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Abstract

In the present study a comparison was made between the distribution of Fos immunoreactivity in the brain of female and male rats
following successive elements of sexual behavior. The distribution of Fos immunoreactivity following either mounting, eight intromis-
sions or one or two ejaculations was compared with that in control animals. In both females and males, Fos immunoreactivity was
induced in the medial preoptic nucleus, posteromedial part of the bed nucleus of the stria terminalis, posterodorsal part of the medial
amygdala, and the parvicellular part of the subparafascicular thalamic nucleus. In addition, Fos immunoreactivity in females was induced
in the ventrolateral part and the most caudoventral part of the ventromedial nucleus of the hypothalamus and in the premammillary
nucleus. Differences between females and males were detected in the phases of sexual activity that resulted in Fos immunoreactivity in
these brain areas, allowing more insight in the nature of the sensory and hormonal stimuli leading to the induction of Fos
immunoreactivity. The posteromedial bed nucleus of the stria terminalis appears to be involved in chemosensory investigation, while
specific distinct subregions are only activated following ejaculation. In addition, the parvicellular subparafascicular nucleus and the lateral
part of the posterodorsal medial amygdala appear to be involved in the integration of viscero-sensory input. The neural circuitries
underlying sexual behavior in males and females appear to be similar in terms of integration of sensory information. In males the medial
preoptic nucleus may be regarded as the brain area where the integration of sensory and hormonal stimulation leads to the onset of male
sexual behavior, while in females the ventrolateral part of the ventromedial hypothalamic nucleus appears to have this function. In
addition, Fos immunoreactivity was distributed in distinct clusters in subregions within various brain areas in males and females. This was
observed especially in the posteromedial bed nucleus of the stria terminalis and posterodorsal medial amygdala, but also in the
parvicellular subparafascicular nucleus, ventromedial hypothalamic nucleus and ventral premammillary nucleus. It appears that relatively
small subunits within these nuclei seem to be concerned with the integration of sensory and hormonal information and may play a critical
role in sexual behavior.
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1. Introduction In a previous study from our laboratory [6,7], the distri-
butions of Fos-IR neurons were compared following differ-

The immunocytochemical visualization of the protein ent behavioral situations in which male rats were able to
product (Fos) of the immediate early gene c-fos has been display consummatory aspects ol sexual behavior, mnclud-
used as a marker for the activation of neurons stimulated ing intromissions and ejaculations, or appetitive aspects
in various ways [14,25]. Several investigators have studied during the interaction with anestrous females or in a
neural activation in the male rodent brain following copu- sex-odor rich environment. Differences in the distribution
lation using Fos immunoreactivity (IR). Increases in Fos-IR of Fos-IR after these different behavioral aspects of male
were reported in the medial preoptic area (MPOA), the bed copulatory behavior were observed 1n specific subregions
nucleus of the stria terminalis (BNST), the medial amyg- of the MPOA, BNST, MEA, and the central tegmental
dala (MEA), and in the midbrain central tegmental field in field. Fos-IR in the medial preoptic nucleus (MPN) and in
male rats [2,37,46] and hamsters [11,18,48]. the parvicellular part of the subparafascicular thalamic

nucleus (SPFp) was observed only following mating in-
cluding intromissions and ejaculations, suggesting that
these areas were mainly involved in the performance of
* Corresponding author. mating. Fos expression in the posteromedial part of the
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BNST (BNSTpm) and in the posterodorsal part of the
MEA (MEApd) was evident in males following mating or
chemosensory investigation. However, mating and not
chemosensory investigation was followed by appearance
of clusters of Fos-IR neurons in the BNSTpm and MEApd.

Until the present time, we have studied the distribution
of Fos-IR following mating performance without taking 1n
account the elements: mounts, intromissions and ejacula-
tions separately. Therefore it was not clear which behav-
ioral elements specifically resulted in Fos-IR 1n the partic-
ular brain areas. In the present study, we studied the
distribution of Fos-IR neurons following each of these
successive elements of the consummatory phase of sexual
behavior to understand what specific stimult from the
complex behavioral situations result in increases in Fos-IR
in the male rat brain.

The activation of Fos-IR following copulatory behavior
has also been studied in female rodents. Several investiga-
tors have reported that Fos-IR is induced following mating
in female rodents in the MPOA, BNST, MEA, central
tegmental field, ventromedial hypothalamic nucleus
(VMH), and periagquaductal gray (PAG)
[10,21,33,34,38,42,46]. It was also reported that vaginocer-
vical stimulation, by intromissions and ejaculations of the
male partner or by manual probing, was followed by a
much stronger induction of Fos-IR than the Fos-IR after
lordosis behavior induced by flank stimulation [33,38,42].
Since vaginocervical stimulation seems to be essential for
the induction of Fos-IR in the female brain, we were
interested to know which phases of sexual behavior induce
Fos-IR 1in spectfic parts of the brain. Therefore, in addition
to investigating the distribution of Fos-IR in the male rat
brain following several phases of sexual behavior, the
distribution of Fos-IR 1n the brain of their female partners
was studied to determine 1if the distribution of Fos-IR
neurons after various phases of sexual behavior differs
between males and females.

