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BEATTY, W W,  A M DODGE, L J DODGE, K WHITE AND J PANKSEPP Psychomotor stlmulant~, soctal 
deprtvatton and play m ju~emle rats PHARMAC BIOCHEM BEHAV 16(3) 417--422, 1982--Treatment with 
d-amphetamine (0 125-1 mg/kg) or methylphenldate (0 5-4 mg/kg) caused dose-dependent decreases in play fighting m 
juvenile rats which were independent of sex and strain Although brief social isolation profoundly increased play fighting, 
quahtatlvely slmdar drug effects on play were observed m socially housed and isolated animals By contrast, at the highest 
doses tested both amphetamine and methylphemdate Increased socml investigation, but only if the rats were socmlly 
~solated Stimulation of catecholamme systems Is evidently incompatible with the expression of playful behawor 

Play Social behawor Amphetamine Methylphemdate Catecholammes Socml isolation 

DURING the juvemle period, rats, as well as the young of 
several other mammahan species engage m behaviors that 
are variously termed play fighting or rough and tumble play 
Although the play fighting of juvemles  often resembles the 
lntraspeofic aggresswe behawor of adults m terms of the 
morphology of the responses, juvemle play fighting differs 
from aggression m adults m a number of ~mportant respects 
[1] For example, m the play fightmg of rats the threatening 
vocahzatlons (e g ,  tooth chattenng) of adult aggression are 
absent, biting responses are inhibited so that wounds are 
extremely rare and dominance-submission relationships are 
considerably less stable than m adult social encounters In 
play fighting the roles of "chaser"  and "chasee" ,  "on- top" 
and "on-bottom" are frequently reversed 

Ontogenetlc stu&es m rats [13,18] indicate that play fight- 
lng appears just  before weaning and reaches maximum fre- 
quency between 25-45 days of age Thereafter, play fighting 
dechnes as adult sexual and agomstlc behaviors emerge 
During the prepuberal period, brief periods of socml isolation 
(socml deprivation) cause profound increases m play fighting 
[19] Dunng this stage of development young rats wdl learn a 
maze for the opportunity to play w~th another ammal, treat- 
ments that reduce the playfulness of the target ammal at- 
tenuate its reward value [10] 

Thus, play fighting seems to possess several of the char- 
actenstl¢s of other motivated behawors In an attempt to 
understand the neurochemlcal mechanisms that control play 

fighting we began a series of psychopharmacologlcal studtes 
Prehmlnary stu&es [17] m&cated that 1 mg/kg treatment with 
d-amphetamine depressed pruning, chasing and other meas- 
ures of play fighting The present experiments were intended 
to examine the dose-dependency of this effect and to com- 
pare the influence of amphetamine and the pharmacologlcaly 
slmdar agent, methylphemdate 

EXPERIMENT 1 

METHOD 

Animals 

Subjects were male albmo rats obtained from the 
Holtzman C o ,  Ma&son, WI and shipped to the NDSU lab- 
oratory at 21 days of age Different groups of rats were used 
m the amphetamine (N=23) and methyiphemdate (N=22) seg- 
ments of the study which were performed 8 months apart 
Except dunng ~solaUon treatments the rats were housed m 
pmrs m standard laboratory cages w~th free access to food 
and water m an a~r con&t~oned ammal room that was lllum~- 
nated from 0700-1900 Dunng the social isolation con&tlon 
they were caged singly for 24 hours prior to testing 

Procedure 

Two to three days before testing the rats were habituated 
to the apparatus, a 51 × 32 x47 cm h~gh box made of plywood 
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and clear plastic (see [19] for detads) All testing occurred 
within two hours of the start of the dark portion of the LD 
cycle Social behavior was studied when the rats were 26-42 
days old Pairs of animals were tested for 10 mln-long ses- 
sions on alternate days under socially housed or isolated 
conditions at one of four drug conditions For each test pa~rs 
were composed of partners that were strangers (1 e ,  animals 
that had no social contact with one another after arrival in 
the laboratory) This was accomphshed by repairing the rats 
before each test Both members of a pair received the same 
drug and social housing treatment Animals in the am- 
phetamine study received 0, 0 25, 0 5 or I 0 mg/kg 
d-amphetamine sulfate while rats in the methylphemdate 
study received 0. 0 5, 2 0 or 4 0 mg/kg methylphenldate 
HC 1 Both drugs were dissolved In physiological saline and 
admimstered IP 20 rain before the start of testing Doses 
chosen were intended to provide a comparable range for 
each agent, drug substitution studies [9] Indicate that in rats 
d-amphetamine is 2-4 times as potent as methylphenldate on 
a weight basis The order of social housing and drug treat- 
ments was counterbalanced with 48 hr between tests for all 
ammals, altogether 11 pairs were tested in each combmatlon 
of drug and social housing conditions in both the am- 
phetamine and methylphenidate phases of the study 

