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Clinical studies have suggested therapeutic potential for the non-selective dopamine receptor agonist
apomorphine, in treating female sexual dysfunction. However, experimental data suggest apomorphine may
inhibit sexual behaviour in female rats.
The aims of this study were: Evaluate an alternate behavioural endpoint in a conscious, non-contact model of
sexual behaviour; and secondly investigate apomorphine in this model. Proceptive behaviour was
determined in sexually naïve ovariectomised female rats as time spent actively investigating an inaccessible
sexual incentive (sexually vigorous intact male rat) relative to time investigating a social incentive (castrated
male rat) in an open field arena.
Apomorphine (10, 30 and 100 µg/kg SC) induced a dose-related bell-shaped increase in proceptive behaviour,
achieving significance (P<0.05) at 30 µg/kg, in females given a low (estrogen 1 µg/rat+progesterone 100 µg/
rat) hormonal prime. This was equivalent to proceptive activity displayed by females given a high (estrogen
5 µg/rat+progesterone 250 µg/rat) hormonal prime in full behavioural oestrous. In contrast, in females given
the high hormonal prime all doses tended to decrease proceptive activity.
This study demonstrates that pro-sexual effects of apomorphine are critically dependent on hormone levels;
sexual motivation is enhanced in animals given a low hormonal prime, but attenuated when given to animals
in behavioural oestrous.
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1. Introduction

The most commonly used method to assess female sexual function
in laboratory rodents is the lordosis model. Lordosis is the final
element of female rat sexual behaviour, and is a dorsiflexion of the
spine evoked by flank stimulation by the male rat to permit intro-
mission (copulation). It is commonly assessed in open field arenas,
where the female rat is exposed to a defined number of mount
attempts by a vigorous male. Mount attempts resulting in adoption of
the lordosis posture are expressed as the ‘lordosis quotient’ and
increasing lordosis quotient is thought to be analogous to an increase
in arousal. A criticism of this methodology is that it does not allow the
female to control copulation, in that the confines of the arena do not
allow her to escape from the male and pace their interactions, which
has been shown to be a key element of rat mating in more naturalistic
environments (Martines and Paredes, 2001). Additionally it is difficult
to dissect out the different elements of sexual behaviour, such as
sexual motivation to approach a male, sexual arousal during copu-
lation and orgasm. These different elements are separate clinical
diagnoses of sexual dysfunction in women (Diagnostic & Statistical
Manual I) and therefore it would be advantageous to model these
separately in laboratory studies.

In a recent publication, Ågmo et al. (2004) reviewed several rodent
models of sexual behaviour, and identified a non-contact place
preference model as having advantages over contact models. This
model is considered to assess sexual incentive motivation in the rat,
defined as the time spent in an area adjacent to an inaccessible sexual
incentive comparedwith the time spent in an area adjacent to a social,
nonsexual incentive. The procedure employs time spent in a particular
area rather than quantifying speed or rate of response as a measure of
motivation. Locomotor activity can also be assessed and used as a
covariate in analysis, an advantage of this procedure. A clear advan-
tage of this model is that female behaviours are not readily overridden
or masked by the actions of the male, because there is no physical
contact between them. However, a drawback is knowing whether the
apparent interest of the female to investigate the male is actually
sexual motivation. Whilst it is currently impossible to determine this
for certain, it has been established in various forms of choice models
(e.g. escape chamber, Erskine, 1985; bi-level chamber, Pfaus et al.,
1999; tethered males, Avitsur and Yirmiya, 1999) where the female
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can control contact with the male or in a seminatural environment
(McClintock and Adler, 1978), that she will copulate with him after
showing approach behaviours towards him.

Experimental data generated with this model, using ovariectomised
female rats primed with estradiol benzoate (25 µg/rat) and progester-
one (1 mg/rat) tomimic physiological estrus, suggest that apomorphine
inhibits sexual incentive motivation in female rats. Saline, in the
presence of the hormone prime used in this study induced a sexual
preference score significantly different from ‘no preference’ (i.e. a
significant bias towards the vigorous male), whereas apomorphine-
treated rats (125 and 500 µg/kg) demonstrated no difference to a
neutral preference score, but displayed attenuated locomotor activity
(Ellingsen and Ågmo, 2004). A variety of studies in other models also
suggests a regulatory role for dopamine in female sexual behaviour.
During sexual activity dopamine concentrations have been shown to
increase in the nucleus accumbens of female rats (Mermelstein and
Becker, 1995; Pfaus et al., 1995) and hamsters (Kohlert et al., 1997), and
in the preoptic area of the female rat (Matuszewich et al., 2000). The
non-selective dopamine receptor agonist apomorphine induces genital
vasocongestive engorgement in the conscious female rat, across the
oestrus cycle (Beharry et al., 2003), at a dose of 80 µg/kg SC, equivalent
to that which induces penile erection in the conscious male rat (Hsieh
et al., 2004). Earlier preclinical studies demonstrated that apomorphine
and dopamine when infused into the preoptic area or ventromedial
hypothalamus in the estrone-primed rat stimulated lordosis, and
dopamine receptor antagonists inhibited lordosis (Foreman and Moss,
1979). Additionally, Mani et al. (1994) demonstrated in the estrogen-
primed rat that apomorphine and D1- but not D2-selective agonists
enhanced lordosis behaviour following infusion into the third ventricle.
In contrast, other reports suggest that pharmacological manipulations
leading to a reduction in dopaminergic activity stimulate lordosis
behaviour in rats (see Ahlenius, 1993), and facilitation of dopaminergic
activity inhibits lordosis (Eliasson and Meyerson, 1976; Everitt, 1974;
Michanek and Meyerson, 1982).

