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Studies have shown that the vomeronasal system (VNS), an olfactory neural network that
participates in the control of reproductive physiology and behavior, is sexually dimorphic in
the rat. These works have also shown two main characteristics of brain sexual dimorphism:
(a) dimorphism appears in neural networks related to reproduction and (b) it can present

Keywords: two morphological patterns: one in which males present greater morphological measures
Rabbit than females (male > female) and another in which the opposite is true (female > male). The
Lagomorph present work extends the hypothesis to the rabbit, as a representative species of

Rat Lagomorpha. In addition, the locus coeruleus (LC), which is known to send rich
Sex difference

Sexual dimorphism
Vomeronasal system

noradrenergic projections to VNS structures, was also studied. Sex differences were found
in: (a) the number of mitral, and dark and light granule cells (female > male) of the accessory
olfactory bulb (AOB); (b) the medial amygdala (Me) and its dorsal (Med) and ventral (Mev)
subdivisions, males showing greater values than females in volume and number of neurons,
while in the posteromedial cortical amygdala (PMCo or Cs), females show greater density of
neurons than males and (c) the posteromedial division of the bed nucleus of the stria
terminalis (BSTMP) in which males have more neurons than females. No sex differences
were seen in the bed nucleus of the accessory olfactory tract (BAOT) and the LC. These
results evidence that, as it was observed in rodents, sex differences are also seen in the VNS
of Lagomorpha and that these sex differences present the two morphological patterns seen
in Rodentia. Differences between orders are discussed with respect to the species-specific
physiological and behavioral peculiarities.

© 2006 Elsevier B.V. All rights reserved.

1. Introduction of vertebrate reproductive behaviors. Starting with Powers and

Winans (1975) who demonstrated that the vomeronasal organ

The dual olfactory system hypothesis, which proposes the
existence of two separate olfactory pathways: the main and
vomeronasal pathways (Scalia and Winans, 1975, 1976;
Winans and Scalia, 1970), has generated a huge amount of
research and has helped us to understand important aspects

* Corresponding author.
E-mail address: aguillamon@psi.uned.es (A. Guillamon).

(VNO) participates in the control of copulatory behavior of
male hamsters, many studies have appeared in the literature
suggesting that the VNS mediates the action of pheromones
implicated in the expression of masculine and feminine
behavior, maternal behavior and physiological primer
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pheromone mechanisms that influence puberty and estrous
cycle (see for review Del Cerro, 1998; Halpern, 1987; Halpern
and Martinez-Marcos, 2003; Wysocki, 1979).

At the beginning of the eighties, and working with rats, we
found that the rat VNO is a sexually dimorphic chemosensory
structure differentiated by gonadal hormones early after birth
(Segovia and Guillamon, 1982) and we suggested that the whole
vomeronasal system (VNS) could be sexually dimorphic (see for
review Guillamon and Segovia, 1993, 1996, 1997; Segovia and
Guillamon, 1986, 1993, 1996, Segovia et al., 1999). The structures
that receive vomeronasal input, such as the medial amygdala
(Me), medial preoptic area (MPA), the ventromedial hypothala-
mus (VMH) and premammillary nucleus (PMV) have androgen
and estrogen receptors (Simerly et al., 1990) and present sexual
dimorphism (Bleier et al., 1982a; Dérner, 1976; Gorski et al., 1978,
1980; Matsumoto and Arai, 1983; Nishizuka and Arai, 1981, 1983;
see also for review Arnold and Gorski, 1984; Guillamon and
Segovia, 1993, 1996, 1997; Segovia and Guillamon, 1986, 1993,
1996; Segovia et al., 1999). As it occurs in the SDN-POA (Dohler et
al., 1986), we have demonstrated, also in the rat, the existence of
sex differences, controlled by sex steroids shortly after birth, in
other structures of the vomeronasal pathway like the AOB
(Segovia et al., 1984, 1986; Valencia et al., 1986), the BAOT
(Collado et al., 1990, 1993, 1998), the BST (Del Abril et al., 1987;
Guillamon et al.,, 1988a) and the C; (Vinader-Caerols et al., 1998,
2000).

