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The Serotonin Reuptake Inhibitor Fluoxetine
Reduces Sex Steroid-Related Aggression in

Female Rats: An Animal Model of

Premenstrual Irritability?
Hoi-Por Ho, M.S., Marie Olsson, M.Pharm., Lars Westberg, B.S., Jonas Melke, M.S.,

and Elias Eriksson, Ph.D.

The aggressive behavior displayed by some (but not all)
female Wistar rats when an unfamiliar rat is being
introduced into their home cage (the resident intruder
paradigm) was found to be higher in non-receptive phases
(metestrus, diestrus) than in the receptive phases
(proestrus, estrus) of the estrus cycle, and effectively
reduced by ovariectomy. When removal of the ovaries was
followed by administration of estradiol and progesterone, in
a regimen mimicking the normal cyclical release of these
hormones, aggressive behavior was elicited, two days after
estrus, in animals that had displayed aggressive behavior
before ovariectomy, but not in those that had not. Short-

term administration of a serotonin reuptake inhibitor
(fluoxetine hydrochloride; 10 mg/kg, i.p.; 4=5 days) reduced
both the aggressive behavior displayed during the diestrus
phase by normally cycling rats, and the aggressive behavior
elicited by administration of estradiol plus progesterone
after ovariectomy. It is suggested that the aggressive
behavior displayed by the female Wistar rat in the resident
intruder paradigm may serve as an animal model of
premenstrual dysphoria.

[Neuropsychopharmacology 24:502-510, 2001]

© 2001 American College of Neuropsychopharmacology.
Published by Elsevier Science Inc.

KEY WORDS: Aggression; Irritability; Estrus cycle; Resident
intruder paradigm; Serotonin; Serotonin reuptake inhibitor;
Fluoxetine; Premenstrual dysphoria; Rat

Premenstrual dysphoric disorder (PMDD) is character-
ized by a constellation of symptoms appearing regularly
in the luteal phase of the cycle, and disappearing within
a few days after the onset of menstruation (American
Psychiatric Association 1994). Most researchers in the
field regard irritability and anger as the cardinal symp-
toms of PMDD, but sadness, affect lability, and tension
also are common complaints (see Steiner 1997; Freeman
and Halbreich 1998; Eriksson 1999).
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The hypothesis that ovarian steroids are of impor-
tance for the pathophysiology of PMDD gains support
not only from the fact that the onset and disappearance
of symptoms are linked to the reproductive cycle, but
also from the findings that premenstrual complaints
may be reduced by surgical ovariectomy and by drug-
induced inhibition of ovulation (see Backstrom and
Hammarback 1991; Schmidt et al. 1998). Several obser-
vations suggest that PMDD subjects do not differ from
controls with respect to serum levels of sex steroids, but
with respect to how the brain reacts to these hormones.
First, most studies suggest that replacing endogenous
sex steroid secretion with exogenous hormones in the
form of oral contraceptives is usually not an effective
treatment for PMDD (Bancroft and Rennie 1993). Sec-
ond, treatment with progesterone and/or estrogen after
administration of an ovulation inhibitor has been shown
to elicit PMDD-like symptoms in women with a history
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of PMDD, but not in controls (Schmidt et al. 1998).
Third, women with a history of PMDD more often than
other women experience PMDD-like symptoms when
given gestagen intermittently during menopause as part
of a hormonal replacement therapy (Bjorn et al. 1999).

Animal experiments suggest that the brain neurotrans-
mitter serotonin exerts an inhibitory influence on irritabil-
ity and aggression (see Eriksson and Humble 1990), and
also that brain serotonergic neurotransmission is influ-
enced by sex steroids (Rubinow et al. 1998). The hypothe-
sis that serotonin may be involved in the regulation of
premenstrual irritability lends strong support from stud-
ies showing that serotonin reuptake inhibitors very effec-
tively reduce the symptoms of PMDD (Sundblad et al.
1992; Eriksson et al. 1995; Steiner et al. 1995; Yonkers et al.
1997; Wikander et al. 1998); moreover, whereas the sero-
tonin precursor tryptophan has been shown to be supe-
rior to placebo for the treatment of PMDD (Steinberg et
al. 1999), a reduction in serotonergic activity, by means of
tryptophan depletion, leads to enhanced irritability in
PMDD subjects (Menkes et al. 1994).

