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Abstract

Several proerectile drugs act on the nitric oxide–cyclic guanosinemonophopsphate pathway, which is known to influence rat copulatory behavior.
In the present study we evaluated the effects of two proerectile compounds, one (Impaza) acting on endothelial nitric oxide synthase, and the other
(sildenafil) on phosphodiesterase 5, on sexual incentive motivation in male rats displaying a spontaneously low level of motivation and copulatory
behavior. About 20 months old male Fisher 344 rats were tested in a procedure for evaluating the intensity of sexual incentive motivation and in
standard mating tests. For comparison, a group of young (about 4 months) Fisher 344males was tested in parallel. This group did not receive any drug
treatment. Impaza was administered in two doses, daily for 28 days, and sildenafil was given at a dose of 3 mg/kg twice a week during 28 days. Tests
for sexual incentive motivation and copulatory behavior were performed immediately before the beginning of drug treatments, and on days 7, 14 and
28 of treatment. All treatment groups displayed a very low level of copulatory behavior and a sexually receptive female was not a more powerful
incentive than another male at the tests performed before and on days 7 and 14 of treatment. On day 28 of treatment, the group treated with Impaza,
3 ml, displayed a preference for the sexually receptive female, while no such preference was found in the other groups. Furthermore, the preference
score was above that of controls in this group. Both Impaza, 3 ml, and sildenafil reduced approach to the male in the test for sexual incentive
motivation, suggesting that social motivation was reduced. These data suggest that compounds affecting the nitric oxide–cyclic guanosine
monophopsphate pathway may modify both sexual and social motivation in old rats.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Sexual behavior is not possible at a distance. At least two
individuals need to be in close proximity before any sexual
interaction can take place. Thus, before sexual behaviors can be
executed it is necessary to localize and approach a potential
mate. The intensity of approach behaviors is generally believed
to be determined by the intensity of sexual motivation (see
Ågmo, 1999, 2003; Ågmo et al., 2004; Hetta and Meyerson,
1978; Meyerson and Lindström, 1973 for discussions of this
issue). Research on the neural control of sexual motivation has
become increasingly important because of the large amount of
clinical data showing that low sexual desire is a human problem
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with an unexpectedly high prevalence (see e.g. Arnal et al.,
1995; Laumann et al., 1999; Ventegodt, 1998). Consequently,
the need for an efficient pharmacological treatment is widely
recognized, but there is at present no treatment with established
effects and there is no drug approved for the pharmacotherapy
of hypoactive sexual desire disorder.

In men, erectile dysfunction may be associated with low
sexual desire (Corona et al., 2004; Lewis et al., 2004), and it
has been reported that treatment of the erectile deficiency may
restore sexual desire (Jannini et al., 1999), suggesting that
proerectile drugs indirectly may enhance sexual motivation.
Recent data even suggest that some proerectile drugs may have a
direct effect on motivational mechanisms. For example, it has
been proposed that nitric oxide plays a role in the mechanisms
involved in sexual motivation in addition to its well established
importance for erection. An early study showed that the nitric
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oxide synthase inhibitor NG-nitro-L-arginine methyl ester
(NAME) reduced intromissions and ejaculation in male rats
but enhanced mounting (Hull et al., 1994). This suggests that
erection was adversely affected. In a test for sexual motivation,
no effect was found. Different results have, however, been
reported in more recent studies. When the nitric oxide synthase
inhibitor NG-monomethyl-L-arginine (NMMA) was adminis-
tered to the medial preoptic area by reverse dialysis a reduced
number of mounts was found. Interestingly, the intromission
ratio (the proportion of mounts ending in vaginal penetration,
intromission) remained unaffected (Sato et al., 1998). The intro-
mission ratio is sensitive to changes in erectile function, and
these data suggest that centrally reduced nitric oxide availability
does not affect erectile capacity. Further evidence for a role of
central nervous nitric oxide in male sexual behavior comes from
a study in which NAME was infused into the medial preoptic
area. Mounting was almost abolished in sexually inexperienced
animals and severely reduced in animals with sexual experience
(Lagoda et al., 2004). The results of these latter studies coincide
in suggesting that nitric oxide is important not only for cop-
ulatory behavior but also for sexual motivation. The fact that
many males did not copulate at all after treatment with NAME
certainly suggests that sexual motivation was reduced or absent.

Many cellular actions of nitric oxide are dependent on the
activation of guanylylcyclase and the subsequent formation of
cyclic guanosinemonophosphate (cGMP). Nitric oxide respon-
sive guanylylcyclase is widely distributed in the brain, including
areas important for male sexual behavior (De Vente et al., 1998).
It is, indeed, most likely that the effects on sexual behavior
observed in the studies mentioned above are mediated by cGMP.
Recent experimental data have confirmed this hypothesis (Sato
and Hull, 2006).