Althoughpreclinical data in rats are conflicting, limited clinical studies
have suggested therapeutic potential for apomorphine in treating both
erectile dysfunction (Heaton et al., 1995) and enhancing the sexual
arousal phaseofwomenwithorgasmicdysfunction (Bechara et al., 2004).

In themodels described above the use of a hormone priming regime
sufficient to induce physiological estrus may preclude studies investi-
gating agents which enhance sexual behaviour if hormonally-induced
sexual interest ismaximal. However theuseof suchaprimemay identify
agentswhich attenuate sexual behaviour. Allers et al. (in press) recently
described a rodent model of vaginal blood flow (vaginal spectral
analysis, VSA) thought to be representative of arousal in the clinic, and
have demonstrated in this model that apomorphine decreases the VSA
signal during oestrus in naturally cycling rats. Also, the doses of apo-
morphine used in the Ellingsen and Ågmo study have been demon-
strated to increase stereotyped behaviour (Fletcher and Starr, 1985),
which could act as a confound on the behavioural preference score.

The aim of our study was to evaluate ‘active investigation’ in a non-
contact place preferencemodel in rats. Active investigationwas defined
as an obvious sniffing, licking or chewing of the grill separating the
animals. This alternate measure of sexual motivation is potentially
superior to the passive place preferencemodel described by Ågmo et al.
(2004) as it assesses continuing active interest by the test animal in the
sexual and social incentives. In addition, evaluate the potential
preclinical utility of the model by using ‘active investigation’ to inves-
tigate the reportedpro-sexual activity of apomorphine, in the female rat.

2. Methods

2.1. Animals

All experiments were conducted in strict accordance with the UK
Animals (Scientific Procedures) Act (1986) and Home Office guide-
lines. Male and ovariectomised (ovx) female rats (Long Evans, approx
200 g on arrival) were purchased from Harlan, UK. On arrival they
were single sex housed in fours and given free access to food (RM1
from SDS, UK) and water. The animal stock room was maintained
under standard laboratory conditions (21±2 °C, 50–60% relative
humidity) and reverse light/dark cycle under sodium lighting (lights
off between 09:30 and 21:30 h). All rats were given at least 10 days to
acclimatise before any habituation and/or experiencing commenced.

2.2. Apparatus

The test arena was based on that described by Ågmo (2003), but
circular, approx 94 cm in diameter with 50 cm high walls, and two
attached, opposing satellite boxes (25×25×25 cm). The satellite
boxes were separated from the main arena by a perforated Perspex
screen which allowed the test and incentive animals to hear, see and
smell each other, but prevented contact. The arena had black walls,
with a white base to enable a video track system (Ethovision, Noldus)
to detect the black and white rats effectively against the background.
A virtual area (30×21 cm) adjacent to each incentive animal satellite
box was defined using Ethovision, as a passive investigation zone.
Using the Ethovision program, time spent in each incentive zone,
distance moved and movement velocity during the test period was
captured.

Sexual experiencing of male rats was carried out in circular Perspex
arenas (40 cmdiameter, 60 cmhigh), observed and recordedmanually.

All behavioural studies were carried out during the middle phase
of the animal's dark cycle, under sodium lighting.

2.3. Design and procedure

2.3.1. Males
Prior to commencing studies all 16 males (including males due for

castration) were sexually experienced with ovariectomised females
primed with estradiol benzoate (Sigma; 10 µg/rat) followed 48 h later
byprogesterone (Fisher; 1 mg/rat). Both steroidswere dissolved in corn
oil and injected subcutaneously in a volume of 0.2 ml/rat. This hormone
prime induces behavioural oestrus in the ovariectomised female rat,
ensuring they are receptive to themaleduring theexperiencingperiod 3
to 6 h post progesterone. Twice weekly for four weeks, all males were
allowed to intromit until ejaculation. Eight of the males were then
castrated (anaesthesia induced with Isoflurane (∼4%) in an anaesthetic
chamber andmaintained by inhalation of oxygen and isoflurane (∼2%))
and after recovery the experiencing continued twice a week to deter-
minewhen they no longer displayed copulatory behaviour. At this point
studies commenced. During the studies, all males received sexual
experience twice weekly to ensure consistent behaviour in both intact
and castrate males.

2.3.2. Females
A colony of 120 sexually naïve ovariectomised females were

maintained and used for studies on a three week rotation.

2.3.3. Habituation
All test animals were habituated to the arena before their first

study. Habituation involved placing the test female in the arena for
10 min on two occasions prior to inclusion in studies. At the same
time, the males were also placed in the satellite boxes to ensure they
too were familiar with the surroundings.

2.3.4. Study procedure
The methodology is based on that described previously by Ågmo

(2003). In experiment 1 (optimising social stimulus), a vigorous intact
male was used as the sexual stimulus; with either a sexually experi-
enced ovariectomised female hormone primed (estradiol benzoate
10 µg plus 48 h later progesterone 1000 µg) to induce behavioural
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Fig. 1. (A) Time spent actively investigating a sexual stimulus (intact, vigorous male) or
a social stimulus (either a castrate male or optimally hormone-primed ovariectomised
female). Each column represents mean±S.E.M. of 6–8 animals. The symbol represents
a significant difference (##P<0.01) between sexual and social stimulus times, and a
significant difference (**P<0.01, ***P<0.001) between vehicle (Veh) and maximal
hormone prime (MHP) treated animals (Student's t-test). (B) The same data expressed
as a partner preference score (sexual time/total time). The symbol represents a
significant difference (*P<0.05) between vehicle (Veh) and maximal hormone prime
(MHP) treated animals (ANOVA followed by Tukey's post hoc test). Dotted line
represents ‘no preference,’ values above represent a preference for the sexual stimulus,
and values below the social stimulus. The symbol represents a significant difference
(#P<0.05, ##P<0.01) from ‘no preference.’
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oestrus, or a castrate male as social stimulus. The ovariectomised test
female received either an identical hormone prime (as above) or corn
oil vehicle. Studies commenced 4 h post progesterone prime during
the dark phase of the light/dark cycle. Prior to commencing the study,
and between study runs intact males were placed in the experiencing
arena and allowed to intromit three times with a female primed to
induce behavioural oestrus, which was then removed. This ensured
that the males were in a state of sexual vigour. Similarly primed
females were also placed in with castrate males to ensure the absence
of copulatory behaviour, and provide identical treatment of all stimu-
lus males.