In order to further elucidate how the cycle-depen-
dent irritability characterizing PMDD is influenced,
e.g., by sex steroids and by serotonin, respectively, the
introduction of an animal model of PMDD is highly
warranted. The resident intruder paradigm is a so-
called animal model of aggression, based on the obser-
vation that a rat that has been kept in the same cage for
a certain time (i.e., the resident) will attack an unknown
rat (i.e., the intruder) that is introduced into its domain
(see Sheard 1991; Koolhaas and Bohus 1991).

The purpose of the present study was to investigate
to what extent the aggressive behavior displayed by the
resident female rat in the resident intruder model re-
sembles the symptoms of PMDD in being: a) estrus cy-
cle dependent; b) abolished by ovariectomy and rein-
stated by administration of female sex steroids; and c)
reduced by administration of a serotonin reuptake in-
hibitor, fluoxetine.

MATERIAL AND METHODS

The study has been carried out in accordance with the
Guide for the Care and Use of Laboratory Animals as
adopted and promulgated by the National Institutes of
Health and was approved by the Ethic Committee for
Animal Experiments, Géteborg University, Sweden.

Rats

Female Wistar rats (200240 g) were obtained from
B&K, Sollentuna, Sweden. The animals were housed
under reversed 12/12 h light/dark cycle (light off 9
a.m.). Food and water were freely available except dur-
ing experiments. In Experiments 1 and 2 (see below),
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the female rats were kept in group cages (4-5 rats per
cage) together with a sterilized male rat for at least one
week, in order to induce pseudopregnancy, before be-
ing put in single cages. No experiments were under-
taken until at least four weeks had elapsed after sexual
experience, so that the pseudopregnancy had vanished
and regular cyclicity had reappeared. In Experiment 3,
the female rats were kept in group cages, with three an-
imals per cage, from delivery and throughout the pe-
riod of experiments. These rats had no sexual experi-
ence with a male rat before being used in the resident-
intruder experiments.

The female rats used as intruders in the three experi-
ments were ovariectomized one week after delivery
and housed in group cages (4-5 rats per cage). They
were not used until their surgical wounds were healed.

Determination of Cycle Phase

In Experiments 1 and 2, estrus cycle phase (metestrus,
diestrus 1, diestrus 2, proestrus, estrus) was determined
by microscopical examination of daily obtained vaginal
smears. The non-receptive phases — metestrus, di-
estrus 1 and diestrus 2 (each phase lasting for approxi-
mately one day) — are characterized by the presence of
leucocytes in the smears. Metestrus smears contain, in
addition, some cornified epithelial cells, whereas vacu-
olated and nucleated epithelial cells can be found in di-
estrus smears. The receptive phases — proestrus, estrus
(together one day in duration) — are characterized by
thick smears of nucleated epithelial cells in proestrus
and cornified epithelial cells in estrus, and, contrary to
smears obtained in the non-receptive phases, smears
from both receptive phases are free from leucocytes (for
further details, see Mandl 1951). At the days of the ex-
periment, the vaginal smears were obtained immedi-
ately after the encounter with intruder.

The occurrence of pseudopregnancy also was con-
firmed by means of vaginal smears. Pseudopregnancy
lasts for around 13 days (Welschen et al. 1975), and is
characterized by very thick mucus and a marked pres-
ence of leucocytes in the smears.

Determination of Estrus Behavior

In Experiment 3, the hormone-primed ovariectomized
rats were tested with respect to estrus behavior to con-
firm the accuracy of the hormone dosage given. The es-
trus behavior typical for the proestrus and estrus phases,
i.e., proceptivity (hop/darting and ear wiggling) and re-
ceptivity (lordosis), was assessed by placing the female
rat in a cage inhabited by male rats and lightly stroking
the female rat on the back. The male rats were prevented
from mounting the female rat. The resident intruder ex-
periment was undertaken two days after the rats had dis-
played estrus behavior; to ensure that the animals were
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not still in estrus phase, the estrus behavior test was per-
formed also on the day of the aggression test, three hours
before the resident intruder experiment was started.

