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NEUROENDOCRINE BASIS OF THE SEX DIFFERENCES IN THE SOCIAL -

PLAY OF JUVENILE NORWAY RATS

Michael J. Meaney

Among Jjuvenile Norway ratsq as in many spekcies of

primates, there are sex differences in social play behaviour.

Juvenile males engage in more play-fighting (or

rough-and-tumble play) than do their female peers. In this )

thesis are presented the results of six experiments designed

to investigate ‘the neuroendocrine basis of this sex

N

difference in the ' social play of Norway rat pups. From the

N » .
time of weaning animals were housed in mixed—-sex, peer-groups

of six to eight , composed of some treated and some untreated

animals. Observations were made of these animals in these -

groups each day between Days 26 and 40 of life in Experiments

1,3,4{5, and 6, and between Days 31 and 40 in Experiment 2.

A

In Experiment 1 it was found that males castrated on Da¥41 of

life engagéﬁ in less play-fighting than did intact males, and

did not differ 'ffom normal females. In Experiment: 2

o «
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castration carried out at 23 ‘days of age had no effects on
the frequency with which males engaged\-in play-fighting. In
Experiment 3 it was found that heon.atal ovar iec£omy had no
~effect on . the feréquency with which fefna‘le pups engaged i'n
.play-zighting.' In EXpe€riment 4, females treated on ﬁays 1 and
‘2 of l’ifé with either 250 Iug of te.;stosterone propionate or
250 ug of dihydrotestosterone engaged in play-fighting at
rates that wlere comparable to those of normal ,maies, whereas‘
treatment with 5 ug of estradiol ‘benzoate had no such effect.
In Experiment 5. it was found that neither the reduction of
testosterone-derived estradiol (by . implants of the
aromatization blocker, androst-1,4,6,-triene-3,17-dione) nor
‘that of testosterone-derived ‘dih&drgtestosterone (by implahf:s
of the 5 oL'-reductas'e bloc}'<er, testosf:erone 17P—carboxy1ic
acid) 'during the early neonatal period (Days 1 to 10) changed
the frequency of play—-fighting ‘in"intact males. The results'
of these experiments inditate that the sex differencé in the
- social play of prepubertal Norway rats is éependent upon the
_neonatal exposure to {:estosterone‘ or its ) 5 oA -reduced
. metabolite, dihydroﬁestosﬁerone. The r eduction of
tes’tosteroné to dihydi‘otestosterone, however, woulé not
- appear to be a necessary s't;e'p.m The final experiment was
cjesigned to examine the effects of les:ions of the amygdala, a
: L

prominent neuroendocrine gontrol area, on the play~-fighting

of prepubertal males and females. Amygdaloild lesions, made on
%

-

D/ays, 21 or 22, ‘'siappressed play-fighting in males rats to
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- Norway rats.

levels that were indistinguishable cf'rrqm"those of females. In
contrast to males, amygdaloid lesions.had 'no effect on the-

play,-f:%ght,ing of fema‘\\les.'Androgen-—dependent sex difference'_s

"in the anatomy and physiology of the amyédala are discussed

as a possible explanat.ionuof its  apparent differential

‘influehce on the social play of male and female prepubertal
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NEUROENDQCRINE BASIS OF THE SEX DIFFERfNCES IN THE SOCIAL .

B . PLAY OF JUVENILE NORWAY RATS 2 ;

.
- R o~

' . >
“ .

Sex differences have been -deéctibed in the social

.. behaviour 'of several Social- 1tvrﬁ§ mammallan species. These

A 'J.

“sex differences appear to . be related to g;sex-dependent

divigion of 1dbour in reproductlve behav1our and territorial

defensey‘ as well as. to differences in the formation of
[

dominance hierarchies. In severai primate species,

partiéularly\jthe well studied terrestrlal monkeys (e. g the

rhesus, Japanese, and vervet monkeys, and several species of

IE -
baboonsy , the care 6f infants is pernformed primarily by the

Tl

. adult femaies, whlle territorial defense appears to be tthe

domain of the adult males (e.g. Eaton, 1976; Gartlan, 1968;

Kummer, 1968). In primate troops females .assume a rank that

is ﬁsually dependent\ on the rank of the mother (i.e. a
dependent rank),  whereas males establish their rank
s -~ ] . ‘
independent of the status of their mather (i.e..basic rank;

see Kawai, 1958; Sade, 1967).. }

Interestingly, in these and related species there are

-

1

also  sex: ddifférences in the .social behaviour of the .

juveniles. Juvenile ; males engage in more play-fighting than
do - females (sée Table 1), while juvenile Ffemales engage in

more social grooming (e.ﬁi Owens, . 1975), and in some species,

- ]
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females engage in more play-mothering {see Lancaster, 1971).

These - sex differences 1in the  socia1 behaviour of the

juveniles seem to preview those observed‘émong‘adults.

Aléhough they are less-well studied in other species, -

these patterns of sex differencés in social bghaviour are not
uniépe to prima&es. In rodents, for instance, in both the
Norw; rat (BAthtt, 19é3; Brown, 1966; Calhoun, .1962) and
th@"zgof rat (Ewer, 1971) the parental care of'iﬁfants is
éerforﬁed almost exclusively by the adult females, while the

mainten&nce‘ of . territorial integrity (Calhoun, 1962; Ewer,

1971) is primarily a male gactivity. -Among Norway rats,

\

females engage in more social grooming than do males {(Meaney

*

& Stewért, 1979)

Among guvenlle Norway rats, as well as. adults, ghere are

sex dlfferenqes in social behaviour. Juvenile males engage in

more play-fighting than do their female® peers (Méaneg &
Stewart, 1981; Poole & Fish, 1976), while juvenile females
engage 'in more social grooming than do males((Meqpey &
Stewart, 1981). Thus, the pattern of sex 4ifferences observed
in both juyenilg and adult Nérway rats is similar‘to that
observed in sevgral species of old world monkeys. of
particular interesq here is the s1milar1ty in the pattern of

sex d;_vérences in social play.

The range of sp@c1es in which sex differences 'in socal

play have Dbeen observed (liter;lly from pinnipods to
_primates; see Tables }t and\>2) is impressive. These sex"

’
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T
, .
In . .

\\
\ \
]
e - . W'..L.w_. /]

ke TR




G , '
differences in social play suggest.that thehopportuniéies for
early social léarning in these species depend uponfEhe.genQer
of the young and may be relatec te the'sex roles of the
adults. In play-motherlng, for example,' where early ;

i

interactions with infants appear to serve a motor-learning |

function (seé’“%:ncaster, 1971), sex diffeérences in sociaJ L
play might con rzbute to sex differences in the infant-care |

<

i

skills of , the adults. Sex differences in social play also d

LY

seem to determine, in part,'witn whom young‘animals,interact
.= In old world monkeys juvenile males fofm'pfay groups wherej, !
in the course of their play-fighting, they interact wit

@

peers and adults of the -same sége In contrast juvenile’

females avoid the play groups of the males. Females, pqssibly o
as 'a fJnctien of their attraction towards infants, tend to ' |

remain/ in close ccntact with their mother and with othér

adult females and their infents (see -Cheney, 1978; Seyfarth, ‘
Chéney, & Hinde, 1978; Simonds, 1974;1977). These early |

social interactions with animals of the same sex appear to

[
t

facilitate . the integration of the juveniles- into the

(Cheney,"1978; Harcourt & “Stewart, 1981; Simonds, 1977).

Thus, sex dlfferences .in social play may allow the animals to

gender-specific, dominance hierarchigs within the grocp !
|
!

form‘\relationsh1ps with animals of the same sex that in turn

A i
allow ' for the formetion of stable male and femaﬁe I

hierarchies,

One question that emerges from these considerations
; :

'
P
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concerns the determinants of sex differences in social play.
In this thesis I describe a series of experiments that

~

examine the effects of gonadal hormones on the sex

differences in the social play of juvenile Norway rats. The

, . S
“results of these experiments suggest that perinatal hormones,

apart from their 1nfluence on adult social behaviour, serve
to- predispose the SOcial play behaviour of juvenile males and
females.

»

Play~-fighting

The focus  of this thesis is on one particular form of

social play -
-
rats

that of play-fighting. Play-fighting among

juvenile involves a fixed sequence of behaviours. This

sequence is depicted in Figure 1. The' behaviour referred to

as _POUNCING can be considered as a play-initiation act since

it , precedes any other behaviour in the sequence (Meaney &

Stewart, 1981; Poole & Fish, 1976). If the animal that is

pounced on is responsive, then a WRESTLING bout ensues” that

is ofteq accompanied by BOXING. The endpoint of the play-bout

is the DOMINANCE/SUBMISSION‘relation between the two animals.

Even after "submitting", however, the animal on the bottom

\

of;en continues to kick at the other animal. This is

’%ggecially true of younger animals (i.e. animals less than 35

s

days of age, Meaney & Stewart, 1981),
The actual definition of play-figh%ing as a behavioural

category is complicated by two problenms. Fxrgt, the

&
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Lot Figure 1. Depicted here are the behavioural components:

of a ‘play-fight in Norway rat pups, and the sequehce in

wvhich they occur. . W
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behavioural components of §iay-fighting are, tbpographicalry,

the same as many of those involved in” the figh;ingvof adults.
Thus a strict behavioural definition of play-fighfing is not
possible. Second, since one is‘dealing with maturing animils,
a definition of play-fighting for animals at one age‘may
differ from that for older animals. Nevertheless;, the real
concern here ngtp distinguish_ between Ehe blay-fighting 6£'
juveniles and the agonistic encounters of adults.
Traditionally, play-fighting has been distinguished from
the fighting of adult animals by its apparent lack of
seriousness. While this is. a nebulous and unsatisfying
description it is not hard to find evidence £for the
difference between play-figh£ing,and intraspecies aggression.
In the play?fights of Norway rat pups, the distress
vocalisations that are common Pn'the agon@stid encounters of
aaults are farely recorded (éaihoun, 1962; Meangy & Stewart,
1981). This is not aurprisiﬁg.since biting occurs only in an
inhibited form that does ‘not result iﬁ the wounding of an
obponent (Pooie & Fish, 1976). Another distinguishing feature
%S play-fighting in rats is that, unlike'adult agonistic
encounters, rolese (i.e., gttacker/target) a?gq frequently
Eeversed; an animal that’ .is dominated during“a play-fight

will often immediately pounce on the othér animal and then

" dominate it (Poole & Fish, 1976).

Additional examples . of the distinction between

play-fighting and adult-like aggesdjon come from the work of




B

Poole (1966) with polecats (Mustella putorius). Poole reports .

that 5 out of 7 of the behaviours that appear in the attack

component of the agonistic encounters of adults dlso appear -

in the play-fightijng .of juveniles, as do 3 out of 4 of the
. 1 \

behaviours that comprise the defensive componehts. The two \

attack components that we ~ absent in play-fighting

(sustained © neck-biting' and siaeways attack) are the

s

behaviours that serve the fuzééion £ inflicting injury on an
opponent. The’ defensive component not seen in play-fighting
was that of defensive threat. The "screaming” vocalisations

recorded from attacked adults were also not heard during

play-fighting. Thus, in the play-fighting of polecats/the

more extreme forms of both thg aftack and the defensive,

components of adult aggression dre not observed,
' \

In rhesus ménkeys Symons (1974) has reported that the

’

facial expressions that . characterize ‘the combatants ip an

aggreésivg encounter are not seen in the play-fighting of,

juveniles: Particularly noteworthy is that in - the

play-fightﬂng of rhesus monkeys there are no gestures of

threat or. submission.

Thus, play-fighting contains only the milder forms of

attack and defense that are seen in the fighting of adult

animals. Most. notably absent in play~-fighting are - the
behavioural components that lead to the infliction of injury

in an opponent and} consequently the components associated

with "defeat." It is probably the case in éhe pldy-fightiﬁg

L
/
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" of+ all species ‘that although %be énimal'may gain the upper
‘hand in the course\ of a wregtling bout, that there is no |

. defeat or completé submission. Thus, the immediate function
‘ &

: ;)\;for the participants of a pldy-fight is apparently different~

from that for animals involved in-an adult-like, agonistic

-

‘encounter. o ' , : . \

Sex Differences in the Play-Fighting of Juvenile‘Norwgy Rats N—
Presented in this "seqtidn isl a summary of the work
describing the sex difflerences in the play;fighting of Norway
~rat pups.. With ‘the exceptioﬁ, of one study (ile., Poole & ?
Fish, 1976) these studies have been conducted by the a&;hor ‘
in - collaboration with Jane Stewart. Each of theése studies .
'varbes in its methodology and setting, and 1t should be noted” . ;
that the' basic finding of a sex difference in playjfighting :

]
emerges in each study despite these differences. . ' o

w v

In a first study we sougﬂt ta examine thé ontogeny oﬁ
:play—ﬁﬂghting ‘and to describe the frequency of play-fighting

in juvenile rats between the ages of 6 and 60 days of life.

In this study a time-sampling technique was used to score the
¢

behaviour’ of pups that were observed in intact litters with v

-

thé mother present. ?hé’?ésults (see Figure 2) showed that
play-fighting emerges by about‘l7 days of life and begins to

- decline at about the tine of phbertyf The sex differénce*in

(& play-fighting is not clenr until about Day 25, and is present

thereafter. It should be noted that this Eex difference was

{
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not due to any greater Amount of general aiﬁivity in male

pups. In the same study we found that there was no sex .
=

difference in general'locomotor behaviour.

»

In a second study ﬁMeaney & Stewart, 19Bl) we examiégd

‘in more detail the play-fighting of male and female Norway

rat .-pups. In this study observations were made of pups while

in intact peer-groups: The social behaviour of each pup was

ir

scored for thirty 20-second periods a day. The results of

this study cotfirmed the existence of the sex difference that
was observed! in the first study‘(see Figufe 3). In addition

we found that males initiated more play-fights than did

females, and that between 21 and 35 Days of age males

initiated more play-fights with ‘males than with females.
Between 36 aﬁd 40 Days of age, howeQer, this play-partner
preférénce was reversed; males initgated and became involved
in more play-fights with females than‘with males, ;Eis period
between 36 and 40 Days of age mggks the onset of the sexual
attraction ‘Pf tﬁp male towards females (Meaney & Stewart,
1980),. but is a period in which very little errtAsexual
behayiour is observed. The onset of this sexual attraction in
males, then, ,appearg to result in a play—par%ner preference
for females, and about S'to 7 days later it is followed by
;he onset of sexual behaviour. Once thié transition has

occurred the puﬁgrﬁal‘hales (between 50 and {5 Days\zf age)

once again direct\‘mére play-fighting towards males'than.

females., _ o T .
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Figure 3. The relative frequency of pouncing (play
initiation) in. each age period for each of the four’
possible male-female dyads. The 1left half of.the figure
refers 'to play bouts that were initiated by malds (towards
either males or females), while the right half refers to
play - bouts that were initiated by females. Signif t

sex-of-play-partner preferences are indicated by the ‘closed
circles. ‘
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The behavipural éomponents of'plgy-fighting are not sex
dependent. In the Norway rat, as in the rhesus moykey (Goy,
1974), wheh females do engage in a play-fiéht, they do so in
a manner that is no different from that of their male peers.
The behavioural compoﬁents of play-fiéhting and the temporal
order 1in which theyy occur are presented in*Figure 1. This
pattern is the same for both male and female pups.

While the results of this second study provide detailed
infor?ation sabéut the .behavioural components  of
play—fighting, the "resolution” afforded the observer is,
limited . in that_ he social play of ‘rats is  éxtremely

fast-paced, and the data must be recorded by hand. This is

particularly true of the movements;méde by female pups. In

order to obtain more detailed information a third study was

2

conducted in which the behaviour of pups between 25 and S50

days of age was scored using a frame by frame analysis of

video~-tape recordings. The speed of thevtape was set at about

65 frames per second.. This allowed the observer to make .

\ : .
detailed records of the ylay-fights as well as to record data
concerning the duration of the individual components of

p;ay-figﬁting.

4

.An analysis of these tapes revealed a second form of

play-fighting that we have termed Fhit-and-runﬂagify. This

form of play is very similar to the "approach/avqidénce? play

- that Hérlow (1969) has observed .in rhesus monkeys. In

hit-and-run play one animal pounces on anQther and then
: &

[}
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. quickly (i.e., in’;ess than 5 seconds) retreats. The retreat,
w 7 ' . .
or run componédt seems to involve two leaps away from the

?

animal that has been*pounced on. This étereotypic movement i?
reiniscent of the solicitation pattern of the adult femal;
rat (see Mcciintock & Adler, 1978). This form' of social play
is also sex dépendent. Hit-and-run play was qbéerveg more
often in females than in males., Harlow (1969), interestingly, -
has found that female rhesus monkeys engage in more
approach/avoidance play than did males.

Female pups- were not only more 1likely to withdraw

1
following a pounce (the hit-and-run pattern), ‘but also

withdrew more oftgn than did males prior to ‘the formation of
éﬁdaminance relation. This finding is consistent with that of
: _the previous sfudy (see Figufe 4) showing that play-fights
involving females and males w;re less likely to progress to a
dominance relation than were fights involving males only..

In summar&, theh, the play-fighting of Norway rat pups

has been found to be sex depéndent. Thi§ finding has emerged
from a . number " of, studies using various observational .
techniques and settings. The .Bsex difference in the
play—fighting; oq juvenile Norway rats is a difference of
degree a;d not one of kind: Females dp'nét diffgr from males ,
in their potential to play-figh%; Th® sex difference in
play-fighting is due to (a)'t;e fact that males initiate and
pecome' involved in more play-fights than do fémales, and (b} -

to the fact that females withdraw from play-fights more than

_QO'males (see Figﬁxe,S).
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Pigure 4. The probability of a play-{fighg resulting in
an On-Top/On-the-Back relation (P(0T/0B)\for'd- g, d'- &% ~
and 9 - @ dyads over age. Female - male play-fights did not
occur frequently enough to permit analysis.
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Figure 5. Presented in this figure is a summary of the
gsex .differénces in the gocial - play of Norway rat pups.
Depicted on the upper tion is a play-fight sequence, ",
While males are - more 1likely than .females to initiate a
play-fight;, females (as seen in the lower portion of" the
figure) are more 1likely to withdraw either before a
dominance relation. is formed or immediately after having

. pounced on another animal (i.e., hit-and-rin play).
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Hormonal Determinants of Sex.Differences in Play-Fighting .

. Working with rhesus mohkeys Goy (1970) found that

* females exposed to exogenous testosterone propionate
(testosterone is the principal secretory product of the
testes) during gestation engaged in play-fighting at rates

that w;le‘ comparable to those of their male peers. In the

-
H

rat, neonatal (i.e., postnatal Days 1 and;2?) treatment with
" testosterone also eliminates tﬁe se difference in
play-fighting (oiiof’f & Stewart, 1978Y. (With respect to
these findings it ié\ impoftgnt to note that the prénatal
period in the monkey and tbe7neonata1 period in the rat are
critical periods for neurogenesis and | for the
hormone—depéndent, sexual differentiation' of mating
behaviours). In both of these specieé, then, perinatally
androgenized females dfd not Qiffer from males ﬁin the
frequency with which Fhey engaged in play-fighting. Thus!‘sex
differences in social‘plé§ appear to Se rela&ed to the eirly;’
gctixns of androgens in both the ratiand the rhesus monkey.
Thes results also suggest th;t the sex difference in
play-fighting is not directly dépendent 6n th{ presence or
absence of the Y chromosome. In both of the experiments
- ~described above genetic females treated with testosterone at
the appropriate period did not differ from genetic males in‘

the frequeficy Wif‘\\which they enggged‘ in play-fighting.
bI\ _ Rather, male-typical 1levels of play-fighting appear to be

N
i e

e




related to the androgenic secretions of th
chro;nbsome-dep,endent gonad (i.e., the testes).

The e_xperiments‘ that follow t:ave\/been designed to
examine further the relat;ionship between testosterone and
play-fighting., These exper iments deal with two basic
questions» concérning this relationship. The first concerns
the temporal characteris"ti;:s of the androgenic influence on
.qplay-‘figh;ing. This qu;stign is seminal to an understanding
-of the nature of’' the ar;drog.en'ic action. The literature on

hormone-behaviour interaction (see Beatgy, 1979; Goy &

' McEven, 1978 for reviews) demonstrates that there are,

]

generally ' speaking, two w&ys in which hormones influence
behaviour. The first concerns. the activational effects of
hormones on be:haviour. Instances in which the presence or

absence of a particular hormone at or near the time of

testing can be related to the probability with which a —
behaviour will ‘be observed represent an activational effect. ©

That is the hormone is considered to "activate," or in some,

cases to "deactivate" a particular behaviour. The effects of

. t N R
adult castration on male or\female sexual behaviour in the .
rat (e.g., Beach, 1956) are classical examples of

-

activational‘ effects. The second way in which horinones are
said to infl;lence behaviour is by "organizing™ the CNS during
some early developmental period in such a way that an
individual is predisposed to respond to a particu‘lalr stimulus

in a certain way (Phoenix, Goy, Geréil, Young, 1959).