In experiment 2 (investigating the effect of apomorphine), test
females were primed with either (a) estradiol benzoate (1 µg/rat)
followed 48 h later by progesterone (100 µg/rat) or (b) estradiol
benzoate (5 µg/rat) followed 48 h later by progesterone (250 µg/rat).
Studies commenced 4 h post progesterone prime during the dark
phase of the light/dark cycle. Prior to commencing the study, intact
males were treated as described in experiment 1. The test females
were dosed subcutaneously with apomorphine (Sigma) or vehicle
(saline containing 0.1% w/v ascorbic acid) 10 min prior to testing. The
males were placed into the satellite boxes immediately prior to
commencing the test. The test female is placed into the centre of the
arena and time spent investigating each male is recorded for 10 min.
Behaviour was observed and recorded by operators blind to the
treatment groups. The following parameters were recorded:

Active investigation. This was recorded manually by stopwatch.
Active investigation consisted of an obvious sniffing, licking or
chewing of the grill separating the animals or attempting to reach
the male via the grill.
Passive interest. This was defined as the time in which the female
occupied a 30×21 cm passive investigation zone adjacent to the
grill, not necessarily touching the grill nor displaying any proceptive
behaviour. This was recorded by the Ethovision tracking system,
which also captured frequency and duration of visits, the distance
moved by the rat and the velocity. The distance and velocity data
gave a measure of whether a compound affected locomotor activity,
which could influence investigation times and act as a confound.

2.4. Cytological examination of vaginal lavages

Microscopic examination of vaginal cytology, following vaginal
lavage, was carried out to determine the equivalent stage of the estrus
cycle induced by the hormone primes used in this study. The vaginal
lavage technique involves the insertion of a plastic pipette containing
0.2 ml saline (room temperature) into the opening of the vagina,
dispensing of the saline into the vagina, collection of the saline and
smearing of the liquid onto a microscope slide. The stage of estrus was
determined based on the following criteria (Montes and Luque, 1988;
Hubscher et al., 2005):

Diestrus A predominance of leukocytes. Some medium-sized nucle-
ated and few cornified cells.

Proestrus Moderate numbers of medium-sized, non-cornified, nucleat-
ed epithelial cells, often found in clumps (‘bunches of grapes’).

Oestrus Large cornified cells predominate.
Metestrus Similar proportion of leukocytes, cornified, and nucleated

epithelial cells.

2.5. Data analysis

The time spent actively investigating the intactmalewas expressed
as a partner preference score, defined as time spent actively inves-
tigating the intact male (sexual stimulus) expressed as a ratio of total
active investigation time of sexual and social (castrated male) stimuli.
In this study, the term ‘partner’ is used to identify the preferred
stimulus animal and not a preferred choice for copulation.

Passive interest was also expressed as partner preference score but
in addition frequency and duration of visits were captured.

Data were expressed as means±S.E.M. The statistical significance
of differences between treatments were analysed either by one-way
analysis of variance (ANOVA) followed by Tukey's multiple compar-
ison test post hoc, or two-tailed Student's t-test where appropriate.
Significance was determined as P<0.05.
3. Results

3.1. Optimising the social stimulus

With the female social stimulus design, the vehicle-treated test
female demonstrated a preference for the social over the sexual
stimulus (t(10)=4.05, P=0.0023). Hormone treatment inducing
behavioural estrus evoked a significant increase over vehicle in time
spent investigating the sexual stimulus (t(10)=5.14, P=0.0004),
however there was no significant difference between time spent
investigating either stimulus animal (t(10)=0.51) (Fig. 1A: Student's
t-test).
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In the castrate male social stimulus design, the vehicle-treated test
females spent comparable times investigating each stimulus animal
(t(14)=0.60). Hormone treatment inducing behavioural estrus
evoked a significant increase over vehicle in time spent investigating
the sexual stimulus (t(14)=3.69, P=0.0024), and also resulted in
significantly (t(14)=3.15, P=0.0071) more time spent investigating
the intact male over castrate male (Fig. 1A: Student's t-test).

The partner preference score is defined as the time spent actively
investigating the sexual stimulus, expressed as a factor of total time
spent actively investigating the sexual and social stimuli (sexual/
(sexual+social) times).

Expressing these data as a partner preference score demonstrates a
similar increase in sexual investigation evoked by hormone priming
inducing behavioural estrus over vehicle in both the female (P=0.011)
and castratemale (P=0.014) designs (Fig. 1B: ANOVA; F(3,26)=8.837,
P=0.0005). However, the female social paradigm had a preference
score of ∼0.5 indicating no preference, whereas the male social
paradigm had a preference score of >0.5 indicating a preference for
the sexual stimulus.

A pilot study in which we investigated whether high frequency
vocalisation played any role in this behaviour was also carried out in
the model (data not shown). Using an ultrasound detector we were
unable to detect any vocalisation during the ten minute run time, and
observed that the intact males only vocalised on transfer from the
satellite cage to the experiencing arena (see method 2.3.4). The cas-
trate males did not vocalise. This avenue was not pursued further in
this study.

