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SIMON, N. G. AND M. PERRY. Medroxyprogesterone acetate and tamoxifen do not decrease aggressive behavior in
CF-1 male mice. PHARMACOL BIOCHEM BEHAYV 30(4) 829-833, 1988.—Intact CF-1 male mice were given daily
injections of either medroxyprogesterone acetate (MPA, an antiandrogen), tamoxifen (TAM, an antiestrogen), or the two
drugs in combination and tested for aggressive behavior toward bulbectomized stimulus males. None of the treatments
decreased fighting behavior over a 20-day test period and the presence of TAM led to increased aggression even in the
presence of MPA. Testis weight was reduced by MPA while both compounds decreased seminal vesicle weight. The
mechanisms involved in the observed effects are considered as well as the implications of the results for the clinical use of
these compounds as modulators of testosterone-facilitated behaviors.

0091-3057/88 $3.00 + .00

Aggression Testosterone Antiandrogen

Antiestrogen

Mice

MALES that have exhibited sexually aggressive or deviant
behaviors such as rape, pedophilia, or exhibitionism often
have received antiandrogen therapy as part of their treat-
ment [4, 7, 8, 23]. The basis for this intervention strategy is
the well documented relationship between testosterone (T)
and the display of male-typical aggressive behavior estab-
lished primarily through basic research with rodents. Studies
conducted over the past 10 years, however, indicate that the
intracellular metabolism of T may be an important step in the
facilitation of aggression. Specifically, estradiol (E,), the
aromatized metabolite of T, is now recognized as an
aggression-promoting agent [2,9]. And in a recent report, it
was shown that T can activate aggression in castrated male
mice via either an androgenic or estrogenic pathway as a
function of genotype [32].

The finding of multiple, genetically determined regulatory
pathways for the activation of T-dependent aggressive be-
havior may have important implications for endocrinological
interventions designed to reduce violent displays or sexually
deviant behavior in human males. First, it suggests that
antiandrogen therapy alone may be inadequate in some cases
since it is possible that an estrogenic pathway also may be
functional. This could account for the variable behavioral
suppression obtained with medroxyprogesterone acetate (17-

hydroxy-6-methyl-pregn-4-ene-3,20-dione acetate), an anti-
androgen that works through androgen receptor antagonism
and an antigonadotrophic action [7, 8, 27]. A second
implication is that antiestrogen or combined antiandrogen-
antiestrogen therapy may be useful in some cases.

In the following study we examined the effect of
antiandrogen (MPA), antiestrogen (tamoxifen, TAM) or
combined antagonist treatment on aggressive behavior using
CF-1 male mice as a model. This strain was selected because
it has both androgen- and estrogen-sensitive activational
pathways [32] and thus provides a useful system for assess-
ing the utility and/or limitations of steroid antagonists as po-
tential aggression-reducing agents. In addition, testicular and
seminal vesicle weights also were examined as an index of
the drug effects on peripheral target tissues.

GENERAL METHOD
Animals

CF-1 male mice bred from stock obtained from the
Charles River Breeding Laboratories (Wilmington, MA)
were used. The animals were reared in same sex litters, were
weaned at 21 days of age, and remained housed with litter-
mates in 28X 18x 13 cm polypropylene cages lined with cedar
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FIG. 1. The mean number of attacks exhibited by intact CF-1 males
while receiving daily treatment with either oil, 100, 300, or 500 ug
medroxyprogesterone acetate.

shavings. Food and water were available in excess and the
colony was kept on a 12:12 hr light/dark cycle with lights on
at 0700 hr. All maintenance procedures were in compliance
with Federal guidelines for animal care.

Aggression Tests

The animals were housed individually when they were
between 80-90 days of age and tests for aggression toward an
olfactory bulbectomized stimulus male were initiated 48 hr
later. Tests, conducted between 1800-1900 hr, were given
every other day for {0 min over a 20-day period. Bulbec-
tomized males were used because while neither initiating
fights nor responding to attack by fighting back, they reliably
elicit aggression comparable to that of an intact male [13].
This procedure allows any observed aggression to be reliably
ascribed to the experimental male. A short form index,
which consists of the sum of threats and biting attacks, was
used to measure aggressive behavior [31]. After the final
test, a random sample of 6 males from each group was au-
topsied to determine the morphological effects of the treat-
ments. Testes and seminal vesicles were removed, trimmed
of excess fat, and weighed wet to the nearest mg. Data were
expressed as a percentage of total body weight.