Nitric oxide is also synthesized outside neurons, mainly
through the action of endothelial nitric oxide synthase (eNOS).
eNOS is present in blood vessels, including capillaries, and it has
been shown that nitric oxide derived from eNOS diffuse into and
affect adjacent neurons in a cGMP dependent way (Garthwaite
et al., 2006). This makes it possible to envisage behavioral
consequences of manipulations of eNOS. In fact, limited evi-
dence for the importance of eNOS in sexual behavior comes
from studies of mice lacking the gene for eNOS. Such mice
ejaculate after fewer mounts and intromissions (Kriegsfeld et al.,
1999). This suggests that the ejaculatory reflex was facilitated.
No independent test for sexual motivation was performed.

cGMP is catabolized by a series of phosphodiesterases. One
of these is phosphodiesterase 5. This enzyme is the target of
several proerectile drugs, like sildenafil, tadalafil or zaprinast.
The stimulatory effect of these drugs on erection is supposed to
be localized to the corpora cavernosa (Uckert et al., 2006), but
PDE5 has been found in several areas of the brain. Among the
structures where the presence of PDE5 in large amounts has been
established are the cerebellar Purkinje cells (Bender and Beavo,
2004). Several other brain areas, for example the olfactory bulbs
and hippocampus express PDE5 to a much lesser degree (Lin
et al., 2006). It is not impossible that this enzyme is also present
and functionally relevant in brain areas related to sexual be-
havior. Concordant with this proposal is the fact that sildenafil
affects several parameters of sex behavior when administered to
male rats. In a group of males selected for unusually low
intromission ratio and long intervals between intromissions the
number of preejaculatory mounts, the ejaculation latency, and
the postejaculatory interval were reduced while the intromission
ratio was enhanced by sildenafil. In unselected rats, the only
drug effect found was reduced ejaculation latency (Giuliani
et al., 2002; Ottani et al., 2002). Sildenafil has also been shown
to enhance inter-male mounting in sexually experienced but not
in inexperienced rats (Ferrari et al., 2002). This last observation
suggests that sildenafil has some stimulatory effect on sexual
motivation. A study in rams also indicates that sildenafil may
enhance the motivation to engage in copulatory behavior (Çoyan
and Kaya, 2005). In this study sildenafil, at a dose of 100 mg per
animal, was administered intrarectally to rams with low or high
sexual activity according to performance on a screening test.
Sildenafil enhanced the number of ejaculations in both groups.
This effect was interpreted as suggestive of increased sexual
motivation.

The data presented in the preceding paragraphs suggest that
eNOS or nNOS (neural nitric oxide synthase) activated cGMP
may influence male sexual behavior. Consequently, compounds
modifying the activity of eNOS or nNos as well as phospho-
diesterase inhibitors should be effective. Considerable evidence
exists for a role of nNOS (see above), but data with regard to the
role of eNOS in male sexual behavior are far from abundant.
Likewise, the effects of phosphodiesterase inhibition, particu-
larly inhibition of PDE5, have only been the subject of a handful
of studies. More data with regard to the potential role of eNOS
and PDE5 inhibition are needed before any firm conclusion as to
their role in male sexual behavior can be drawn. The purpose of
the present experiment is to contribute to that end. We evaluated
the motivational effects of a compound, Impaza, acting on
eNOS. Impaza is an antibody to the C-terminal fragment of
eNOS, but paradoxically it has been reported to enhance the
activity of endogenous eNOS when administered at extremely
low doses. The compound is effective as monotherapy for
erectile deficiency in the human and it also increases the efficacy
of PDE5 inhibitors on combined treatment (Martyushev-Poklad
et al., 2005; Mazo et al., 2004). Its effects on sexual motivation
and copulatory behavior are entirely unknown. In order to
determine possible motivational effects of PDE5 inhibition, one
group of rats was treated with sildenafil. Both compounds were
evaluated in a procedure especially designed for the evaluation
of sexual incentive motivation (Ågmo, 2003; Ågmo et al., 2004).
In addition, effects on copulatory behavior were determined in
standard mating tests.

It is generally believed that male rats with low sexual activity
are more sensitive to stimulatory actions of drugs than rats with
high sexual activity. This belief was confirmed in the study of
sildenafil mentioned above (Giuliani et al., 2002). Thus, in order
to maximize the possibility of detecting potential effects of the
treatments employed in the present experiment we used rats with
low sexual activity. Rather than selecting a subsample of rats
with such activity from a larger pool, we decided to use rats
whose “normal” sexual activity is low. It is known that rats older
than 20 months display much reduced sexual activity (Clark,
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1995; Roselli et al., 1993; Smith et al., 1992; Tsai et al., 1994).
Thus, we used rats around 20 months of age.

