levels, this suggests that the uypothnalamo-pituitary
feedback loop might be affected - perhaps by changes
in sensitivity - although if this became more sensitive,
we might tien expect adult plaswma testosterone levels
to show @« decrease, rather than the increase suggested
by the nDFl results, |

| It has been suggested by Vale et'al (1973) that
the effect of neonatal testosterone is to "activate
behaviourally relevant genes normally activated by
endogenous hormone', and that increasing the hofmone
by injections of ‘I'P may activéte.(or suppress) genes
wliich are normaliy not activated (or suppressed) in
some strains. Similarly, tdwards (1968) proposed
that tihe increased fighting behaviour shown by
neonatally androgenised female mice was a result of .-
changes in the neuronal structures involved in fightingo

if this is so, then we might expect to find ultra-

structural differences of relevant brain areas, as
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has in fact been reported by ilaisman and rield L1971
in the neonatally androgenised female rat,

+ further mechanism by which these changes in
behaviour might come about relates to clianges in the
sensitivity of peripheral structures. _'or example, it
may be tbere is an increased penile spine sensitivity,
leading to increased peripheral féedback, which might
explain the increased incidence of ejaculation in the
Balb/c strain. However, since ejaculation lutency was
not significantly redaced in any ot the strains this
seems unlikely. ‘lhere is evidence from work on the rat
that, in fact, changes in peripheral sensitivity are not
involved. Hart {1972) examined the sexual responses of
rats castrated at # days of age, and given either
fluoxymnesterone (M) or 1P for the next 7 days. FM is
a synthetic steroid whnich wus tound by neach and
Westbrook {1968) to maintain the penile spines in adult
castrate rats, without maintaining sexual behaviour.
Thus, it the léss of the ejaculatory feflex
characteristic of neonatally castrated rats, was
compensated for by neonatal FM; tihen this would suggest
that the decrement in behaviour was a result of
reduced- peripheral feedback. HOWevel, neonatally FM
treated castrate ratsl given replacement testosterone
as adults still failed to show ejaculatory reflexes,

even tiiougis there were no differences in penile spine



-1kl

development. Thus, the uifterences in adﬁlt behavioﬁr
were probably not Jdue to changes in péripheral teedback,
but to differences in areas of the brain controliing

the ejaculatory responses,

The injection of neconatal androgens can affect
other aspects of reproductive physiology. sronson,
dhitsett and tamilton (1972} examined the responsiveness
of thne seminal vesicles of mice castrated on days 2-h
alfter birth, and injected with either TP or oil.

As adalts the mice were a:l injected with 1P, and the
neonatally-TP treated animals were found to have

heavier sewminal vesicle weights than neonatally;oil
treated animals. Lhis suggests that the 'I'P treated
animalé have & heightened responsiveness to testosterone
in adulthood . 1t may be that other structures show

a heightened responsivity to testosterone, in particular
brain areas mediating sexual behaviour, An examination
of tne dose-response relationsnips, between injected
testosterone and weasures of sexual behaviour, in
castrate, neonatally treated and control animals

might be a way qf approaching this question.

To‘summarise, neonatal injections of TP do
result in increased behaviouf froin normally 'low
responding' strains, resulting in a decreased between

strain variability. ‘This supports the hypothesis that
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differences in the adult behaviour of the strains may

be partially a result of differences of early androgen
levels., llowever, although testosterone level-
interstrain variability was also reduced, the levels did
not change in the predicted direction, suggesting this
may not be the mechanism by which the‘inc?eased

behaviour was etfected.



CHAPTER SEVEN

FINAL 0ISCUSSION
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7.le FINAL LISCUSSION

he aim of this thesis has been to examine how
differences in male sexual behaviour - afe reluted to
differences in the‘levels of eirculating testosterone.

The approach has been to measure the hormone levels
directly by kIA, in the plasma of strains of mice, which
differ markedly in quantitative measures of their
behaviour. ilowever, as the series of experiments revealed,
the compiexifies of the situation required that both the
measures oif behaviour analysed, and the conditions ﬁnder
winich blood sambles were removed;ﬁad to be carefully
defined and cqntrolled.

‘the experiments demonstrated that individual
differeinces in sexual behaviour are related to differences
in plasma testosterone levels, but in two distirct ways,
which relate to specific measures of tihe benaviour. In
the first relationship measures of sexual behaviour were
found to be negatively correlated with plausma testosterone
jevels across strains of mice, but only when blood
samples waeie removed in a non—sgxual context.