Resident Intruder Test

Aggression was tested in dim white light (<2 lux) be-
tween 2.30 p.m. and 5.30 p.m. (i.e., during the dark pe-
riod) in the same room where the female rats were nor-
mally kept. The cage was moved from the rack to an
observance table. In the case where the rats lived in
group cages (Experiment 3), the two other female rats
were removed before the test. After about 15 min of ha-
bituation, an ovariectomized female intruder (same size
as the resident) was introduced for a period of 10 min.
An observer was scoring various aspects of aggression
— ‘attacks’, “attack-time’, ‘bites’, ‘on-top’, ‘on-top-time’,
and ‘piloerection” — displayed by the resident vis-a-vis
with the intruder. The attacks are of two types, lunge
attack (jump at the intruder to topple it down), and lat-
eral attack (on-toes and arched back, moves sideways
against the intruder to push it over). A composite ag-
gression score was computed as follows: Composite ag-
gression = (number of attacks) + 0.2(attack duration(s)) +
(number of bites) + 0.2(on-top duration(s)) + (piloerec-
tion) (Albert et al. 1991).

Piloerection was scored as 0 if absent, 2 if partial or if
not lasting throughout the entire session, and 4 if com-
plete and present for the entire session. Observations
from Experiments 1 and 2 (and other experiments)
however showed that piloerection never occurs without
a following lateral attack and/or bite, suggesting that
measurement of piloerection is redundant; thus, in the
third experiment, piloerection was not registered. In
Experiments 1 and 2, the rats were considered to be ag-
gressive when they displayed at least one of the behav-
iors bite, lateral attack, or piloerection; in Experiment 3,
they were defined as aggressive if they displayed lat-
eral attack or bite. In Experiments 1 and 2, and in the
first part of Experiment 3 (before ovariectomy), only
rats displaying regular four-day cycles were tested in
the resident intruder paradigm.

Sterilization, Ovariectomy, and Hormone Priming

Sterilization of male rats was done by ligation and inci-
sion of vasa deferentia during ketamine (80 mg/kg;
Bayer AG) / xylazine (16 mg/kg; Warner Lambert Nor-
dic AB) anaesthesia. Ovariectomy of female rats was
done by ligation of uterine tubes and removal of ova-
ries during anaesthesia (see above). In the third experi-
ment, ovariectomized rats (residents) were primed with
estradiol benzoate (estradiol-3-benzoate in oleate 5mg/
ml; diluted in sesame oil, 0.5 pg/rat in 0.1 ml, s.c.; Or-
ganon; 0 h), estradiol (1, 3, 5 [10]-estratiene-3, 17p-diol;
0.5 ng/rat in 0.1 ml sesame oil, s.c.; Sigma Chemical Co;
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32 h), and progesterone (4-pregnene-3, 10-dione; 0.5
mg/rat in 0.1 ml sesame oil s.c.; Sigma Chemical Co; 44
h). This hormone regimen has been found to induce a
vaginal and behavioral cyclicity closely mirroring that
of an intact rat (Ho et al. to be published).

Locomotion Test

Locomotor activity was assessed using photocell animal
motility meters, based on eight soundproofed ventilated
boxes (Kungsbacka Mét- och Reglerteknik AB, Fjaras,
Sweden) connected to a computer (software from
Kungsbacka Mat- och Reglerteknik AB, Fjards, Sweden).
The activity boxes have a floor area of 700 X 700 mm,
and are equipped with two rows of photocells (totally 16
photocells). Locomotor activity is assessed by registra-
tion of the breaking of a sequence of beams, represent-
ing movement in a single direction (for details, see Eric-
son et al. 1991). The rats were tested for 60 minutes and
were not habituated to the boxes before the test.

Experimental Design

In the first experiment, the resident intruder test was
undertaken daily for four consecutive days, ie.,
throughout an entire estrus cycle, in untreated animals.
On which day of the cycle the first test was undertaken
was random. The observer was not aware of the cycle
phase of the animal.