Socml behavior was assessed by two raters One rater 
counted the frequency of reanng responses made by the pair 
(e~ther rat raises its forepaws at least 1 cm off the floor 
anywhere In the test chamber) and the frequency of pins (one 
rat rolls the other onto its dorsal surface and stands over It) 
The other rater scored the duration of time spent by each 
pair In play fighting, chasing or social investigation from vid- 
eotape recordings of the sessions Both raters were unaware 
of the treatment conditions and their bhndness was assessed 
and confirmed by the method of Beatty [2] As a detailed 
descnptlon of the scoring method has been published [19] 
only a brief description will be provided here Social investi- 
gation included social sniffing and grooming, which was 
primarily directed at the anogenltal area Following con- 
slsted of active pursuit (chasing) of one rat by the other and 
was usually temporally associated with play fighting Some- 
times one rat would begin to sniff the anogenital area of an- 
other and continue to engage in this behavior as the other 
animal moved away Such Interactions were scored as socml 
Investigation Play fighting was a composite of several be- 
haviors including tall-pulling, boxing, wrestling, pinning and 
aggressive grooming Aggressive grooming could be distin- 
guished from social grooming in that ~t was more intense, 
almost always directed at the head and neck, and inevitably 
provoked struggling or squeahng by the recipient 

Since repeated administration of amphetamine and re- 
lated agents may lead to the gradual development of sensiti- 
zation or tolerance (see [20]), we initially examined the data 
for evidence of order effects As no rehable order effects 
were detected, the data were collapsed across this vanable 
Because the order of drug exposure differed for each rat as 
well as for the various pairs, an analysis of tolerance and 
sensitization is beyond the scope of the present data But 
since treatments were counterbalanced, such Influences, if 
they exist, should have increased vanablhty without affect- 
lng differences among treatment means 

R E S U L T S  

The data were lnitlaUy subjected to completely factorial 
analyses of variance (2 levels of Housing Condition × 4 Drug 
Doses) Separate analyses were conducted for the am- 
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FIG 1 Mean duration of play fighting per pa~r of rats tested at 
varying amphetamine and methylphemdate doses (_+SEM) 

phetamine and methylphentdate segments of the experiment 
As seen in Figs 1-4 social isolation profoundly affected most 
measures of social behavior in both the amphetamine and 
methylphemdate phases of the study, confirming earher find- 
lngs Social isolation increased the frequency of pinning and 
the duration of time spent in play fighting and chasing, 
F(1,80)~>17 99, all p < 0  001 By contrast, isolation reduced 
the number of reanng responses (Fig 5), F(1,80)~>5 58, 
p < 0  05) but the main effect of Housing Condition was not 
significant on the social investigation measure 

Because of the powerful influence of social isolation and 
the presence of Drug Dose × Housing Condition interactions 
on many measures, drug effects were analyzed separately for 
the social and isolated housing conditions Both am- 
phetamme and methylphenldate reduced play fighting in a 
dose-dependent manner The effects were quahtatlvely simi- 
lar in isolated and socially housed groups, but the magnitude 
of the drug effects was somewhat greater if the rats were 
socially isolated Similar drug effects were observed on the 
time spent play fighting (Fig 1, F(3,40)~>7 06, p < 0  001 and 
the number of pros (Fig 2, F(3,40)~>3 16, p < 0  05) Subse- 
quent analyses with t-tests showed that amphetamine at 
doses of 0 5 mg/kg or greater or methylphenldate at doses of 
2 mg/kg or higher reliably depressed play fighting and pin- 
ning (relative to the sahne control condition) under both 
housing conditions At the lowest doses (0 25 mg/kg am- 
phetamine, 0 5 mg/kg methylphemdate) qualitatively similar 
trends were observed on these measures The lowest dose of 
amphetamine reliably depressed pinning under both housing 
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FIG 2 Mean frequency of pruning responses per pmr of rats tested 
at varying amphetamine and methylphenidate doses (_+SEM) 

condmons and playfightmg when the rats were socially 
housed The lowest dose of methylphemdate also slgmfi- 
cantly depressed playfightlng when the animals were housed 
socmlly, but other comparisons d~d not reach stat~sUcal slg- 
mficance 