EXPERIMENT 1

The mixed results obtained clinically with MPA suggest
that other hormonal factors should be considered. Specifi-
cally, E, may function in neural tissues as an aggression-
sustaining agent in intact males. The following experiment
was designed to illustrate this point by exposing intact CF-1
males to MPA. Because this strain of mice exhibits male-
typical aggression in response to either androgenic or es-
trogenic stimulation [32], it was predicted that MPA would
not decrease the display of fighting behavior.

METHOD

Forty intact CF-1 males were divided randomly among
the following treatments: either 100, 300 or 500 ug MPA/day
or oil vehicle. Injections (0.05 cc) were administered SC
daily beginning on the day the males were housed individu-
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TABLE 1

A SUMMARY OF THE EFFECTS OF MPA, TAM, MPA + TAM, OR OIL
VEHICLE ADMINISTERED FOR 22 DAYS ON TESTIS AND
SEMINAL VESICLE WEIGHT IN INTACT CF-1 MALE MICE

Body Testis Seminal
Weight (g) Weight Vesicle Weight
Treatment  (mean = SEM) (mean + SEM)! (mean = SEM)!
MPA
100 pg 32.1 = 0.40  0.63 = 0.01* 0.65 = 0.04*
300 ug 31.0 = 0.39 0.61 = 0.04 0.55 = 0.03
500 pug 322+ 0.32 0.57 = 0.02 0.46 = 0.02
Oil 33.0 + 0.17 0.68 + 0.02 0.70 = 0.03
TAM
50 ug 34.0 = 0.16 0.60 = 0.02 0.57 = 0.04%
200 ug 34.7 + 0.35 0.58 + 0.02 0.50 + 0.02
400 ug 34.2 + 0.46 0.65 = 0.04 0.44 + 0.04
0Oil 340 + 0.22 0.62 = 0.04 0.78 + 0.04
MPA + TAM
500 pg + 34.2 + 0.33 0.67 = 0.02 0.28 + 0.03
400 pg
Oil 33.9 + 0.32 0.71 = 0.04 0.62 + 0.02

*Significant difference among groups (p <0.05). .
'Data are expressed as a percentage of total body weight.

ally and continued throughout the test period. Intact males
were used throughout the study to parallel clinical adminis-
tration in human males. The dose range was selected to in-
clude the lowest and highest behaviorally effective treatments
reported in rats and were adjusted for body weight [5,6].

RESULTS AND DISCUSSION

Aggressive behavior shown during MPA treatment is de-
picted in Fig. 1. A repeated measures analysis of variance
revealed that while the amount of fighting behavior differed
across the days of testing, F(9,324)=4.67, p<0.03, there was
no significant effect of MPA dosage nor was there a dose x
day interaction. Because dose effects were not observed, a
second analysis was conducted with the drug groups pooled.
The results (not shown) were the same as above; i.e., ag-
gressive behavior varied over the test period but was unaf-
fected by drug treatment. Again, there was no significant
drug X day interaction.

The morphologic data are summarized in Table 1. Treat-
ment with MPA caused a significant decrease in testis weight,
F(3,20)=3.72, p<<0.05. Post hoc comparisons using Scheffe’s
test (@=0.05) revealed that the 500 pg group was signifi-
cantly lower than the oil group. In addition, a trend analysis
showed that testis weight decreased linearly as a function of
dosage, F(1,20)=10.7, p<0.05.

The analysis of seminal vesicle weights produced similar
results. There was a significant overall difference among the
four groups, F(3,20)=9.4, p<0.05. Multiple comparisons re-
vealed that the tissues from the 300 ug and 500 ug groups
were significantly lighter than those from the oil group.
Further, the 500 ug dosage produced significantly greater
effects than the 100 ug dose. As also seen with testis weight,
a linear relationship existed between dosage and the extent
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FIG. 2. The mean number of attacks exhibited by intact CF-1 males
while receiving daily treatment with tamoxifen. (A) Behavior of each
group is shown separately; (B) data were pooled across the 3 tamoxi-
fen doses.

of suppression of seminal vesicle weight, F(1,20)=28.0,
p<0.05.