+Jiten blood samples were removed from males which
hgu recently been exposed to cestrous females, thié‘
negative relationship broke down. Samples from strains
with normally low levels of testosterone slhiowed incfeased

levels, over those measured in samples taken from the .
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same strain in the fnon-aroused' state., Further if the
relationship between an individual male and his sex
performance was examined within a strain there was

a positive correlation between plasma testosterone levels
and measures of sexual behaviour. In both of these
situations, it was measures associated with the arousal
mechanism (AM), as indicated by mouﬁt frequency and
ilatency, which Qere related to testosterone, but measures
associated with the copulatory mechanism (CM) of
ejaculation freqguency and latency, were not so related.
In other worus, 'high' copulating strains, in terms of
mount frequency and latency, are characterized by having
low basal levels of testosterone, which show rapid
increases when the males are exposed to oestrous females,
'Low! copulating strains have high basal testosterone
levels, and these do not show acute increases when

the males are stimulated sexually.

In the introduction, studies on the fuinea-pig and
rat {Grunt and Young, 1952, 1953; Larsson, 1966), were
described, whicii showed that male.s differing in their
sexual behavionur, retained these differences after
castration and replacement treatment with equal doses of
TP, The authors interpreted this as indicating that
differences in sexual behaviour between indiviuuals

were not related to differences in plasma testosterone.
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jjowever, as the present experiments have shown this may
not be a valid conclusion - the strains of mice examined
here, when castrated and treated with TP, were also
found not to differ in the doses of IP necessary to
maintain their‘pre-castrational behaviour; and yvet we
know that there are differences between the strains in
both the basal levels and the 'lability' of plasma
testosterone.

As noted earlier, we need to 'test' these correlations
between testosterone and measures of sexual behaviour
by injecting the hosmone into the castrate animal and
observing what changes in behaviour take place. 1f these
chunges correspond to the correlations observed in the
intuct animals, tinen this eliminates the pOSSibility that
the correlution was an effect of the behaviour on hormone
levels, and is supportive evidence that tne hormone may
be a causal factor for the behaviour. a failure to
demonstrate the expected relationship between the hormone
and behaviour sﬁggests tnat the qbserved cor;elations
were not causal in nature,-and that the correlation with
the hormone may be a 'symptom’ of some other physiological
change.

Testing the correlations found between plasma
testosterone and sexual behaviour is not however a simple

experiment: there are problems in determining the doses
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of hormone which are equivalent to 'rbasal’ levels, and
those equivalent to the ' female stimulated’ le?els. AN
approximation to the 'basal level' hormone treatheht may
be determined by examining tite changes in the weights

of the seminal vesicles - a dose of TP which maintains
these at normal control weights may produce normal
circulating levels of hormone, poses above this levei
may be eguivalent to the 'female stimulated' levels, as
measured in Chapter Four.

The results described in Chapter Three showed there
to be a negative correlation between basal plasmal
testosterone levels and measures of sexual behaviour
associated with the AM, However, in castrate animals from
three strains, injected with TP doses equivalent to these
basal levels, the measures of sexual behaviour were not
maintairned. Thus, the basal plasma testosterone levels
of the strains are not sufficient to maintain behaviour,
and the differences in basal testosterone levels cannot
be directly involved in the differences 1in behaviour,
but may be a symptom of some other difference in endocrine
physiology. 1In Chapter‘Four, fhere was found to be a
correlation between increased levels ot testosterone and
measures of sexual behaviour associated with the AM, but .
not the LM, when blood samples were removed from sexually

aroused males. 1his correlation was confirmed in castrate
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males injected with TP, and increased dJdoses of TP
resulted in an increased frequency of , and decreased
latency to, mounting responses; but had no effects at
all on the freguency ol and latency to, ejaculations
‘*his suggests that .the correlations observed in Chaptér
Four are important in behavioural change, and that
increaseu levels of testosterone, or Some factor closely
associated with testosterone levels, are involved in the
mechanisms which initiate sexual behaviour,

Some of the plhiysiological mechanisms which may be
involved in these relationships have been discussed earliera
The two major mechanisms considered were firstly, that
the low basal testosterone levels of high behaviour strains
might be related to increased responsiveness at the
hypothalamo—pituitary axis, and at hypothalamic areas
mediating sexual belhaviour, and secondly that the
increansed 'female-stimulated!' levels of testosterone may
have'direct.begavioural effects in the hypothalamus, and
that the prece;ding LY and LH-KF release might alsoc be
involvedo To test these hypotheses wWe need to measure
the appropriate variables direcfly; in properly controlled
experiments, and further discussion of these points would
be no more than speculatione.

