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Spontaneous aggression between previously
isolated male house mice is androgen depen-
dent. Thus postpubertal castration is associated
with reduced aggressiveness among adults,
while testosterone replacement tends to restore
fighting behavior (1). Furthermore, circulat-
ing levels of testosterone encountered early
during neonatal life in normal males appear to
organize mechanisms requisite to aggressive-
ness among adults (2). A dual-action model
for effects of testosterone on aggression in
mice thus is probable in which testicular hor-
mones (a) organize in the neonate a sub-
strate associated with aggressiveness in adults,
and (b) act in the adult upon the previously
developed substrate to potentiate aggressive-
ness (3).

Recently, however, it has been shown (4)
that onset of spontaneous intermale aggres-
sion in mice is associated with rising titers of
total androgens in the peripheral circulation;
concentration of plasma androgens increases
between 21 and 55 days and declines subse-
quently. The present experiments were de-
signed to assess the role which increasing cir-
culating titers of testicular hormones during
21 to 55 days of age in mice may play in
influencing androgen-dependent aggressive be-
havior.

Materials and Methods. Exp 1. Male mice
derived from a wild strain (random bred,
many generations removed from original
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stock) were weaned, castrated or sham-oper-
ated and caged singly at 21 days of age. All
animals were from litters standardized to a
maximum of nine young on the day following
birth. Fourteen days prior to testing for ag-
gressiveness at either 35 or 40 days of age,
intact males received an implant of paraffin
only (sc), while castrates received an im-
plant of testosterone propionate (TP) in
paraffin (15 mg%). The replacement level
of TP used maintained seminal vesicle weights
in 35- and 40-day-old castrated animals at a
level approximating that occurring in intact
21-day-old males and above the seminal ves-
icle weights of castrates (Table I). In order
to test whether this level of androgen replace-
ment was adequate to maintain aggressive-
ness in adults, males which had been caged
singly from weaning were castrated or sham-
operated at 65 to 70 days of age, implanted
16 days later with TP or sham implants as
above and tested for aggressiveness after 14
days.

Expt. 2. Male mice of the above strain
were weaned and caged singly at 21 days of
age. Animals then were castrated at 21, 35,
45 or 55 days of age or were sham-operated
at 21 days of age. Controls were sham-oper-

TABLE 1. Seminal Vesicle Weights (Mean + SE2
Among Intact or Castrated Male Mice.*

Age (days) Treatment Seminal
vesicles (mg)
21 Intact 4.3 & 0.5(20)
35 Castrated 2.6 0.2 (10)
Castrated + TP 5.9 &+ 0.4 (20)
40 Castrated + TP 4.9 % 0.3 (20)

aSample size is shown in parentheses.
¥Taken from McKinney and Desjardins, 1973 (4).
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ated only at 21 days of age since sham or-
chidectomy at this and older ages repeatedly
has failed to influence significantly intermale
aggression among adults (2). Fourteen days
prior to aggression testing at 85 days of age,
intact males received sham implants and cas-
trates received TP implants as in Expt 1.

General. In both experiments, pair mem-
bers were designated randomly and were
placed for 15 min in a strange cage under white
light between 8-10 p.M. Animals were main-
tained at 25° under a regime of 15 hr light-
9 hr dark/24 hr and food (Rockland Mouse/
Rat Diet) and water were available in excess
except during pairing. Adjusted chisquare was
incorporated to test for differences in inci-
dence of aggression between treatments. Means
for other indices of aggressiveness were com-
pared using the Wilcoxon Rank-Sum test.

Results. Expt 1. Incidence of aggression
was reduced among castrated males implanted
with TP (Table II). Among 35-day-old ani-
mals, 75% of sham-operated controls fought,
while fighting occurred in 10% of gonadec-
tomized pairs (P<0.005). Similarly, inci-
dence of aggression was 10% among 40-day-
old castrates receiving TP, compared to 90%
among controls (P<C0.005). Incidence of
fighting among pairs castrated as adults was
unaffected by castration, but latency to first
attack was increased 82% by gonadectomy
(P<0.05), while total fights and accumulated
attack time were reduced by 48 and 70%,
respectively (P<0.01 in each case; Table
IIT). Castrated animals receiving TP im-
plants, however, did not differ significantly
from controls in these indices of aggressive-
ness, indicating that replacement therapy was
adequate to maintain a normal level of ag-

TABLE II. Incidence of Fighting Among Males
Castrated or Sham-Operated at 21 Days of Age and
Receiving Testosterone Propionate for 14 Days Prior

to Pairing.
Age at Incidence of

pairing fighting among
(days) Treatment pairs
35 Sham-operated 15/20
Castrated + TP 1/10
40 Sham-operated 9/10
Castrated + TP 1/10
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gressiveness in males gonadectomized post-
pubertally.