2. Materials and methods

2.1. Subjects

Male Fisher 344 rats were obtained from Harlan Sprague
Dawley Inc. (Indianapolis, IN) through the Aged Rodent
Colonies of the National Institute on Aging. The experimental
males were 18 months old when arriving to the laboratory, and
about 20 months old when drug treatments were initiated.
Twelve additional Fisher 344 rats from the same provider were
about 3 months old when arriving to the laboratory and about
4 months of age when behavioral observations were began. The
young animals were included for comparison only, and they did
not receive any drug treatment.

All subjects were housed in pairs in Macrolon cages under a
reversed light/dark cycle (12:12 h, lights on 2300) in a room
with controlled temperature (21±1 °C) and relative humidity
(55±10%). Rodent pellets (RM1(E), Special Diet Services,
Witham, Essex, UK) and tap water were freely available.

Male (300 g upon arrival) and female (250 g upon arrival)
Wistar rats (Scanbur, Sollentuna, Sweden) were used as
incentive animals in the test for sexual motivation. Similar
females were used as copulation partners. These males and
females were housed in the same room and under the same
conditions as the experimental males.

All females were ovariectomized under isoflurane anesthesia
at least 2 weeks before use. Before all testing sessions, estrus
was induced by administration of estradiol benzoate, 25 µg/rat,
followed by progesterone, 1 mg/rat, 48 h later. Females were
used between 4 and 8 h after the progesterone injection. Both
steroids were purchased from Sigma (St. Louis, MO, USA).
They were dissolved in peanut oil and injected subcutaneously
in a volume of 0.2 ml/rat.

The experimental procedures employed were approved by
the Norwegian Committee for Ethics in Research on Animals
and were in agreement with the European Union council
directive 86/609/EEC.

2.2. Apparatus

Sexual incentive motivation was evaluated in a rectangular
arena (100×50×45 cm high) with rounded corners. At the long
sides were two diagonally opposed openings (25×25 cm). On
the outside of each of these openings a small (15×25×25 cm
high) box containing an incentive rat could be fitted. The animal
inside the cage was separated from the arena by a double wire
net. The mesh size was 12×12 mm and the two nets were
separated by 10 mm. This meant that the animals could hear,
see and smell each other while no direct physical contact was
possible. Video cameras, fixed to the ceiling above the center of
each arena, were connected to a computer and a videotracking
system (Ethovision Pro, Noldus, Wageningen, the Netherlands)
determined the experimental subjects' position with a frequency
of 5 Hz. A virtual zone of 21×29 cm was defined outside each
of the openings in the arena wall, and the time spent in these
zones and the number of entries into them were determined. In
addition, the distance moved during the test, the mean velocity
of movement while moving and the time not moving were
calculated. A more detailed description of the testing environ-
ment can be found in Ågmo (2003), and Ågmo et al. (2004).

Copulatory behavior was observed in rectangular sheet steel
cages (40×60×40 cm high) with a Plexiglas front and glass
floor. Under the floor there was a mirror tilted in an angle of 45°.
This allowed for a ventral view of the experimental subjects. All
test sessions were videotaped for later analyses.

The test for sexual incentive motivation was performed in a
room lit by dim, white light. Light intensity at the level of the
arena floor was about 5 lx. Tests for copulatory behavior were
performed in an adjacent room. Here, the light intensity was
around 25 lx, as measured at floor level in the mating cage.

2.3. Drugs

Sildenafil citrate was obtained as commercial tablets (Viagra®,
Pfizer, USA) containing 25 mg. The tablets were crushed in a
mortar and then dissolved in physiological saline. The reason for
using commercial tablets rather than the pure compound was that
we wanted to make the drug treatment as similar to the clinical
use of sildenafil as possible. Antibodies to C-terminal fragment
of endothelial NO synthase (mixture of homeopathic dilutions
C12, C30, C200; Impaza®, OOO NPF Materia Medica Holding,
Moscow, Russia) was provided as a ready-to-use solution in
distilled water. The actual concentration of antibodies is not
known, but the solution used here is identical to the one employed
in clinical practice.

2.4. Design and procedure

The males were familiarized to the motivation test arenas
during 3 sessions of 10 min each separated by 24 h. One of the
incentive animal boxes contained a sexually receptive female
and the other an intact male. The incentive animals were drawn
from a lot of 10–12 rats maintained for the purpose, and were
sexually experienced. This means that each incentive animal
was used more than once. A few days after familiarization to the
motivation test, screening tests for copulatory behavior were
initiated. Up to this point, all animals were sexually naïve. At
each test, the male was placed in the testing cage 5 min before
the introduction of a sexually receptive female. The latency to
the first mount with pelvic thrusting and the latency to the first
vaginal penetration (intromission) as well as the number of
mounts and intromissions before the first ejaculation were
recorded. The ejaculation latency (time from the first intromis-
sion until ejaculation) and the postejaculatory interval (time
between ejaculation and the next intromission) were also
determined. The test was ended at the end of the postejaculatory
interval, or 15 min after the introduction of the female if no
intromission occurred, or 30 min after the first intromission if
ejaculation had not occurred, or 15 min after ejaculation if no
postejaculatory intromission was performed before that time.
These tests were repeated twice weekly for 5 weeks. The same
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criteria for ending the test were employed also at the tests
performed during drug treatment. The likelihood of initiation of
copulatory behavior after the first 10 min exposure to a female is
very low (see e.g. Ågmo, 1999), so a longer test would probably
not increase the proportion of sexually active males.