.
Y c
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Instances in which the probabilty of the occurrence of a
particular behaviour can be .related to the presence or
absence of a hormone dux:ing some previo&lls period of
development (i.e., an identifiable critical period) represent
an organizationaln effect. The sterility of adult female rats
.treated neonatally with testosterone (e.g., Gorski, 1973) is
‘an example of an organizational effect. It should be. noted
that both,’ organizational and activationgl effects are not
defined by the processes by which they ‘influence'behaviour,
since' in all cases_ horr'nonal effects are mediated by other

events (both intracellular and extracellular). Rather, they

‘are defined by the temporal characteristics of the hormone

effects. It is for- this reason that a description of the -

' temporal characteristics of a hormone effect represents a
first step towards’ an understanding of the nature of that
effect.

The second question concerns the metabolic pathways
involv;ed in the andrégen ,influenée on play-fighting. The
issues involved in this question are described in detail

prior to Experhpent 4, so at this point I will only briefly

4 bl

outline the problem.

Testosterone is actually a prohormone, That is, once

inside a cell, testosterone can (a) be aromatized into .an

\

'\ estrogen, (b) be reducéd to a2 5oL~ or 3ol ~-androgen (such as

1]

’dih\ydrot‘estosterone), or (c) remain in its oeriginal form. The
S . 2

‘brains of aninals castrated and adrenalectomized and then
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trea{:ed with' hydrogen-tritiated testosterone have been found
to contain wvarious amounts of labelled estrogen, reduced
androgens, and testosterone (Lieberburg & McEwen, 1977).
Therefore any testosterone effect, be it activational or
organizational, can ‘,concei.vably be. due ‘t,o!
testosterone-derived estrogen, testester‘one-—defived, reduced
androgens, or to testosterone itself, Experiments 4 and 5. of
' this thesis were designed to identify the form in which’
_ testosterone exerts its influence on play-fighting.

In each of the exper iments described the animals were‘
studied during the prepubertal period from 26 to 40 Days of
age, exc\ept in Experiment 2 in v}hich the period‘ studied was .
from days 31 to 40. A prepubertal period was chosen so as to
avoid the potentially confounding endocrine changes that
occ\f‘ ka i the utime of sexual maturation. Following weaning the
animalg used in anyvparticular experiment were placed into’
mixed-sex groups of between six and eight animals. The
animals remalned in these, groups throughout the experimental
period. This allowed the ‘exper*i‘;nenter to make detailed
observations of the pups thfbughout the prepubertal period.
Each group Aw¢ithin each .experiment was composed of a similar

number- of treated and untreated animals. This provided each

animal with. rearing companions of both sexes including

N ]
PR . o .

normal, untreated animals.
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Experiment 1 .

, { \ '
In this first experiment the frequepcy of. social play of
intact male and female pups was compared to that of male pups
that had been castrated within 24 hours after birth. For
while it .had been found in an earlier experix;lent (Olioff &
Stewart, 1978) that intact females exposed to testosterone
injections on Days 1 and 2 of life engaged in more social
play than- did ' oil-treated females, the effects ofﬂ removing

J

the primary source’ of testogterone in males durig

: o 1
critical period for the organizational effects of ggnadal

hormones had not yet been studied.

Method

Subjects ( , /

The animals observed in this experiment were 16 male and

8 female Long-Evans hooded rats. Thesg animals were selected

‘from amongst the offspring of 8 dams that were obtained while

pregnant from the Canadian Breeding Farms and Laboratories,

St. Constant, Quebec. Within 24 hours following birth the

animals- were r&uoved from their. mother, sexed, and randomly

@

assigned to treatment groups. Twelve males were castrated and \

12 were sham operated.’ Surgery was performed under

\
hypothermia anesthesia. The animals-wgre then assigned to six

¢
<
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mothers. Each mother received 10 pups (the average litter

4

size for this species) f3ur &§h1ch were simllarly-treated

ales and s1:x of which were samé-aged, u;itreated females. The

animals~were ’ then left undisturbed until weaning. A 12L/12D

1igh¥ schedule wa ntained/in thg animal colony (11 hts/

off*’é.t\omoo YN e
On Day 23 the animals were separated from their mothers
\

. w ) (
‘and housed in four groups of six animals each. By this time

five castrated males and one sham—opera\ted, intact male had
died. Therefore, three " of the four groups vere ;:omposed«r'of ‘
two castrated ' males, two intact males, and two same-—aged
females, while the fourth was composed of three 'intact males,
one castrated male, and two femaieé making for a total of
nine \int"act n}ales, seven castrated males, and eight females.
The eight fema;es were chosen from those that had been added
to the six litters. The animals were maintained in these
groups throughout the experiment. The an'imals ware marked- for
1dentificat10n (coloured, felt- t1pped pens) ever‘§ 5 days and
were not otherwise Thandled. Although they were housed. in a‘
different room the animals were maintained on the same
feeding conditions and light schedule as in the animal
coiony. ) |

Apparatus and Procedure

;f&f}_ Each postweaning group was housed in a cage 51 x'33 x.26
. 4

cmy one wall of which was made of 1.25 cm plywood and had

mouﬁ.ted on it a wir{e-mesh feeder and two waterbottles. The

AR TR 2w 3 6 LA e DR Bk, (A5l LIl MO RSO v 4
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‘remaining sides were made of 0.6 cm wire-mesh. L«

The animals were observed daily dufing the prepubertal .

period between Days 26 and 40. ch group of six animals was

observed for 70 observation perjiods per daq. Each lasted for

20 s, and during that ﬁeriod the behaviour of all six animals
was scored. If, during the périod an animal engaged in a

play-bout it was given a score of "1." Animals that did not

engage in a play-bout were given a score of "0." Thus, for

any animal the ‘possible range of scores for each day of

observations was from 0 to 70. An animal that engaged in any

of the behavioural components of‘a play-fight sequence (see
. \ "

below) was considered to have engaged in a play—bouk. All

observations were conducted between 12:00 and.16:00 hours.

Behavioural components of play-fighting. The following

is a description of the behavioural components. of the
pl;y-fight sequence (see Figure 1 and p.3). Pouncing. One pup
the forepaws that first make cpetact with the other animal.
o 4 . |

Wrestling. Two ‘animals roll and tumble with one another.

Boxing. Two animals standing upright, faciﬁg one another, and

making pawing movements towards one another. On-the-Back

Posturé. One animal lies on its back, fully exposing its
ventral surface to ngther animal. On-Top. One animal
positioned over/ another animal with its forepaws placed on

»

the 'other animal. In the experiments described in this-thesis

Prine B i gred R T R A TRl B T e e Lo el R —
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lunges at another with its forepaws extended outward. It is °

g
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SYNONomous. tThe hit and run- form of 'social play, a
sub-category of Slay-fightingy was scored as béing an
jhstance ofs'play—fighting ,éimply because it'is extremel§
difficult to detect without the aid of video analysis. This
does not present a serioué confouﬁdnsince onf} about 3 to 5 %
of all blay-bouté invoive the hit and run sequehce (Me§ney &

Stewart, unpublished observation). .

- Data qnalysis. Total play scores were calculated for

3

individual animals across all 15 observation days. The

¢

effects of treatment conditions were examined by comparing

the scores of animals in each of the three conditions

-

egaréless of observation group using a Kruskal-Wallis

test. Post-hoc, paired comparisons were made using

§
itney U-tests. Non-parametric statistics were used

of the ease wit;'which they are computed and because
doA not ._appear to differ in iower from parametric
istics (seé?Bonneau, 1976). ' } .
* -, Note that tﬁe combining of scores across observation
‘ A

groups results in the addition of between group "variance" to

the dééigni This confusion of betyeen and within group

x . o, * Y
. :
. "variance", hpwever, adds to the conservativeness of the

- o}

statistical analysis since’ it serves as a bias against

finding between group treatment effects.-

a * 7
‘

‘Results and Discussion
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The results of Experimerit 1 are summarized in F%gure 6.

Statistical™ analysis revealed a significant treatment effect

B = 9.67, pf.0l). Post-hoc comparisons showed that intact

' “»
males engaged in significantly more play-fighting than did

castrated males (U = 7, p<.005) or intact females (U = 8.5, p£
.005). The difference 'betwee,n the castrated males and the
intact females was not significant. These results indicaée

that' genetic males deprived of testicular hormones from bir{h
gshow greatly reduced levels of'v play-fighting in the

prepuBer tal period.
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Experiment 2 .

Since the animals in the first experiment were deprived
of ti%tosterone from birth onwardl it is not possiblé to
y the timing of the androgen effect. The Day
l-castrated males wer; deprived of téstosterone not onl&
during the neonatal period, but also during the time of

testing. The results of Olioff and Stewart (1978L, ﬁowever,

.support tpe view that the androgen influence is limited to

the ' neonatal period since females treated with testosterone,
but which laqked,! at least, the testicular source of

androgens during the period of observation, did not differ

\

from intact males in their frequency of play-fighting. This
, |

suggests that there is no activational influence of
circulating androgens on play-fighting, and that the effects
of testicular hormones is specifié to the neonatal period.

Experiment 2 was designed to examine“vthg‘ possible

effects of circulating androgens on the play-fighting of male

"pups. In this exper}ment the frequéncy of play-fighting in

intact" male and female pups was compared to that Oof males

r

that were castrated on Day 23. Since Day-23 castrates were
&

‘without testes throughbut the perfod of observation (Days 31

to 40), but not duéing the early‘neonatal period, if was

possible to deternhng“ whether the presence of éestipular

hormones at the time of testing contributes to thézexpression

&




e o =

of male-typical levels of play-fighting.
) . . Method - 2 &

5ubje¢§s T

The animals observed in this experiment were 16 male ané®
! - 4, - '

8 female Long-Evans hooded rats. The animals were obtained

and housed ‘in the same way as in Experiment 1. On Day 23

eight males were castrated and eight were sham operated.

Surgery was performed under Nemﬁutél (lcc/KG) anesthesié.

Following surgery the animals were placed into groups of six

same-aged animals. There were fout such groups, each composed
_— ‘ /
of two castrated-males, two sham-operated, intact males, and

two same-aged, untreated females.

L ? A

NN ‘ .
Apparatus and Procedure : L
v »

The apparatus and Procedure were the .same as in

_Experiment . 1, with the excdption that the period of

observation ‘was - shortened to 10 days (Days 31 to 40). This

}
‘was done to allow for recovery from suréery.

Data The data from this experiment were

J

treated similarily to those from Experiment 1. Note, however,

analysis.

that there . JEre

experiment.

4

10 and not 15 days of observation in this

,0 *

e -

.
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Results and Discussion

The results of Experiment 2 are summarized in Figure 7.
The statistical analysis across all three groups revealed a
moderate treatment effect (H = 4.59, .107p.05). The post-hoc

analysis showed that both intact males (U = 13.5, p<.05) and

, . . . ¥
castrated males (U = 17, p<.06) engaged in more play-fighting .

.

¢ .
(. than did intact females. There was no significant difference

between the two male groups. _ .

; :
The fact that castration at 23 days of\age did not

affect play fighting in prepubertal males sugéests that there
is no activapional influence of circulating androgens on

social play. Together with the findings of Experiment 1 and

> W

those of Olioff and Stewart (1978) these results indicate

that while  the exposure to testicular hormones in the early
)

~. 3 ’
neonatal period gs crucial fer the development of the sex

difference, in social play, the presence of testicular

A} o

hormones at the time of testing does not contribute to the
expression ‘of the sex differ;nce. This conclusion has
rgcelved further support from the results of subsequent work.
In one séudy (Beatty, Dodge, Traylor, & Meaney, 1981) it was

found that castration on neither Day 10 nor Day 20 affected

the frequency of play-fighting in male pups. In a second

study Meaney and [Stewart (Note 1) found that daily injections
. - S
of 200 ug of testosterone propionate to male pups Qetween 26

and 40 days of age had no affect on the frequency with which

s
v
N ¥
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Figure: 7. Mean (~9E}) number of 20-sec sessions in

which intact males (I-d), Day 23~castrated ' males (Gx-3),
and intact females ﬁg) were observed to be engaged in

plafifighting.
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they engaged in plgy-fighting.

This pattern of amdrogenic influence on the
play-fighting of the rat parallels that found in the rhesus
@onkey. As meniioned earlier, testosterone treatment during

an apparent critical . period for brain development

‘masculinizes ‘the play-fighting of genetiq rhesus monkeys

A{Goy, 1970; Goy & Goldfoot, 1974) and Norway rats (Olioff &

Stewart, 1978). ~;bggs‘ beyond this . period, however,
testosterone treatment does not seem to influence
play-fighting in either species. In the rat this conclusion

is supborted by the evidence presented above. In the rhesus

- monkey neither the postnatal éastration of males (Goy, 1978)

nor the postnatal testosterone treatment of females (Joslyn,
1973) was found to influence the frequency with which animals
engaged in play-fighting. Thus, in neither spéciés does

testosterone serve to activate play-fighting.

O S VU S,
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Experiment 3

0

. ’ '
The results of Experiments 1 and 2 suggest that the sex

difference 1in the social. ,play of prepubertal rats is due, at

least in pa;t,:‘to the influence of neonatal testicular

androgens. It is'poséible, hb&é&erw that this sex difference.
may ‘also be influenced by a supp;essive effect of ovarian
hormones either at the Fime of testing or earlier. In
Experiment 3 we examined the influence 8f §varian secretions
on the social play of prepubertal female‘ rats. In'this
exﬁeriment the frequency of play fighting of intact male and

female pups was compared to that of female pups that were

castrated on Day 1 of life,

Mefhoa
_—*—_—‘3

Subjects

. In this experiment the oﬁsérvations wé;g/performed on 16
femaie and 8 male Long-Evans hoodedvratsj The apimals were
obtained “and housed in the same way as in Experiment 1.
ﬁithib_24 hours fqllowing birth the animals were removed from
their mother, sexed, ‘and randomly Fssigned to treaément
groups. Ten females were ovatiectoﬁized and 10 were sham

operated. Surgery was performed under hypothermia anesthesia.

The animals were then reassigned to mothers as in Experiment




the same ‘as in Experiment 1.

: L -~ 25

9 ! - -

On Day-23 the animals were separated into ngr groups of
six “animals. By this time two qvériectomized animals had
die@i/Each group was comprised of two ovariectomized females,
4 - . -

two sham—operaéed, intact females, and two untreated,
- x‘ . ¥
same-aged males.

Apparatus and Procedure

The apparatus, procedure,'énd analysis of the data were

Results and Discussion
i

1

ﬁ%}uﬁThe results of Experiment 3 are summarized in Figure 8.
The statistical analyéié\izjoss all three groups revealed a

6.76, p<.05). The post-hoc

significant treatment effect® (H
analysis showed that the intact males engaged in
significantly more ~play—§ﬁghtin§ than did eitper the intact
females (U = 10, p<.01) or the ovariectomized females (U =

16, p<.05). The difference between the two female groups was

- not significant.

These results indicaté that .there is  no detectable
influence of ovarian hormones on °the social play of

prepubertal rats. Thus, the sex difference in the

play-fighting of Norway rat pups does not appear to be due to

any suppressive effects of ovarian hormones on the social

>

play of females. ' .
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Figure 8. Mean (=~SE) number of 20-sec sessions in.
which intact males (I-&), Day 1l-ovariectomized females
(va-gr, and intact females (g) were observed to be engaged
in’ play-fighting.




Experiment 4 ‘ o

)

. The results of the first gwo experiments ind}céte that-
the sex difference in ‘the social play of Eat éups is
depéhdent upon the presence of testicular ho;mones during the
early neonatal period. In .this experiment I sought to examine
whether testosgtrone itself or one of its métabolites exerts

this influence. It is known that within certain cells in the

it -

brain of the rat and other species, téstos@erone can be

‘" converted into either estradiol through the aromatization

oo

T pathway (Naftolin, Ryan, & Petro, 1972) or into
~dihyd_rotestosterone through the 5dl-=reductase pathway ?Denef,

v

Magnus, & McEwen, 1974; Martini, 1978). Moréover, there are

e A, S 20 B i o i <

receptor sites, ‘eépecially withih the 1limbic system, for

2

estrafiol (Stumpf,  sar, . & Keefer, 1974), for
dihydrotestosterone and for testostérone (Sar & Stumpf, 1974;

Sheridan, 1979). It 'is conceivable, fhen,,that the androgen ;

effect described in Experiments 1 and 2 may be due to the

actions of testosterone itself, to “the “action of
&

testosterone-derived estradiol, or to the action of

testosterone-derived dihydrotestosterone. v

The issue of which metabolite is primarily involved is .
of partidplar intgrest iﬁ view of thé_gajor role a;;;ibut%g
to the estradiol metabolite (17 B -estradiol) in the

differentiation of the neural —circuitry involvedv in .
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‘gonadotrophin release and i; the defeminization and _
masculinization of sexual bg%aviéur patterns in mdny rodents -

. (McEweﬁ, Lieberburg, Chaptal, & Krey, 1977). Estradiol is

known to be converted from testosterone in many regions of
the brain durkng the period of sexual differentiation and‘té
bindwwith hiqh‘affinity to estrogen receptors within specific
brain cells (Lieberburg, MacClusky, Roy, & McEwen, 1978). It
is this feafure that has made it possible to begin to relate
hormone action to specific phanges in brain structure during

this period. No such direct CNS action for testosterone

itself or for its 5 ok -reduced and  non-aromatizable

metabolite, dihydrotestosterone, has yet beeq determined,
though it has been suspected. Thus, while it is well
reéognized that ldihydrptestostérone plays the major role in
promoting the growth of the male denitalia and body type, the
eGX@ence that exiéts for a direct androgenic action_in thg

\ .
CNS during differentiation is considered equivocal (for a

T review see Goy & McEwen, 1978). One reason for this is that
— T T . 3
until recently " receptors for testosterone ' or

dihydrotestosterone were not known to be present in the brain

of developing animals during critical periods for
differentiation. The finding of and;ogen receptors in the
limbic brain of one-day olg rats, receptors that exhibit
nuclear binding broperties’typibai of andrégen receptors in
adult ~rats, is therefore of great interest (Fox, Vito, &

w ' N
‘Wieland, 1978; Lieberburg et al., 1978, Vito, Wieland, & Fox,

o
] .. o




Subjects

The animals observed in this experiﬁeht were 24 female

28

1979). Fgrtﬁerm re, the report of 5 —reductasg activity in
the brain of neonatal -;ats adds té the possiﬁility.that
androgen metabolites of testosterone méy §1a§ a role in the
differentiation of neural tissue’(Martini) 1978).

In Experiment 4 Ehe' frequency of play-fighting in
genetic females treated neonatally (Days 1 and 2) with either
,té:tosterone propionate, . estradiol benzoate, or

dihfdrotestosterone .was compared to that of normal male and

. female pups.

~ : U
Method ‘

and 12 male Long-Evans hooded rats. The animals were obtained
and. housed in the same way as in Experiment 1. On both Days 1

and 2 of life six females were injected subcutaneously with
2

‘ ~ )
250 ug of testosterone propionate, six with 250 ug of

dihydrotestosterone, six with 5 ug of estradiol benzoate, and

six 'with the oiI vehicle alone. All steroids were dissolved’

in peanut oil and were delivered in .05 ml amounts. Coilodion

(Fisher s;ientiflc Iitd.) was applied at 'the point .of

injection to p}event leakage. On Day 23 the animals were

rehoused ‘into i&;\g;oups of six anamals, each group

containing 'one ~estra ?gl \ benzoate-treated female, one .

dihydrotestosterone-treated female, one testosterone

‘
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propionate-treated female, one oil-treated female,‘and two

‘untreated, same-aged males. !
\(

Apparatus and Procedure -

- ' ”
The apparatus, procedure, and analysis of the data were
s .

the same as in Experiment 1.

M N
/ . ~ - ¢
“

¥

« Results and Discussion
“ . -

' 1

¢
The results of Experiment 4 are summarized in Figure 9.

o

As can be seen, testosterone propionate-treated females,

J

dihydrotestosterone-treated fémales, and normal males did not

* differ in the requency ~ with which they engaged in

i

! play-fighting. All three groups were observed tolengage in !

more play-fighting than did both the oil-treated females and
the estradiol bbehzoaté-i:reated females. The statistical - "q

e
..analysis revealed that there was an overall treatment effect

-@ (g = 21.24, pZ.OOS). Post-hoc anaiysis spowed that there was
" no significant difference between the males and either the
- Eestosterone ‘ prop;;nateftreated females or the
dihyﬂrotestoéterone—tfeatea' females. Both testosterone
?tppionate-treated females gnd dihydrotestostérone-treated
ﬁemhles' differed sighificantly from the estradiol
benzoate-treated fe&gles (U’s o, é(.OOl;:and U = 5.5, p<.03,
respectivély) and the oil-treated females (U = 0, p(.OOl‘anq_
.U = 11.5, p(.Ol, ‘respectively). Thefé was no signifircant

»

-difference between the estfadiol benzoate-treated females and ’

! Y .