In the second experiment, the resident intruder test
was undertaken on the second day of the estrus cycle
(i.e., on the first day of diestrus) only. In this experi-
ment, rats found to be aggressive when tested in the di-
estrus phase at baseline were divided into two equally
sized groups. When at least one estrus cycle had
elapsed since the first aggression test, the two groups of
rats were given daily injections of fluoxetine hydrochlo-
ride (10 mg/kg; i.p,; dissolved in saline, 2 mg/ml; do-
nated by Eli Lilly & Co.) or saline, respectively (totally
five injections); the dose of fluoxetine given was based
on previous behavioral and biochemical experiments
reported in the literature (Perry and Fuller 1993; Rutter
et al. 1994; Detke et al. 1995; Invernizzi et al.1996; Page
et al. 1999; Zhang et al. 2000; Silva and Brandao 2000).
The last injection was given 3 h before aggression was
tested, i.e., on the first day of diestrus. The observer was
not aware of the treatment given.

In the third experiment, the female rats were tested in
four rounds of aggression tests. The first round defined
two groups of rats as aggressive and non-aggressive, re-
spectively, at baseline. The two groups were ovariecto-
mized as described above; three weeks later, the second
round of the resident intruder test was undertaken. Four
days before the third round of aggression tests, the ova-
riectomized rats were primed with female sex steroids
according to the procedure described above, with the
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first estrogen injection given around noon. This injection
scheme was designed to achieve a day for behavioral
testing — two days after the receptive phase induced by
the hormone priming — that would correspond to di-
estrus 1 in normally cycling rats. One to two days after
the third aggression test, the rats were primed again.
Rats defined as aggressive at baseline, and being aggres-
sive also in the third round, when primed with hor-
mones, were divided into two groups; in addition to fe-
male sex steroids, one group was given daily injections
of fluoxetine hydrochloride (10 mg/kg; i.p.; dissolved in
saline, 2 mg/ml; totally four injections) whereas the
other group was given saline (same regimen). The last
injection was given three hours before the fourth aggres-
sion test, in a phase corresponding to the diestrus phase
of normally cycling rats. In addition, another group of
primed ovariectomized rats were divided into two
groups, given the same scheme of injections with fluox-
etine or saline, and tested for locomotor activity three
hours after the last injection (see above).

Statistics

Data from resident intruder experiments are presented
as medians with inter quartile range or with range.
Groups were statistically compared with respect to ag-
gression scores by means of Wilcoxon signed rank test
in Experiment 1, and by means of Wilcoxon signed rank
test and Mann-Whitney U test, respectively, in Experi-
ments 2 and 3. The proportions of aggressive rats in the
groups were statistically compared using Fisher’s exact
test. p < .05 was considered statistically significant.

RESULTS
Experiment 1

Five of 14 rats with regular four-day estrus cycles did
not display aggressive behavior at any phase of the cy-
cle, and were hence excluded. The remaining nine rats
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Table1. Aggressive Behavior in Female Rats with Regular
Four-day Cycles

Estrus Metestrus Diestrus1 Diestrus 2
Median (igr) 0(0-0) 19(6-28.5) 17(7-20) 11 (2-27)
x/n? 0/9 8/9 7/9 6/9
In comparison p <.01° p <.05° p < .05°
to estrus p <.001¢ p <.01° p <.01°

x = number of aggressive rats, n = total number of rats.
*Wilcoxon signed rank test (comparison of medians).
‘Fischer’s exact test (comparison of x/n).

iqr = interquartile range.

were significantly more aggressive in the non-receptive
phases of the cycle (metestrus, diestrus 1, diestrus 2)
than in the receptive phases (proestrus and estrus) (see
Table 1). When tested in the receptive phases, all rats
displayed lordosis behavior when in contact with the
intruding female.

Experiment 2

Eighteen of 30 rats with regular four-day estrus cycles
were found to display aggressive behavior when tested
in the diestrus phase of the cycle, and were randomly
subjected to treatment with fluoxetine (n = 9) or saline
(n = 9). After five daily injections, the total amount of
aggressive behavior, and the number of rats defined as
aggressive, were significantly lower in the group
treated with fluoxetine than in the group given saline
(see Table 2).