At the end of the training period, the subjects were randomly
assigned to one of four groups of 10 rats each. One group was
treated with distilled water, 2 ml/rat and day for 28 days. The
second and third groups were given Impaza, 1 and 3 ml/rat and
day, respectively, for 28 days. The fourth group was treated with
sildenafil, 3 mg/kg in a volume of 2 ml/kg, twice weekly for
28 days. On the other days, these animals received distilled water,
2 ml/kg. All treatments were given orally by gavage. Care was
taken to avoid leakage from the mouth. Again, oral treatment was
used in order to be as close as possible to the clinical use of the
compounds. This was also the rationale for giving sildenafil twice
weekly rather than daily. Most men using sildenafil belong to an
age groupwhere the frequency of intercourse rarely exceeds twice
a week. The sildenafil dose is within the range of doses that
previously has been found to be effective in studies of copulatory
behavior in young rats (Ferrari et al., 2002).

The experimental phase started with a 10 min test for sexual
motivation immediately followed by a test for copulatory be-
havior. The following morning, drug administration was started.
Tests were then performed at days 7, 14 and 28 of drug treatment.
In parallel to the 4 experimental groups, a group of 12 young rats
was tested for sexual incentive motivation and copulatory
behavior in exactly the same way as the experimental rats. The
young animals had been subjected to familiarization to the
motivation arena and screening for copulatory behavior together
with the experimental rats.

2.5. Statistics

Sexual motivation was quantified in several ways. Most
important for evaluating the sexual incentive value of the
receptive female is the preference score (time spent in the female
incentive zone/ (time spent in the female incentive zone+time
spent in the male incentive zone)). The preference score at the
pretest was analyzed with ANOVAwith treatment as factor. The
score obtained at day 28 of treatment was evaluated with an
analysis of covariance with the preference score at pretest as
covariate. With regard to the time spent in the female and male
incentive zones as well as the number of visits to them, the pretest
data were evaluated by two-factor ANOVAs with repeated
measures on one factor, the within group factors being incentive
(male, female) and the between-groups factor being treatment.
Data from each of the tests performed during the treatment period
were evaluated with an analysis of covariance with treatment as
between-groups factor, incentive as within-groups factor and
pretest time spent in the male and female zones as covariates. In
case of significant interaction, tests for simple main effects of
incentive within each treatment as well as effects of treatment
within each incentivewere performed (Winer et al., 1991). Indices
of ambulatory activity were analyzed as the preference score.

Because of the low sexual activity displayed during the ex-
periment, the analyses of the data from the copulatory behavior
tests had to be limited to the proportion of subjects displaying
mount, intromission or ejaculation. Treatments were compared
with the chi-square test.

Data from the young group was not included in any of the
abovementioned analyses. However, data obtained at the session
immediately before the initiation of drug treatment to the ex-
perimental rats (pretest) were used for comparing the young group
with the older rats. The t-test was employed for the analysis of the
preference score and for all indices of ambulatory activity. The
time spent in the incentive zones as well as the number of visits to
themwere evaluatedwith amixed two-factor analysis of variance.
The within-groups factor was incentive (male, female) and the
between-groups factor was age (young, old).

Pretest data were also used for comparing copulatory be-
haviour in young and old rats. The proportion of animals dis-
playing mount, intromission and ejaculation was analyzed with
the Fisher exact probability test. The number of mounts and
intromissions was evaluated with Mann–Whitney's U-test. The
reason for employing a non-parametric test was that most ani-
mals had a value of 0 on both behavior patterns, making the
distribution of the data dramatically skewed. The latencies and
the postejaculatory interval were obtained from so few animals
that a meaningful analysis was impossible.

3. Results

One animal in the group to be treated with Impaza, 1 ml, died
before the beginning of drug administration. The same occurred
to a rat in the group to be given Impaza, 3 ml. The local
veterinarian performed autopsy but failed to identify the causes
of death. It was attributed to old age. Two other animals lost
weight and showed signs of bad health before the last drug
treatment test. One belonged to the group given Impaza, 1 ml,
and another to the group given sildenafil. These animals were
eliminated from all analyses.