Kl
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Figure 9. Mean (~SE). number of 20-sec sessions in
which intact males (I-3), testosterone propionate-treated °
females (TP-Q) , dihydrotestosterone-tredted females
(DHT-Q), esradiol benzoate7treated females (EB-Q), and
oil-treated females (oil-g)rwere observed to be engaged in
play-fighting. , :
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-
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‘the oil-treated females.
- / These results indicate that either“-testosterone or its 5w
' -reduced metabol%te; dihydrotestosterone, administered ea;lf
during the neonatal period is able to inéreaée the *frequency
of play-fighting in prepubertalgfemale rats and, in the doses

used, to eliminaté the sex difference in social play. In

contrast, estradiol benzoate, even in doses sufficiently

P Y

large to defeminize both open-field and lordotic behaviour

(see Stewart, Vallentyne, & Meaney, 1979), has no such

= ) effect. This sugggsts that the influence of testosterone, on 2
the social -play of rats is a true androgen effect. /
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Exgérimentﬂé

-

The results of Experimeht 4 suggest that the high levels
of play-fighting observed in male pups are due to the action

of testosterone or its dihydrotestosterone metabolite in the

-

neonatal period, -and that there 1is no effect of

9

testosterone~derived estrogen., In the present study we

examined this hypothesis using intact males. While studies
—S

that 'simulate the process of masculinization in genetic
females (e.g., Experiment 4) are highly informative, it was

considered important to confirm these findings in genetic

Al

males whenever possible. The question’ here is not only

o . \\ :

whetﬁerV androgens can masculinize social p]ay, but also
whether, under normal conditions (i. e.,

enetic males), this
is the grocess by which male-typical sq41a1_play develops.

e

In this 'study, then, I further %&amined the metabolic

ot

\
pathway' involved in the androgenic inflrence on social play.
This was done by implanting newborn ma le pups with 91last1c
cépsules containing either andrcst-l, ~6 —trienee3,l7-dione

(ATD) or 4-androsten-3-one 17’B;carboxylic acid (testosterone

17 }3 -~carboxvlic acid). ATD is an aromatase inhibitor and is

b

presumed to inhibit the conversion of testosterone to
‘ r

estradiol (Lieberburg, Wallach, & McEwen, 1@77). ATD has been

dhown to attenuate the estradiol-mediated defeminizing effect -

of téstos;erone on female sexuwal behaviour (Booth, 1977;
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Clemens & Gladue, -1978; McEwen'et al., 1977; Vreeburg, van
der vVaart, & van der Schoot, 1977). In the present study the
ATD capsules were left in the animals from Day 1 to 10. Thus,
the endogenous levels of testosterone-derived estradiol

>

should have been substantially reduced durin{g the period when

estradiol normally acts to defeminize rat behaviour. If’,

@

testosterone-derived estradiQl were involved in the
de\velopment/ of male-typical 1levels of play~fighting in "the
male rat, theﬁ ATD would ~be expected to reduce the‘ observed
levegls of play~-fighting. In the first part of this experiment
.(5a) the frequency of play-fighting in normal male and femaie
pups was wlcompared to that of males that wereaimplanted with
ATD dutingjt:he early neonatal period.

- similarly, testosterone 17 P -carboxylic acid is a
compound that inhibits the reduction of testosterone into
dihydrotestosterone (Rao & Weisz, 1979; Luttge, Jasper,

Sheets, & Gray, 1978). In the second part of this experiment

(5b) male pups were implanted with silastic capsules

containing testosterone 17 P-—carboxylic‘ acid from Day 1 to
10, ' thus reducing the endogenous levels of
testosterone-derived dihydrotestosterone. If the metabolism

& <

of testostefoﬁe into dihydrotestosterone is lne'cessary for the
development of male-ty:pical “levels ;)f aplay—fiqhting, then
animals A implanted ' with testoster?ne 17 p —carbékylic aciq
during the neonatal period should differ from normal males in

14

the frequency with which they engage in play—fighting.’In
, Y
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~

e?riment 5b the frequency of play-fighting in x/ormal'male
an

female pups was compared to f) “that of
* /
- . a \ ,/ L_\"
dihydrotestosterone-treated males. ﬁ\j
H o Method
P ) ' . /
" subjects ( : I ‘b

/
The animals observed in this experiment were 36 male and

18 female Long-Evans hooded rats. The anima}ls were obtained
and housed in the same way as in Experix’nent,l. Within 24
hours ~ of birth three groups of males were giverni silastic

‘ > \
implants containing either ATD (n=10), cholesterol (n=18), or

testosteroné 17 ﬁ -carboxylic acid (n=8)/. The implants were

. *
were removed on Day °10 using ether ane

-

inserted under the skin using hypothermia as anesthesia and
Zthesia. The- implants
were made from silastic tubing .058 mm in inner’'diameter and :

.077 mm*‘ in outer diameter. Each implant contained 7 mm of ;

steroid. The ends were sealed with 3 mm of silastic adhesive.

The implants were then soaked in absolute alcohol for 1 hour

to clean them and to check for ieakage. They were then kept
< b . ,
in 1% serum bovine albumin for at least 24 hours before use

’('(see McEwen et al,, °1977). In our laboratory we have‘ used

this procedure with ATD to prevent the defeminization “of
lordotic behaviour'in male rats (see Stew;rt et al., '-1979).

At 23 days of age the animals in Experiment 5a were

placed into five groups of six animals, each \group composed

\

,
|

w }




© e e e et S e e s oy}

|

|

i ~

\ 34
of two ATD-treated males, two cholesterol-treated maleg, and

.

two.untreated, same-aged females. At the same age the animals @
in Experiment 5b were placed into four groupé of six, each
group composed  of two ~ testosterone 17 P ~carboxylic

acid-treated males, two cholesterol-tréated males, and two

/
/

untreated, same-~aged females, ' /
- v . /

Apparatus and Procedure . i

‘The apparatus, procedure, and analysis of the data were

the-same as in Experiment 1. {

] ) ‘ »
Results and Discussion

The results’ of Experiment 5a are summarized in Pigure

10. The statistical analysis of the data revealed a

significant. treatment effect (H = 12.77, p£.005). Post hoc "jﬂ"
analysis showed that both the ATD-trea(;ed males (U = 20, p< ‘
;01) and the cholesterol—trgg‘%ﬁéd males (U = 19, p(.dl)
engaged iﬁ significantly more ‘iilayg-fighting than did the

]

females. There Qas :no siénificant difference betwéen the two
groups -r;t(xgles‘. ﬁ“here was, then; noleffect‘of ATD treatment
between \Days 1 and 10 on the frequency with which the male

’ pu;’_':s’ engaged in play-fighting. It might be argued that ,after
the removal of the ATD implants Jh Day 10, the resulting
s normal levels of testosterone~derived estradiol might be

capable of masculinizing social®play after Day 10. Recently,
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however , it has been found that castration..of maie pups as’
early «as Day 10 does not influence the frequency with which
male pups engage in play-fighting (Beatty et al., 1981).
Thus, in male rats the masculinization of éocial plaf occurs |
before Day 10 and, with r‘espect. to the present experimeﬁt,
Sefofe that tlime when the implants were removed. Thé’ results
of this experiment, théﬁn, conf@irm and ‘exté'nd\tyz fiﬁdings of
Experiment 4 that in the rat estradiol in the immediate

postnatal period’ Eeither promotes nor'is necessary for the

development of male:-'typica'l levels of play-fighting.

The results of Experime'nt 5b are summarized in Figure
11. The statistical analysis of the data revealed a . :
significant _treatment effect (B = 5.02, p<.02)0. PoEt hoc
analysis showed that both te‘stosterone 17 wP -caronylic ) 4

acid-treated males (U' = 2, p(.OOl) and cholesterol-treated

males (U = 14.5, p{.04) had higher play scores than did the
females. ,Thgre was no significant difference between the two

<

groups of males. ) . ' 3

The results of ?xf:eriment 5b would seem to indicate that
the metabolism of testosterone into é\t?ydrotestosterone is
not a necessary step for the androgenic effect on social
play. This conclusion must be somewhat tentative, however, in
t/:hat we have no direct measure of the degree of inhibition
p.sroduced by testosterone 17 ﬁ-carboxylic acid. Moreover,

recent work in the laboratory of Michael Baum at the

Masgsachusetts Institute of Technology (Baum and Bradshaw,

LR P e R am
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Figure 1l1. Mean, (<SE) number of 20-sec sessions in
wvhich cholesterol-treated’ males (Chol~3), testosterone 17 B
-carboxylic acid-treated males (CA-3), and intact females
Q) were observed to be engaged in play-fighting.
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', personal communication) has suggested that testosterone 1'7F
' L]

-carboxyljic acid may be less effective- an inhibi:i:or of

dihydrotestosterone ¢than was originally assumed.

/ .
\ ~ o (
‘ x &’
e b . \:J;
- ~—
~
L3
\
. o
‘
A
\
)
1S
.
.
. ,
]
!
/
A Y /
* . /
i
o
i
/
- \Y
hd 3
Yy '
Y
< E]
{ \
: t
n‘ -
:
L3 ‘/’
-
R N

2 s Dmtinct = it oo ¥ . F




- e e i

S

Experiment 6

The results thus far support the idea that the sex

difference in the social play of prepubertal rats isan—

androgen-mediated effec/t?, dependent on the neonatal exposure
to either testosterone ot ‘dihydrotestostérone. Th} estradiol
mgtabolite of testosterone does not appear to be directly
involved in the developmenst: olmalertypical social play.

The present experiments d <not provide information about

exactly how long into the neonatal period testosterone or

dihydrotestosterone may be effective in influencing social

play, but the results of Experiment 4 do indicate that

exposure to either testosterone or dihydrotestosterone on

Days 1 and 2 of life is sufficient to masculinize the social
play of female pups. In addition the results of . Exper iments 2

and 4 demonstrate that circulating testicular androgens are

not necessary for 'the expression of male-typical levels of

play-fighting. Neither males castrated at 23 days of age nor
females given teatosterone neonatally, both of which lacked
testicular androgens at the-time of testing, differed from
intaci: males in the £frequency with which they engaged in

play~-fighting. Taken together these findings indicate that,

.

while testicular androgens are not directly responsible for

the expression of male-typical levels of play-fighting, their

act;l(rf@s)( during the neonatal period contributes to the sexual

}

A
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differentiation of some CNS function tl;x'at in turn nediates
this behavioural sex differencé\ (i.e., an.organizational
effect). -

It is possible that this anatogen-—dependent sexual
differentiation is mediated by androgen receptor proteins in
the CNS, most of which bind with botsh testc‘>sterone and
dihydrotestosterone (Sar & Stumpf, 1974). Androgen receptors
have been detected in the limbic brain og the rat as early as
postnatal Day 1 (Fox et al., 1978; Lieberburg et al., 1978).
Moreover, thes’e neonafal androgen |/ receptors exhibit
properties typical of androgen reoceptérs in adult rats; most
notably they bind to DNA cellulose with the same affinity
(Fox et al., 1978; Lieberl;urg et al., 1978). This
characteristic is important because the intracellular effects
.and in particular the growth-rela?:ed effects of steroid
hormones are mediated by DNA (e.g., Salaman & Birkell, 1977).
Thus, one possible explanation for the masculinizing
influence of neonatal androgéns on the social pl‘ay of rat
pups 1is that this early androgenic exposure promotes the
formation of a sex—specific neural circuitry and that this
circui try serves to mediate the sex difference in social play
that is seen in p;:epubertal rats. The question, of céurse, -
concerns the identity of this sex-specific circuitry.

The present, study represents an initial attempt to

identi £y the neural mechanisms involved in the social play of

rat pups. Given the apparent endocr ine involvement in social

i
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play, the choice was made t© examine the role of a prominent

neurdl target area for sferoid . hormones, the amygdala, in the’

playu-fighting“ of‘pre'pq,bertalh rats. Moreover, since the

behavioural components of plai—fighting in the rat are

i

similar .to _those of adult-like aggression, the

" well-documented effects of amygdalectomy on aggression (e.g.,

C‘:ﬁlemente\& chase, 1973; Galef, 1970) were also suggestive.

In this study male and female bups were either °

amygéalectomized or sham operated. Surgery was performed on
Days '2# and 22. On Day 25 the animals were placed into peer
groups as previouslyﬂ described. Thg frequéncy 'o‘f
play-fighting observed 1in amygdalectomized ‘n{ale and female
pups was compared to that of cohtroi m§les and females.

)

Method - ,

Subje;ts h

The ahimals observed in this ’,experiment were 38 male and
24\ female Holtzman albino rats ?g:':rn ”iﬁ the animal colony at
North Dakota State University. (The chan\ge of strain in this

experiment was due to the fact that Holtzman, the only

supplier within a reasonable distance of North Dakota State

-University, did not breed hooded rats. Note, however, that
‘the Olioff & Stewartygtudy involved altlino rats.) The animals,

‘were the bffspring of 14 dams obtained while pregnant from

the Holtzman Co., Madison, Wigconéin. ‘The ar{imals were housed

, oo ~
~ 4 s
o .
. .
. .
. .

?
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in the same way as in Experiment 1.

)

Twenty-six males . and 12 females were given bilateral

. electroljtic lesions under Chloropent anesthesia (lcc/KG) by

N
passing a 1.5 mA current for 15 seconds between a rectal

cathode and 'a No. ﬂl stainless steel insect pin that was
insulated .to the tip with Epoxylite. With the rat's head’flat
between. bregma and lamda the coordinates were® 2.0 mm
postegior to bregma, 3.9 mm laterel to the midline, and 7.3

mm in depth fron the surface of the brain. Six males and .6

females -red¢eived sham lesionsxin which the electrode tip was

" lowered 6.0 mm from the surface of the brain. Six males and 6

females received the Chld@opent anesthesia only. All animals ¥
were ubetween 21 ?nd 22”deys of age at the tine of surgery.
Recovery seemed to be complete by aboutv2 to 3 days aftet.‘
surgery. By this cﬁime the animals were playing vigorously,
and, through casualb observation, seemed to be normally

active. Note that the body weight data presented in‘Table 3

‘shows that theﬂL was no noticeable effect of the lesion.on

r

< the growth of the animals.

-

_ppatatus and Proqedure

‘Following surgery the an;}als weré placed into groups

and housed in adjoining 41 x 61 x 38 cm cages made from. wire

- mesh with a wooden frame for support. The grodps were

_separated from each other by:sheat metal dividers.‘The front

[
of the cages was made from plegjglass. Six of the gnOups were

- - . »
s R ¢ » .
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. ° Table 3

a

Mean ﬁody Weights on Day 25 (BWl) and Day 41,"(BW2) for Lesioned

1

" and Control Animals (a) .
¢ .
Group BW1 . 'BWZ
Amygdalectomized Males 66. 6 176.1  (b)
Amygdalectomized Females 68.4 170.3 .
Control Males 68.0 153.0 (b) | g
Control Females ~ 68.3 146.5

(a) All weights are expressed s grams

(b) Amygdalectomized Males Control Males Amygdalwctomized Females : o

Fenales Control Females (p<.0001)
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comprised of eight animals and two were comprised of seven

animals each. Each group conéained some tfeated and some

untreated animals and ‘'was balanced for sex. The animals were

weighed on. Day 25 (BWl) and Day 41 (BW2). The remainder of

the' procedure was the same as in Experiment 1, with the

exception that the number of observations was incgeaseé from
.

70 to 105 per day. ;

Data analysis. The data were -prepared for statistical’

analysis in the same way as in Experiment 1. This experlment

ylelded a two-way (sex x lesion) faotorial des1gn. The

<

statistical analysis,  then, . was changed to a parametric .

' )
analysis of variance to handle the factorial design. Post-hoc

coépirisons were made using t-tests.
H&stologx. Following the completion of the behavioural
observations all rats‘ with 1lesions and a representative
sample of sham-operateé animals were saér;ficed under deep
Chloroﬁent anesthesia. After perfusioﬂ %ith'physiologiéal
saline and 10% formalin the WBrains were sectioned on a
cryostat at 40 u. Every fifthqsectizn through the lesion was
saved and stained Qith formal thionin‘(Donovick: 1974). Each

lesion was reconstructed with the aid of a micropiéjectorvandl

‘categorized with' fespect to the anteriordposiérior plane of

maximum extk‘nt + Ppresence of optic tract damage (absent,
unilateral, or bilateral), and size (3 = largest, 1=
smallest) by an observer who was unaware of the rat's

’ w,
performance or gex. Nearly all of the lesions were extensive

o

t
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and bilaterally symmetrical. In three animals (two males and

one female) the 1lesions were asymmetrical and posterior. to |

the amygdala (two cases) or could not be detected (one case).

Behavioural data from these animals were discarded.
. i
\ 1

a

Results and Discussion

.

a

I S i o

Behavioura; Data "

Since there were no differences‘i between  the
‘sham-0pgrated males and the anesihetic-anly males in the
—_
pooled to form‘the control male group. Likewise the data fﬂ?m
the sham—ope?@%ed and the anesthetic-only females were pooled
to form the control female group.
.The data from Experiment 6 are summarized in Figure 12
where it can be seen that the control males engéged in more
play~fighting than did‘eithgr the amy%dalectomized males, the

ahygdalectomized females, or the control females. Staéistical

[
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analysis of/the data revealed a signifiéanf effect of sex (F

= 8.96; d.f. = 1, 55;.p<.005) and a,signifiéant sex x 'lesion

- effect (P '= 5.75; d.f. = 1, 55; p<.02). Post hoc analysis
sﬁbwed that ghe control males engaged in significantly more
play-fighting than Qid the amygdalectdmized:males (¢t = 3.13,
p£.01), the amygdalectomized-females (t = 3.04, p{.0l), and

_the cogtfol females (t = 3.5?, p4.01). No other cqmparisons

“ approached signifiéance. ‘

[

frequency of play-fighting, the data from these animals were )

o

(

—n

s m bt = Aetins = B o
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(AQ) were observed to engaged in play-fighting.
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Presented in Table 3 are the body weight data from the
wéighings,on Day 25 and Day 4l1. Statistical analjsis of these
data shdﬁed that there were-no group differences for BWI1,
while there was, as to bW ected, a -'significant sex
difference (F =°30.72; a.f. = 1, 55; p<.0001) for BW2.$There
was no lesion effect on eiter BWl or BW2. . /

o/

Histological Findings

The lesiops were large, bilaterafgza;ymmetrical, and
centered in the medial portion of the basolateral nucle;.
Damagé was greatest /in the posterior part of the amygdala.
Destruction was most severe in the basolateral nuclei which
were bilaterally \involved in mostycases. In ﬁhe/mgjority of
ca;es there was bilateral damage to the cortical nucleus as
well. Thé medial and posterior nuclei were damaged in some
cases; often the invasion of .these areas was unilateral. More
pgéteriorly placed 1es£ons ';nvariably bamabed the ventral
hippocampus and the entorhinal cértex.‘The posterior portion
of the caudate-putamen was damaged iﬁ soms of the more
dorsally placed 1lesions. Nine of the animals sustained
unilaterall.damage to the optic tract ané in three there was

TN
bilateral damage to the optic tract. There was no

relationshiﬁ between the extent of damage to the optic tract

and_ the ’frequency of play-figting. Likewise neither lesion
4

‘ *
size nor location was .correlated with the frequency of
, ) 5

" play-fighting. Overall the lesions in males and females were

quite- similar in anterjor-posterior ‘location, size, and
N )
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degree of optic tract damage. x . { .
In Fiqure 13 reconstructions of four lesions at the

lécus of the greatest extent are presented. Rat 2, a male, is ’
typical of the more posteriorly Pplaced lesions. Note the
invasionh of the ventral hippocampus. Rat 25, also a male,
illustrates the appearance of )the more anteriorly placed

lesions. Rat . 27, another male, and 47, a female, illustrate
the variation in the size of the lesions at the
anterior-poste;ior loca£ion where the majority of the lesions
were largest. Rat 47 sustained the most severe damége to the
- optic tract; of any animal in the study. Despite the presumed
..visual impairment, its play f%equénCY (194) was well above
‘;he mean for [amygdalectomized-females (see Figure 12). By
contrast, the male (rat 27) sustained more extensive damage
to the amygdala without involvement of the optic tracts and

A

played comparatively little (play fregquency = 108},

w The results of | this .study demonstrate a clear,
sex-dépende;% effect of amygda%oid " lesions on the
play-fighting of prepubertal rats. Amygdalectomized males
engaged in less play-figh%ing th@n did control males, whereas
éhere was no such difference between the amygdalectomized~and
control feméles. The effect -of amygdaloid 1esiqns, then, was
to eliminate the sex‘difference in social play.