Experiment 3

Ovariectomy of 16 rats that had been defined as aggres-
sive at baseline reduced the aggressive behavior of
these animals so that they no longer differed from a
group of 16 ovariectomized rats that had been defined
as non-aggressive before ovariectomy. In the group of
rats that had displayed aggressive behavior at baseline,

Table 2. Effect of Fluoxetine on Aggressive Behavior in Female Rats Tested in the

Diestrus Phase

Baseline vs.
Baseline Treatment Treatment
Saline Median (iqr) 30 (19.5-51.5) 14 (7.5-44.5) nsd
x/n? 9/9 8/9 nse
Fluoxetine Median (iqr) 36 (21.5-44.5) 0(0-9) p < .05¢
x/n 9/9 3/9 p<.01¢
Saline vs. o p <.05°
Fluoxetine ns* p <.01°

x = number of aggressive rats, n = total number of rats.

PMann-Whitney U-test (comparison of medians).
“Fischer’s exact test (comparison of x/n).

4Wilcoxon signed rank test (comparison of medians).

igr = interquartile range.
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before ovariectomy, hormone priming induced aggres-
sive behavior two days after the rats had displayed es-
trus behavior, i.e., in a phase tentatively corresponding
to the diestrus phase of normal animals. Hormone
priming of the rats that were non-aggressive at baseline
did not elicit aggression; administration of female sex
steroids after ovariectomy hence reestablished a differ-
ence between the aggressive and non-aggressive group
with respect to aggressive behavior (see Table 3).

The 11 rats in the aggressive group that were found to
be aggressive when primed with hormones were then
primed once more. Again the hormonal treatment in-
duced aggressive behavior in a phase corresponding to
diestrus; this hormone-induced aggression was however
significantly lower in the subgroup given four daily injec-
tions with fluoxetine (n = 6) when compared to those
given saline (n = 5) (see Table 4). Eight hormone-primed
rats treated with four daily injections of fluoxetine (n = 4)
or saline (n = 4) were tested in a locomotion test, reveal-
ing no significant difference in locomotion between fluox-
etine (mean = SEM: 477 * 52 counts) and saline (486 =+
105 counts) treated animals (Student’s t-test, p = .9).

DISCUSSION

The resident intruder model has been claimed to com-
prise all the elements of aggression displayed by a wild
rat in an aggressive encounter with an intruder (Blan-
chard and Blanchard 1977). The present data suggest that
the aggressive behavior displayed by the resident female
vis-a-vis with an ovariectomized intruder in this para-
digm is clearly cycle-dependent, with almost no aggres-
sive behavior displayed during the receptive phases
(proestrus and estrus) of the cycle, and marked aggres-
sive behavior displayed during the non-receptive phases
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(metestrus and diestrus phases). Likewise, using other
models of aggression, Calhoun (1962), Swanson and co-
workers (Swanson et al. 1982), and Hood (1984) have re-
ported that aggressive behavior in female rats may be
cycle-dependent; in addition, estrus cycle-related varia-
tions in aggressive behavior have been demonstrated in
mice (Hyde and Sawyer 1977), hamsters (Floody and
Pfaff 1977), cows (Castellanos et al. 1992), and non-
human primates (Hausfater and Skoblick 1985; Lisk and
Nachtigall 1988; Rapkin et al. 1995).

Women with PMDD usually display marked irrita-
bility, anger, and affect lability during one to two weeks
preceding the onset of menstruation, but no such symp-
toms from day 3-5 of the cycle and until ovulation. Sev-
eral studies suggest that premenstrual complaints are
triggered by the high mid-cycle levels of progesterone
and/or estradiol, and appearing with a delay of ap-
proximately one week (or less) (Schmidt et al. 1998).
Likewise, the cycle-dependent aggression displayed by
female rats in the resident intruder paradigm occurs
one day (i.e.,, 25% of the cycle) after serum levels of
progesterone and estradiol are peaking (Smith et al.
1975), and in a phase of the cycle when conception can-
not occur. Although the behavior displayed by the ani-
mals in this paradigm is usually referred to as ‘aggres-
sion’ rather than “irritability” or ‘anger’, it is tempting to
suggest that the neuroendocrine mechanisms underly-
ing this cycle-related behavior in rats are related to
those underlying the cycle-related irritability and anger
that constitute the cardinal symptoms of PMDD.