3.1. Sexual motivation

3.1.1. Pretest
There were no significant group differences in preference

score at the pretest (F3,32=0.75, NS). Likewise, there was no
group difference in time spent in the incentive zones (F3,32=
0.56, NS), no difference between incentives (F1,32=0.23, NS)
and no interaction incentive× treatment (F3,32=0.99, NS).
Furthermore, none of the groups spent more time in the receptive
female incentive zone than in the male incentive zone or had a
preference score significantly above chance level. Data are
illustrated in Fig. 1 A and B.

The number of visits to the incentive zones did not differ
between groups (F3,32=0.92, NS) or between incentives (F1,32=
1.45, NS). The interaction between group and incentive was
also nonsignificant (F3,32=0.44, NS). These data are not shown.
The results from the pretest establish that the experimental
groups did not differ significantly before the beginning of drug
treatment.

When the pretest data from young and old rats were com-
pared, it was found that the preference score was significantly



Fig. 2. A. Preference score in old male rats obtained at the test on day 28 of drug
treatment. B. Time spent in the male and female incentive zones at day 28 of
treatment. Data are mean±SEM. ⁎, different from water, Pb0.05; ⁎⁎, Pb0.01. +,
different from no preference (a score of 0.5),Pb0.05. #, different frommale, same
treatment, Pb0.05.

Fig. 1. A. Preference score in old male rats (left panel) obtained at the test
performed before the beginning of drug treatments, the pretest. The right panel
shows data from a group of 4 months old rats tested in parallel with the
experimental groups. B. Time spent in the male and female incentive zones at
the pretest in the experimental groups (left panel) and in a group of young rats
(right panel). Data are mean±SEM. +, different from no preference, i.e. a score
of 0.5, Pb0.05. #, different from the male incentive, Pb0.05. For further
details, see text.
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larger in young than in old rats (t46=2.64, Pb0.05). Further-
more, the score in the young rats was significantly above chance
(t11=5.43, Pb0.001), showing that these animals preferred the
female over the male (see Fig. 1A, right panel). Concerning the
time spent in the incentive zones it was found that there was no
main effect of age (F1,46=2.25, NS). The main effect of in-
centive (F1,46=7.19, P=0.01) as well as the interaction age×
incentive (F1,46=8.50, Pb0.01) were significant. Tests for
simple main effects of group within each incentive revealed that
there was no difference between young and old rats with regard
to the time spent in the male incentive zone (F1,46=2.83, NS)
while there was a difference in the time spent in the female
incentive zone (F1,46=12.72, P=0.001). Tests for simple main
effects of incentive within groups showed that the young rats
spent more time in the female than in the male incentive zone
(F1,46=10.45, Pb0.01). There was no difference between
incentives in the old rats (F1,46=0.06, NS). Data are illustrated
in the right panel of Fig. 1 B. Analysis of the number of visits to
the incentives showed that the young rats made more visits than
the old rats (F1,46=7.66, Pb0.01). There was no difference
between the number of visits made to the male and female
incentives (F1,46=2.60, NS) and no interaction age× incentive
(F1,46=0.08, NS). Thus, the young rats were generally more
active than the old rats.

The comparisons between young and old rats show that age
did not influence approach to a social incentive (the male). In
contrast, approach to a sexual incentive was much reduced in
the old rats. Thus, sexual incentive motivation appears to be low
or absent in such rats.

3.1.2. Tests during drug treatment
Since the young rats did not receive any drug treatment, no

further mention is made of them. Consequently, the subsequent
part of the results refers exclusively to data from the 20 months
old rats.

The results from the tests at day 7 and 14 of treatment were
similar to those obtained at the pretest. There was no significant
difference between treatments, and the subjects did not show
any preference for the sexually receptive female (all Psb0.13,
data not shown). On test day 28, there was a significant
difference between treatments with regard to the preference
score, (F3,31=3.93, Pb0.05). When treatment groups were
compared to control, it turned out that the groups treated with
Impaza, 3 ml, and sildenafil had a preference score above that of
the control group (Pb0.05). When the preference score
obtained at each treatment was compared to no preference (a
score of 0.5), it was found that only the group given Impaza,
3 ml, had a significant preference for the female incentive.
Results are illustrated in Fig. 2A.

Analysis of the time spent in the incentive zones did not
reveal any main effect of treatment (F3,30=0.15, NS) or of
incentive (F1,30=2.67, NS) while the interaction treatment× in-
centive turned out to be significant (F3,30=4.08, Pb0.05). Tests
for simple main effect of incentive within treatment showed that
the subjects treated with Impaza, 3 ml, spent more time in the
female incentive zone than in the male incentive zone (F1,31=
10.53, Pb0.01). There was no significant difference between
incentives within other treatments (PsN0.08). When treatment
effects within each incentive were analyzed, it turned out that the
treatments differed with regard to the time spent in the male
incentive zone (F3,31=4.14, Pb0.05) but not with regard to that
spent in the female incentive zone (F3,31=1.23, NS). Post hoc
analyses revealed that the groups treated with Impaza, 3 ml,
and sildenafil spent less time in the male incentive zone than