This finding suggests that sex differences in tﬁe neural

e

//pircuitry&;of somi portion of the amygdala may underlie the
n " 4 '
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Figure 13. Reconstructions of four representative
lesions at the anterior-posterior plane of maximum extent.
Animal numbers are on the upper right side of each section.
Numbers bélow the section are plate numbers from tag Konig

and Klippel (1963).

-
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sex difference that 1is observe? in the social pléy of

‘prepubertal' Norway rats. With respect to this suggestiom it

is - interestfhg\ to note that there actually is evidence for

androgen-induced sex differences in the‘amygdaia. Staudt and

Dorner (1976) have found a sex difference in the nuclear cell

size in the central and medial nuclei of the amygdala that is

dependent on the presence of agﬁrogens during the early
neonatal périod. Dyer, MacLeod, & %llendprf (1976) found that
when they stimulated the cortico-medial area of the amygdala

<

\and recorded from the medial preoptic and anterior regions of

. the hypothalamus (rggiops that receive projections from the ‘

cortico-medial portion of the amygdala), many more of these

cells were driven by amygdaloid stimulation in males and in

neonatally androgenized females than in either normal females
or Day l-castrated males. Nishizuka and Arai (1981) fogBﬂ'a
gr;ater number of shaft synapses (i.e., synapses*g; the
“shaf:s of -dendrites) in cells of the medial nucleus of male
rats. Once again, the sex difference was dependent upon the
presence of androgens during the ear1§ neonatal period. These
findings suggest thaé there are sex differences in the neural
circuitry of the amygdalé that, like that in social play, are
dependent upon the presence of neonatal androgens. It is also
interesting to note that _the amygdala of the neonatal rat
,contains énérogen receptors (Sheridan, ,198;). fhus, thg
mechanism for an androgen organizational effect exists in the

* a1
amygdala of the neonatal rat..

F e :
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Unfortunately, it 1is not clear whether changes in the
anatomy of the developing amygda}a are, produced by a direct
action of androgen’ (presumabl§ involving the androgen
receptor) or depend upon éhe aromatization of androgen to
estradiol. Estradiol is knéwn to stimulate the growth of
neurai processes (neurites) in cultﬁres of hypothalamic

tissue from the brains of n¢@natal mice (Toran-Allerand,

1978) and may be responsible for the differentiation of the

sexuélly dimorphic nucleus nin the preoptic area o§ the rat
brain recently described by Gorski, Gordon, Shyrne, & Southam
{1978). With this caveat in'mindlit is nevertheless tempting
to considér the possibility that andrbggn-dependent changes
in the : development of the amygdala may be respensible, in
part, for the sex differences in play-figpting (whether or
not it 1is the segually,dimorphic "amusement center" awaits
further work).

One further question that follows. from this work
concerns the role of the amygdala in social play and why its
1nf1ueﬁce may be sex dependent. A possible explanation lies
in the function of the amyédala as a "relay" for olfactory
information to other limbic structhres, particularly thalamic
and hypothalamic structures (see Hamilton, 1976). Meaney and
Stewart (1981) have found that prepubertal male rats show
sex-dependent, play-partner preferences. Between Days 21 and

35 male pups directed more play-fighting towards male than

towards female littermates. Between Days 36 and 40, however,

!
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this preference is completely‘reversed; male pﬁps during this
period direct more play-fighting towards female than towards
male littermates. Interestingly, this period (Days 36 1' 40)
is also the age at which males begin to show a preferenge for
the olfactory cues of same-aged females. Meaheyf& Stewart
(Note 2) have found that male pups between 35 andlsé days of
age show a prefereﬁce for the urine (an odour cue) taken from
same~aged females compared to wurine taken from same-aged
malés or to a neutral substrate. Male Eups tested prior to 35
days of age showed no ‘sucn preference. In contrasét
prepubertal femalgs -.showed no sex~dependent, play-partner

preference (Meaney & stewa;@;§1981), nor did they show any

urine preference in the same test described above (Meaney &

Stewart. Note 3).4Thus, it may be that the use of olgactory

cues 1in social play ‘is unique - to males, and that the
disruption of this information by amygdaloid lesions, then,
affects the play of males and not that of females.

These considerations imply that the influence ,of

L

neonatal androgens on play-fighting may be related to this

-

amygdaloid processing of olfactory cues. Neonatal androgens

might act to induce a sex difference in the anatomy of cells

" within the amygdala that receive projectipns from olfactory

areas. | The’ function of these amygdaloid cells might be to
determine the "salience™ of certain olfactory cues. Thus, ‘it
might be  that thé maled, being more responsive (attracted?)

to the olfactory cues of conspecifics,”are moré likely to

-
«

*
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initiate a social interaction with peers, and therefore‘are_

more likely to become involved in a play-fight. While this .

hypothesis is® hiéhly speculative, it might explain how the
actions of androgens during the neonatal peripa influence
behaviour at a later age.

.
&
,

General Discussion

7
A major point that can be made concerning the findings
presented in this thesis is that the neuroendocrine basis of

sex differences 1in social play in the Norway rat appears to

2

, !
parallel that of sex differences inhthe social play in the

, rhesus mo;key. In both species- male~typical 1levels of

play-fighting ' result from exposure to.androgens during an

Q\:arly period of neurogenesis zi.e. an organizational effect).

urthermore, in neither the Norway rat nor the rhesus monkey

" is -the expréssion of male-~typical levels of play-fighting

’

dependent on the presence of androgens during the period when
the sex differences in social play are observed'(i;e., no
activational effect). In addition, in bogh species the
androgenic effect appears to be mediated by testosterone
itself or or its S5d4-reduced metabolite, dihydrotestosﬁerone.
In this sense it can be said to be a true androgen effect.

In humans data relevant to the present question have

. been obtained from children with an adrenal abﬁormality that

results in a high: exposure to adrenal androgens. This

#
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condition - has been referred to as congenital adrenal
hyperplasia (CAH). It is a gen normality in which the’

adrenal ~fails to produce cortigsone. Instead there is an

excessive secretion of adrenal androgens from the prenataf\‘

period wuntil the disorder is detected. CAH females are born
with masculinized genitalia and wunless the condition is
detected ;arly they are gften reared aé males. The populaéion
of igterest ‘hefe , however, is tﬁat of CAH females in which
the detection has occurred early. There are two aanntages to

studying these children. First, when the detection occurs

early in postnatal 1life, the endocrine condition can be

rectified, thus limiting the period of excessivé androgen
exposure primarily +to the prenatal period. Second, these
femaies are reared as females. Such girls have been found to
engage in male-typiggl forms .of play and to be identified as
"tomboys" more often than control subjects (usually

unaffected, same-sex siblings) (Ehrhardt, Epstein, & Monéy,

1968; Ehrhardt & Baker, 1974). These-results are, of course,

similar to those of Goy (1970; 1978) and to those described
in the thesis. . *

One 'further\ similarity between the regsults of the’
present work with Norway rats and work with ﬁrimates,

concerns the sex-dependent effects of amygdaloid lesions. In

-several\\species of old world monkeys (Macaca mulatta, M.

speciosa, Cercopithecus aethiops) amygdaloid lesions decrease

the frequency of -aggressive behaviour in both immature and

-
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adult males. In contrast, amygdaloid lesions in feﬁaleé often
¢ .

increase aggressive behaviour (see Kling, 1974 for a review).

Thus, in a variety of species there exists the possibility'

that sex differences in the morphology of the amygdala are

related to sex differences in social behaviourz

As mentioned earlieg, the possible 1n§olvement, of
neonafal androgens in fhé sexual cdifferentiati&n of thé%
limbic gorebraiﬁ is as speculative as it is intriguiné.f
Recent work on the development of the androgen receptor
system, however, has added to the plausibilty of such an
androgeﬁ-induced, organizational effect in the‘ amygdala.
Sberiqan (1981), using autoradiograpghy ,with labelled
androgens, has found dirept evidence for androgen rec?ptors

in the amygdala of two-day old rats. Butte, Moore, and

Kakihana (1980)' have found that brains taken from one- and

two-day old male rats contained about 10 times more

testosterone than did brains taken from females_ of the

N )
same-age. Note that in Experiment 4 it was found that-
testosterone treatment on Day 1l and 2 of life masculinized

the “-gocial play of female rats. Finally, Meaney, Poulin,‘;nd

‘Stewart ' (Note 5) have found that the neonatal treatment of -

male pups with the anti-androgen Flutamide, blocked the °

masculinizaﬁion of social play. Taken together with the

resuits of Experiment 6 these findings suggest that one way

‘this‘/androgen hypbtheéis might be directly tested is through.

the” use of androgen .implants into the amygdala ¢of Day 1

- AT A 7 KM R B
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these implants would be expected to masculinize gocial plag,

~behaviour. ’ Such ‘an effect woyld argﬁe for a direct, .

androgen—induced organizational effect

v LN
differentiation %g behaviour. Assuming thet\the androgenic

on the sexual

exposure could be restricted to the amygdaloid area, this
: ooe

would also _provide evidence for the,proposed relationship

between sex differeno;s’ in amygdaloid morphology and sex

N
differences in secial play, thus also localizing the site of

e
[}

,action. 3 . . ; ‘

Laad
v ‘

[ . ’
On the basis of the work presented here and that of

others, it is possible to dissociate the neuroendocrine

influences on,,pIay—fightine .from those on other forms of

social/ behaviou .. This dissociation rests largely on the
pe
finding that’ play-fighting, unlike ' other forms of social

behaviour, is not influenced by circulating levels of
hormones a€ the timd the behaviour is observed. Joslyn
'(1973), for example, found that while juvenile«female rhesus

monkeys injected regularly with 2 mg of testosterone

' exhibited a dramatic 1ncrease in social fdominance rank,

eventuaily \dominating their male peers, they showed no

increase in the freguency. with which they engaged in’

play-fighting. moreover, wnile the potential of an animal’to

engage in- intraspecies aggression has been related to

. concurrent levéls of androgens R

o
o

i
3
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- Slimp, Irving, § Neff, Note 1.).

. Thus, the factiii\\ehat influence the occurrenQQ of

A play-fighting can pe

[
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J ' ' o
(e.q., Beeman, 1947; Brain & Nowell, 1969; Rose, Rose,
Holaday, & Bernstein, 1971), play-fighting occurs independent

of circulating levels of androgenic hormones (Goy, 1970;

. Meaney & Stewart, Ngte 4.; Experiments 2 and 4). Meaney and

Stewa}t (Note 3.) found that although testosterone treatment
of juveniles resulted in precocious male copulatory behaw@our
(alss see Baum, 1972), it did not affect play~-fighting. Also,

tn some recent work Meéney, Stewart, and Beatty (Note 4.)

ound that nhile'-the‘ neonatal exposure of male rats to

corticosterone qecreased the frequency with which they
engaged in play-fighting, it did not affect the potential of
the -animals to exnibit either .male or female copulatory

behaviour. 1In addition,vlesions of the medfal'preoptic area

\

- of the hypothalamus, an area whose inteqrity is essential for

male - sexual -behaviour in many species, do not.influence the

N

. ) v 8
1'pl::\y-fight,ing of either Norway rat pups (Leedy, Vela, Poplow,

& Gefall, 1980) or juvenile rhesuds monkeys (Goy; Kemnitz,
N .

dissociated from those that influence

other ,forms of social behaviour. This is an important point

. when one considers the potential developmental consequence of

social play, for ‘1t allows us tb discount thg poésibility

n

that a relatiegship between social play and, say, laterl
'success in agonistic encounters (see Taylor, 1980) 13 simply

due to xthe fact that the two behavioursvshare the same

B
/ { N r
,
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'

¢ neurocendocrine mecnanis;ns. Within this context, play—fighting‘
. . a N R
can be considered as an independént behavioural system.,
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A DESCRI}’TIVE STUDY OF SOCIAL DEVELOPMENT IN THE RAT

a

- ' (RATTUS NORVEGICUS)

. By MICHAEL J. MEANEY & JANE STEWART |
" Department of fsychology, Concordia University, Montreal H3G 1M8, Canada_

{

Abstract. The social interactions between juvenile rat pups (Rattus norvegicus) were observed daily
-between 21 and 55 days of age. The data were analysed for developmental changes, sex differences,
play-partner preferences, and dominance relations. The results revealed clear patterns in the develop-
ment of sexual and agonistic behavicurs in the rat. This development refers to changes in either the
manner in which animals interact or the behaviours involved in social play, but not to the topography
of specific behaviours. Development toward the adult pattern of social behaviour was temporally
associated with the period of sexual maturation (i.e. between days 36 and 50). . .

Within the social unit of the colony, the rat exhi-
bits a complex and well-organized repertoire of
social behaviour. Factors such as the age, sex,
familiarity, and social rank of an animal and, in
addition, the nature of the setting in which
social interactions occur, influence the social be-
haviours exhibited by the animals. For example,
while very little aggression is observed between
two males placed in an unfamiliar setting, a great
deal occurs if the setting is familiar to one of the
animals, as in intruder-directed aggression (see
Barnett 1958; Meaney & Stewart 1979). Thus,
the normal adult social behaviour of the rat is
charucterized by differential nding to cues
relating to other animals and to the environment.

- &he ultimate social functioning of an animal,

then, is dependentton its ability to exhibit the
approptiate behaviours within the appropsigte
context. ,

Whils there exist several detailed, descriptive

- studies of these social skills in adult rats, the

conditions necessary for their pre-adult develop-
ment are far less well understood. One approach
to this question has been to restrict or to elimi-
nate the early social contact animals for

" certain periods. of time. The results of these

social deprivation studies have establizhed that
in the nat, the juvenile period, between ages 21
to 55 days, is important for the development of
normal adult social behaviour. When tested as
adults, rats reared in social isolation during this
period have.been found to exhibit abnormal pat-

- ﬁrm of mating behaviours (Gerall et al. 1967;

4rd & Larsson 1968; Gruendel & Arnold

1969), agonistic behaviours

1977), and: affilistive behaviours (Meaney &

Stewart 1979), - e

The results of these deprivation studies indi-

cate that a certain amount of early sociat experi-“
N S

(Lore & Flannelly’

T

ence is necessary for the development of func-
tional patterns of behaviour in adults ahd help
to establish parameters for possible critical
periods for this development;: They do not,
however, provide information about the nature
of the early experience necessary for norméi
social development in any specific area, nor
about the normal process of social development
in the species (also see Bekoff 1976). Thus, while
we may know that some form of early social
experience is necessary for competency in some
prescribed class of behaviours in the rat, ‘we’
koow little of the nature of that early experience,
or of how that experience lends to subsequent

- ‘competency, Indeed, although the rat has been

a popular subject for deprivation studies, little
is known of what thé¢ animals actdally do during
the period most commenly used fof deprivation.
In this paper we present the results of a descrip-
tive study of the social interdctions of juvenile
et pups, °

« Ly

observed in this study were 24 hooded
es and 12 females, of the Long-Evans -
¥he animals were born in the animal
y At Concordia University to four dams,
that were obtained while pregnant from the

. Canadian Breeding Farms and Liboratorics, St.

" Comstant, Québec. Upon’ arrival at the animal

colony the females were placed into observation
units that served as housing throughout the

“study. The females were provided with an ample

supply of nesting material (tord picces of paper
towelling and large wood chips) that was re-
newed every second day until the pups were 10
days of age. Each unit contained food and water
that was provided ad libitum. The animals were
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maintained on a 121L7/12D schedule (lights on at
0800 hours). .

At sit days of age (the day of birth was con
sidered as day 0) six pups, three males and’ three
females, were selected from each litter on the
basis of the distingtiveness of their markings.
The remaining pups were removed. The mark-
ings of the six pups were recorded and later used
for identification. No pups whose body weight
was one standard deviation above or below the
mean body weight for the litter were used in the

. study. Following weighing, the pups were re

turned to the nest. The total time of separation
from the mother was about 15 min. Thereafter,
the animals were not handled until the®®d of the
study. Two lhtters were observed during the
period of October to December 1978, «nd two
during the period of February to April 1979.

The observation units were comprised of two
areas: a largér area and an adjacent nesting area.
The nesting area was 20 cm x 20 cm % .20 cm.
The larger area was 60 cm long, 30 cm wide, and
45 cm high. The floors and walls of the nesting
area were made of 1.25-cm plywood, while the
top was made of darkly tinted Plexiglas. The my,
side walls and the back of the larger area were
also made of 1.25-cm plywood, the floor ‘was
made of 0.75-cm wire mesh, and the top and
front were made of clear Plexiglas. An external
feeder and water bottle were mounted on the
back side of the larger area. A 5-x-5-cm grid*

rmitted access to the feeder. -

Observations began on day 21 and were con-
ducted daily until day 55. All observations were
conducted within the first 3 h of the dark cycle
(a period of high activity in the rat). The ob-
server sat about 1 m from the front of the ob-
servation units. During the dark cycle the room
was illuminated by a single 25-W light, mounted
about 5 m from the observation units.

Each day, each pup in each litter was observed
for 30 observation sessions. Each session lasted
20 s. This period was chosen because it was
sufficient in length to describe in detail the on-
going social bebaviour of a pup and yet brief
enough to allow for several observation sessions
per animal per day. Within each litter the pups
were observed sequentially until all six had been
observed for one 20-s session each. The observer
then changed to the second litter and repeated
this procedure until all six pups in both of the
litters had been observed for 30 sessions.

During each observation session the observer
" focused on one pup and recorded (1) any social
b(;%;viour exhibited by that pup and (2) the pup

. cases where the observéd pup was the recipient

toward which the behaviour wa# directed or, in

of the, act, the pup that directed the social act.
Thus, all social behaviour that occurred within _
the' 20-s_session that involved the, observed pup
was scored. It was, thén, possible for a behaviour
to be scored more than once during a single ob-
servation session. Also, 8 behaviour wds scored
even if it occurred only in part durﬁng the 20
session (e.g. ongoing behaviour at the onset of
the 20-s session, behaviour that was terminated
before the end of the session, etc.). Social inter-
actions involving the mother were also scored,
but were analysed separately. The following is a
list of the behavipural categoriés used in this
study. . o, )

Pouncing. This behaviour 15 most similar to
what would be considefed as attack behaviour
in adylt animals. One pup lunges at another with *
its forepaws extended outward: It is the forepaws
that first make contact{with the other animal.
Pouncing was congidertd a play-initiation act
since the animals exhibiting this behaviour in-
variably engaged in a play-bout so long as-the
recipient animal responded, and because it
temporally preceded any other behaviour in the
play sequence (also see Poole & Fish 1976).

Wrestling. Two animals roll and tumble with
one another.

Boxing. Twa animals stand gpright facing one
another and make pawing movements toward
each other (the occurrence of this behaviour
between adult rats has been referred to as
‘upright defensive posture’ by Blanchard et al.
1977). )

Lateral dispfay. One animat arches its back
and, with allp four limbs extended, directs its
flank toward another animal (the occurrdnce of
this behaviour between adult animals has been
refezred to as ‘lateral attack behdviour® by,
Bl rd et al. 1977).,

Neck . One animal vigorously -
grooms another, while firmly gripping the fur of
that animal, usually around the region of the
neck, with its forepaws (the occurrence of this” .
behaviour between adult rats has been referred
to as ‘aggressive grooming’ by Grant &
Mackintosh 1963), . " .

On-the-Back Posture. One a¥timal lies on its
back, fully exposing its ven surface to
another animal (the ocourrence of this behaviour’
between adult animals has been referred to s
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‘subnrission posture’ by Grant & Mackintosh
1963). '

Ou-the-Back Posture/Kicking. This category
involves the On-the-Back Posture as well as the
ia-grimal kicking at the other animal,

On-Top Posture. One animal positioned over
another animal with its forepaws placed on the
second animal (the occurrence of this behaviour
between adult animals has been referred to as
‘dominance posture’ by Barnett 1958).

. Socisl Grooming. The mutual grobging of one
animal by ahdther.

» Anogenital Sniffing. Sniffing directed at the
anogenital region of another animal.

Chase. The pursuit of one animal by another.

Mounting. Included the full mounting pattern
of one animal approaching another animal,
placing its forepaws on that animal, and exe-
cuting pelvic thrusts.

Lordosis. An a&nimal. presénts -its anogenital
region elevated and accompanied by a down-
ward arching of its back. .

Grab/Social Groom. One animal grabs the fur
of another animal and grooms that anima!l in the
region of its neck, This behaviour tould be dis-
tinguished from Neck Grooming by the fact that
Neck Grooming was directed toward an animal
that was lying on its back during the course of a
play-bout, whereas Grabj/Social Groom never

, occurred within the context of a play fight. Social
Grooming was also far less intense than' was
Neck Grooming.