3.2. Optimising hormone primes

Hormone primes of estrogen 5 µg plus progesterone 250 µg,
estrogen 1 µg plus progesterone 100 µg, and vehicle (no prime) were
identified that, based on cytological examination would place the
OVX females in an oestrus state equivalent to oestrus, metestrus and
diestrus in naturally cycling rats (Fig. 2).

Whenanimals primedwith these dosesof hormoneswere examined
in the castrate male social stimulus design, a significant increase over
Fig. 2. Microscopic images of vaginal lavage smears from naturally cycling (A) and hormonal
cycle with artificially induced stages (×10 magnification, scale bar 100 µm, methylene blue s
and ovariectomised female primedwith estrogen 1 plus progesterone 100 µg/rat. (iii) Natura
vehicle in partner preference scorewas observed for the higher, but not
lower prime (Fig. 3A: ANOVA; F(3,18)=6.265, P=0.011). Total investi-
gation times were not affected by either hormone prime (Fig. 3B:
ANOVA; F(3,18)=1.49, P=0.257).

3.3. Effect of apomorphine on partner preference score in hormonally
primed OVX rats

Apomorphine demonstrated a ‘bell-shaped’ dose–response curve
in sub-optimally primed (estrogen 1 µg plus progesterone 100 µg)
OVX rats. Doses of 10 and 30 µg/kg apomorphine dose-dependently
increased time spent actively investigating the intact male, but only
achieved significance at 30 µg/kg (P<0.05) (ANOVA; F(7,48)=2.86,
P=0.016). A dose of 100 µg/kg evoked a score similar to vehicle
(Fig. 4A). Total investigation time was reduced in a dose-related man-
ner, but this did not achieve significance (Fig. 4B: ANOVA; F(7,48)=
0.469, P=0.851). When examined in optimally primed rats (estrogen
5 µg+progesterone 250 µg), which demonstrated increased partner
preference scores when compared to sub-optimally primed rats
(P<0.01), apomorphine evoked reductions in preference scores,
although this effect did not achieve significance (Fig. 4A). Total
investigation time was not affected by apomorphine under this prime
(Fig. 4B).

3.4. Comparison of the effect of apomorphine on ‘active investigation’
and ‘passive interest’

In sub-optimally primed rats apomorphine 30 µg/kg demonstrated
a significant effect over vehicle on partner preference score, so this
dose was investigated further. Subsequent studies confirmed the
positive effect of apomorphine 30 µg/kg (P<0.05) on active investi-
gation of the sexual stimulus, but no effect on passive interest was
observed (Fig. 5A: ANOVA; F(3,32)=4.341, P=0.0124). Time spent
by a test animal in the ‘passive interest zone’ is greater than time spent
in active investigation, however apomorphine did not affect total
times spent on either parameter (Fig. 5B: Student's t-test; t(14)=0.43
and t(14)=0.79 respectively). Vehicle-treated animals demonstrated
ly primed ovariectomised (B) Long Evans rats comparing stages of the rat natural estrus
tain). (i) Natural diestrus and un-primed ovariectomised female. (ii) Natural metestrus
l estrus and ovariectomised female primedwith estrogen 5 plus progesterone 250 µg/rat.



Fig. 3. (A) Time spent actively investigating a sexual stimulus (intact, vigorous male, IM)
expressed as a factor of total investigation time (sexual stimulus plus social stimulus
(castrate male, CM)). The symbol represents a significant difference (**P<0.01) between
vehicle (Veh) and estrogen (E) plus progesterone (P) primed animals. (B) Total time spent
investigating a sexual and social stimulus animal following vehicle (Veh) or estrogen (E)
plus progesterone (P) prime. Each column represents mean±S.E.M. of 5–8 animals.

Fig. 4. (A) Time spent actively investigating a sexual stimulus (intact, vigorousmale, IM)
expressed as a factor of total investigation time (sexual stimulus plus social stimulus
(castratemale, CM)) in ovariectomised female rats primedwith either estrogen (E) plus
progesterone (P) 1 plus 100 or 5 plus 250 µg/rat. The symbol represents a significant
difference (*P<0.05, **P<0.01) between vehicle (Veh, E1+P100 prime) and apo-
morphine, or vehicle with optimal hormone prime (Veh, E5+P250) (ANOVA followed
by Tukey's post hoc test). (B) Total time spent investigating a sexual stimulus and a
social stimulus in animals primed with estrogen (E) plus progesterone (P) either 1 plus
100 or 5 plus 250 µg/rat, following treatment with vehicle (Veh) or apomorphine 10, 30
or 100 µg/kg. Each column represents mean±S.E.M. of 6 animals.
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a similar frequency of visits to each passive interest zone, as did
apomorphine-treated animals (Fig. 5C: ANOVA; F(3,32)=1.619,
P=0.207). Both vehicle- and apomorphine-treated animals spent
slightly longer in the sexual rather than social passive interest zone,
however this did not achieve significance (Fig. 5D: ANOVA; F(3,32)=
2.879, P=0.054).

During the test period apomorphine (30 µg/kg SC) reduced both
distance travelled (3415±335 cm from 4482±335 cm), and velocity
(17.5±0.5 from 20.4±0.7 cm/s) achieving a significant effect on
velocity (t(14)=3.26, P=0.0057), but just failed to reach statistical
significance on distance (t(14)=2.12, P=0.052) when compared
with vehicle (Students t-test).

4. Discussion

In the studies presented here we first of all investigated the effect
played by the gender (male or female) of the stimulus animals and
secondly the gonadal state of the male stimulus animals (castrate
or intact). This social stimulus study involved two conditions. When
the social stimulus was an ovariectomised female primed to induce
behavioural oestrus, both stimulus animals were sexually vigorous,
the difference being the gender of the stimulus. In the castrate male
paradigm, both stimulus animals were male, the difference being that
only one, the intact male, was sexually vigorous, so the difference
between social and sexual stimulus was better defined, whilst in other
respects they were as similar as possible.