Underlining the importance of sex steroids for the
aggressive behavior displayed by female rats in the res-
ident intruder paradigm, this behavior was effectively
abolished by ovariectomy. Further supporting the rela-
tionship between this animal model and premenstrual
irritability in humans, the symptoms of PMDD also

Table 3. Aggressive Behavior in Female Rats at Baseline, after Ovariectomy (OVX), and
after Ovariectomy + Hormone Priming (OVX/H)

Baseline OVXvs.
Baseline ovX OVX/H vs. OVX OVX/H
Non-aggressive ~ Median (iqr) 0(0-0)  0(0-20)° 0(0-4) p < .05%¢ ns?
x/n? 0/16 3/16 1/16 ns* ns¢
Aggressive Median (iqr) 25 (20-37) 2(0-14) 16 (3.5-27.5) p <.01¢ ns? (p < .05)f
x/n? 16/16 3/16 11/16 p <.001¢ p <.05¢
Non-aggressive p < .001° ns® p <.01°
vs. aggressive p <.001¢ ns p < .01°

Rats displaying aggressive behavior at baseline (1=16) were defined as “aggressive’; rats not displaying ag-
gressive behavior at baseline (1=16) were defined as ‘non-aggressive’.
2x = number of aggressive rats, n = total number of rats.

PMann-Whitney U-test (comparison of medians).
‘Fischer’s exact t-test (comparison of x/n).

dWilcoxon signed rank test (comparison of medians).

¢The aggression score in OVX rats is mainly due to the occurrence of playful behavior, like lunge-attack
and on-top time, rather than aggressive behavior, like lateral attack and bite (see Discussion).
fp-value indicated within brackets: only the 13 rats not displaying aggression after ovariectomy are in-

cluded in the calculation.
iqr = interquartile range.
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Table 4. Effect of Fluoxetine on Aggressive Behavior in Hormone-Primed

Ovariectomized Rats

Before After Before vs.
Treatment Treatment After Treatment
Saline Median (range) 25 (19-47) 22 (9-60) nsd
x/n? 5/5 4/5 ns®
Fluoxetine Median (range) 16 (10-39) 0.5 (0-7) p < .054
x/n? 6/6 1/6 p < .05¢
Saline vs. fluoxetine ns® p<.01°
nse (p = .08)¢

x = number of aggressive rats, n = total number of rats.

PMann-Whitney U-test (comparison of medians).
“Fischer’s exact test (comparison of x/n).

4Wilcoxon signed rank test (comparison of medians).

have been shown to be effectively reduced by ovariec-
tomy, or by administration of an ovulation inhibitor
(Muse et al. 1984; Backstrom and Hammarback 1991;
Schmidt et al. 1998; Leather et al. 1999).

Notably, not all animals were aggressive at baseline;
thus, approximately 30-60% of intact animals did not
display aggression in any phase of the estrus cycle. In
those animals that had displayed aggressive behavior
during the diestrus phase at baseline, and subsequently
had been ovariectomized, the aggressive behavior was
revived by administration of female sex steroids in a
regimen mimicking the secretion of estradiol and
progesterone during a normal estrus cycle. In contrast,
rats not displaying aggression in the diestrus phase be-
fore ovariectomy also failed to display aggression when
exposed to exogenous sex steroids after removal of the
ovaries. These observations strongly resemble those of
Schmidt and co-workers (1998) that the symptoms of
PMDD could be reinstated by exogenously adminis-
tered sex steroids after pretreatment with an ovulation
inhibitor in women with PMDD; in contrast, no symp-
tom provocation was observed when sex steroids were
given subsequently to an ovulation inhibitor to women
with no history of premenstrual complaints.