While the morphological effects of MPA were in accord
with the literature [1, 17, 22, 25], no change in aggressive
behavior was noted. This lack of effect is likely due to the
fact that MPA, an antiandrogen, would not interfere with an
estrogen-responsive regulatory system for aggression. In the
next experiment, therefore, the effect of antiestrogen treat-
ment on fighting behavior was examined.

EXPERIMENT 2

Tamoxifen (2-{4-(1,2-diphenyl-1-butenyl)phenoxy]-N,N,
dimethylethanamine) is a potent antiestrogen that works by
competing for target tissue receptors. It blocks the ability of E,
to activate lordosis in rats [15] and also has been used clinically
to treat estrogen-dependent tumors [21, 28, 33]. Based on these
data, it was felt that TAM would suppress aggression if E, was
the primary activating agent. While such findings would be
consistent with results obtained with some strains of mice
[10,20], it was not necessarily expected that TAM would de-
crease aggression in CF-1 males. This is because castrated
males from this strain have the capacity to exhibit fighting
behavior in response to specific androgenic stimulation [32].

METHOD
When the males were individually housed, they were di-
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FIG. 3. The mean number of attacks exhibited by intact CF-1 males
while receiving daily treatment with 500 ug MPA + 400 ug TAM.

vided among the following treatments (n= 10/group): daily in-
jections of either 50, 200, or 400 ug tamoxifen citrate (Sigma)
or oil vehicle only. These doses were derived by converting
an effective dose for suppression of estrogen-dependent be-
havior in female rats (approximately 5 mg/kg [15]) and then
expanding the range to include lower (1.4 mg/kg) and higher
(11.4 mg/kg) values. All other aspects of the procedure were
as described in Experiment 1.

RESULTS

The behavioral findings are shown in Fig. 2. A repeated
measures analysis of variance revealed that fighting behav-
ior differed significantly across the days of testing,
F(9,324)=2.31, p<0.05. However, there were no significant
differences among the groups nor was there a significant
drug x day interaction. A subsequent analysis, in which the
3 TAM doses were pooled, did show a significant drug effect,
F(1,18)=4.98, p<0.05. Interestingly, the TAM group showed
increased levels of fighting behavior relative to the vehicle
group.

Tamoxifen did not suppress, and may have increased ag-
gression in CF-1 males. The failure of antiestrogen treatment
to modulate fighting behavior suggests that a functional
androgen-sensitive regulatory pathway is sufficient to main-
tain normal levels of aggression. Alternatively, TAM may be
acting as an estrogen receptor agonist under these conditions
or could, in some fashion, be facilitating the androgen-based
system.

The effects of TAM on testis and seminal vesicle weights
are shown in Table 1. A one-way analysis of variance
demonstrated that testis weight was not significantly differ-
ent among the groups. Seminal vesicle weight was signifi-
cantly decreased by TAM, F(3,20)=15.9, p<0.05. Post hoc
comparisons using Scheffe’s test showed that the 3 TAM
groups, while not differing from each other, had significantly
smaller seminal vesicles in comparison to the oil group.
Whether there was a dose-related effect of TAM was exam-
ined through a trend analysis. The results showed a signifi-
cant linear relationship between the decrease in tissue weight
and treatment dosage, F(1,20)=43.05, p<0.05. The de-
creased size of an androgen-dependent target tissue in re-
sponse to antiestrogen treatment is consistent with the ob-
servation that estrogens can induce cellular hypertrophy in
the seminal vesicles [3,24].
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EXPERIMENT 3

The display of aggression by CF-1 male mice apparently
can be sustained by either androgens or estrogens alone.
Therefore, whether a combined antiandrogen-antiestrogen
regimen would decrease fighting behavior was examined in
the following experiment. The highest doses of MPA and
TAM were combined to maximize the possibility of produc-
ing behavioral suppression.

METHOD

When housed individually, the males were assigned to
either MPA + TAM (500 ug + 400 ug, respectively) or oil
vehicle only. All remaining procedures were as described
previously.

RESULTS

Aggressive behavior exhibited by MPA + TAM males is
shown in Fig. 3. A repeated measures analysis of variance
showed that the groups differed significantly in the amount
of fighting behavior, F(1,18)=5.47, p<0.05. Interestingly,
the effects were opposite those that were anticipated, i.e.,
the drug treatment led to increased levels of aggression. The
remainder of the analysis showed no significant change in
fighting over the test period nor was the drug x day interac-
tion significant.