From the social stimulus study, total active investigation times for
the vehicle-primed animals were similar for each condition, but the
bias was different. The same was true for hormone-primed animals.
Consequently, following the social stimulus study, a castrate male
social stimulus paradigmwas chosen for subsequent studies. This was
based on the following observations: Using the active investigation
end point an un-primed ovariectomised test female demonstrated no
preference between the sexual (vigorous, intact male) and social
(castrate male) stimulus animals, hence in the un-primed control
condition there was no preference, therefore the model was balanced.
However if an ovariectomised female primed to induce behavioural
oestrus was used as a social stimulus, the un-primed test female
demonstrated a significant preference for the social stimulus com-
pared with the sexual stimulus. In addition, when the test female was
primed to induce behavioural oestrus a significant preference for the
intact over castrate male was observed, but no such preference was
observed over an ovariectomised female in behavioural oestrus
(Fig. 1A). These observations from the castrate male paradigm are in
broad agreement with data generated by Ellingsen and Ågmo (2004),
who report that a test female primed to induce behavioural estrus
spent more time in the proximity of an intact male over a castrate
male. Our observations using the ovariectomised female conspecific
are at variance with a report by Frye et al. (1998) who observed that a
test female primed to induce behavioural estrus spent more time
in the proximity of an intact male over an ovariectomised female.
However differences in test conditions such as their use of a Y-maze
with un-primed ovariectomised female conspecific could explain this.
In both paradigms we investigated, priming the test female to induce
behavioural oestrus resulted in a significant increase in the partner
preference score for the sexual stimulus when compared with the un-
primed control (Fig. 1B). This observation compares with similar



Fig. 5. (A) Time spent in active or passive investigation of a sexual stimulus (intact, vigorous male, IM) expressed as a factor of total investigation time (sexual stimulus plus social
stimulus (castrate male, CM)) in ovariectomised female rats primed with estrogen 1 µg/kg plus progesterone 100 µg/kg, following treatment with vehicle (Veh) or apomorphine
30 µg/kg. (B) Total time spent in active or passive investigation of a sexual stimulus and a social stimulus in animals primed and treated as in A. (C) Number of visits made by
ovariectomised female rats to either a sexual stimulus (intact, vigorous male) or social stimulus (castrate male), primed and treated as in A. (D) Mean visit duration made by
ovariectomised female rats to either a sexual stimulus (intact, vigorous mae) or social stimulus (castrate male), primed and treated as in A. Each column represents mean±S.E.M. of
8 animals. The symbol represents a significant difference (*P<0.05) between vehicle (Veh) and apomorphine.
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results for lordosis studies — only following appropriate hormone
priming will ovariectomised female rats display lordosis (Gonzalez
et al., 1976). A key requirement of a preference model is that there is
no preference between the two stimuli in the control condition, such
that the effect of hormones, drugs or other experimental manipula-
tions can be effectively assessed in the model. Therefore the use of a
female rat as a social stimulus was not appropriate in this model and
the castrate male social stimulus paradigm was therefore used for all
subsequent studies.

One disadvantage of a non-contact model of sexual motivation is
the difficulty of knowing what exactly underlies the preference of a
hormone-primed or drug-treated female rat to display a preference for
a sexually vigorous male rat. The use of two males, one castrated one
intact, helps to control for some of the potential confounding factors,
but plenty of others may exist. One likely factor is auditory cues. In the
presence of a devocalisedmale rat ovariectomised female rats brought
into behavioural estrus will vocalise in response to recordings of
male calls. In the absence of the male this response is diminished
(White et al., 1993). Pilot experiments to determine if auditory cues
were influencing investigative preference in our study were incon-
clusive. This suggests that auditory cues in themselves are insufficient
to produce a preference. An alternative factor is olfactory cues.
Proximity to the urine from intact but not castrate male mice has
been demonstrated to shorten and synchronise the estrus cycle in
female mice — the Whitten effect (Jemiolo et al., 1986). However the
attraction by ovariectomised mice for male soiled bedding is inde-
pendent of hormone prime, whereas proceptive behaviour in the
presence of the male is hormone dependent (Moncho-Bogani et al.,
2004). However a limitation of this method is only olfactants that were
absorbed onto the bedding and were sufficiently stable could be
investigated. On the other hand, female rats in estrus prefer the odor of
sexually vigorousover castratemales,with time spent sniffing increased
when physical contact is hampered (Sakuma, 2008). In addition
olfactory impairment reduces mounting behaviour displayed by the
sexually vigorous female rat (Afonso et al., 2006). These data coupled
with the sniffing behaviour integral to active investigation suggest
that olfactory cues play a significant role in investigative preference.

Increases in ear wiggling, hop and darting have been reported to
reflect an increase in arousal in female rats, occurring in response to
proximity to and stimuli provided by the male (see Erskine, 1989).
These behaviours were manifest rarely in this model, so consequently
were not used as outcome measures. The probable explanation for the
complete absence of ear wiggles in this model is that this is a non-
contact model. Alternatively it could be due to the strain of rat used.We
have noted that the LongEvans strain of ratweuse displays significantly
less obvious and less frequent ear wiggling compared with literature
reports (for example Frye et al., 1998) or Sprague–Dawley rats from the
same supplier. This observation comes from lordosis studies as well as
an escape chambermodel both of which have physical contact between
the male and female (personal communication).