For Wrestling and Boxing the same bout was
actually scored twice since both behaviours in-
volved two animals concurrently performing the
same behaviour (i.e. if animal A wrestled or
boxed with animal B, then both animals were
scored as having engaged in a bout of Wrestling
or Boxing). For all other behaviours only one
animal of a dyad could be engaged in asparti-
cular behaviour at any one time. The other
animal was necessarily engaged in some other
behaviour. In no cases would the same bout be
scored in two or more observation sessions. If,
for example, a bout of Boxing lasted long enough
to be scored in the observation sessions of both
the participants, it wag ignored following the
first scoring.

The behaviours of Pouncing, Wrestling, Box-
ing, Lateral Display, Neck Grooming, On-the-
ture, On-the-Back Posture/Kicking, an
considered as play fightj

(also see Poole & Fish 1976). As with many. -

other species, the play fighting of juvenile rats is
not ecasily defined, although it can be distin-
guished from the aggressive encounters between
adults. One distinctive feature of play fighting,
for example, is the almost complete absence of
the distress vocalizdtions|that are prevalent in
the aggressive encounters between adult rats
(also see Calhoun 1962} Another distinctive
feature is that, while an adult male rat which is
dominated by another is most likely to flee or, if
that alternative is blocked, to engage in appease-
ment behaviours (see Barnett 1958), a pup that
has been ‘dominated’ by another during a play
fight is likely immediately to initiate another
bout of play fighting, frequently with the animal
that has just ‘dominated’ it. While we do not
wish to define play as being a class of behaviours
independent of agonistic behaviours, the dis-
tinctions ar¢ important. The play fighting bet-
ween pups is, perhaps, best considered as an
agonistic encountér between immature animals.

Data Analysis

It should be made clear that, in this study, the -
sampling technique was chosen to provide data
concerning the frequency with which individual
animals engaged in particular behaviours rather
than the frequency with which particulaf behav-
iours occurred. With the etception of Wrestijng
and Boxing (sec Methods), however,these two
frequencies are the same since with all other
behaviours only the behaviour of one actor was
scored. The frequency scores presented in Table
1 arex then, the frequency with which groups (i.e.
males and females) of individual animals en-
gaged in the various behaviours.

The frequency score for each behaviour for
each pup was calculated over five-day intervals
(age periods). There were seven of these five-day
age periods between days 21 and 55.

The data for each“ehavioural category were
examined in three ways. To investigate possible
developmental trends the data were examined
for total observed frequency over age. This was
done by correlating (Spearman’s r) the observed
frequency of a behaviour with age, where age is
represented by the seven age periods (N = 7).
A high positive correlation indicated a develop-
mental increase in the frequency of a behavibur,
whereas a high negative correlation indicated a
decrease in the frequency of a behaviour with
age. It should be noted that a behaviour would
correlate with age only if the frequency of that
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behaviour consistently increased ‘or decreased in
successive age periods. .

0 investigate possible sex differences, the
ry were cx-
amined by comparing the total observed fre-
quency in each a%e petiod for male and female
pups. The tests for sex differences were done
using Mann-Whitney U tgsts (Ny = 12, Ny =
12 for all comparisons). In these tests the fre-
quency of male-performed acts was compared
to that of female-performed acts regardless of
the sex of the partner. Tests were done separately
for each age period.

To investigate possible sex-of-partner prefer-
ences the data were examined by comparing the
relative frequency of male-performed and di-
rected toward female (3 — 9), male-performed
and directed toward male (4 > 3), female-
performed and directed toward male (¢ > &),
and female-performed and directed toward
female (2 = 'Q) social acts for each behavioural
category. The reason for using relative frequency
rather than absolute frequency was that if one
female of a group performed a specific behaviour
there would be five other animals (excluding the
mother) toward which the behaviour could have
been directed. Of these five animals, three were
males and only two were females. Thus chance
alone would predict that 609, (three of five) of
the female-performed behaviours would be
2 + & acts, and 409 (two of five) would be
Q —+ Q acts. To correct for this inherent proba-
bility difference, the frequency of ¢ - Q and of
3 - & behaviours was multiplied by 0.6, and the
frequency of @ - & and of & — @ behaviours
was multiplied by 0.4. Sex-of-partner preference
for male pups was determined by comparing the
observed frequency of 3 - S actsand of § + 2
acts to the frequencies expected by chance. The
sex-of-partner preference for female pups was
determined by comparing the observed frequency
of @ - Qacts and of @ > & acts to the expected
frequencies. A sex-of-g:rtncr preference was de-
fined as a difference between the observed and
the expected frequencies of saig-sex-directed
and opposite-sex-directed acts. Statistical com-
parisons were made using 2 x 2 contingency
tables (df = 1 for all comparisons).

Results
The frequency score for male and female pups
for each behavioural category and by age is
presented in Table 1. A summary of the sex
differences in juvenile social behaviour is pre-
sented in Table I1. The behaviours presented in
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the ‘over all ages’ column of Table II were ana-
lysed by collapsing the frequency. score across
all age periods. Thig_was done because of the
lIow frequengsy of these behaviours in one or faore
age periods. A summary of the sex-of-pattner
differences over the various age periods is/pre-
sented jn TableIL. In this section the d
the individual behavioural categories are pre-
sented under the classes of mating behaviours
and agonistic behaviours. In addition data are

presented comcerning pup-mother interactions. .

Play Fighting
The relative frequency of Pouncing in each age
period for each of the four dyads is presented in

"Fig. 1. Pouncing increased markedly between

the period of days 2! to 25 and that of days 26
to 30, and remained relatively constant. there-
after. The fact that the frequency of this play-
initiation behaviour remained stable after day
26 suggests that a change in the frequency of any
one behavioural component of play observed
after 26 days of age cannot be attributed simply
to & change in the frequency of play in general.

Developmental changes in the frequency of
the various behavioural components of play
fighting were also observed. §pecifically, the fre-
quency of Wrestling (r = — 0.99, P < 0.001)
and, to a lesser extent, of On-the-Back Posture/
Kicking (r =-— 0,59, P < 0.09), decreased with
age. Tn contrast, the frequency of Lateral Disgay
(r = 0.73, P < 0.04), of Boxing (r = 0.77, P <
0.04), and of On-the-Back Posture (r = 0.77,
P <« 0.04), increased with age. Behaviours that,
among adult animals, are directly related to the
expression of dominance (i.c. On-Top Posture
and Neck Grooming) showed no change in fre-
quency dver age.

There were also sex differences in play fighting
(see Table II). Males engaged in more Pouncing
(play initiation) behaviour than did females in
all but the first age period. Males engaged in
more On-Top Posture and Neck Grooming than
did females in all but the final two age periods
(sec below). In the final age period, males en-
gaged in more Lateral Display behaviour than
did females. g

During the three age periods between days 21
and 35, males directed more play fighting to-
ward other males than toward females. This
difference involved virtually all the behavioural
components of play fighting (see Table III).

During the period between days 36 and 40 this -

play-partner preference shifted from & -+ 4 to
& - 2. As in the previous periods, this differ-

v o st e = et 1
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Table 1. The Froqueacy Scores fof Male asd Female Pups for Each Bebaviow la Each Age Period

—F

Age period (days) and sex

. 21-25 26-30 3138 36-40 41-45  46-50 51-55
Behaviour d Q 3 g 4 Q d ? d e 3 g & Q
Pouncing 4T 21 166 7z 185 67 233 91 187 45 172 9N 179 54
On-Top Posture 20 6 73 28 6 26 61 30 52 15 45 16 61 19
Wrestling 199 93 149 109 80 45 24 4 2 18 15§ 13 5 9
Boxing 40 16 60 33 54 40 57 30 -4l 27 97 100 88 45
OntheBackPosture 6 0 J2 5 18 11, 11°' 16 14 12, 14 13 24 13
On-the-Back/Kick 38 24 38 27 33 19 28 30 24 33 15 322 11 36
Neck Groom 5 7 4 s 3 14 31 10 % 5 2 3 26 4
Lateral Display 0 o 4 0 8 1 11 6 220 & 12 15 38 15
Chase 15 16 49 24 4 2 5 27 03 41 M B 37 12
Social Groom 19 31 14 37 8 19 6 21 7 30 14 4 10 30
Anogenital Sniff d 0 4 Tt 10 s B 7 85 8B 9 34 4
Mounting ¢ o 0 0 6 O 1. 71 T 0 136 0 N 1
Lordosis ) 0 0 0 ©0 o0 o0 0 4 0 6 0 %
Grab/Social Groom 2 0 1 1 17 2 14 3 14 2 6 0 2. 1

Table I1. Summary of Significant Sex Differences in Bebaviour in Each Age Period |

Days 2125 . Days 26-30 Days 31-35 Days 36-40 Days 4145 Days 46-50 Days 51-55
Male > Female Male > Female Male > Female Male > Female Male > Female Male > Female Male > Female

Box* Pounce** Pounce** Pounce**® Pourice** Pounce* Pounce**
Wrest* OTPt OTPt OTPt OTPt Chase* Chase*
oTP* Chase* Chase** Mount** Box**
Mount** A-G Sniff** LD*
Over All Ages i A-G Sniff** : Mount**
Male > Female : \ AG Sniff**
Neck Groom
Female > Male Female > Male Female > Male Female > Malke
Soc Groomt Lordosis** Lordosis** Lordosis**

List of Abbreviations: Box: Boxing, Wrest: Wresiling, OTP: 0:;1‘;;! Posture, Pounce: Pouncing, Mount: Moun
A=G Sniff: Anogenital Sniffing, LD Lateral , Soc Groom: al Groomin;. OBP: On-the-Back Posture, OBP/K :
On-the-Back/Kicking, G/Soc Groom: Grab Social Groom.

*p <005, tP < 0.01, **P < 0.005.

[y

Table IIL. A Sumesary of the Male-Performed Behaviowrs for which there were Sex-of-Partner Differences in
: Each Age Perled

Days 21-25 ' Days 26~30 Days 31-35 Days 36-40 Days 41-45 46-50 Days 51-55
] g4 33 gd->d $d+4 -3 &3
Pounce® Pounce** ' Pounce** OBP** OBP** OBp** Pounce®*
oTpP* "OpPYe OBP** Neck Groomt Neck Groom*® 0TP**
Neck Groom® OBP/K** OBP/K** LDe* . LDt - Box*¢
Box (& + £)** Neck Groomt LD* . Box** OBP**
Hox** OBP/K **
Neck Groom**
LDe*
6-*9‘ wd‘—*? . Soc‘“’Q . J-*Q. 8—»?0 ‘g-#g. 8*’9.
G/Soc Groom®* Chaset A-G Sniff** A-Q Sniff**  A-G Snifft
Wrest (& + 9t Mount** ount** Mount®**
g_lg[l(‘ G/Soc Groomt G/Soc Groom?

! G/Sogl&om“
P < 008, 12 < 0.01, **P < 0.005. For a list of abbrevistions see Table II.
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B mole~ famale
oMl malesmale

B female »female
B temale-s male ,

Relative Frequency

2195 %30 303 M40 445 4630 535 4125 W30 N-35 36-40 4145 4450 5+53

Days of Age

Fig. 1. The rel;tive frequency of Pouncing (p‘l:}’ initaition) in each age

, period for each of the four dyads. Signuficant sex-of-play-partner preferences
! are indicated by the closed circle, ? y-parinerpe

ence involved most of the behavioural com- males showed the On-Top Posture on more than

ponents of play fighting. In the two periods
between days 41 and 50, there were no partner
preferences for
there were differgnces in the behavioural com-
peonents of p ‘ghting. All of these behaviours,
savefor that of Wrestling, oecurred most fre-
quentlyin & - & encounters. In the final period
between days 51 and 55, males once again di-

. rected more Pouncing toward males than toward

females. Moreover, during this period all -of the
behavioural components of play fighting were

ouncing behaviour, although

three occasions. In addition, the rankings of the
pups within each litter, based on the frequency
of On-Top Posture; are virtually the same for,
these two final periods (see Tabf; IV). Prior to
day 46, no such consistency existed in the domi-
nance relations. This consistency in the domni-
nance rankings together with the change in the

Table IV, Dominance Rankimgs for Male with ¢
mwmmnumsrm

: observed more frequently in 3 -+ & bouts than Age period (days)
: in & - ¢ bouts. : Liter  Rank 3640 4145 46-50 S1-5§
. As previously mentioned, males engageq in 1~
. more dominance-related behaviours than females * 1 31 81 82 31
i did in all but the last two age periods. The ab- 2 42 a3 d1 82 .
sence of a signiﬁcatgt ?i etr;:cc iltlh these b:)tﬁ; 3 43 2. 43 3
§ iods was due to the fact that in these peri
° EcnOn-Top Posture score was accounted for 2 i gf gi g; g;
. almost entirely by only one male pup per litter, .3 £} 33 a1 a1
. and in one case two nfales. In the earlier periods, 3 .
j On-Top Posturing was exhibited by all male : B8 8 4
' pups and the scores were evenly distributed bet- 3. Tt B TR T
ween them. Specifically, On-Top Posture was ob-
served on more than three occasions in 10 of 12 4 1 42 &3 3 33
' males between days 26 and 30, in 8 of 12 between § gi 3% g% g}

days 31 and, 35, and in 8 of 12 between days 36
and 40. In contrast, during the periods between
days 46 and 50 and days 51 and S5, oqu 40f12

T
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distribution of the On-Top Posture scores sug-
gests that "a stable dominance hierarchy is
formed in the play fighting of the older males.

Another observation was the emergence of a
sex-dependent difference in response pattern dur-
ing play fighting. The nature of this difference is
shown in Fig. 2, in which the probability of a
play-bout resulting in an On-Top/On-the-Back
relation P(OT/OB) between two animals is
plotted against age period. This measure was
calculated by dividing the total number of play-
bouts into th¢ number of play-bouts that in-
volved an OT/OB relation, for each age period.
It can be scen that during the periods between
days 26 and 40 the P(OT/OB) for malé-initiated
play-bouts is the same for both male and female
partners. Thereafter, 3 — & play-bouts are about
twice as likely to result in an OT/OB relation as
are 4 —+ @ play-bouts. There is no difference
between the P(OT/OB) for & - & play-bouts
and that for @ —+ ¢ play-bouts. ’

Mating Behaviour

In males, the onset of Mounting occurred
between days 41 and 45, although Mounting was
occasionally scored prior to this period. The

ftequency of male Mounting increased in the

. subsequent period, between days 46 and 50, and
then decreased in the final period, between days
51 and 55. The onset of Mounting was associated
with an increase in the frequency of both
Anogenital Sniffing and Chase behaviours. The
correlation between Chase and Mounting over
the seven age periods (r = 0.75, P < 0.03) was
significant, as was that between Anogenital
Sniffing and Mounting (r = 0.93, P < 0.002).
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Top/On-the- relation (XOT!0OB) for 3 + 3 3
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Each of these three behaviours was predomi-
nantly male-initiated.

A behaviour apparently unique to the juvenile
period, GrabfSocial Groom, was observed on

scveral occasions. This behavious, is of interest

for two reasons: it frequently elicited a lordotic
response, and it was almost always a & — @ be-
haviour (52 of 56 & — occurrences were & — 9).
Between days 46 to 50 this behaviour wag rarely
observed. It is interesting that this period co-
incided with a large increase in the frequency of
Mounting bebaviour.

Between days 36 and 40, males directed more
Chase, Anogenital Sniffing, and Grab/Social
Groom toward females than towards other
males. In the subsequent periods these behaviours
as well as that of Mounting, were predominantly
& — 9. By days 51 to 55, then, males were di-
recting more play-fighting toward males than
toward females, and more mating-related be-
haviours toward females than toward maless

Lordosis was not observed in the female pups
until day 42. During the period between days 41
and 45, 25% (3 of 12) of thé females were ob-
served showing the Lordosis posture. By day 50,
50% (6 of 12) had been observed showing
Lordosis, and 58 % (7 of 12) by day 55. The only

. female-predominant  behaviour, other than

Lordosis, was Social Grooming (see Table 1I).

Pup-Mother Interactions

During the periods between days 21 and 30,
the most frequent pup-mother behaviour was
that of Social Grooming. Female pups accounted
for 66% (51 of 77) of these bouts of Social
Grooming. Throughout the periods between
days 31 and 50, males directed more Pouncing
(66%, 84 of 126), Chase (74%, 62 of 84),
Anogenital Sniffing ‘(77%, 51 of 66), Grab/
Social Groom (93%, 14 of 15), On-Top Posture
(78 %, 18 of 23), On-the-Back Posture (939, 14
of 15), and Mounting (97%, 84 of 87) toward
the mother than did the females. The females
continued to direct more Social Grooming
(76 %, 37 of 49)%toward the mother than did the
males. These sex differences are consistent with
those seen in _pup—})up interactions. Pup-mother
interactions virtually ceased to occur during the
period between days 51 and 55.

On several occasions the mother was ob-
served to initiate play-bouts with (i.e. to Pounce
on) the pups. These mother-pup play-bouts did
not appear to differ from pup-pup play-bouts.
They occurred far less frequently, however, than
did pup~pup play-bouts.

H
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Discussion
We will discuss the behavioural development of
the rat with respect to the classes of behaviour
observed in this study. These classes are mating
behaviour (Mounting, Lordosis, Anogenital
Sniffing, and Grab/Social Groom) and play
fighting (On-the-Back Posture/Kicking, Wrest-
ling, Boxing, Lateral Display, Neck Groomijng,
On-the-Back Posture, On-Top Posture, /and
Pouncing). What is important here is not so
much the specific ages at which certain behav-
iours emerge, but rather the patterns in the
development of these behaviours. Indeed, the
age of onset of these behaviours, particularly of
sexual behaviours, may be expected to vary de-
pending on factors such as the nature of the

social unit in which the animals develop (see

Christian 1971 for. a review of the data from
several species of rodents; Vandenbergh 1971
with house mice, Mus musculus). .

For this reason it may be useful to consider,
briefly, the nature of social groups used in the
present study. Since the animals were maintained
in intact litters until day 55, no contact with
either non-siblings or with adults, other than.the
mother, was possible. Although this situation
differs somewhat from that occurring in the

wild state.the data of Calhoun (1962) suggest

that the differences are not great. Calhoun re-
ports that although wild rat pups between 35 and
56 days of age made extensive independent ex-
cursions from the nest sits, ‘close association
with the mother, insofar as a place of harborage
is concerned, was maintained until 2 months of
age’ (page 150). Thus, although the pups in this
study were not afforded the diversity of social
interactions provided in the wild state, it appears
that, even under these conditions, the complete
dispersion of the young docs not occur before
60 days of age. o ’

Mating Behaviour

Successful mating in the rat is the resuit of
three phases: the attraction between conspecifics
of the opposite sex, the initiation of copulation,
and the successful execution and completion of
copulation. Since the successful completion of
one phase is necessary but not sufficient for
success in the subsequent phase, then these
phases are, to a degree, independent of ane
another. Among adult animals there exist males
that show an attraction toward females but do
not initiate copulation (e.g socially isolated
males, Gerall et al. 1967, and perinatally anti-
androgenized males, Stewart & Kaczender-
Henfik 1971), as well as males that initiate but
do not complets Copulation (e.g. chronically
subordinate males, Calhoun 1962). The selective
effects of such abnormal conditions attest to the
independence of the phases of successful mating.
These same phases comprise stages in the
development of sexual behaviour in the male
rat. The present study shows that the indepen-

- dence of these mating phases is also indicated by

their age of onset. -
The onset of the sexual attraction of the male
toward the female can be seen in the social

+ interactions between the pups before the time of -

onset of Lordosis in the female (between days
41 and 45) and before the marked increase in
Mounting in the male (between days 41 and 45).
This is evident in the shift of play-partner prefer-
ence of the males from 3 + 3 to & + 9 (see
Table V) that occurred between days 36 and 40.
The atiraction of the males to the females during
this period is also evident in the increase in
& -+ 9 Anogenital Sniffing and in Grab/Social
Groom {see Table V). Thus, the male pups in
this study exhibited an attraction to same-aged

T-n-v.mmmmummummmia-»a-aa»em..«w

Periods sad Dyad
Age period (days) and dyad composition .
© 3138 36-40 4145 45-50 $1-88 <
Behaviours g3 89 3¢ 892 338 3290 422 ¢+9 &+d 329
Pouncing & 2 P 8 ' 43 36 4s R
Mounting 2 1 1 7 24 7 50 ! 1 21
Chase 1 10 8 1 2% 4 26 2 13
Apogenital Sniff ' 1 3 2 ] 7] 4 20 4 1
Grab/Social Groom 0 7 0 2 4 0 2 ) 1
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" females (between days 36 and 40) prior to the
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quency. The observable features of the Mount-
ing behaviour (including pelvic. thrusts) of
puberal male pups were indistinguishable from
those of adult males. The most noticeable charige
in the Mounting of immature male pups was the
improvement in orientation. Between days 41
and 49 siblings were often mounted from the
side or from the head; by day 51 these mis-
directed mounts were rarely seen (also see
Miller ¢t al. 1977 for a similar finding with
golden hag\ rs; Mesocricetus auratus).