In conc¢lusion, this thesis has shown that differences

in male sexual behaviour; are related to differences in
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the levels of circulating testosterone, but that the
experimental conditions, and the measures of behaviour
analysed must be carefully defined. Hormones are only
one of the many factors which control the display of
sexual behaviour, and other factors, such as experiénce,
can modify both behaviour and the response to hormonese.
They are however the most important modulators of sexual
behaviour, for it is thfough their dual action on
behaviour and physiological variables related to
spermatogenesis, and maintenance of peripheral
reproductive structures, that mating behaviour can be

coordinated with periods of maximum fertility.
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AppPENLIK IT

An estimation of the comparative testosterone binding

properties of plasma samples from four strains of mice

Introduction

In Chapter I, strain differences in plasma
testosterone levels were described, which were related
to measures ol sexual benaviour. ‘Lhus, strains of mice
witir nigh testosterone levels, such as Halb/c and
s35/2d, were Tound to sihiow little sexual be@aﬁiour under
test conditions. aAn interpretation of this result might
be that tlhese high testosterone strains uave plasma
binding proteins which "impede" the action of téstosterone
at hypothalamic and pituitary areas, such that ;he
"feedback-loop" is not activated, which may result in
an excess of gonadotropnin releuase. Similarly, high
binding protein co:.centrations may prevent testésterone
froim acting on hypothalamic areas mediating sexﬁal
hehaviour. J1f this is the case, then we wouid expect
the 'binding capacity' of the plasma of alb's and
Ba's to be greater than the 'binding cupacity"of
low testosterone strains such as Lh7 and UDFl- ~Lhis
hiypothesis can be tested by incubating plasma samples
with radiolabelled testosterone, and measuring the
radioactivity associated with tne plasma aiter removal
of 'free' unbound testosterone by some physical method,

such as adsorption onto charcoals
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Methnod,
Animals.

'he strains of mice were obtained from stock bred
in the soology bepartment, university of Ldinburgh, and
were hoﬁsed in groups of 8-12 in large cages, under
conditions as previously described, At 10;12 wéeks of
age, the mice were exsanguinated under'ether anaesthesia.
Blood from groups of three mice, within strains, was
pooled, and centrifuged as previbusly described, and
plaswa removed. |
.hinding capacity determination.

a) Materials. Materials were obtained from the suppliers
as described in Chapter 2. |

Lhosphate nsuffered Saline (PB§). PBS was prepared by

clissolving 0.86 g potassium dihydrogen phosphate, 5.69 g
disodium hydrogen phosphate \Nazuﬂoh.lZHZO) and 5.678

sodium chloride in 1 litre of distilled water.

Lharcoal solution A - for removal of endogenous
steroids. uharcoal {5g) and wextran T70 {0.5g)
were added to 100 wml ¢BS anu shaiken tholoughly,

Charcoal solution B - for removal of unbound

jabu:lled testosterones, Charcoal (0,25¢g) and
Jextran 170 (0.02g) were added to 100 ml PBS

amnd shaken thoroughly.
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1,2PJH—Testoster0ne.

Labelled testosterone {(SA Lo,7 Ci/mM) was disscolved in
ethanocl: B8, 1:3 v:v to give approximately 3,000 cpm
in 0.1 ml.

vadioactivity measurement

aAgqueous sampies were dissolved in 10 ml scintillation
fluid (as described in chapter 2) and counted in a
Packard 2425 counter.
Procedure

Six, 0.5 ml plaswa samples from each of the strains,
plus 2 tubes containing 0.5 ml P35 were incubated with
0.5 ml Charcoal solution a for 45 minutes at 40°%¢,
atter mixing thoroughly on a vortex mixer. ‘''he samples
were then centrifuged at 3,000 rpm for 15 minutes, andd
0.5 wl of the supernatant was pipettéd into fresh tubes,
.This procedure removes endogenous protein bound and
free steroid, without affecting protein content of
the plasma |(Meyns, van paelen and de Moor, 1967 ).
Tritiated testosterone (0.1 ml) was then added to each
tube, and after I'thi1"lim:i.xing" tubes were left to
stand at room temperature to equilibrate for 45lminutes.
(Two 0.1 ml aliquotg of tritiated testosterone were also
pipetted directly into scintillation vials for counfing
later). The tubes were then placed in an ice bath
and 0.5 ml of Charcoal solution B was added to each tube.
ubes were then whirlimixed again, and after 10 minutes

were centrifuged at 3,000 rpm for 10 minutes. The



TABLE AZ,1

The percentage of 1,2»3H—Testosterone counts which bind

to plasma samples from four sirains of mice

STRAIN

Balb/c
DBA/2J
C57B1/6Fa
‘BDFl.