It has been known for some time that in naturally cycling rats, a
higher sexual preference score is observed in the proestrus/estrus
condition (Eliasson and Meyerson, 1975). Allers et al. (in press) have
demonstrated that in a rodent vaginal spectral analysis (VSA) model
of vaginal blood flow, representative of arousal in the clinic, apomor-
phine increases the VSA signal during metestrus and decreases the
signal during oestrus in naturally cycling rats. We were therefore
interested to identify a hormonal prime that wouldmimic oestrus and
metestrus in the ovariectomised rat confirmed by examining vaginal
cytology and using these primes investigate the effects of apomor-
phine in the partner preference model. Distinctive changes in vaginal
cytology across the oestrus cycle have been described (Hubscher et al.,
2005; Montes and Luque, 1988) and we have observed similar
changes over the natural cycle. Whilst ovariectomised rats primed to
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be in behavioural estrus display readily identifiable behaviors, other
stages of the cycle are less obvious. We are not aware of any reports
confirming the experimental hormone prime has induced the desired
stage of the cycle at the point of conducting a behavioural study. Our
use of vaginal smears confirms we have achieved a state equivalent to
the cycle stage we were interested to investigate. Having investigated
a range of hormone primeswe identified a hormone prime of estrogen
5 µg per rat followed 48 h later by progesterone 250 µg per rat that
induced vaginal cytology equivalent to oestrus (Fig. 2iii). A prime of
estrogen 1 µg per rat followed 48 h later by progesterone 100 µg per
rat induced vaginal cytology equivalent to metestrus (Fig. 2ii). In the
absence of a hormone prime, the vaginal cytology resembled diestrus
in naturally cycling rats (Fig. 2i). When ovariectomised rats primed
with these paradigmswere examined in the partner preferencemodel
using the active investigation end point, we observed a significant
increase in sexual partner preference score for the higher prime but
not for the lower prime, relative to vehicle-treated animals (Fig. 3A).
These data suggest that at the higher prime rats were in behavioural
oestrus, and were therefore actively seeking a sexual partner. Total
investigation times were similar for all treatment groups (Fig. 3B),
suggesting that the increase in partner preference score was reflecting
an increase in sexual motivation and not due to marked changes in
locomotor or exploratory activity. Similar observations were made by
Clark et al. (2004) who demonstrated an increase in sexual partner
preference during proestrus over diestrus in naturally cycling rats
and ovariectomised rats primed to induce behavioural oestrus over
vehicle prime.

The dose-related increase in partner preference score induced by
apomorphine in the sub-optimally primed (estrogen 1 µg plus
progesterone 100 µg per rat) ovariectomised female rat is in line
with the observations made by Allers et al. in the VSA model, and also
the lordosis study by Foreman and Moss (1979) where apomorphine
increased lordosis behaviour after a low but not high hormone prime.
However, changes in partner preference score only achieved signifi-
cance at 30 µg/kg, whereas at 100 µg/kg the score was similar to
vehicle (Fig. 4A). The peak effect at 30 µg/kg is in agreement with the
apomorphine dose-related increase in penile erection in the rat
reported by Hsieh et al. (2004). The optimal prime itself induced a
significant increase in partner preference score when compared with
the sub-optimal prime. The same doses of apomorphine caused a
downward trend in partner preference scores in optimally primed
(estrogen 5 µg plus progesterone 250 µg per rat) ovariectomised rats
(Fig. 4A). The lack of pro-sexual effect in partner preference score in
the optimally primed ovariectomised rat is also in line with obser-
vations from rats in natural oestrus reported in the VSA model.
Alternatively, in the presence of a high hormone prime, the test
females will be displaying a high degree of sexual partner preference
(see Fig. 1B), so it would perhaps be difficult to induce a further
increase above an already elevated baseline. In this study, the partner
preference index rarely achieved values greater than 0.75, reflecting
similar data described by Ellingsen and Ågmo (2004) and Frye et al.
(1998). This variation in response to apomorphine is possibly
explained by the affinity state of dopamine receptors changing in
response to fluctuating hormone levels across the oestrus cycle (Di
Paolo et al., 1988) and hence possibly in response to the different
hormone primes employed in the ovariectomised rats. In addition, Di
Paolo et al. (1986) demonstrated increased striatal dopaminergic
activity in ovariectomised rats following a 50 µg progesterone prime.
Further evidence in a recent study in the cynomolgusmonkey demon-
strating changing dopamineD2 receptor availability across the oestrus
cycle (Czoty et al., 2008) lends additional support to this concept.

Previously, Ellingsen and Ågmo (2004), using a similar behavioural
model reported that apomorphine inhibits sexual incentive motiva-
tion. However there are several differences in methodology between
the two studies. Firstly, Ellingsen and Ågmo used a greater hormonal
prime than employed here, and secondly used doses of 125 and
500 µg/kg apomorphine, again greater than employed here. Data we
have generated with our optimal prime, and highest dose of apomor-
phine are broadly in agreement with the earlier study, suggesting
that with high hormonal priming high doses of apomorphine will
attenuate sexual incentive behaviours. The earlier studies by Eliasson
and Meyerson (1976) and Michanek and Meyerson (1981) also
employed a high hormonal prime (10 µg estrogen plus 400 µg
progesterone) with high dose of apomorphine (200 and 500 µg/kg),
demonstrating an attenuation of lordosis. Additional support for this
concept was generated by Allers et al. (in press) who demonstrated
that apomorphine decreases arousal in oestrus animals.

In a further study comparing the effect of apomorphine 30 µg/kg
on both active and passive interest in the sub-optimally primed
ovariectomised rat, we confirmed initial observations of a significant
increase in partner preference score in active investigation paradigm.
Interestingly, there was no increase in partner preference score when
using the passive interest paradigm (Fig. 5A). Whilst the time animals
spent in the passive interest zones was greater than the time spent
actively investigating stimulus animals, there was no difference in
total times spent between vehicle- and apomorphine-treated groups
in either investigation paradigm (Fig. 5B). The passive interest
paradigm described here is in fact analogous to the ‘incentive zone’
used by Ellingsen and Ågmo (2004) originally described by Ågmo
(2003). Passive interest data described here is in general agreement
with observations made by Ellingsen and Ågmo, in that apomorphine
does not increase the partner preference score (Fig. 5A). In addition,
we have also demonstrated that apomorphine neither modulates visit
frequency to either stimulus animal (Fig. 5C), nor visit duration
(Fig. 5D). However, there was an upward trend in visit duration in the
sexual passive zone compared with social passive zone following both
vehicle and apomorphine treatments (Fig. 5D).