Stimulant admlmstratlon generally depressed the t~me 
spent following as well (Fig 3, F(3,40)~4 09, p < 0  02) 
Subsequent t-tests md,cated that treatment w~th 0 5 or 1 0 
mg/kg amphetamine or 2 or 4 mg/kg methylphemdate rehably 
depressed following regardless of whether the rats were 
housed socmlly or m lsolat,on At the lowest dose of am- 
phetamine, followmg was rehably enhanced, but only ff the 
rats were socmlly isolated Subsequent work (See Experi- 
ment 2) suggests that this effect is not reproducible Other- 
w,se the lowest doses of amphetamine and methylphemdate 
had no reliable effects on following 

By contrast, stimulant administration increased the t,me 
spent m socml mvestlgat,on (Fig 4) but only ff the rats had 
been socmlly isolated, F(3,40) /> 5 18, p < 0  01 This effect 
was rehable only at the 1 mg/kg dose of amphetamine and at 
the 2 and 4 mg/kg doses of methylphenldate When the 
animals were housed socmlly no consistent drug effects were 
ewdent Rearing (Fig 5) was not rehably affected by either 
drug (F<I  65) 

EXPERIMENT 2 

The second experiment was a systematic rephcation of 
the first with the inclusion of a lower dose of amphetamine as 
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FIG 3 Mean duration of following per pmr of rats tested at varying 
amphetamine and methylphemdate doses (_+SEM) 

well as an analysis of whether amphetamine modified satia- 
tion of play behavior durmg an extended test session Since 
play behaviors dechne markedly dunng extended observa- 
Uon periods, it was deemed important to determine the ef- 
fects of amphetamine at a time when it is declining in con- 
trols It is conceivable that amphetamine, through its effects 
on motor arousal, could sustam social play at such points m 
time Since they appear to be the simplest and most objective 
indicator variables for the incidence of play [19], only pin- 
nlng and following behaviors were monitored m this experi- 
ment 

METHOD 

Ammal~ 

Twenty-four Long-Evans hooded rats of both sexes from 
four htters, bred and born at the BGSU laboratory were used 
as subjects Animals were socially housed m family groups 
untd 30 days of age, at which time all animals were rehoused 
individually m 23× 10× 13 cm wire cages Food and water 
were freely avadable 

Apparatus 

Play testing occurred in a 31 × 31 × 32 cm Lucite test cage 
situated m a soundproof outer chamber with a 10 × 10 cm 
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FIG 4 Mean duratxon of socml mvestlgat~on per pa~r of rats tested 
at varying amphetamine and methylphemdate doses (_+ SEM) 

observation window The floor of  the chamber was covered 
with wood-chip bedding, and the only illumination was from 
a 25 W red hght bulb mounted adjacent to the test cage 

Proc edure 

Isosexual test pairs were formed at random and remamed 
constant throughout the experiment Otherwise testmg con- 
dlt~ons were similar to the first experiment except that a 30 
minute test period was used, and behawor was monttored for 
three 5 minute periods (0-5, 10-15 and 20-25 minutes) The 
measures recorded were frequency of  pms and follows Prior 
to the first series of amphetamine tests, animals were perm~t- 
ted to play for half an hour in the test chambers for four 
successive test days During the first amphetamine experi- 
ment, ammals were tested m counterbalanced manner 30 
mmutes following subcutaneous injection of sahne carrier (1 
ml/kg), 1 0 mg/kg and 0 5 mg/kg of  d-amphetamine Both 
members of  the parr recewed the same drug treatment One 
day was allowed between successive test days Thus testing 
m this study occurred when ammals were 36, 38 and 40 days 
of  age 

Following this series, ammals were retested m Identical 
fashion following s c rejections of sahne carner. 0 25 and 
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0 125 mg/kg of d-amphetamine Animals were 42, 44 and 46 
days of age during these tests The rater was bhnd to the 
treatment cond~tmns 