Morphologically, the MPA + TAM treatment did not
significantly decrease testis weight (t,,=1.4, ns) but did
lower seminal vesicle weight (t,,=8.6, p<0.05.

GENERAL DISCUSSION

The administration of MPA or TAM, either alone or in
combination, failed to suppress fighting behavior in CF-1
mice but did decrease the size of androgen-dependent pe-
ripheral tissues. These findings were in accord with expecta-
tions with two exceptions. First, it was anticipated that
combined antiandrogen-antiestrogen therapy would de-
crease aggression. As seen in Experiment 3, aggressive be-
havior was actually increased by the treatment. And second,
TAM apparently increased aggression in CF-1 males (Exper-
iment 2). While this latter result may partially explain the
failure of the combined treatment to modulate fighting, the
finding of behavioral facilitation by TAM suggests that its
antagonist properties may be limited to certain physiological
responses (e.g., uterine growth, lordotic behavior).

The lack of effect of MPA, an antiandrogen, on fighting
behavior in CF-1 males is not surprising in light of numerous
studies that have demonstrated that estrogens, as a product
of aromatization, can promote aggression in many strains of
mice, including CF-1’s [10, 14, 30, 32]. If this is a viable
explanation for the observed results, however, it is neces-
sary to consider how MPA has successfully lowered aggres-
siveness in some human males. Two explanations are avail-
able. One is that the endocrine contribution to aggressive-
ness in humans is solely via an androgen-responsive system.
If true, MPA would be an effective aggression-suppressing
agent. However, aromatization occurs in humans [29] and
sexual behavior has been maintained in a castrated male by
combined estrogen-progestin treatment [12]. These observa-
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tions suggest that the existence of only an androgen-
responsive system in humans is unlikely and, like mice, mul-
tiple pathways are probably available.

How then, does MPA produce its desired clinical effect?
A review of the literature on a range of conditions shows that
a positive response to MPA, i.e., a decrease in violence,
violent fantasies, or deviant behavior, is seen when MPA
decreases testosterone levels to less than 250 ng/dl, a
hypogonadal state [11, 16, 22, 23, 26]. This observation,
when combined with the likelihood that estrogens contribute
to the maintenance of masculine behavior, suggests that the
primary mechanism mediating the ability of MPA to modulate
certain behaviors may not be its antiandrogenic effect in
neural tissues but rather its ability to inhibit T synthesis
coupled with its antigonadotrophic action.

Tamoxifen treatment resulted in enhanced aggression
when given alone or in conjunction with an antiandrogen. Had
fighting behavior continued at control levels when TAM was
given alone, the results could have been attributed to the func-
tion of an androgen-responsive pathway in CF-1 mice [32].
However, the increased aggression seen with or without
MPA suggests that TAM was acting as an agonist in the mouse
CNS. Interestingly, other investigators [ 8, (9] have charac-
terized TAM as an agonist in mice based on its uterotrophic
actions. However, Pavlik and co-workers [28] recently
showed that TAM antagonized uterine growth in CF-1 mice
when given in low doses and in conjunction with estradiol.
At higher doses (greater than 10 ug/day), a significantly less-
er degree of antagonism was observed. Because the dosages
in the present study were derived from behavioral work with
rats [15] and were substantially higher than those used by
Pavlik et al., the potentiation of aggression may have been
related to this factor. Studies are planned to assess whether
TAM is strictly an agonist in neural tissues in mice or
whether antagonist effects also can be produced. Should the
former occur, it would suggest that antagonist properties of
TAM may be limited to specific behavioral systems, e.g.,
lordosis. In addition, these investigations may also provide
information concerning the potentiation of aggression by
TAM beyond that exhibited by intact or antiandrogen-
treated males. A possible explanation for this finding is a
synergistic effect of TAM with endogenous estrogens, al-
though this concept is highly speculative at present.

In closing, the results indicate that efforts to modulate the
expression of testosterone-dependent behaviors through the
administration of steroid antagonists may not yield positive
results. The limitations of this type of intervention may be
tied to metabolic factors and/or an unexpected effect of a
compound (e.g., TAM) due to an incomplete understanding
of its mechanism of action. Based on these observations, it
appears that the clinical success of antagonist therapy with
MPA is due primarily to a sustained decrease in T produc-
tion. If this is the case, alternative pharmacological treat-
ments that are more specific than MPA (e.g.,
antigonadotrophins) may prove even more useful in the
management of aggressive and/or deviant behaviors.
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