Table 1
Sexual behavior in male Fisher 344 rats about 4 months (Young) and about
20 months (Old) of age

Behavior Young Old

Proportion of animals displaying mount 58 8⁎⁎

Proportion of animals displaying intromission 33 8
Proportion of animals displaying ejaculation 25 8
Number of mounts 8.1±3.3 1.2±0.78⁎⁎⁎

Number of intromissions 1.8±0.9 0.5±0.3⁎

Mount latency 145±70 80±51
Intromission latency 112±82 245±167
Ejaculation latency 487±95 453±105
Postejaculatory interval 430±32 392±86

Data are mean±SEM. Latencies are expressed in s. ⁎⁎, different from young,
Pb0.01; ⁎⁎⁎, Pb0.001.
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controls, while there was no effect of the other treatments
(Fig. 2B).

3.2. Ambulatory activity

Indices of general activity revealed that the groups moved a
similar distance during the pretest (F3,32=0.24, NS), had a
similar velocity of movement while moving (F3,32=0.27, NS)
and spent about the same time not moving (F3,32=0.33, NS) at
that test. This was also the case at the test performed on day 28
of treatment (distance, (F3,32=1.42, NS; velocity (F3,32=0.86,
NS); inactivity time (F4,40=0.62, NS)). Thus, no treatment
affected any of the parameters indicative of general activity.
Data from the test performed on day 28 of treatment are shown
in Fig. 3.

While the drug treatments failed to affect ambulatory activity,
data from the pretest show that age had a profound effect.
Comparison between the young and old animals with regard to
the distance moved during the test shows that the young moved
longer than the old animals (t46=6.63, Pb0.001). Likewise, the
young animals moved faster as revealed by analysis of the mean
velocity of movement while moving (t46=3.15, Pb0.01). In
contrast, there was no difference between young and old rats
with regard to the time spent without moving (t46=1.27, NS).
Fig. 3. Distance moved during the test performed at day 28 of treatment (A),
mean velocity of movement (B) and time spent in inactivity (C) at that test. For
comparison, data from a group of young rats tested in parallel with the
experimental groups are shown to the right in each panel. Data are mean±SEM.
These data show that the younger rats moved a longer distance
because they moved faster than the old rats but not because they
spent more time moving. Data are illustrated in Fig. 3, right
panels.

3.3. Copulatory behavior

All experimental groups displayed a very low level of sexual
behavior at the pretest. In fact, the number of rats displaying
mount, intromission and ejaculation was so low that no mean-
ingful analysis of these parameters could be performed. Despite
the fact that the rats were randomly assigned to the treatment
groups immediately before the pretest, it appeared that the group
to be treated with water included more sexually active animals
than the other groups. During the entire experiment, 3 animals in
this group mounted, intromitted and ejaculated on at least one
occasion. In the group given sildenafil, one rat achieved ejacu-
lation at the test on day 14 of treatment. Otherwise no copulatory
activity was observed in any group. At the test performed on
day 28 of treatment, for example, one rat in the group treated
with water mounted, intromitted and ejaculated. In the other
groups, not one single animal mounted. Not surprisingly, the χ2

test revealed that there was no significant group difference (all
PsN0.34).

When the pretest data from the young rats were compared to
those from the old rats several differences were found. The
proportion of young rats displaying at least one mount was
significantly larger than that of the old rats (P=0.001, the Fisher
test), and the number of mounts performed was superior in the
young rats (Mann–Whitney's U=112, Pb0.001). There was a
borderline effect of age on the proportion of rats displaying
intromission (P=0.051, the Fisher test) while the number of
intromissions was larger in the young than in the old rats (Mann–
Whitney's U=166.5, Pb0.05). To the contrary, there was no
significant difference with regard to the proportion of animals
ejaculating (P=0.15, the Fisher test). This is due to the rather
low number of young rats achieving ejaculation at this particular
test. The low number of old rats displaying copulatory behavior
made statistical comparisons of mount, intromission and
ejaculation latencies as well as of the postejaculatory interval
meaningless. Nevertheless, it can be maintained that about
4 months old Fisher 344 rats display a more intense sexual
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behavior than rats 20 months old do. Data are summarized in
Table 1.