The induction of Fos-IR was studied in sexually experi-
enced male and female rats, following mounting behavior,
itromissions and either one or two successive ejacula-
tions. In addition to a quantitative analysis of the numbers
of Fos-IR neurons in the MPN, BNSTpm, MEApd and
SPFp, the distribution of the Fos positive neurons was
investigated.

Table 1

2. Materials and methods

2.1. Animals

Male and female Wistar rats (n = 15 each, 3 months of
age) obtained from the local breeding facilities, were
group-housed by sex in separate artificially lighted rooms
on a reversed 12:12 light /dark cycle. Lights in the female
colony were off between 12.00 and 24.00 h; lights in the
male colony were off between 05.00 and 17.00 h. Food
and water were available at all times. Two days betore
testing, rats were housed individually.

2.2. Experimental protocols

All male and female rats were sexually experienced.
Male rats were allowed to copulate during four or five
pre-test mating sessions and were included after displaying
ejaculation within the first 10 min of the last two mating
sessions. The female rats were bilaterally ovariectomized
three weeks prior to testing. Sexual receptivity was 1in-
duced using a standard regimen of exogenous estrogen and
progesterone. This includes administration of 50 wg estra-
diol benzoate (EB) /0.1 ml arachidis-oil 48 h before test-
ing, and 500 wg progesterone (P) /0.1 ml arachidis oil 4 h
before testing. Females received hormone treatment and
mating experience with different sexually experienced male
partners, one week before testing.

All testing occurred during the second half of the
male’s dark period (between 12.30 and 13.15 h) when the
males show vigorous sexual behavior. By contrast the
female receptive period begins at the onset of the dark
period. To maximize sexual behavior in males and fe-
males, they were housed under different light /dark peri-
ods. Testing was performed under dim red light and at no
time were animals exposed to bright white light to avoid
Fos expression induced by light.

To study the induction of Fos-IR in different brain areas
in males and females after several phases of sexual behav-
lor, five test-situations were used. Both males and females
were divided in four experimental and one control group.
All testing occurred in a rectangular mating arena (40-50-
65 cm) that was not cleaned between mating sessions and
therefore contained sex-related odor cues. In the control

The average numbers (£ S.E.M.) of mounts (#M), intromissions (#IM) and ejaculations (#EJ), and the average duration in time (TIME), indicated in
minutes (') and seconds (), of the different behavioral situations in males and females

Males
#M #IM #E] TIME
Mount 19.3 + 0.7 0 0 7'40" + 20"
8 IM 4.3 +4+009 8 0 4’ 28" + 50"
1 EJ 3.74+0.3 14.0 4+ 1.5 I 6°04" -+ 42"
2 EJ 10.34+94 17.7 + 3.8 2 12706" + 4/ 07"

Females

#M #IM #E] TIME

153 +24 0 0 640" + 120"
3.0+ 1.7 3 0 350" +1'10"
3.7 + 0.3 1404+ 1.5 i 6'04" +42"
10.3 4+ 9.4 17.7 + 3.8 2 1206”7 +4'07"

Mount: mounts only; 8 IM: 8 intromissions; 1 EJ: one ¢jaculation; 2 EJ: two ejaculations.
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group (males: n =3, females: n=3), the animals were
placed in the mating arena with clean bedding without
presentation of a mating partner. In the four experimental
groups, 5 min after the males were placed in the mating
arena with clean bedding, the receptive female partner was
introduced. The durations of the different tests and the
numbers of mounts, intromissions and ejaculations, are
presented in Table 1. The first experimental group con-
sisted of males only allowed to mount (n = 3) and females
(n = 3), which were only mounted, without intromissions.
The males mounted estrous females with vaginal masks
(tape covering the vagina and perineum) and the females
were mounted by males with lidocaine-treated penises,
unable to intromit. The second group consisted of males
(n=13) and females (n = 3) achieving and receiving eight
intromissions, but no ejaculations. After eight intromis-
sions, animals were removed from the arena. In the third
group, males (n = 3) and females (n = 3) were tested until
one ejaculation occurred. And finally in the fourth group,
males (n = 3) and females (n = 3) were tested until two
ejaculations had occurred.