The apparent loss of effect at higher doses of apomorphine in the
conscious female behavioural but not anaesthetised VSA model is
possibly due to competing stereotypic behaviours interfering with the
active investigation. Indeed, stereotyped behaviour has been reported
at doses similar to the maximum used in this study (Beck et al., 1986;
Cameron et al., 1988), and Davis et al. (1986) demonstrated that a
dose of 120 µg/kg apomorphine increases climbing behaviour in
female rats. Analysis of total investigation times revealed a modest,
but non-significant decrease induced by 100 µg/kg apomorphine in
the sub-optimally primed rat which could also be associated with
emergence of competing stereotypic behaviours. Apomorphine 30 µg/
kg attenuated locomotor activity, significantly reducing velocity. This
suggests that the ‘bell-shaped’ dose–response to apomorphine is
possibly a result of increasing locomotor effects with the higher dose.
The Ellingsen and Ågmo study reported significant, apomorphine-
induced attenuation of both distance moved and velocity. In addition,
they report significant increases in sniffing behaviour at the doses of
apomorphine used. Apomorphine-induced sniffing and stereotyped
behaviour have been reported at doses equivalent to those used by
Ellingsen and Ågmo (Cameron et al., 1988; Lee et al., 1995) further
suggesting that the attenuation of sexual behaviour is a result of
increasing stereotyped behaviours.

In conclusion, the results of the current study suggest that observing
active investigation in sub-optimally primed ovariectomised rats could
provide a sensitive measure of sexual incentive motivation, and is
superior to previously described place preference methodology. Data
generated with apomorphine reflect clinical data in man where pro-
sexual effects are dose-limited by adverse events including nausea,
visual and cardiovascular effects (Heaton et al., 1995). It remains to be
seen whether this model is predictive of clinical efficacy in women.

Acknowledgements

With thanks to Gemma Peacock, Emma Levett and Sean Allen for
carrying out and analysing vaginal lavages.

http://dx.doi.org/doi:10.1111/j.17432009.01465x


186 A.B. Hawcock et al. / Pharmacology, Biochemistry and Behavior 95 (2010) 179–186
References

Afonso VM, Woehrling A, Pfaus JG. Sensory mediation of female–male mounting in the
rat: I. Role of olfactory cues. Physiol Behav 2006;87:857–62.

Ågmo A. Unconditioned sexual incentive motivation in the male Norway rat (Rattus
norvegicus). J Comp Psychol 2003;117:3-14.

ÅgmoA, Turi AL, Ellingsen E, KaspersenH. Preclinicalmodels of sexual desire:conceptual
and behavioural analyses. Pharmacol Biochem Behav 2004;78:379–404.

Ahlenius S. Brain monoaminergic neurotransmission in the mediation of lordosis
behaviour in the female rat. Neurosci Biobehav Rev 1993;17:43–9.

Allers KA, Richards N, Sultana S, SudworthM, Dawkins T, Hawcock AB, Buchanon T, Casey
JH, Wayman C. Slow oscillations in vaginal blood flow: alterations during sexual
arousal in rodents and humans. J Sex Med in press. doi:10.1111/j.1743-
6109.2009.01465x.

Avitsur R, Yirmiya R. The partner preference paradigm: a method to study sexual
motivation and performance of female rats. Brain Res Prot 1999;3:320–5.

Bechara A, Bertolino MV, Casabé A, Fredotovich N. A double-blind randomized placebo
control study comparing the objective and subjective changes in female sexual
response using sublingual apomorphine. J Sex Med 2004;1:209–14.

Beck CHM, Chow HL, Cooper SJ. Dose-related response of male rats to apomorphine:
snout contact in the open field. Physiol Behav 1986;37(5):819–25.

Beharry RKS, Hale TM, Wilson EAA, Heaton JPW, Adams MA. Evidence for centrally
initiated genital vasocongestive engorgement in the female rat: findings from a
new model of female sexual arousal response. Int J Impot Res 2003;15:122–8.

Cameron DL, Crosbie J, Crocker AD. A fixed interval momentary sampling method for
assessing on-going behaviours induced by dopamine receptor agonists. Prog
Neuropsychopharmacol Biol Psychiatry 1988;12:595–606.

Clark AS, Kelton MC, Guarraci FA, Clyons EQ. Hormonal status and test condition, but
not sexual; experience, modulate partner preference in female rats. Horm Behav
2004;45:314–23.

Czoty PW, Riddick NV, Gage HD, Sandridge M, Nader SH, Garg S, et al. Effect of
menstrual cycle phase on dopamine D2 receptor availability in female cynomolgus
monkeys. Neuropsychopharmacology 2008;34:548–54.

Davis AS, Jenner P, Marsden CD. A comparison of motor behaviours in a group of rats
distinguished by their climbing response to apomorphine. Br J Pharmacol 1986;87:
129–37.

Di Paolo T, Lévesque D, Daigle M. A physiological dose of progesterone affects rat
striatum biogenic amine metabolism. Eur J Pharmacol 1986;125:11–6.

Di Paolo T, Falardeau P, Morissette M. Striatal D-2 dopamine agonist binding sites
fluctuate during the rat estrous cycle. Life Sci 1988;43:665–72.