4. Discussion

The Fisher 344 rats displayed very little sexual behavior
when their first encounter with a sexually receptive female
occurred at the age of 20 months. In fact, their sexual behavior
was much inferior to that previously reported for Fisher rats
having acquired extensive sexual experiencewhen young.When
tested at about the same age (21–22 months) between 30 and
40% of these rats displayed ejaculation (Chambers et al., 1991;
Roselli et al., 1993). Substantial sexual activity has also been
found in old, sexually experienced rats of other strains (Smith
et al., 1992). The proportion of rats displaying ejaculation at
pretest in the present study, 6%, was much lower than in the
studies mentioned above. This observation suggests that
acquisition of sexual experience when young enhances the
likelihood of displaying sexual behavior when old. Indeed, the
only other study in which sexually inexperienced animals were
employed reported that only 16% ejaculated when tested at 18–
19 months of age (Tsai et al., 1994). This is not much different
from the results obtained with our 20 months old animals,
supporting the notion that prior experience is a crucial deter-
minant of sexual behavior in old rats. Independently of this, it
can be concluded that our aim of testing Impaza and sildenafil in
rats with spontaneously low sexual activity was fulfilled.

Not only did most of the old rats fail to display sexual
behavior, but they also failed to show any signs of sexual
incentive motivation. They did not spend more time in the
vicinity of a receptive female than in the vicinity of another male.
This is in sharp contrast to a wealth of data from youngmale rats,
in which a preference for the receptive female has been solidly
established in a variety of procedures (see Ågmo et al., 2004;
Pfaff and Ågmo, 2002, for a discussion). It is probably so that the
sexually receptive female's lack of incentive properties for old
males is the cause of the absence of copulatory behavior in these
males. As pointed out in the Introduction, sexual behavior is not
possible at a distance, and if the female is unable to activate
approach behaviors there is no way she can activate copulatory
behaviors. Sexual incentive motivation was not evaluated in any
of the studies with old rats mentioned above, but it is likely that
the reduced proportion of males displaying copulatory behavior
as well as the reduced intensity of that behavior in the few males
who did display it are a consequence of reduced sexual moti-
vation. The data from the group of young rats tested in parallel to
the experimental subjects substantiate this notion. The young
animals did not only show a more intense sexual incentive
motivation than the old animals but also a more intense
copulatory behavior. It seems, then, that old male rats constitute
a good model for studying potential treatments for reduced or
absent sexual incentive motivation.

Impaza, 3 ml, seemed to enhance sexual incentive motivation
at the test performed on day 28 of treatment in the way that the
experimental males approached the incentive female more than
the incentive male. However, this was mainly due to a reduced
intensity of approach to the male incentive. The time spent in the
female incentive zone was increased compared to control, but not
sufficiently for statistical significance, making it questionable
whether the female's incentive value was enhanced by the drug
treatment or not. Indeed, the continued absence of copulatory
behavior shows that the incentive motivational properties of the
female were not sufficient for making the males engage in
copulatory activity. Nevertheless, it is possible that a longer
treatment period would have succeeded in having more robust
effect on incentive motivation and eventually also on copulatory
behavior. Since the time course of the effects of Impaza on eNOS
is not well known, this is pure speculation, however. In this
context it is worthwhile to remember that much evidence show
that approach to a potential mate is controlled by mechanisms
partly different from those controlling the execution of copulatory
behavior (see e.g. Ågmo, 2002), and that male rats may display
approach behavior even though copulation does not follow (Stone
et al., 1935). To the contrary, copulation without preceding ap-
proach is impossible, as already pointed out.

Sildenafil did not significantly modify sexual incentive
motivation although its effect on the preference score was of
borderline significance (P=0.05). Like Impaza, 3 ml, it reduced
the time spent in the male incentive zone at the test performed
on day 28 of treatment without producing any significant
increase in the time spent in the female incentive zone. This
observation suggests that the effect seen with Impaza, 3 ml, is
not spurious but somehow related to enhanced activity of NO-
dependent mechanisms. How such enhanced activity reduces
approach to the male incentive is not entirely clear, but some
speculations can be made. We have earlier shown that approach
to the male is mainly determined by social motivation. For
example, manipulations altering sexual motivation, like castra-
tion or extensive sexual activity immediately preceding the test,
do not modify approach behaviors to the male (Ågmo, 2003;
Ågmo et al., 2004). Others have also shown that male rats
approach other males (Eckman et al., 1969; Latané, 1969;
Latané et al., 1972, 1973; Latané and Glass, 1968), and that this
social approach is independent of immediately preceding sexual
activity (Sloan and Latané, 1974). In view of this it is likely that
the reduced approach to the male seen after Impaza, 3 ml and
sildenafil is a result of lowered social motivation.