The periods between days 41.and 50 were also\,

genital Sniffing and by the onset of Lordofic
behaviour in the female pups. From these facts
it might be argued that the onset of receptivity
in the females is the critical event in the increase
in the frequency of Mounting. Sachs & Meisel
(1979), however, found that only 37 of 37-
day-old male rats mounted when exposed to
receptive females while 1009, of 43-day-old
males mounted the females. Thus, although the
onset of mounting in males corresponded to that
of lordosis in females, the two events do not
appear to be causally related. Interestingly,
Goldman & Swanson (1975) found that in
golden hamsters the onset of male. mounting
actually preceded that of lordosis in the female
by about a week.

Subsequent to the onset of Mounting thcre
was a period, between days 46 and 50, during
which the occurrence of Mounting was almost
three times that seen in the later period between
days 51 hnd 55. These differences in the fre-
quency of male Mounting occur despite the fact
that the availability of behaviourally receptive
females (i.c. females that showed Lordosis in
response to 8 Mount) was similar in the three age

periods between days 41 and 55 (three females
exlublted Lordosis between days 41 and 45, four
between days 46 and 50, and three between days

" marked by a further increase in"d > @ Ano- °
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‘ actual onset of copulatory behavioyr (between 51 and 53). This hxgh frcqueucy of Mounting
days 41 and 45). between days 46 and 50 may have -been due to
. The onset of the sexual attraction of the males the relative incompetency of the males. Larsson
to females between days 36 and 40 resulted in a ~ (1967) and Sodersten et al. (1977) have found
1 shift of virtually all social play behaviours to that the number of intromissions necessary for
3 +9. encounters. At its onset, then, sexual cjaculation by immature male rats decreased
attraction in the male resulted in an ncrease’in with age (but also Sachs & Meisel 1979).
3 > % play and not in_sexual behaviours. By, Moreover, Sachs & Meisel found that the penile
day 51, however, males/were once again directing reflexes necessary for the adult pattern of sexual
more play-fighting tgward males than toward behaviour did not develop in male rat pups-until
females. + .about day 48. The male pup between 40 and 50
) Although Mounting was observed prior to the days of age appears, then, to be less able to
o period between days 41 and 45, it was not until ejaculate than 1s an older animal. Stewart &
= this period that it occurred with notable fre- Kaczender-Henrik (1971) found that perinatally

antiandrogenized male rats which ‘did not
¢jaculate mounted more frequently than did
animals that did ejaculate. Thus, the decrease in
the frequency of Mounting seen in the period
between days 51 and 55 may have been due to
the maturing capability of the male to cjaculate
(i.e. fewer mounts and mtromlssnons leading to
an ejaculation).

In summary, then, the development of sexual
behaviour in the male rat can be traced in three
stages:

(1) The onset of sexual attraction toward the
female (between days 36 and 40).

(2) The onset of Mounting (between.days 41
and 45).

(3) The progr.Kon toward adult sexual com-
petency (from days 1 to 55 and beyond).

In the rat the onset of male sexual behaviour
does not appear to be the resnlt of any con-
tinuous process in development (also see Bekoff
1977). That is, the onset of Mounting is sudden
and is not preceded by any pre-mounting play
behaviour, It is; however, interesting to parallel
the development of sexual behaviour with the
activity of the testicular hormones and with the
maturation of the structures involved in the
penile reflexes. Knorr et al. (1970) and Sachs &

‘Meisel (1979) have shown that there is an

increase in the plasma levels of testosterone in

male rat pups at about 35 days of age. This in-

crease temporally corrcsponds to the age. at
which the male pups in this study first demon~
strated a play-partner preference for female
siblings. Although no further increase in
testosterone levels was reported to have occurred
until day 50 (well after the onset of Mounting),
Sachs & Meisel have shown that penile erection
was first seen to occur at about day 40 (the age
at which mounting was observed to increase m
both this study and that of Sachs & Meisel). In
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addition, in the Sachs & Meisel study ejaculation
was found to develop concurrently with the
development of the n

that, in the sexual maturation of the male
golden hamster, increases in gonadal androgens
serve not only to increase the frequency of
Mounting, but also to improve its quality.
Finally, S8dersten et al. (1977) have presented

.evidence suggesting that in male rats the CNS
- sensitivity to androgens increases with age.

Thus, the period of the development of sexual
bqhavmur in the male rat is characterized by
increases in the circulating levels of testicular
androgens, the maturation of the penile reflexes,
and a possible increase in CNS sensitivity to
androgens, as well as an increase in the number
of hormone-secreting cells (Leydig cells) in the
testes (Knorr et al. 1970). As Sachs & Meisel
(1979) conclude, sexual 'behaviour in the male
rat seems to dcvelop concurrently with morpho-
logical maturation. The findings of Beach {1942)
and of Sdersten et al. (1977) that testosterone
administered to pre-puberal male rats advanced
the age of onset of mounting would seem to
suggest further that it is these maturational
events that underlie the development of sexual
behaviour in the normal, socially reared male
rat.

In the female pups the onset of Lordosis ap-
peared between days 41 and 45, This finding is in
general agreement with those (e.g. Kragt &
Ganong 1968) that have shown that vaginal
opening and the initiation of ovulation occur at
about day 40 in the female rat. Although not
recorded, ear wiggling frequently accompanied
Lordosis in this early period. In the periods

following the onset of Lordosis, the females -

showed a play-partner preference for females.

Unfortunately, in the present study we were
unable to document the solicitation pattern of
the female rat. A study of this behaviour
would best be done using a larger enclosure (see
McClintock & Adler 1978) and film analysis.
Such an analysis might help to determine
whether - the female darting and hopping be-
h,mours that appear to facilitate male sexual
activity (Caggiula et al. 1976) show develop-
mental trends different from that of Lordosis,
The rather strict hormonal control of sexual be-

haviour in the female rat, however, might suggest

otherwise.

penile reflex (by |
" about day 48). Miller et al. (1977) have suggested

Plsy Fighting and the Development of Agonistic

. Bebsviours

Despite the differences between the play-
fighting of juveniles and the agonistic encounters
of adults, most of the behaviour patterns in-
volved in aggression among rats first emerge
within the context of play-fighfing. Pouncing
(attack), Boxing, On-Top Posture, On-the-Back
I-’osturc, and Neck Grooming are all observed
in the play-fighting of pups as young as 21 days
of age (also see Poole & Fish 1976). The age of
onget of this pladefighting is about day 17
(Meaney & Stewart, unpublished data). Each
behaviour listed above was, at its initial ap-
pearance, exhibited by the pups in’ the adult
pattern. There was no observable evidence of
any developmental change in the topography of
these species-specific agonistic behaviours. There
does not, then, seem to be any practice effect of
Flay-ﬁghtmg among rat pups in terms of per-

ecting the execution of specific behaviours. A
similar result has been reported by Poole (1966)
in the play-fighting among juvenile ferrets
(Putorius putorius furo). In the ferret, five of
seven behaviour patterns associated with attack
and three of four behaviour patterns associated
with defensive behaviour were present jn the
adult form in the play-fighting of juveniles. In-
terestingly, in both the ferret and the rat it was
those behavipurs associated with threat and
attack (aftempted biting) that developed later
(see below).

Despite the lack of*topographical changes in
behaviour patterns associated with aggression,
there were clear developmental changes in the
play-fighting of rat pups. During the period of
days 21 to 25, play-fights secemed to erupt spon-
taneously between any two animals in proximity. .
The bouts did not appear to be initiated by one
of the animals. By days 26 to 30 most play-
fights occurred as the result of one animal
Pouncing (attacking) on another. Another sig-
nificant early change in these play-fights was the
decrease in frequency of Wrestling behaviour

- with age. By the period of days 36 to 40, Wrest-

ling behaviour had decreased markedly, and it
was virtually absent in the encounters of sexually
mature animals. Thus, among younger pups
(days 21 to 30) play-fights were physically con-
tested, spontaneous events, whereas among older
pups play-fights were initiated by one animal,
and the animal that was pounced on was alm /q;w’
immediately dominated.

As the animals approached sexual maturity
play-fighting was increasingly marked by the
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presence of Lateral Display behaviour. In adult
animals this behaviour has been shown to be an
attempt by the attacking animal to bite the dorsal
side of the defending animal (see Blanchard et
al. 1977). Indeed, Blanchard et al. have referred
to this behaviour as a ‘lateral attack”. While this
behaviour”was frequently observed in sexually
matire pups, no instances of actual biting were
recorded in this study. By the time of sexual
maturity, then, the pups exhibited the full
repertoire of adult agonistic behaviours.

Although the play-fighting of juvenile pups
was distinguishable from the agonistic en-
counters of adults, this distinction was easier to
make in younger pups than in older ones. As
male pups matured, their play-fighting came to
approximate adult inter-male aggression. A num-
ber of changes attested to this gevclopmcnt. ne
was the change in the behavioural componf
of play-fighting. Among the older pups the be-
haviours related to direct confrontation (i.e.
Lateral Display and Boxing) were seen with in-
creasing frequency. Another change was in the
apparent function, or lack of function, of play-
fighting. While there was no evidence of any
dominance relations in the fplay-ﬁghting of
younger pups (21 to 40 days of age), there was
evidence of such relations in the play fighting of
older animals (45 to 55 days of age). Presumably,
play fighting was serving a function among
older animals that it did not among younger
ones. Finally, there was the development of a
differential pattern of play in & >3 and 38 - ¢
encounters. Evidence of this patterm was the
difference in the probability of a § — ¢ play-
fight resulting in an On-Top/On-the-Back rela-
tion compared with 8 & - & play-fight. Fhis
difference was apparent only after day 45. All of
these changes resulted in an increasing simi-
larity between play-fighting and adult aggression.
Moreover, Poole & Fish (1976) found that the
degree of temporal organization among the play
behaviours of rat pups increased with age. It
seems as though these changes, at least in part,
mark the onset of inter-male aggression. The
evidence of dominance relations, in particular,
seems to support this contention.

It is interesting to note that these changes oc-
curred at about the time of sexual maturity.
Indeed, in the mouse (Mus musculus) McKinney
& Desjardins (1973) have reported that the onset
of inter-male aggression occurred at the time of
sexual maturation. Moreover, Johnson et al.
(1972) have shown that in the rat the onset of
predatory aggression (toward frogs, Rana

-

pipiens), occurred at the time of sexual matura-

tion.

General

- A final ppént to be made here is that through-
out the study there was no observable change in
the topography of any of the behaviours re-
corded. At the point of onset all behaviours were
exhibited in their adult form. This finding does
ndt appear to be unique to the rat (see Bekoff
1977 for a review of relevant data concerning
infra-primate, mammalian species). There ap-
pears to be little evidence that the ability to
execute any specific behaviour is modified by
early experience. Rather, it is the probability of
a specific behaviour being executed within a
particular context that is experientially modifiéd
(see Harlow 1969; Bekoff 1977). That is, the
behaviour appears to become more appropriate
to the salient stimuli in the ¢nvironment, and
especially to stimuli from other animals,

In the context of the present study it is difficult
to state exactly what specific events contribute
to this developmental change. A good e¢xample
of such a change was observed in the social
interactions in male-male and male-female
dyads. Initially the male  directed the same be-
haviodrs toward the female as it did toward
other gnales (i.e. play-fighting). At the onset of
sexual attraction, when the male started chasing
and sniffing the female, there was a shift to a
preference for females as play partners, but there
was no evidence of explicit sexual behaviour. By
the period between days 51 and 55, however, the
male began to direct sexual behaviours toward
females and to direct aggression-like behaviours
toward males. It is, of course, this pattern that
characterizes the adult male. While it is apparent
that these changes are determined in part by
hormonal and morphological development, it is
important to note that animals deprived of any
social experience have been observed to direct

‘the same social acts toward both males and

females (see Introduction). The crucial problem
for the future will be to identify the processes
whereby early experiences contribute to the
development of this appropriateness in. social

* behaviours.
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Neonatal Androgens !nﬂuence the Social Play of
Prepubescent Rats '

MICHAEL J. MEANEY AND JANE ST{(WART

Department of Psythology, Concordia Uniyersity,
Montreal, Quebec H3G IM8, Canada

The results of six experiments designed to mvestigate the hormonal basis of the
sex differences in the occurrence of social play in the rat are reported. From the
time of weaning animals were housed in mixed-sex, peer groups of six, composed
of some treated and some untreated animals Observations were made of the
ammals in these groups each day between Days 26 and 40 of life in Experimenta 1,

-6 and between Days 31 and 40 in Experiment 2. In Experiment 1 it wa{tb‘:n}\
N&w—malei castrated on Day 1 of life engaged in less social play than did intact
males, and did not differ from normal females. In Experiment 2, castrationxcarried
out at 23 days of age had no effects on the frequency with which males engaged in
social play. In Experiment 3, it was found thag neonatal ovariectomy had no effect
on the frequency with which female pups engaged in social play. In Experiment
4, females treated on Days°! and 2 of life with either 250 ug of testosterone pro-
pionate or 250 ug of dihydrotestosterone engaged in social play at rates compar-
able to those of normal males, whereas treatment with 5 ug of estradiol benzoate
had no such effect. In Experiments 5 and 6 it was found that neither the reduction
of testosterone-derived estradiol (by implants of the aromatization blocker,
androst- | 4,6-triene-3,17-dione) nor that of testosterone-derived dihydrotestos-
terone (by implants of the Sa-reductase blocker, testosterone 178-carboxylic
acid) during the early neonatal period (Ddys I to 10 of life) changed the frequency
of social play in intact males. The results of these experiments indicate that the
sex difference 1n the social play of prepubescent rats is dependent on the neonatal
exposure to testosterone or to its Sa-reduced metabolite, dihydrotestos-
terone. The reduction of testosterone to dihydrotestosterone, however, would not
appear tonbe a necessary siep. . ‘

The most preddﬁmipant social behavior 1o be observed among prepub-
escent rats is that of social play or play-fighting. This behavior has been
found to occur more frequently in male pups than in female pups (Meaney
and Stewart, 1981, Olioff and Stewart, 1978; Poole and Fish, 1976). This
form of social play, often referred to as rough and-tumble play, has been
reported to be male predominant in several other species including,
hamsters (Goldman and Swanson, 1975), rhesus monkeys (Goy and

Goldfoot, 1974; Harlow, 1969), baboons (Owens, 1975), and humans

(Blurton-Jones, 1976).
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Working with rhesus monkeys, Goy and Goldfoot (1974) found that
females exposed to exogenous testosterone proplonatc (TP) during gesta-
tion engaged in rough-and-tumble play at ratés comparable to those of
their male peers, Similarly, Olioff and Stewart (1978) found that the
administration of TP to female rats on postnatal Days ! and 2 was
sufficient to eliminate the sex difference in social play. “

One problem of concern to those studying the role of testicular hor-
mones in the determination of behavior is to specify which of testosterone
{T) or its major metabolites is primarily responsible for any observed
behavior difference between the sexes. This is a question of particular
interest in view of the major role attributed to the metabolﬁ 178 -estradiol
(E,) in the differentiation of the neural circuitry involved-in gonadotropin
release and in the defeminization and masculinization of sexual behavior
patterns in many rodents. E, is known to be converted from T in many
regions of the brain during the period of differentiation and to bind 'with

high affinity to estrogen receptors within specific brain cells. It is this®

feature that has made it possible to begin to relate hormone action to
changes in specific brain structures during this period. No such direct
central nervous system action for T itself or for its Sa-reduced and
nonaromatiZible metabolite, dihydrotestosterone (DHT), has yet been
determined, though it has been suspected. Thus while it is well recognized
that DHT plays~the’major role in promoting the development of male
genitalia and body type. the evidence that exists for direct androgenic
action in the central nervous system during differentiation is considered
eglivocal. One reason for this is that until recently receptors for T or
DHT were not known to be present in the brain of developing animals
during critical periods for differentiation. The finding of androgen re-
ceptors in the limbic brain of |-day-old rats, receptors that exhibit nuclear
binding properties typical of androgen receptors in adult rats, is therefore
of great interest (Fox, Vno and Wieland, 1978; Lieberberg, Maclusky,
Roy and McEwen, 1978; Vlto, Wieland, and Fox, 1979). Furthermote, the
report of Sa-reductase activity in the brain of neonatal rats adds to the

possibility that androgen metabalites of T may play a role in the differ- -
entiation of neural tissue (see Martini, 1978). In this paper we report on

the results of six experiments designed to investigate the influence of T

and some of its metabolites on the social play of prépubescent rats.
The animals were studied during the prepubertal period from Days 26 to

40 of age, except in Experiment 2 in which the period studied was from

Days 31 to 40 of age, Following weaning the animals used in any particular .

experiment were placed into mixed-sex groups of six, same-aged, animals
for the durauon of the experiment. This allowed the experimenters to
make detailed observations of the social behavior of the pups in the
groups throughout this prepubertal period. Each group within each exper-
iment was composed of a similar number of treated and untreated ani-
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mais. Q"his\prbvidcd each animal with rearing companions of both sexes
including ndfmal, untreated animals.

EXPERIMENT 1

In this first experiment the frequency of social play of intact male and
female prepubescent rats waé compsared to that of male pups thal had
been castrated within 24 hr of birth. For while it had been found in an
earlier expement (Olioff and Stewart, 1978) that intact females exposed
to TP jnjections on Days'1 and 2 of life engaged in’ more social play than
did oil-treated females, the effects of removing the source of T in males
during the critical period for the organizational effects of T had not been
studied.

¢ Methods

o

The animals used in this experiment were 16 male and 8 female Long—
Evans hooded rats. The animals were selected from among the offspring
of eight dams that were obtained while pregnant from the Canadian’
Breeding Farms agd Laboratories, St. Constant, Quebec. Within 24 hr
following birth the animals were removed from their mothers, sexed, and
randoinly assigned to treatment groups. Twelve males were castrated and
twéve were sham operated. Surgery was performed under hypothermia
esia. The animals were then assigned tg six mothers. Each mother
ekl 10 pups (the average litter size for this species) 4 of which were
Iy treated males and 6 of which were same-aged females. The
unzalb were then left undisturbed until weaning. The animals had con-
Mmuous access to food (Purina Lab Chow) and water. A [2L/12D light
schedule was maintained in the animal colony (lights off at 0900 hr).

On Day 23 the animals were separated from their fnothers and housed in
four groups of six animals each. By this time five castrated males, one
intact male, and one female had died; therefore, three of the four groups
were composed of ]wo castrated males, two intact males, @nd two same-
aged females; while the fourth was composed of three intact males, one
castrated malg, and two females making for a total of seven castraied
males, nine intact males, and eight females. The animals were maintained
in these groups throughout the experiment. The animals were marked for
identification (colored felt-tipped pens) approximately every 5 days and ..
were not otherwise handled. Although they were housed in a different
room, the animals were maiptained on the same feeding conditions and
the same light schedule as Tn the animal colony.

Apparatus and Procedure '

Each postweaning froup was housed in a cage 51 X 33 x 26 cm, one
wall of which was made of 1.25-cm plywood and had moumnted on it a

+
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ro

wire-mesh feeder and two water bottles. The remaining sides were made

‘of 0.6-cm wire mesh. O

The animals were observed daily during 1he prepubenal penod between
Days 26 and 40. Each group of six animals was observed for 70 observa-
tion periods per day. Each lasted for 20 sec, and during that period the
behavior of all six animals was scored. If, during the period an animal
engaged in a play-bout it was given a score of **1.”” Animals that did not
engage in a play-bout were given a score of *0."" Thus, for any animal the
possible range of scores for each day of Gbservations was from 0 to 70. An
animal that engaged in any of the behavioral components of a play-fight
sequence (see below) was considered to have engaged in a plaé)out. All
observatiofis were conducted between 1200 and 1600 hr,

Behavioral definition of social blay. Social play in rats is comprised of
several individual behavioral components. While these components re-
semble in some respect those of agonistic encounters in adult rats, there
are important distinguishing features. For instance, the distress vo-
calizations that are common to the agonistic encounters of adult rats are
rarely heard during social play (Calhoun, 1962; Meaney and Stewart,
1981). Another feature of social play is that, unlike adult agonistic encoun-
ters, rples are frequently reversed; an animal that is dominated for a brief

riod during a play-bout will often immediately pounce on the other

.animal and then dominate it (see Poole and Fish, 1976).