The finding that not all female Wistar rats display
aggressive behavior in the resident intruder paradigm
at baseline is in line with previous studies (Albert et al.
1993). The observation that rats being aggressive before
ovariectomy were those that displayed aggressive be-
havior also when primed with exogenous hormones
suggest that the difference between aggressive and
non-aggressive rats is not due to differences in serum
levels of estradiol or progesterone, but to a difference in
the responsiveness of the brain to the influence of these
hormones. Further studies are warranted in order to
clarify the mechanisms underlying these inter-individ-
ual differences in behavior, and to establish if they are
due to genetical differences, or are the result of environ-
mental factors, such as the intrauterine milieu (see Vom
Saal 1991) or social experiences (see Koolhaas and Bohus
1991).

Further supporting the notion that similar mecha-
nisms are involved in the aggression displayed during
the diestrus phase by female rats in the resident in-
truder paradigm, and in the irritability displayed pre-
menstrually by women with PMDD, not only the latter
(Sundblad et al. 1992; Eriksson et al. 1995; Steiner et al.
1995; Yonkers et al. 1997) but also the former phenome-
non is markedly reduced by treatment with serotonin
reuptake inhibitors. Supporting the notion that the ef-
fect of fluoxetine observed in this experiment was in-
deed due to serotonin reuptake inhibition, we have re-
cently observed a similar effect when using another
serotonin reuptake inhibitor, paroxetine (Ho et al. to be
published).

Notably, not only the aggression displayed in the di-
estrus phase by intact female rats was reduced by fluox-
etine, but also that elicited by exogenous sex steroids in
ovariectomized animals. This finding suggests that se-
rotonin reuptake inhibitors may be useful for the treat-
ment of gestagen-induced PMDD-like side effects in
menopausal women on hormone replacement therapy
(Hammarback et al. 1985; Magos et al. 1986); interest-
ingly, recent studies suggest that these side-effects are
particularly common in women with a history of
PMDD (Bjorn et al. 1999). We are currently exploring
the possible effect of serotonin reuptake inhibitors on
gestagen-induced dysphoria in menopausal women.

When used for PMDD, the onset of action of seroto-
nin reuptake inhibitors is much shorter than in depres-
sion, with a clear-cut reduction in symptoms within
four days of treatment (or even faster) (Sundblad et al.
1993; Steiner et al. 1997, Wikander et al. 1998; Freeman
et al. 1999). In line with this observation, in the present
experiment, chronic administration of fluoxetine was
not required in order to reduce sex steroid-related ag-
gression.

The observation that fluoxetine reduces aggressive
behavior in female rats is in line with previous studies
suggesting that serotonin depletion may increase ag-
gression in rodents (see Eriksson and Humble 1990),
and that serotonin reuptake inhibitors reduce aggressive
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behavior in some (but not all) animal models of aggres-
sion (Molina et al. 1987; Olivier and Mos 1992; Fuller
1996; Mitchell and Redfern 1997; Sanchez and Meier
1997; Matto et al. 1998). That the effect of fluoxetine in
the present experiments was due to a specific effect on
aggressive behavior rather than to a reduction in loco-
motor activity gains support from the experiment in
which locomotion in fluoxetine-treated animals was
tested and found to be no different from that of controls.

Aggression is not the only form of behavior that is
both cycle-related and responsive to treatment with se-
rotonin reuptake inhibitors. Marvan and co-workers
(Marian et al. 1996) have thus previously reported that
the immobility displayed by female rats in a so-called
animal model of depression (the swimming immobility
test) is more pronounced in the diestrus phase than in
the estrus phase of the cycle, and that the immobility in
the diestrus phase is reduced by treatment with a sero-
tonin reuptake inhibitor, clomipramine. Tentatively, se-
rotonin may be a key factor in mediating the effects of
cycle-related changes in hormonal levels on various as-
pects of behavior; supporting this notion, we recently
showed that administration of a serotonin reuptake in-
hibitor reduces sexual receptivity in the estrus phase of
normally cycling, female rats (Matuszczyk et al. 1998;
see also Uphouse et al. 1991).