This proposal is substantiated by the fact that the time spent
in the male incentive zone after Impaza, 3 ml and sildenafil is
not larger than the time the experimental subjects would have
spent there if their position in the arena were random. A
calculation of the time the males should be expected to spend in
the incentive zones if their position indeed were random gives
83 s ((incentive zone surface / total arena surface)× test dura-
tion). This is superior to the value obtained in the group treated
with Impaza, 3 ml, in which the experimental males spent 44±
13 s (mean±SE) in the male incentive zone. In fact, this value is
significantly different from the expected value of 83 s (t8=2.89,
Pb0.05). It appears, then, that the males treated with Impaza,
3 ml actively avoided the incentive male. In the group given
sildenafil there was no difference between actual and theoretical
random time in the male incentive zone (88±27 and 83 s,
respectively; t9=0.86, NS), suggesting that these males neither
approached nor avoided the male incentive. For comparison, it
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may be mentioned that the control males spent more time in the
male incentive area than random position would predict (194±
46, t9=2.42, Pb0.05). This coincides with earlier data showing
that male subjects spend more time in the vicinity of another
male than in the vicinity of an empty incentive cage (Ågmo
et al., 2004). Furthermore, this observation confirms that male
rats are socially attracted to other males.

The arguments exposed in the preceding paragraph suggest
that sildenafil abolished social motivation while Impaza, 3 ml,
not only eliminated the incentive male's social incentive value,
but also turned him into a negative incentive, producing with-
drawal. These effects could, in principle, be explained by an
anxiogenic action of Impaza and in minor degree of sildenafil. A
study performed in male Fisher 344 rats shows that anxiogenic
compounds reduce the time spent close to an inaccessible social
incentive (a male rat) whereas anxiolytic compounds enhance it
(Nicolas and Prinssen, 2006). Indeed, a reduced time close to a
social incentive was exactly what was observed in the present
experiment. However, data are contradictory with regard to the
effects of nitric oxide and cGMP on anxiety (see Guimaraes
et al., 2005 for a review). Some effects have been reported in the
elevated plus-maze, but the few studies employing the social
interaction test for anxiety have reported mixed effects of altered
availability of nitric oxide. For example, Volke et al. (1997)
reported enhanced social interaction following treatment with
the nitric oxide synthase inhibitor 7-nitroindazole. However, a
study employing another nitric oxide synthase inhibitor, NAME,
did not find any effect at all on social interaction (Vale et al.,
1998). The effects of manipulations of cGMP concentrations
with sildenafil on anxiety-like behaviors have not been much
studied, but the majority of data suggests an anxiogenic action
(Kurt et al., 2004; Volke et al., 2003). Unfortunately, the data
stem exclusively from mice, and there is no study with regard to
effects on social interaction. Nevertheless, it does not seem
unreasonable to suggest that the reduced social motivation ob-
served after treatment with sildenafil or Impaza, 3 ml may be
related to anxiogenic effects of enhanced activity in the nitric
oxide–cGMP pathway. Additional experiments are needed in
order to determine how nitric oxide-dependent mechanisms
modify social motivation.

An interesting consequence of the reduced social motivation
displayed by the animals treated with sildenafil and particularly
with Impaza, 3ml combinedwith the fact that the time spent in the
female incentive area was not reduced, is that the female's sexual
incentive value must have been enhanced by these treatments.
Considering that the female is both a social and sexual incentive,
reduced social motivation must have been compensated for by an
increase in sexual motivation. Otherwise, the time spent in the
female incentive area should have been reduced. Thus, it can be
speculated that sildenafil and especially Impaza, 3 ml, enhanced
the female's sexual incentive value. However, only further studies
in other procedures can substantiate this proposal. Nevertheless,
the data obtained in the experiment reported here are sufficiently
suggestive to justify such studies.

None of the behavioral effects observed after treatments with
sildenafil and Impaza can be attributed to altered general activ-
ity. All activity indices failed to detect any difference between
treatments. It is noteworthy, though, that a group of younger
Fisher 344 males had a much higher activity than the old males
employed in the experiment. This observation suggests that
reduced sexual activity is only one of many behavioral changes
occurring with advancing age.

At present, the pharmacokinetics and pharmacodynamics of
Impaza are entirely unknown. However, the data mentioned in
the Introduction show that it does stimulate eNOS activity and
that it constitutes an efficient proerectile treatment. Since
eNOS is located in blood vessels, there is no need for the
compound to cross the blood-brain barrier in order to be active.
Nevertheless, it needs to be absorbed from the intestines and
enter the circulation. The exact mechanisms participating in
these processes are not known. Incomplete knowledge of the
mechanisms of action is not unusual among clinically active
compounds, though.

In sum, the data obtained in the present experiment show that
old male rats fail to approach a sexually receptive female more
than another male. Furthermore, sexually naïve old males show
very little copulatory behavior when given access to a sexually
receptive female. Stimulation of eNOS may enhance sexual
incentive motivation in these old rats without activating copu-
latory behavior. The PDE5 inhibitor sildenafil had a borderline
effect on incentive motivation and none on copulatory behavior.
The effects on social motivation observed in the present ex-
periment are difficult to explain, but they suggest that nitric
oxide–cGMP dependent mechanisms are among the many
central nervous mechanisms determining social incentive value.
Present results show that proerectile compounds acting through
the nitric oxide–cGMP system may have important effects on
motivational processes.
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