RESULTS 

The abdlty of amphetamine to reduce play was apparent 
at all drug doses and at all test intervals employed Pruning 
and foilowmg dechned systemaUcally dunng the course of 
each test sessmn, F(2,22)/> 12 75 ,p<0  001 for all four com- 
parisons, and amphetamine systemaucally reduced both play 
and followmg In all experiments, F(2,22) I> 8 26, p < 0  002 
Because of the rap~d dechne m number of pros m control 
ammals dunng the course of a test sessmn, the interaction 
between drug and t~me was rehable m both experiments with 
pruning as the dependent measure, F(4,44) ~> 7 51, p < 0  001 
With following, th~s mteractmn was marginally s~gmficant m 
the first series of tests w~th h~gher doses, F(4,44)=2,59, 
p < 0  05, but not the second There were no sex differences 
on either measure 

DISCUSSION 

Play fighting is remarkably sensitive to the effects of am- 
phetamine and methylphentdate Doses of these agents 
which were too low to stimulate rearing responses (Experi- 
ment 1) and are ordinarily insufficient to enhance locomotor 
activity m rats of this age [3,4] caused profound and dose- 
dependent suppression of active play Variables such as the 
sex and stram of the animals, whether they were housed 
socmlly or in isolation ~mmedmtely prior to testing and the 
degree of famdlanty of the play partners with one another 
seem relatively ummportant as quahtatlvely similar drug ef- 
fects on play were observed m all condltmns Likewise, fre- 
quency and duratmn measures yielded quite stmdar results 
These and other variables may affect the magmtude but not 
the nature of the behaworal effects 

The present data suggest that activating central or periph- 
eral catecholamme systems is incompatible w~th the expres- 
sion of the most vigorous forms of play Whether this is due 
to a reduced need for socml lnterachon, mhlb~hon of neural 
mechamsms controlhng specific play sequences or the ac- 
tivation of competing responses ~s not at present clear As 
described above enhanced locomotor activity and rearing are 

not hkely explanahons of the drug-reduced reductmn m play 
However, both amphetamine and methylphemdate increased 
socml mvestlgatlon m the ~solated pa~rs Th~s suggests that 
these stimulants do not s~mply reduce the need for social 
lnteractmn, at least for the socmlly isolated ammals, rather 
these agents seem to redirect socml responding, faclhtatlng 
socml sniffing and grooming and at the same time inhibiting 
chasmg, wresthng and other components of play fighting 
Recent work by Humphreys and Emon [I0] appears to be in 
excellent agreement w~th our results In a study that was 
d~rectly concerned with the remforcmg value of play they 
observed the interactions of an undrugged juvende rat with 
either an amphetamine-treated ammal or a sahne control 
The amphetamine-treated rats played much less than con- 
trols, but spent more t~me in other social behaviors such as 
stuffing and crawhng over and under Rats gtven the 2 mg/kg 
amphetarnme dose did not mltmte play nor did they respond 
to the play invitations of other rats 

Since there ~s a large hterature demonstrating that the 
dopamlne-st~mulatmg agents 1-dopa and apomorphlne 
potentmte mtraspecles aggressmn m adult rodents [11, 12, 
15], ~t may seem paradoxical that amphetamine and methyl- 
phemdate depress play fighting in juvenile rats Two consid- 
erations make th~s apparent d~scontmulty less surprising 
than it first appears F~rst, the effects of amphetamine on 
mtraspecles aggressmn m adult rats and mice are quite com- 
plex, aggression can be facilitated or depressed depending on 
dosage, duration of treatment, as well as a variety of features 
of the environment [5, 6, 7, 14, 15, 21] In general low doses 
of amphetamine tend to enhance attack and threat whde 
higher doses suppress these behavmrs, but the drug effects 
are often dependent on the dominance status of the subject 
[14] and the duratmn and temporal pattern of treatment 
[16,20] Second, as discussed m the introduction, play fight- 
mg is not simply aggressive behavior performed by young 
animals In particular, highly stable dominance relatmnshlps 
are not charactensuc of play fighting Since amphetamine 
most often potentiates attacks by dominant animals and 
facdltates w~thdrawal or defensive responses by subordi- 
nates [7, 8, 14], it is probably not surprising that the drug's 
effect on play fighting is not identical to ~ts influence on adult 
aggressive behawor 
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