A few technical comments are warranted. Albert and
co-workers (1991) have reported that aggressive behav-
ior is exaggerated in female rats that have experienced
pseudopregnancy; for this reason, the rats used in the
first and second experiments had all been the subjects
of one period of pseudopregnancy before the resident
intruder experiments were started. In subsequent ex-
periments in our laboratory, we have however ob-
served that pseudopregnancy is not a prerequisite for
estrus cycle-related aggression in the resident intruder
paradigm (cf. Hood 1984); thus, the rats used in the
third experiment had no sexual experience before being
used in the resident intruder experiment. Another dif-
ference between the experimental conditions of the first
and second experiments on the one hand, and the third
experiment on the other, is that the resident rats were
kept in individual cages in the first two experiments,
and in groups of three in the third. The clear-cut aggres-
sion displayed by many of the rats included in the third
experiment illustrates that neither a previous period of
pseudopregnancy nor keeping the animals in single
cages is necessary for the expression of cycle-related ag-
gression. However, although the intensity and quality
of the aggressive behavior at baseline displayed by the
aggressive rats in the third experiment was indistin-
guishable from that displayed by the animals in the first
two experiments, it is noteworthy that the percentage of
rats displaying aggressive behavior was lower in the
third experiment (30% vs. 65%). Additional studies are
required in order to establish if this difference may be
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due to the preceding pseudopregnancy and/or to keep-
ing the rats in single cages.

If succeeding in topple the intruder, an aggressive
rat can spend considerable time on-top the intruder; if
not succeeding in topple the intruder, the time is often
used for attacks instead. To quantify aggressive behav-
ior, a composite aggression score, taking different as-
pects of aggressive behavior into consideration, is ob-
viously required. In this paper, a technique for
calculating aggression comprising the parameters ‘at-
tacks’, “attack-time’, ‘bites’, ‘on-top’, ‘on-top-time’, and
‘piloerection” was used (Albert et al. 1991). ‘Lunge at-
tacks’” and ‘on-top-time’ may however occur also in
non-aggressive rats, e.g., in young animals displaying
rough and tumble play, and elicits another kind of re-
sponse than more genuine aggression. To be defined as
aggressive in this study, the animals hence had to dis-
play at least one of the behaviors ‘bite’, ‘lateral attack’,
or ‘piloerection’. After ovariectomy, very few of the
previously aggressive rats displayed these aspects of
aggression, but several of them displayed ‘on-top” be-
havior and ‘lunge attacks’. This is the reason why ova-
riectomized rats differ significantly from hormonally
primed animals with respect to number of aggressive
animals, but not with respect to total aggression score.
Only ovariectomized rats were used as intruders;
whereas a few ovariectomized resident rats displayed
aggressive behavior, ovariectomized intruders never
did (> 500 observations; Ho et al. unpublished obser-
vation).

In conclusion, we have shown that the aggression
displayed by female rats of the Wistar strain in the resi-
dent intruder paradigm is cycle-dependent, that it is re-
duced by ovariectomy, and that it can be reinstated by
administration of estradiol and progesterone in a regi-
men mimicking the normal cyclical hormone secretion.
We have also shown that there are inter-individual dif-
ferences in aggressive behavior within a group of
Wistar rats, those displaying aggressive behavior at
baseline also responding with an increase in aggressive
behavior when exposed to exogenous female sex ste-
roids after ovariectomy. Finally, we have shown that
short-term treatment with a selective serotonin re-
uptake inhibitor, fluoxetine, reduces both the aggres-
sive behavior displayed by intact rats in the diestrus
phase of the cycle, and the aggressive behavior elicited
by administration of sex steroids in ovariectomized ani-
mals. It is suggested that the cycle-dependent aggres-
sive behavior displayed by female rats in resident in-
truder paradigm may be the result of mechanisms
related to those eliciting irritability and anger premen-
strually in women with PMDD; tentatively this model
may hence be used to elucidate the neuroendocrine
mechanisms triggering premenstrual irritability, and
the detailed mode of action of serotonin reuptake inhib-
itors when used for this indication.
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