The following is a description of the behavioral components of a play-
fighting sequence. Pouncing: One pup lunges at another with its forepaws
extended outward. It is the forepaws that first make contact with the other
animal. Pouncing is considered as a play-initiation act since animals
exhibiting this behavior invariably engage in a play-bout so long as the
recipient animal responds, and because it femporally precedes any other
behav:or in the play sequence. A complete play-fight sequgnce involves,

- in order, Pouncing, Wrestling, often Boxing and/or Lateral Display, and

finally’ On Top/On-the-Back Postures. In some bouts, however, animals
withdraw prior to the On-Top/On-the-Back stage. (See Poole and Fish,
1976 for more informatiop on behavioral tramsitions in play-fighting.} A
play-fight sequence between pups 26 to 40 days of age usually lasts abogt
8 sec or less (Meaney and Stewart, in preparation). Wrestling: Two
animals rdll and tumble with one another. Boxing: Two animals standing
upright facing one another and making pawing movements toward one
another. Lateral Display: One animal arches its back and, with all four

limbs extended, directs its flank toward another animal. On:the-Backy

Pasture: One animal lies on its back fully exposing its ventral surface to
another animal. On-Top Posture: One animal positioned over another
animal with its forepaws placed on the other animal.

Data analysis. Total play scores were calculated for individual animals

across all the observation days. The effects of the treatment conditions™~

were studied by comparing the scores of apimals in each of the thfee
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conditions regardless of observation group using a Kruskal-Wallis H test.
Post hoc, paired confiparisons were made using Mann—-Whitney U tests.
* 1

Results and Discussion

'
ummarized in Fig. 1. Intact maleg
moge than either intactYemales or
castrated males. Statistical analysns revéaled a significant treatment effect
(H =9.67, P < 0.01). Post hoc analysis showed that intact males engaged
in significantly more social play than did either castrated males (U = 7), P
< 0.005) or intact females (U = 8.5, P < 0.005). The difference between
the castrated males and the intact females was not significant. These
results indicate that genetic male rats deprived of testicular hormones
from birth show greatly reduced levels of social play in the prepubertal
period.

EXPERIMENT 2

Since the castrated animals in the first experiment were deprived of
testicular hormones from .birth onward, it is not possible to specify the
timing of the androgen effect. The results of Olioff and Stewart (1978)
support the view that the androgen influence is limited to the neonatal
period since females treated with TP, but which lacked, at least, the
testicular source of androgens during the period of observation, did not

. bdnffer from intact males in the frequcncy of social play. This suggests that

thére’is no activational influencé of cnrculatmg androgens on social play,
and that the effect of testicular hormones is specific to the neonatal
period. v

Experiment 2 was designed to examine the p@ssibl&,effects of d‘n‘rculat-
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Fig. 1. Mean (+SE) number of 20-sec sessions in which intact males (/-3), bay
l-castrated males (Gx-g), and intact ferales (?) were observed to be engazed in play-
fighting. | ]
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ing androgens on the social play of male Wups. In this experiment the
frequency of social play of intact male and fémale pups was compared to
that of males that were castrated on Day 23, Since the Day 23 castrates
were without testes throughout the period of observation (Days 31 to 40),
but not during the early neonatal period, it was possible to examine

* whether the presence of testicular hormones contributes to the expression

of typical levels of social play seen in male pups.

Methods &
Subjects '

-ty

The animals used in this experiment were 16 male and 8 female Long=~
Evans hooded rats. The animals were obtained and hotsed in the same
way as in Experiment 1. On Day 23, 8 males were castrated and 8 were,
sham operated Surgery was performed under Nembutal anesthesia. Fol-
Jowing s surgery the animals were placed into groups of six same-aged
animals. There were four such groups each composed of two castrated
males, two intact males, and two intact same-aged females.

Apparatus and Procedure M

The apparatus and procedure were the same agin Experiment 1, with
the exception that the period of observation was shortened to 10 days
(Pays 31 to 40). This.was done to allow for recovery*from surgery.

Data analysis. The data from this experiment were treated similarly to
those from Expegiment 1: Note, hewever, that there were 10 and not 15
days of observation in this experiment. . Fa

Results and Discussion

The results of Experiment 2 are summarized in Fig. 2. As can be seen
both intact males and castrated males weré observed to engage in more
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Fic. 2. ﬁ {=SE) number of 20-sec sessigns in which intact miales (/- 3) Day 23-
castrated males (Gr- ¢ ), and intact females (9) were observed to be engaged in play-fighting.
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social play than did normal females. The statistical analysis across all
three groups revealed a moderate treatment effect (H = 4.59,0.10 > P >
0.05). The post hoc analysis showed that both the intact males (U = 13.5,
P. < 0.05) and the castrated males (U = 17, P < 0.06) engaged in more
social play than did the females. There was no significant difference
between the two male groups.

The fact that castration at 23 days of age did'not reduce the frequency of
social play in prepubescent male rats suggests that there is no getivational
influence of circulating Androgens on social play. Together with the
findings of Experiment 1 and those of Olioff and Stewart (1978) these
results indicage that exposure to testicular hormones in the early néonatal
period is crucial for the development of the sex difference in the social™
play of rat pups, but that the presence of testicular hormones at the time
of testing does not contribute to the expression of the sex differences.
This conclusion has received further support from the results of sub-
sequent work. In one study (Beatty, Dodge, Traylor, and Meaney,
1981) it was found that castration on neither Ray 10 nor 20 affected the

‘frequency of play-fighting in male pups. In a second study we (Meaney

and Stewart, in preparation) found that while daily injections of 200 ug of
testosterone propionate to male pups between 26 and 40 days of age
increased mounting behavior, it had no effect on the frequency of play-
fighting.

‘ EXPERIMENT 3,

The results of Experiments | and 2 suggest thatthe sex difference in thé
focial play of prepubertal rats is due, at least jn part, to the influence of
fieonatal testicular androgens. It is possible, however, that this sex differ-
ence may also be influenced by a suppressive effect of ovarian hormones
either at the time of testing or earlier. In Experiment 3 we examined the
influence of ovarian secretions on the social play of prepubertal female
rats. In this experiment thé frequency of social play of intact male and
female pups was compared to that of female pups that were ovariec-
tomized on Day 1 of life.

) Methods
Subjects

The animals used in this experiment were 16 femalg and 8 male Long-
Evans hooded rats. The animals were obtained and housed in the same

* way as in Experiment 1. Within 24 hr following birth the animals were -

removed from their mothers, sexed, and randomly assigned to treatment
groups. Ten females were ovariectomized and ten were sham operated.
Surgery was performed under hypotheamia anesthesia. The animals were §

¥

. then reassigned to mothers as in Experiment 1.

[N




o

=

-/

© 204 MEANEY AND STEWART =,

’

On Day 23 the animals were separated into four groups of six animals.
By this time two ovariectomized animals had died. Each group was
comprised of two intacf males, 4wo intact females, and two ovariec-
tomized females.

Apparatus and Procedure

The apparatus, procedure and analysis of the data were the same as in

Experiment 1.

Results and Discussion

The resuits of Experiment 3 are summarized in Fig. 3. As can be seen
the intact males were observed to engage in more social play than did
.either of the two female groups. The statistical analysis across all three
groups revealed a significant treatment effect (H = 6.76, P < 0.05). The
post hot analysis showed that the intact males were observed to engage in
significantly more social play than did either the intact females (U = 10, P
< 0.01) or the ovariectomiZed females (U = 16, P < 0.05). The difference
between the two female groups was not significant.

These results indicate that there is no detectable influence of ovarian

~hormones on the social play of prepubertal female rats. Goy (1970) has
reported that ovariectomy of female rhesus monkeys does not alter the
frequency with which they engage in social play. Thus, in both the rhesus

" and the rat sex differences do not appear to be due to any suppressive
effects of ovarian hormones on the social play of females.

[
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Fig. 3. Mean (+SE) number of 20-sec seisions in'which intact males (/3), Day

" 1<ovariectomized females (Ovx-9), and intact femaley (/- Q) were observed to be engaged in

play-fighting.
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’ v EXPERIMENT 4
The results.of the first two experiments indicate thaf the sex difference
in the social play of rat pups is dependent on the presence of testicular .
A hormones during the early neonatal period. In this experiment we sought
to examine whether T itself or one of its metabolites exerts this influence. -
It is known that within certain cells in the brain of the rat and of everal
other species, T can be con\'/er}ed either into E, throughthe aromatization

pathway (Naftolin, Ryan, and Petro, 1972) or into DHT through the

Sa-reductase pathway (Denef, Magnus, and McEwen, 1974; Martini,
1978). Moreover, there are receptor sites, especially within the limbic
system, for E, (¢.g., Stumpf, Sar, and Keefer, 1974), for DHT, and fgy T
itself (Sar and Stumpf, 1974; Sheridan, 1979). 1t is conceivable then, that
the testicular hormone effect described in Experiments | and 2 may be
due to the action of T itself, tc the action of T-derived E,, or to the action
of T-derived DHT.
- In Experiment 4 the frequency of social play in genetic females treated -

neonatally (Days 1 and 2) with either TP, EB, or DHT was compared to
that of normal male and female pups. N

Methods

Subjects

+

The animals used in this experiment were 24 female and 12 male
Long-Evans hooded rats. The animals were obtained and housed in the
same way as in Experiment 1. On both Days } and 2 of life 6 females were
ihjected subcutaneously with 250 wg of TP, 6 with 250 ug of DHT, 6 with 5
wg of EB, and 6 with the oil vehicle alone. All steroids were in peanut oil

v solution and were delivered in 0.05-ml amounts. Collodion (Fisher Sci-
entific Ltd.) was applied at the point of injection'to prevent leakage, On
Day 23 the animals were rehoused, into six groups of six animals, each
group containing | TP-treated female, | DHT-treated female, | EB-
treated female, | oil-treated female, and 2 untreated, same aged males.

‘Apparatus and Procedure

The apparatus, procedure, and analysis of the data were the same as in
Experiment 1. i .

Results and Discussion

s The results of Experiment 4 are summarized in Fig. 4. As can be seen
TP-treated females, DHT-treated females, and untreated males did not
differ in Bhe frequency withiwhich they were observed to engage in social
play, and all three groups were observed to engage in more social play
than did both EB:-treated females and oil-treated females. The statistical
analysis revealed a significant treaiment effect (Hgg 21.48, P < 0.005). -
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FiG. 4. Mean (+SE) number of 20-sec sessions in which intact males (3), TP-{reated
females (7P-9), DHT-treated females (DHT-9 ), EB-treated females (EB-¢), and oil-treated

females (0il-9) were observed to be engaged in play-fighting.

Post hoc analysis showed that there was no significant difference bet@een
the males and either the TP-treated females or the DHT-treated females.
Both TP-treated females and DHT-treated females were abserved to

" engage in significantly more social play than did eithér the EB-treated

females (U = 0, P < 0.001 and U = 5.5, P < 0.03, respectively) or the
oil-geartd_ females (U = 0, P < 0.001 and U = .1.5, P < 0.01, re-
spectively). There were no significant differences between the EB-treated
females and the oil-treated females. . .
- These results indicate that either T or its Sa-reduced metabolite, DHT,
administered during the early neonatal period is able to increase the
frequency of social play in prepubescent female rats and, in the doses
used, to eliminate the sex difference. In contrast, EB, even in doses
sufficiently large to defeminize both open-field and lordotic behavior (see

" Stewart, Vallentyne, and Meaney, 1979), has no such effect. This

suggests that the influence of T on the social play of rats is a true androgen
effect. . | :

[

EXPEHIMEN’T 5

The results of Experiment 4 suggest that the high levels of social play-
observed in male pupsjare.due to the action of T or its DHT metabolite in
the neonatal period, and that there is no effect of T-derived E,. In the
present study we tested this hypothesis using intact male rats. This was
done by implanting newborn male pups with Silastic capusles containing
either androst-1,4,6-triene-3,17-dione (ATD) or 4-androsten-3-one 178-
carboxylic acid (testosterone 178-carboxylic acid or 178-CA). ATD is an
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.aromatase inhibitor and is presumed to limit the conversion of T to E,

(Leiberberg, Wallach, and McEwen, 1977). ATD has been shown to
attenuate the E,-mediated defeminizing effects on female sexual behavior
(Booth, 1977; Llemens and Gladue, 1978; McEwen, Lieberberg, Chaptal,
and Krey, 199 Vreeburg, van der Vaart, and van der Schoot, 1977). In
the present §tudy the ATD capsules were left in the animals from Days 1
to 10. Thus, the endogenous levels of T-derived E, should have been
substantially reduced during the period when E,; normally acts to de-

" feminize rat behavior. If T-derived E, were involved in the development

of male-typical levels of social play in the male rat, then ATD would be

‘expected to reduce the observed frequency of social pla§\Jn the first part

of this experiment (5A) the frequency of social play in normal male and

. fernale rats was compared to that of males implanted with ATD during the

early neonatal period. (

Similarly, 178-CA is a compound that inhibits the reduction of T into
DHT (Kao & Weisz, 1979; Luttge, Jasper, Sheets, and Gray, 1978). In the
second part of this experiment{5B) we implanted male pups with Silastic
capsules containing 178-CA from Days | to 10, thus reducing the en-
dogenous levels of T-derived DHT. If the metabolism of T into DHT is
necessary for the development of male-typical levels of social play, then
animals implanted with 178-CA during the néSaatal period shouid differ
from normal males in the frequency with which they engage in social play.
In Experiment 5B we compared the frequency .of social play in normal
male and female pups to that of 178-CA-treated males.

. ) Methods
Subjects
The animafs used in this experiment were 36 male and 18 female

- Long-Evans hooded rats. The animals were obtained and housed'in the

same way as in Experiment 1. Within 24 hr followihg birth three groups of
her ATD (n = 10),
cholesterol (Chel; n =18}, or 178-CA (n = 8). The implants were inserted
under the skin using hypothermia as anesthesia removed on Day 11

using ether anesthesia. The implants were made frpm Silastic tubing 0.058

. mm i. d. and 0.077 mm o. d. The 13-mm-long i plants were filled with 7

mm of steroid and were sealed at each end Wlth 3 mm of Silastic adlresive.

‘Fhe implants were then soaked in absolute alcohod fof 1 hr to clean them
and to check for leakage. They were then kept in 1% bovine serum
albumin in PBS for af least 24 hr before use (see McEwen et al., 1977). In

. our laboratory we have used this procedure with ATD to prevent the

defeminization of lordotic behavior in male rats (Stewart ef al., 1979). At
23 days of age the anishals in Experiment 5A were placed into five groups’
of six, each group composed of 2 ATD-treate_d males, 2 Chol-treated
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males, and 2 untreated, same-aged females. At the same age the animals
in Experiment 5B were placed into four groups of six, each group com-
posed of 2 178-CA-treated males, 2 Chol-treated males, and 2 untreated,
same-aged females. /

Apparatus and Procedure

The apparatus, procedure, and analysis of data were the same as in
Experiment |.

-

Results and Discussion ’

The results of Experiment 5A are summarized in Fig. 5. As can be seen,
both ATD-treated males and Chol-treated males were observed to engage
in more social play than did the females. The statistical analysis of the
data revealed a significant treatment effect (H = 12.77, P < 0.005). Post
hoc analysis confirmed that both ATD-treated males (U = 20, P < 0.01)
and Chol-treated males (U = 19, P < 0.01) had significantly higher social
play scores than did the females. There was no significant difference
between the two male groups. There was, then, no effect of ATD treat-
ment between Days 0 and 10 on the frequency with which male pups
engaged in social play. It might be argued that after the removal of the ATD
implants on Day 10, the resulting normal levels of T-derived E, might be
capable of masculinizing social play after Day 10. Recently, however, it
has been found that the castration of male pups as early as Day 10 does

not influence the frequency with which they engage in social play (see”

Beatty et al., 1981). Thus, in males the masculinization of social play

occurs before Day 10 and, with respect to the present experiment, before

that tjme when the implants were removed. The results of this experi-
s
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Fig. 5. Mean (+SE) number of 20-sec sessions in which cholesterol-treated males
.(Chol- 8}, ATD-treated males (ATD- 3, and intact females () were bbserved to be engagod
in play.fighting. . ) .
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FiG. 6 Mean (=SE) number of 20-se¢ sessions in which 178-CA-treated males (CA- o‘}f

cholesterol-treated males (Chol- 6)&__(_1 intact females (9) were obscrved to be engaged in

play-fighting.

("ﬂ‘x:n

ment, then, extend and confirm the findings of Experiment 4 that in the
the rat E; in the immediate postnatal period neither promotes nor is
necessary for the development of male-typical levels of social play.

The results of Experiment 5B are summarized in Fig. 6. As canbe seen
both 178-CA-treated males and Chol-treated males were observed to
engage in more social play than did the females. The statistical analysis of
the data revealed a significant treatment effect (H = 9.02,% < 0.02). Post
hoc analysis showed that both 178-CA-treated males (U = 2, P < 0.001)
and Chol-treatédd males (U = 14.5, P < 0.04) had significantly higher
social play scores than did the females. There was no significant differ-
ence Between the two male groups.,

The results of Experiment SB would seem to indicate thit the me-
tabolism of T into DHT is not a necessary step for the androgenic effect
on social play. This conclusion must be somewhat tentative, however, in

that we have no direct measure of the degree of inhibition produced by
178-CA.

GENERAL DISCUSSION

Before beg'inning a discussion of these results it may be useful to
consider briefly the nature of thg sex difference in the play-fighting of
prepubescent rats. The usual se«ﬁnce involved in a play-fight between

- two young rats is that one animal approaches and pounces on another,

wrestling and less often boxing ensues, and finally one animal emerges on
top of the other (also see Poole and Fish, 1976). In animals younger than
40 to 45 d_gys of age these bouts usually last 7-8 sec or less (Meaney and

- Stewart, in preparation; also see Poole and Fish, 1976). This sequence is

the same for both male and female pups (Poole and Fish, 1976). One
difference in the pattern between males and females is that females tend to
withdraw sooner from play bouts then do males (Poole and Fish, 1976;

.
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Meaney and Stewart, in preparation). Thus, Meaney and Stewart (1981) ~

found that males engaged in more On-Top Posture than did females. The
single featgre that contributes most to the sex difference in play-fighting,
however,lgﬂh@t of Pouncing or play-initiation; in addjtion males initiate
play more often with males than with females (Meaney and Stewart,
" 1981). Thus while male rats are more playful than females (i.e., males
initiate and becom#*involved in more play-fights) the basic patterns of
play-fighting of males and femalgs are similar (see also Poole and Fish,
1976) 4 :/ :
The results of these experiments support the view that the sex differ-
" ence in the social play of prepubescent rats is an androgen—mc&iated
effect, dependent on neonatal exposure to either T or DHT. The E,
meta_polite of T does not appear to. be directly involved in the processes
that result in the development of gale-typical levels of social play.
The present experimé‘nts do not provide information about precisely
how long into the neonatal period T of DHT may be effective in influenc-
ing social play, but the resuits of Experiment 4 do indicate that exposure
to TP or to DHT on Days 1 and 2 of life is sufficient to masculinize female
rats. In addition, the results of Experiments 2 and 4 demonstrate that
circulating testicular androgens are not necessary for the expression of
male-typical levels of social play. Neither males castrated at 23 days of
age nor females given TP neonatally, both of which lacked testicular
androgens at the time of observation, differed from intact males in the
frequency with which they engaged in social play. Taken together. #se
findings indicate that, while testicular androgens are not directly re-
sponsible for the expression of male-typical levels of social play, their
activity during the neonatal period contributes to the sexual differentia-
tion of some CNS function that in turn mediates this behavioral sex
ifference.