(PBS only)

12

[\« U S T -

% COUNTS BOUND

Mean +
30.8 +
39.0 +
43,2 +
41,7 +
3.0 %+

SE
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supernatant was then poured into scintillation vials,
containing 10 ml scintillation fluid, and counted for
10 minutese.

Calculations

The counts per minute for each tube were éxpressed
as a percentage of the total number of counts added
(1TC tubes). Stfain differences in percentage binding
were examined by analysis of Variance.

nesults

The percenfage counts bound fﬁr the plasma samples
of the four strains were shown in ‘lable A2.1, 'lhere
were strain differences in binding capacity (Analysis
of variance ¢ = 15.9, df =13, 19 p <« 0,01),; with
palbyc snowing tne lowest value., bBinding in the riSs
samples was very low, af less than 5% of the total

radioactivity auded.
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Discussion

Although this method does not indicate the absolute
binding capacity of plasma, it has shown that the
hypothesis outlined in the introduction was not corrgct.
The hiéh plasma testosterone levels of the Balb and bBA
strains were not the result of increased plasma binding
propertiés, in féct Balb showed the lowest binding of
all the strains. As described by Hampl, Ivanyi énd
Starka (1971) this binding capucity is probably.due to
a B—globular protein, which may be specific for sex-
steroids. They measured binding properties in plasma:
from 5 strains of mice (A, C57B1/10ScSn, B10A, B1lOBR
and C31/bi), and found binding capacities ranging from
5.09 ng/ml (C3H) to 6,90 ng/ml (B1lOA). These values do
not mean that these are tiie maximun levels which can be
carried in tite blood, but that only this maximal amount

can be carried as a protein-steroid compleXx,



-172=

ACKNOWLEDGEMENTS

rirstly, I wish to thank my supervisor Professor
A.W.G. Manning for his advice and encouragement
throughout the course of this work. Professor Manning
also castrated the mice used in Chapter Five. I am
also grateful to Lr.'s K.V. Short and C. Corker for
allowing me the use of laboratory facilities in the
M.iKeC. Reproducti#e Biology Unit, and'eSpecially to
iithona Cunningham for allowing me fhe liberal use of
hormone standards, buffers etc., required for the
testosterone assay. 1 thank Maurice uvow for his
endless patience in explaining statistics, and also
for valuable discussion., 1 am also grateful to Douglas
Scott and Lilian Neilson fbr maintaininé the mouse
colony.

This study was supported by an M.i.C, Studentship
and I declare that the work presented here is entirely
original and all experiments have been performed by

myself,

Jennifer Batty



__.L'b- . "U'“-A Mw u&—'\ "\ \H-O-'-, W MM JM'-}A u—quww ,7

_:_Lt} wh-mwmk«mwff
c..m.»‘{u,.,..‘ MM%-.M"
Lmu&-\,a&w 976,

. '1 O

hiy %W ww@ Qoy{,-i‘l-m

A lDO(JS M W B Gadwean M‘?.’_’

L (O T owed wf Mok L (00 p 2Dl

J
i F 2
bB B { o omatiens & U X ]
i lao  Poeiisn . Dow Aefe b Gy dammddopaaddu
I \ v
| | |
. @35 b fallun fomdk ?., coReliin” | Nollihy B Yandd . -

ha?t  wn wBd s 5 T e o ek et ?

Lf?_ W an_gl sputarnt” ._ ‘ ' _

M‘V““"“’ M“U“\a'twuf Mha-”'? L&Aq MMM—‘?

Ao Uoon yom ssustd_ow s ?dmm{ WM“S’- -
f 'LLb_q A AedarTin - 7 DL-73—0‘~9. et o] ! )




' o) 120 v | ,\co»af.,zs WJ?
' Ased v - )
W . g A L‘To\\l G&M@l %
’L‘b"-““ %«4—-2’ %53 "bcuj,cflwlm.
| ' .
Qo Lormns

f.,.- | ?
* . . ? l )