After the test period, male and female rats were taken
back to their home cages. Sixty min after replacing the
animals to their home cages, they were anaesthetized using
sodium pentobarbital (Narcovet, 30 mg/0.5 ml, i.p.),
treated i.p. with 1 ml heparine (Organon Teknika, Boxtel,
The Netherlands) to prevent excessive bloodclotting, and
perfused transcardially with 0.1 M phosphate buffered
saline (PBS), pH 7.3, followed by 400 ml 4% paraformal-
dehyde 0.1 M PBS, pH 7.5. Brains were removed and
postfixed for 16—18 h at 4°C in the same fixative.

2.3. Additional female control groups

Since all females received hormone treatment with EB
and P to induce sexual receptivity, additional control situa-
tions were included to study the effects of the hormone
treatment on the distribution of Fos-IR. Three groups of
females were tested. Two weeks after ovariectomy, all
females received hormone treatment of EB and P, and
mated with different male partners. One week later, in the
first group, 4 h tollowing progesterone administration,
hormone-treated females (n = 2) were placed in the mating
arena with clean bedding, for a period of 15 min, after
which they were returned to their home cages. This proce-
dure was similar to the procedure used for the group of
control females described above. The second group con-
sisted of hormone-treated females remaining in their home
cages (n =2). These females were sacrificed at the same
time following the progesterone administration as the fe-
males that were placed in the mating arena, which added
up to approximately 5 h and 15 min. A third group of
females received no hormone treatment and remained In
their home cages (n = 2). These females were sacrificed
simultaneously with the females 1n the other two groups by
transcardial perfusion as described above.

2.4. Immunocytochemistry

Coronal sections were cut at 75 wm using a vibratome
(BioRad) and collected in 0.1 M PBS. Free-floating sec-
tions were washed twice in PBS and soaked for one h in
incubation solution (PBS containing 0.1% bovine serum
albumin and 0.5% triton X-100). Next, sections were
incubated overnight on a shaker at room temperature with
an anti-Fos antiserum raised in sheep (OA-11-824, Cam-
bridge research Biochemicals, Northwich, UK), diluted
1:10000 in incubation solution. Subsequently, sections
were incubated in donkey anti-sheep (1:400 in incubation
solution, Jackson) for 60 min at room temperature and in
ABC-Elite (Vector 1:800 in PBS) for 120 min at room
temperature. In between incubations, sections were washed
in PBS. The peroxidase complex was visualized by expo-
sure for 10 min to a chromogen solution contatning 0.02%
3,3'-diaminobenzidine tetrahydrochloride (DAB) with 0.3%
Nickel-ammonium sulfate in 0.05 M Tris-buffer (pH 7.6),
followed by incubation for 10 min in chromogen solution
with hydrogen peroxide (1:3000) to produce a blue-black
product. The reaction was terminated by extensive washing
in PBS. All sections were double-stained for calcttonin
gene related peptide-immunoreactivity (rabbit polyclonal
antisera, Amersham, UK), of which the results will be
described in detail in a separate report. Sections were then
mounted on gelatin /chrom aluin-coated glass slides, dried
overnight, cleared in xylene, embedded with Entellan
(Merck, Darmstadt, Germany) and coverslipped.

2.5, Analysis of Fos-IR in brain sections

For quantification of the numbers of Fos-IR neurons
following the different behavioral situations, animals were
given codes not related to their test-situations. Fos-IR were
counted in the medial preoptic nucleus (MPN), posterodor-
sal medial amygdala (MEApd), posteromedial bed nucleus
of the stria terminalis (BNSTpm), parvicellular subparafas-
cicular nucleus (SPFp), and in the ventrolateral part of the
ventromedial hypothalamic nucleus (VMHvI) in a standard
area of 0.25 mm* (MPN, MEApd) or 0.125 mm-
(BNSTpm, SPFp, VMHVI), in two adjacent sections repre-
sentative for each brain area where dilferences in Fos-IR
were observed, using a Zeiss light microscope and draw-
ingtube. In the caudoventral part of the ventromedial hy-
pothalamic nucleus (VMHcv) and the ventral premammil-
lary nucleus (PMV), Fos-IR neurons were counted within
the borders of the particular nucleus without using a
standard area.