- It is possible that this androgen-related sexual differentiation is me-
diated by androgen-receptor prateins in the CNS, most of which bind with
both T and DHT (Sar and Stumpf, 1974). Androgen receptors have been
detected in the limbic brain of the rat by postnatal Day 1 (Fox et al., 1978;
Lieberberg e al., 1978). Moreover, these neonatal androgen receptors
exhibiit properties typical of androgen receptors in adult rats; most nqta-
bly they bind td, DN A cellulose with the same affinity (Fox et al., 1978;

" Lieberberg et (a\, 1978). This characteristic is important because the
intracellular effects and in particular the growth-related effects of steroid

hormones are mediated by DNA (e.g.,'Salaman and Birkell, 1977). Thus,’

one possible explanation for the masculinizing influences of neonatal
androgens on the social play of rat€is that the exposure to apdrogens
during the neonatal period promotes the formation of sex-specific neural
circuitry and that this circuitry serves to mediate the sex differehce in
social play that is seen in prepugescent animals. :
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1
Recently we (Stewart e al., 1979) have reported a role for the an-
drogenic actions of, T in neonatal Lats in the establishment of the sex
difference in open-field behavior seén in adult animels. The sex difference
o in open-field behavior, like that in social play, is not dependent on the

presence of gonadal hormones at the Yime of testing (Bengelloun, Nelson,
Zent, and Beatty, 1976; Blizard, Lippman, and Chen, 1975; Bronstein and
- Hirsch, 1974; Stewart and Cygan, 1980) ough it is dependent on the
presence of androgens in the neonatal period (Blizard and Denef, 1973;
Gray, Lean, and Keynes, 1969; Pfaff and Zigmond, 1971; Stewart,
. Skvarenina, and Pottier, 1975). Female 'rats injected on Days 1| and 2
with DHT and males treated neonatally with ATD, when tested as adults,
exhibited male-typical levels of open-field activity (Stewart et al., 1979).
Thus, both social play and open-field behavior can asculinized
through the neonatal exposure {0 the androgenic component of T. These
findings, taken together with the evidence that the androgenic actiens of T
. play a role in the perinatal period in the development of adequate male
sexual behavior (Clemens, Gladue, and Coniglio, 1978; Davis, Chaptal,
and McEwen, 1979; Nadler, 1969; Stewart and Kaczender-Henrik, 1971;
Ward and Renz, 1972), strongly suggest that there is a role for neonatal
androgen receptors in the development of ma#-typical behavior.
Finally, it is interesting to note that these androgenic effects on the
behavior of the rat closely parallel those found in the rhesus monkey. Goy
(1978) has found that prenatal exposure to either T or DHT acts to
masculinize both prepubertal play and male copulatory behavior in female
rhesuses. This suggests that the masculinization process in_the rat is:
comparable to that of this primate species.
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MEANEY, M. J., A.M, DODGE AND W W.BEATTY. Sex-dependen: effects pof amygdaloid lesions an the social play of
«° prepubertal rats. PHYSIOL. BEHAV. 26(3) 263472, 1981.— Male and female prepubertal rats, hke many primate species,
differ in the frequency with which they engage i social play (play-fighting), males engage in more socral play than females,
This sex difference in the rat has been found to be under the control of gonadal hormones acting during the neonatal
period. In the present study we examined the effects of lesions of the amygdala, a prominent neurpendocring control area,
on the play-fighting of male and female prepubertal rats. Bilateral, electrolytic lesions and sham control treatments were .
made at 21 or 22 days of age and the animals were then observed daly in intact groups between 26 and 40 days of age
Amygdaloid lesions suppressed social play in male rats to levels that were indistingnishable from those of control females.
In contrast to males, amygdaloid lesions had no effect on the social play of females. Sex differences n the anatomy and
phygiology of the amygdala are discussed as a possible explanation of its apparent differential influence on the social play of
mirle and female prepubertal rats. :
Play Social development Amygdala Social behavior Sex differences

F

. -

SEX differences have been described in the social behavior  stance, athong both the Norway rat [2,4] and the Roof rat )
of several social-living mammatian species. These sex differ-  [10] the maternal care of infants is performed almost exclu-
ences appear to be related to a sex-dependent division of  sively by females, while the maintenance of both territorial
;- -~ labor with respect to reproductive functions, territorial de-  integrity and of within-group dominance relations are
fense, and the maintenance of a group structure through  primarily malé activities. Among juvenile Norway rats, as
dominance relations. In several primate species, particularly ~ well, there are sex differences in social behavior. Juvenile
the well-studied terrestrial monkeys (e, the rhesus, males engage in more play-fighting than do their female peers
Japanese, and vervet monkeys, and several species of ba-  [21,25], while young females engage in more social grooming
boons) maternal care is performed primarily by the adult  than do males [21]. Thus, both the juvenile and the adult
females, while territorial defense and within-group domi-  behavioral sex diffefences in the Norway rat are similar to

. nance relations appear to be the domain of the males [9, 12,  those in the above-mentioned primate species.

16]. Interestingly, there are also sex differences in the social These sex differences in the early social behavior of im-
behavior, of the juveniles of these species. Sub-adult males  mature animals have important implications for the study of
engage in more play-fighting than do females (e.g., [16,24])),  the piosocial determinants of social behavior. What they
while sub-adult females engage in more social grooming,  sugRest is that the potential opportunities for early learning
and, in at least one species, the vervet monkey, females  may be sex dependent. This is of particular significance for
engage in more play-mothering {17). play behavior considering the potential significance of this
These patterns of sex differences in social behavior are  behavior in the development of adult social behavior. One
not unique to primates, although they are less-well studiedin  question of interest, then, concerns the determinants of
other species than they are in primates. In rodents, for in-  these sex differences in play behavior. The present study

'This work was supported by Grant HD 12620-01 from NICHHD to William W. Beatty. Michael J. Meaney was supported by a predogtoral
fellowship from the Ministere de 'Educatidn, Province de Quebec. Please direct correspondenge to Michael Meaney, Department of
Psychology, Concordia University, 1455 Boul. de Maisonneuve Quest, Montreal H3G IM8, Quebec, Canada.
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" TABLE 1

MEAN FREQUENCY FOR ON-TOP AND ON-BOTTOM BEHAVIORS
AND MEAN BODY WEIGHTS ON DAY 25 BwWY
'AND DAY 41 (BW2) MEASURE

Group N, OT OB BW1 BW2
AMXMale - 24 308 233 666 1M1(b)
CONT Male 12 37.6  410t(a) - 68.4  1703(b)
AMX Female 11 274 268 680  153.0
CONT Female 12 278 299 683 1465

(a) CONT male>AMX male (<0 01)
() AMX male=CONT male>AMX female=CONT female

(p <0.0001).

represents an imtial attempt to ndent\ the neural mech-
anisms involved in the social play of Tat pups. The well-
documented effects of amygdalectomy on the agonistic
encoupters of adult rats {5,11} suggested that thi$ limbic
structure may be involved 1n play-fighting, since the behav-
ioral components of inter-specific aggression are morpholog-
ically similar to those of play-fighting. In this study, then,

'male and female pups were either amygdalectomized or

sham operated. Surgery was performed on days 21 and 22.
On day 25 the animals were placed into peer groups. In these
groups the animals were observed daily for social play (see
also [22]) during the prepubertal pentod between dayalﬁ ahd
40.

METHOD A

.

General

The animals used in this experiment were 38 male and 24
female Holtzman albino rats born in the animal colony at
North Dakota State University. The animals were the off-
spring of {4 dams that were obtained while pregnant from the
Holtzman Co., Madison, WI1. Upon arrival at the animal
colony the pregnant females were placed into 24 x46x15 ¢cm
plastic maternity cages. The cages had a wire-mesh top with

* an overhead feeder and water bottle. Within 24 hr following

&

birth the animals were removed from their mothers, sexed,
and randomly assigned to litters of 10 animals (the average
litter size for thus species), 5 of each sex, The animals had
continuous access to food and water. The animal colony was
maintained on a 12L.:12D light schedule (lights on at 0600 hr).

Surgery‘-‘
LS 24

Twemycsnx males and 12 females were given bilateral
electrolytit fesions under Chloropent anesthesia by passing a
1.5 mA current for 15 sec between No. 1 stainless steel insect
pins that were insulated to the tip with Epoxylite and arectal
cathode. With the rat’s head flat between bregma and lamda
the coordinates were 2.0 mm posterior to bregma, 3.9 mm
lateral to the midline, and 7.3 mm from the surface of the
brain. Six males agd 6 females received sham lesions in
which the electrode tip was lowered 6.0 mm from the surface
of the brain. Six males and 6 females received the Chloro-
pent anesthesia only. All animals were between 21 and 22
days of age at the time of treatment. Recovery seemed to be
complete 2-3 days after surgery. By this time the animals
were playing vigorously, and, through casual obserVahon
seemed to be normally active.

L A an
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Body weights were taken just prior to the first day of
observation (BW1) and at the time of histology (BW2). The
results are presented in Table 1, where it can be seen that the
only noticeable difference in body weights was between
males and females at the time of histology. The amygdaloid
lesions, then, seem to have had no effect on the overall
growth of the animals.

Procedure

Following surgery the animals were placed into groups
afd housed in adjoining cages 41x61 % 38 cm made from wire
mesh with a wooden frame for support. The groups were

\separated from each other by sheet metal dividers. The front .
{of the cagas was made from clear plastic. Six of the groups

were comprised of eight animals each and 2 were comprised
of 7 animals each. Each group contained some treated and
some untréated animals and was balanced for sex. The
animals wete maintained in these groups throughout the ex-
periment. The anmimals were marked on the tail (with colored.,
felt-tipped pens) approximately every 5 days and were not
otherwise handled

The animals. were observed daily during the prepubertal
period between days 26 and 40. Each group was observed for
105 observation periods per day. Eachtobservation period
lasted for 20 sec, and during that period the behavior of all
the animals in the group was scored. If, during the period an
animal engaged in one of the behaviors described below it
was given a score of 1 for that category. Animals that did not
engage in any play were simply given a score of 0. Thus, for
any animal the possible range of scores for each of the behav-
ioral categories for each day of observation was from 0 to
105. Although precise estimates of interrater reliabilities
were not obtained, the three observers trained together in
two previous studies using the same method. Further, they
were blind to the lesion condition of the animals.

Behawioral Categories

Social play in rats is comprised of several individua! be-
havioral components. While these components resemble in
some respects those of agonistic encounters in adult rats,
there are important distinguishing features. For instance, the

- distress vocalizations that are common to the agonistic

enceunters of adult rats are rarely heard during social play
{4,21]. Another feature of social play is that, unlike adult
agonistic encounters, roles are frequently reverséd; an
animal that is dominated for a brief period during a play-bout
will often immediately pounce on the othcir animal and then
dominate it [25).

The following is a list of the behavioral components of
social play. Pouncing. One pup lunges at another with .its
forepaws extended ovtward. It is the forepaws that first
make contact with the other animal. Wrestling. Two animals
roll and tumble with ogg another. Boxing. Two animals
standing upright facing one another and making pawing
movements towards one another. On-Bottom Postyse. One
animal lies on its back fully exposing its ventral urface to
another animal. On-Top Posture. One ammal positioned
over another animal with its forepaws placed on the other
animal. Play Bite. One animal grips another animal with its
teeth; this is actually an inhibited bite. Animals play biting
another animal werd never seen to inflict a wound.

In this study there was one behavioral category and three
sub-categories. The main category was that of social play
and this category included all of the above-described behav-

TR .




——,

SEX, AMYGDALA AND PLAY

2257 100

sp P

200 l 80 V"*"T
>
c 15 60}
®
2
¢ 150 a0l
I: °
< 28 20}

cond® amxd cong amx 9 couchuxo'cong AMX @

Treatment Group

FIG | Mean (+SEM) frequency of social play (SP- lefi panel) and
play imtiation (PI) responses (right panel) Hormzontal hines denote
groups that were not statistically different

iors. Ap animal that engaged in any of these behaviors during
an observation period was given a score of 1 for the social
play category for that particular observation period. The first
sub-category was that of plav initiation. Pouncing was con-
sidered as the play initiation act (see also [21,25]). Thus, an
animal thaj engaged in pouncing during an observation
period wasgiven a score of 1 for this sub-category as well as
for the sodial play category. The on-top posture and the'on-
bottom pogture were the remaining two sub-categories and
d in the same way. It should be noted that the
social play category subsumed the three sub-categories.

Histology

Following completion of the behavioral tests all rats with
lesions and a representative sample of sham-operated
animals were sacrificed under deep Chloropent anesthesia.
After perfusion with physiological saline and 10% Formalin
the brains were sectioned on a cryostat at 40 u. Every fifth
section through the lesion was saved and stained with thionin
according to the procedures of Donovick [7]. Each lesion
was reconstructed with the aid of a microprojector and
categorized with respect to the anterior-posterior plane of
maximum extent, presence of optic tract damage (absent,
unilateral, or bilateral), and size (3=Ilargest, 1=smallest) by
an observer who was unaware of the rat’s performance or
sex. Nearly all of the lesions were extensive and bilaterally
symmetrica], In three animals (2 males and 1 female) the
lesions were asymmetrical and posterior to the amygdala (2
cases) or could not be detected (1 case). Behavioral data
from these animals were discarded.

, RESULTS
Behavioral Data '

]

Social play, play initiation, on-top, and on-bottom scores
were calcuaited for individual animals across all observation
days. The data for the four behavioral categories were
analyzed separately. Since tH¥re were no differences be-
tween the sham-operated males and the anesthetic-only
males on any of the behavioral measures, the data from these
animals were- pooled to form the control (CONT) male
group. Likewise the data from the sham-operated and
anesthetic-only females were pooled to form the control

’
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(CONT) fe /ale group. The data were analyzed using a

two-way apalysis of variance for treatment (lgsion-

sham)x sex [(male-female). The results are summarized in
Fig. 1 and Table . N

Soctal play. As can be seen in Fig. I, the control males
engaged in more social play than did either the males with
lesions of the amygdala (AMX), the AMX females, or the
control fembles. Statistical analysis revealed a significant ef-
fect of Sex, F(1,55)=8.96, p<0.005, and a significant
Sex x Treatment nteraction, F(1,55)=5.75, p<0.02. Post hoc
analysis showed that the CONT males engaged in signifi-
cantly more social play than did the AMX males, 7=3.13,
p<0.01, the AMX females, 1=3.04, p<0.01, and the CONT
females, =3.57, p<0.01. No other compansons approached
significance.

Play inttiation, on-top, and on-bottom sub-c ategories. As
can be seen in Fig. 1, the pattern of results for play initiation
was similar to that for social play. The statistical analysis
showed that there was a significant effect of Sex,
F(1,55)=13.55, p<0.001, and a ssgnificant Sex xTreatment
interaction, F(1,55)=8.42, p<0.006, Post hoc analysis re-
vealec{ that CONT males initiated more soctal play than did
the AMX males, 1=4:05, p<0.001, the AMX females,
1=3 94, p<0.001, and the CONT females, 1 =4.41, p<0.001.
The njeans for the on-top and the on-bottom measures are
presefted in Table 1. Statistical analysis showed that there
were | no significant differences among the gfoups on the
on-top measure. There was, however, a significant lesion
effect, F(1,58)=5.52, p <0.03. Post hoc analysis revealed that
the CONT males engaged in the on-bottom behavior more
often than did the AMX males, =3.07, p<0.01. The differ-
ence between the AMX females and the CONT females (see
Table 1) did not approach significance.

Also presented in Table 1 are body weight data from
weighings on day 25 (BW1) and day 41 (BW2). Statistical
analysis of this data showed that there were no group differ-
ences for BW1, while there was, as to be expected, a signifi-
cant sex difference, F(1,58)=30.72, p<0.0001, for BW2,
There was no lesion effect on either BW1 or BW2.

Histological Findings

The lesions were large, bilaterally symmetrical, and cen-
tered in the medial part of the basolateral nuclei. Damage
was greatest in the posterior part of the amygdala. Destruc-
tion was most severe in the basolateral nuclei which ware
bilaterally involved in most cases. In the majority of cases
there was bilateral damage to the cortical nuclei as well. The
medial and posterior nuclei were damaged in, some cases;
often the invasion of these areas was unilateral. More
posteriorly placed lesions invariably damaged the ventral
hippocampus and the entorhinal cortex. The posterior por-
tion of the caudate-putamen was damaged in some of the
more dorsally placed lesions. Nine of the rats sustained un-
ilateral damage to the optic tract and in 3 there was bilateral
damage to the optic tract. There was no relationshy
the extent of damage to the optic tract and al
joral measures. Likewise neither lesion size nor
correlated with any of the behavioral indices.
lesions in males and females were quite similar i
posterior location, degree of optic tract involvement; and
size.

In Fig. 2 reconst{uctions of 4 lesions at the locus of the
greatest extent are presented. Rat 2, a male, is typical of the
more posteriorly placed lesions. Note the invasion of the

- g
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FIG 2. Reconstructions of 4 representative lesions at the anterior postenor plane of maximyff extent. Animal numbers
are on the upper right'side of each section. Numbers below the sections are plate numbers from the Konig and Khippe!
{14] atlas

ventral hippocampus. Rat 25, also a male, iflustrates the ap-
pearance of the more anteriorly lecated lesions. Rats 27,
another male, and 47, a female illustrate the variation in the
size of the lesions at the anterior-posterior location where
the majority of the lesions were largest. Rat 47 sustained the
most severe damage to the optic tracts of any subject in the
study. Despite the presumed visual impairment, its play fre-
quency (194) was well above the mean for AMX females. By
contrast, the malfe (rat 27) sustained more extensive dasmage
to the amygdala wilhout involvement of the optic tracts and
played comparatively little (play frequency=108).

-

DISCUSSION

The results of this study demonstrate a clear sex-
dependent effect of amygdaloid lesions on the social play of
prepubertal rats. AMX males engaged in less social play than
did CONT males, whereas there was no such difference be-
tween AMX females and CONT females. The effect of the
amygdaloid lesions, then, was to eliminate the sex difference
in social play.

One possible explanation for these results is that the
amygdalectomy in the male pups produced some testicular
dysfunction that in turn suppressed the frequency of play-
fighting in AMX males. Recently, however,_jt has been
found that castration just prior to the period of observation
used in this study (i.e. on Day 20 or 23) has no effect on the
frequency with which male pups engage in play-fighting

{3,22]. Tt is unlikely, then, that the effects of amygdalectomy
on the play-fighting of male pups is mediated by any related
gonadal dysfunction.

An alternative explanation, namely that the changes in.
play by male rats with amygdaloid lesions are secondary to,
alterations in adrenocortical function, is less easily eval-
uated. First, there are presently no datd assessing the impor-
tance of circulating corticosteroid levels on play in juvenile
,rats although this issue is currently being investigated. Sec-
ond, while elevations in corticosterone have been linked to
the development of submissiveness in male mice subjected
to defeat by trained fighters [23), the relevance of this obser-
vation is unclear since play-fighting and adult aggression dif-
fer in their bshavioral detail 1) as well as in aspects of their
hormonal regulation [3,22]. Further, the present findings that
ang\dalecmmy ®’duced both play-fighting and the fre-
qudncy of on-bottom responses are not easily integrated into
a simple dominance-submissiveness hypothesis. And in
adult male ,rats amygdalectomy . causes rather modest
changes in the temporal pattemn of corticosterone levels in
plasma following stress without altering the basal concentra-
tion of the hormone [6]. Based on these considerations we
tentatively conclude that the sex-dependent effectspfﬁyg-
daloid lesions on play probably are not the result of altered
adrenocortical function, although the data required to ad-
dress this question directly are not yet in hand.

While normal circulating levels of androgens at the time
of observation do not appear to be necessary for the expres-
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sion of male-typical levels of play-fighting by rats, the pres-
ence of androgens during the neonatal period is critical. Cas-
tration of males on Day 1 life results in a decrease in play-
fighting to levels similar to those observed in normal
females, but if males are not castrated until Day 10 or later,
the frequency of their play-fighting is similar to that of intact
males {3,22]. Moreover, it has been shown in both the rhesus
monkey {13,14] and in the Nerway rat [22], that the early
(prenatal in the monkey and neonatal in the rat) administra-
tion of either testosterone or its S-a-reduced metabolite, di-
hydrotestosterone, to females will increase play-fighting to
levels comparable to those in normal males. In the male
rhesus, as 1 the rat castration after this critical period (be-
tween birth and 3 months of age in the monkey) has no effect
on play-fighting (13]. These results are suggestive of an early
organizational effect on the neural mechanisms involved in
social play. Moreover, this organizational effect seems to be
a true androgen effect since, at least in the Norway rat, Day |
estrogen treatment of females has no effect on their levels of
social play [22] This latter finding 1s of special interest since
so many of the well-documented organizational effects of
testosterone, especially on rat sexual behavior, have beeg
found to be mediated by testosterone-derived estrogen [19].
Within this context it is interesting to note that the amyg-
dala is a prominent target area for steroid hormones Testos-
terone [26], dihydrotestosterone [18,26], and corticosterone
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[20,29], all of which have been found to influence the social
play of prepubertal rats (Meaney, Stewart and Beatty, in
preparation, see also [22]) when administered neonatally, are
taken up by cells within various regions of the amygdala. The
medial nucleus of the amygdala is one of the few known
regions that contains receptors that will bind only with tes-
tosterone [27]. One, currently popular hypothesis is that
steroid-promoted differences in brain structure mediate be-
havioral sex differences. With respect to the amygdala,
Staudt and Domner [28] have found a sex difference in nu-
clear cell size in the central and medial regions of the amyg-
dala that is influenced by neonatal exposure to gonadal hor-
mones. Moreover, Dyer, MacLeod, and Ellendorf [8] found
that when they stimulated the corticomedial amygdala and
recorded from the medial-preoptic and anterior regions of
the hypothalamus (areas that recerve projections from the
corticomedial amygdala), many morg of the cells were driven
by amygdaloid stimulation in males and neonatally andro-
genized females than in females or in neonatally cas-
trated males. These findings suggest that there are séx differ-
ences in the neural circuitry of the amygdala that are influ-
enced by neonatal androgen activity. Perhaps the differences
in the anatomy and physiology of the amygdhla are, in part,

responsible for the sex differences n the frequency of play-
fighting in prepubertal rats
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