Expt. 2. Age at castration influenced the in-
cidence of spontaneous aggression in this ex-
periment (Table IV). Compared to sham-
operated males, frequency of fighting among
pairs was reduced by approximately 60 and
90%, respectively, in animals castrated at 21
or 35 days of age (P<0.005 in each case).
Conversely, no significant differences were ob-
served in incidence of fighting among males
castrated when 45 or 55 days old compared to
controls (P > 0.25). Furthermore, fighting
occurred among fewer pairs of males castrated
prior to 40 days of age than among those
gonadectomized beyond 40 days of age
(P<0.005).

Discussion. The importance of testicular
androgens in neonatal organization of a pre-
sumed neural control system associated with
malelike aggressiveness in the adult as well
as in enhancing propensity to intermale ag-
gression among adult house mice is well doc-
umented (2, 3). Present studies extend these
observations and demonstrate that the rise
in plasma titers of hormones of testicular or-
igin which occurs in intact, singly caged, pre-
pubertal animals (4) may influence the
ontogeny of aggressive behavior. Prevention
of the normal rise in circulating androgens
(4) by castration plus TP replacement at low
levels effectively prevented onset of aggres-
sive behavior through 40 days of life. In ap-
parent conflict with present findings, Peters,
Bronson and Whitsett (2) reported normal
incidence of aggression following androgen
treatment among adult male mice which had
been castrated on Days 6 and 40 of life. How-
ever, the large doses of hormone utilized may
have obviated requirements for increased
plasma titers of testicular hormones at an
earlier age. Based on seminal vesicle weights,
replacement therapy in the present study ap-
proximated an injection schedule (sc) of 2
pg of testosterone propionate daily (Mec-
Kinney, unpublished data), less than 1% of
the dosage indicated above (2). Importantly,
the level of TP administered in the present
study was adequate to maintain normal levels
of aggression among males gonadectomized
postpubertally, or late during puberty, while
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TABLE III.
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Indices of Aggressiveness (incan = SE) in Male Mice Castrated or Sham-Operated

at 65 to 70 Days of Age and Paired 30 Days Later.

Incidence Latency Total Accumulated
Treatment of fighting to attack fights attacking time (sec)
Castrate 13/14 296.7 £ 39.7 52 +0.8 27.3 £ 5.6
Castrate + TP 14/19 189.6 & 47.3 8.1+13 87.2 + 22.4
Sham 16/17 163.0 &= 31.4 9.6 1.0 91.1 £ 13.1

castration without replacement therapy re-
duced aggressiveness significantly. Reduced
aggressiveness among males castrated at 40
days of age and earlier therefore cannot be
attributed to inadequacy of replacement ther-
apy per se. Although gonadectomy of sexually
mature males in the present study resulted in
reduced aggressiveness 30 days postsurgery,
the incidence of fighting among pairs of cas-
trates was unaffected. In contrast, previous
data have indicated significant reduction in
incidence of fighting among adult mice after
a similar time lapse following gonadectomy
(5, 6), suggesting possible genetic differences
in effects of castration on intermale aggres-
sion.

Removal of the testes prior to approxi-
mately 40 days of age considerably reduced
the capacity of TP administered during adult-
hood to enhance fighting behavior, while no
effect of gonadectomy on the response to TP
during adulthood was apparent when orchi-
dectomy was affected on animals older than 40
days. These results indicate that rising plasma
levels of testicular hormones prior to approxi-
mately 40 days of life may influence the re-
sponse of some neural control system to testi-
cular hormones during adulthood. It also has
been shown that injections of testosterone may
induce development of aggressiveness prior to
35 days of age in house mice (7, 8), thus

TABLE IV. Incidence of Aggression Among Males
Castrated or Sham-Operated at 21 to 55 Days of Age
and Receiving Testosterone Propionate as Adults.

Age (days) at castration
or sham surgery

Incidence of fighting
among pairs

Castrated
21 2/10
35 0/8
45 5/7
55 6/10
Sham-operated
21 17/19

supporting the concept that onset of inter-
male aggressiveness may be linked to increas-
ing titers of circulating androgens in the
normal, prepubertal male.

Summary. Male mice were castrated be-
tween 21 and 55 days of age and received
testosterone propionate replacement for 14
days through either 35-40 days or 85 days of
age. At the above ages, animals were paired
and aggressiveness was evaluated using inci-
dence of fighting. Fighting was prevented in
35-40-day-old males by castration and an-
drogen therapy at a level known to sustain ag-
gressiveness among animals castrated post-
pubertally or late during puberty. Incidence
of aggression also was considerably reduced
among males castrated when 21 or 35 days
old and receiving androgen replacement as
adults. On the other hand, castration at 45
or 55 days of age failed to reduce androgen-
induced aggressiveness among adults. It is
postulated that normally rising plasma levels
of testicular hormones in the prepubertal male
house mouse influence development of neural
systems associated with intermale aggression.
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