The data are presented as mean numbers (4 S.JE.M.) of
Fos-positive cells in two adjacent sections. Comparisons
between groups were statistically analysed using the Dun-
can multiple range test, with a 95% level of significance.
Numbers of Fos-IR neurons in the additional control fe-
males are presented in Fig. 4 as means of Fos-positive
cells in (wo adjacent sections. Since the groups each
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Fig. 2. Mean numbers of Fos-IR neurons (4=S.E.M.) in the VMHyI in
females following successive elements of copulation. C: confrol, M:
mounts only, IM: eight intromissions, 1EJ: one gjaculation, 2EJ; two
cjaculations. Open asterisk indicates a significant difference ( 2 < ().05) in
comparison with the control group. Closed asterisk represents a signifi-
cant difference (P <0.05) in comparison to the adjacent experimental
group on the left or Lo another experimental group when indicated.

contained only two subjects, the data are presented as
means without S.E.M. and were not statistically analysed.
In addition to counting of Fos-IR neurons, the distribution
of the Fos-IR neurons was studied. Differences in distribu-
tions are presented in photomicrographs.

3. Results
3.1. Numbers of Fos-IR neurons in males

Induction of Fos-IR was observed in the MPN, BN-
STpm, MEApd, and SPFp following sexual behavior. Not
all phases of sexual activity were followed by increased
numbers of Fos-IR neurons, and this varied for the particu-
lar brain areas (Fig. 1A-D). In the male MPN (Fig. 1A),
increasing numbers of Fos-IR neurons were observed fol-
lowing increasing sexual activity. The numbers of Fos-IR
neurons were increased following mounts, but were further
increased following intromissions or one or two ejacula-
tions. In the BNSTpm (Fig. 1C), MEApd (Fig. 1E), and
SPFp (Fig. 1G) a single or two ejaculations, were followed
by increases in the number of Fos-IR neurons. Although
both one or two ejaculations resulted in increases in Fos-IR
in all four brain areas, numbers of Fos-IR following two
ejaculations were significantly higher in all regions com-
pared to one ejaculation.

3.2. Numbers of Fos-IR neurons in females

In the female MPN (Fig. 1B), BNSTpm (Fig. 1D) and
MEApd (Fig. 1F) the numbers of Fos-IR neurons were
mcreased only following one or two ejaculations. In the
SPFp (Fig. 1H), intromissions or successive numbers of
ejaculation were followed by increases of Fos-IR cells.
However, in none of the four brain regions were the
numbers of Fos-IR neurons following two ejaculations
higher than following one ejaculation.

3.3. Distribution of Fos-IR in other brain areas in males
and females

Apart from these four areas, populations of Fos-IR
neurons were observed consistently in other brain regions.
In the male rat, Fos-IR neurons were situated in the
posterodorsal preoptic nucleus (PD; Fig. 7F) and in the
posterior nucleus of the amygdala (PA) only following
ejaculation and not following mounting or intromissions.

In females, Fos-IR in the PA was also only detected
following one or two ejaculations. However, in contrast to
the males, Fos positive cells were detected in the PD in all
females (Fig. 7A,C,E). In addition, in all female rats,
induction of Fos-IR was observed in the ventral premam-
millary nucleus (PMV; Fig. 3H) and in the most caudoven-
tral part of the VMH (VMHcv) close to the ventral border
of the brain (Fig. 3D,E). This subregion is cytoarchitecton-
1cally ditferent from the VMHvI and the PMV and can be
observed as a dark-staining cell cluster in Giemsa-stained
sections. In both the PMV and VMHcy, the numbers of
Fos-positive cells in the control females did not differ from
the number of Fos-IR cells 1n sexually-active females, and
no differences were observed following the several types
of sexual activity. In males, Fos-IR neurons were few in
the PMV (P < 0.001; Fig. 31), and VMHcv (P < 0.001;
Fig. 3F).

In females, Fos-IR was observed in the ventrolateral
region of the VMH (VMHVvI; Fig. 3A), where a small but
significant increase in the numbers of Fos-positive cells
was detected in females following mounting (Fig. 2).
Numbers of Fos-IR neurons were further increased follow-
ing increasing sexual activity. Following intromissions, the
number of Fos-IR cells was slightly higher, and a strong
induction could be observed following two ejaculations. In
addition to the increasing numbers of Fos-IR neurons,
there was also a tendency towards stronger staining inten-
sity of the Fos-IR cells with increasing sexual activity. No
Fos-IR neurons were observed in the VMHvI in the male
partners (Fig. 3C).

Fig. 1. Mean numbers of Fos-IR neurons (4 S.E.M.) in the MPN (A,B), BNSTpm (C,D), MEApd (E,F) and SPFp (G,H) in males (left column) and
females (right column) following successive elements of copulation. C: control, M: mounts only, IM: eight intromissions, 1EJ: one ejaculation, 2EJ: two
ejaculations. Significant differences (P < 0.05) are indicated by asteriks. Open asterisk indicates comparison with control group, closed asterisk indicates

comparison to adjacent experimental group on the left,




