Eliasson M, Meyerson BJ. Sexual preference in female rats during estrus cycle,
pregnancy and lactation. Physiol Behav 1975;14:705–10.

Eliasson M, Meyerson BJ. Comparison of the action of lysergic acid diethylamide and
apomorphine on the copulatory response in the female rat. Psychopharmacology
1976;49:301–6.

Ellingsen E, Ågmo A. Sexual-incentive motivation and paced sexual behavior in female
rats after treatment with drugs modifying dopaminergic neurotransmission.
Pharmacol Biochem Behav 2004;77:431–45.

Erskine MS. Effects of paced coital stimulation on estrus duration in intact cycling rats
and ovariectomized and ovariectomized-adrenalectomized hormone-primed rats.
Behav Neurosci 1985;99:151–61.

Erskine M. Solicitation behavior in the estrous female rat: a review. Horm Behav
1989;23:473–502.

Everitt BJ, Fuxe K, Hökfelt T. Inhibitory role of dopamine and 5-hydroxytryptamine in
the sexual behaviour of female rats. Eur J Pharmacol 1974;29:187–91.

Fletcher GH, Starr MS. SKF 38393 and apomorphinemodify locomotion and exploration
in rats placed on a holeboard by separate actions at dopamine D-1 and D-2
receptors. Eur J Pharmacol 1985;117:381–5.
Foreman MM, Moss RL. Role of hypothalamic diopaminergic receptors in the control of
lordosis behaviour in the female rat. Physiol Behav 1979;22:283–9.

Frye CA, Bayon LE, Pursnani NK, Purdy RH. The neurosteroids, progesterone and 3α, 5α-
THP, enhance sexual motivation, receptivity, and proceptivity in female rats. Brain
Res 1998;808:72–83.

Gonzalez MI, Patmore L, Wilson CA. Effect of delequamine (RS15385) on female sexual
behaviour in the rat. Eur J Pharmacol 1976;312:1–6.

Heaton JPW, Morales A, Adams MA, Johnston B, El-Rashidy R. Recovery of erectile
function by the oral administration of apomorphine. Urology 1995;45(2):200–6.

Hsieh GC, Hollingsworth PR, Martino B, Chang R, Terranova MA, O'Neill AB, et al. Central
mechanisms regulating penile erecetion in conscious rats: the dopaminergic systems
related to the proerectile effect of apomorphine. J Pharm Exp Ther 2004;308(1):
330–8.

Hubscher CH, Brooks DL, Johnson JR. A quantitative method for assessing stages of the
rat estrous cycle. Biotech Histochem 2005;80(2):79–87.

Jemiolo B, Harvey S, Novotny M. Promotion of the Whitten effect in female mice by
synthetic analogs of male urinary constituents. Proc Natl Acad Sci USA 1986;83:
4576–9.

Kohlert JG, Rowe RK, Meisel RL. Intromissive stimulation from the male increases
extracellular dopamine release from fluoro-gold-identified neurons within the
midbrain of female hamsters. Horm Behav 1997;32:143–54.

Lee CY, Double KL, Crocker AD. Expression of stereotyped behaviour requires
stimulation of nigral D1 dopamine receptors. Brain Res 1995;681:205–8.

Mani SK, Allen JMC, Clark JH, Blaustein JD, O'Malley BW. Convergent pathways for
steroid hormone and neurotransmitter induced rat sexual behaviour. Science
1994;265:1246–9.

Martines I, Paredes RG. Only self-paced mating is rewarding in rats of both sexes. Horm
Behav 2001;40:510–7.

Matuszewich L, Lorrain DS, Hull EM. Dopamine release in the medial preoptic area of
female rats in response to hormonal manipulation and sexual activity. Behav
Neurosci 2000;114:772–82.

McClintockMK, Adler NT. The role of the female during copulation in wild and domestic
Norway rats (Rattus norvegicus). Behaviour 1978;67:67–96.

Mermelstein PG, Becker JB. Increased extracellular dopamine in the nucleus accumbens
and striatum of the female rat during paced copulatory behavior. Behav Neurosci
1995;109:354–65.

Michanek A, Meyerson BJ. Influence of estrogen and progesterone on behavioral effects
of apomorphine and amphetamine. Pharmacol Biochem Behav 1982;16:875–9.

Moncho-Bogani J, Lanuza E, Lorente MJ, Martinez-Garcia F. Attraction to male
pheremones and sexual behaviour show different regulatory echanisms in female
mice. Physiol Behav 2004;81:427–34.

Montes GS, Luque EH. Effects of ovarian steroids on vaginal smears in the rat. Acta Anat
1988;133:192–9.

Pfaus JG, Damsma G, Wenkstern D, Fibiger HC. Sexual activity increases dopamine
transmission in the nucleus accumbens and striatum of female rats. Brain Res
1995;693:21–30.

Pfaus JG, SmithWJ, Coopersmith CB. Appetetive and consummatory sexual behaviors of
female rats in bilevel chambers. Horm Behav 1999;35:224–40.

Sakuma Y. Neural substrates for sexual preference and motivation in the female and
male rat. Ann NY Acad Sci 2008;1129:55–60.

White NR, Gonzales RN, Barfield RJ. Do vocalizations of the male rat elicit calling from
the female? Behav Neural Biol 1993;59:76–8.


	Assessment of ‘active investigation’ as a potential measure of female sexual incentive motivati.....
	Introduction
	Methods
	Animals
	Apparatus
	Design and procedure
	Males
	Females
	Habituation
	Study procedure

	Cytological examination of vaginal lavages
	Data analysis

	Results
	Optimising the social stimulus
	Optimising hormone primes
	Effect of apomorphine on partner preference score in hormonally primed OVX rats
	Comparison of the effect of apomorphine on ‘active investigation’ and ‘passive interest’

	Discussion
	Acknowledgements
	References