Sex differences in structures that receive VNO input have
been found in several species; for instance, differences in the
sexually dimorphic nucleus of the medial preoptic area (SDN-
POA) were reported first in rats (Gorski et al., 1978, 1980; see for
review Arnold and Gorski, 1984) and confirmed in hamsters
(Greenough et al., 1977), polygamous montane voles (Shapiro et
al.,, 1991), gerbils (Yahr et al., 1994), ferrets (Cherry et al., 1990),
guinea pigs (Bleier et al., 1982b; Hines et al., 1985), sheep (Roselli
etal, 2004), rhesus monkeys (Byne, 1998), humans (Hofman and
Swaab, 1989; Swaab and Fliers, 1985) and also in quails (Viglietti-
Panzica et al., 1986) and doves (Steimer and Hutchison, 1990).
Similarly, sex differences in the medial region of the BST have
been reported in some species of birds (Panzica et al., 2001) as
well as in Wistar and Long Evans rats (Del Abril et al.,, 1987,
Garcia-Falgueras et al., 2005; Guillamon et al., 1988a), guinea pigs
(Hines et al., 1985) and humans (Allen and Gorski, 1990; Zhou et
al., 1995). All these findings support the hypothesis that the VNS
might be a sexually dimorphic network in vertebrates.

Rats and rabbits present substantial differences in their
reproductive physiology and behavior. Female rats are sponta-
neous ovulators and female rabbits are reflex ovulators.
Moreover, there are important differences between rats and
rabbits in copulatory patterns. Male rats behave with multiple
intromissions that end in one ejaculation and a postejaculatory
period, while in rabbits ejaculation occurs in almost every
intromission and the postejaculatory period is very short
(Dewsbury, 1972). Females of both species, spontaneously or
most commonly after the appropriate hormonal treatment,
show male like copulatory patterns called pseudomale behavior
(Morali and Beyer, 1992; Morali et al., 2003). With respect to this
behavior, rats are isomorphic while rabbits are dimorphic
(Morali and Beyer, 1992; Morali et al., 2003).

The participation of the VNS in the control of maternal
behavior in rodents is well known. Most VNS structures exert a

tonic inhibition (Del Cerro, 1998) on the MPOA, a structure that
receives VNS input and facilitates the expression of maternal
behavior (Del Cerro, 1998; Numan, 1994). With respect to
rabbits, to our knowledge, there is only one study in the
literature that performed by Gonzalez-Mariscal et al. (2004).
These authors demonstrated a tonic inhibitory action of the
AOB over the expression of maternal behavior in virgin rabbits
and a stimulation of maternal responsiveness by ovarian
hormones following AOB lesions.

Taking into account the differences in the reproductive
physiology and behaviors above described between rats and
rabbit species and in order to support the hypothesis that the
VNS might be sexually dimorphic in mammals, this work
studies the possible existence of sex differences in the AOB,
BAOT, BST and Cs in the rabbit. Moreover, the locus coeruleus
(LC), which is sexually dimorphic in some strains of rats
(Garcia-Falgueras et al., 2005; Guillamon et al., 1988b; Luque
et al.,, 1992; Pinos et al., 2001) and sends rich noradrenergic
projections to the AOB (Shipley et al., 1985), is also studied.

2. Results
2.1.  Accessory olfactory bulb

The AOB is displayed in Fig. 1. The rabbit AOB is an ovoid
structure, dorsocaudally embedded in the main olfactory bulb
(MOB). It has five well differentiated layers: glomerular, external
plexiform, mitral cells, internal plexiform and granular (Fig. 1).
Four main characteristics can be detected: (a) glomerules are
round shaped and well differentiated, (b) the mitral cell layer is
not stratified, (c) bundles of fibers from the internal plexus
invade the granular layer givingit an indented form and (d) light
and dark granules can be distinguished in the granular layer.
There were sex differences in the overall volume (tg = 2.52,
P < 0.03), since males had larger volume than female rabbits
(Table 1). However, it may be considered as an technical artifact,
since sex differences were not seen in the volume of the
glomerular, external plexiform, mitral, internal plexiform and

Fig. 1 - Photomicrograph illustrating the morphology of the
rabbit (male) accessory olfactory bulb (AOB): (1) glomerular
layer, (2) external plexus, (3) mitral cell layer, (4) internal
plexus and (5) granular layer; 4x, scale bar = 300 pm; MOB:
main olfactory bulb.
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granular layers (P > 0.05, in all cases). Although neuron number
did vary significantly by sex for mitral (tg = 2.72, P < 0.02), light
granule (z = 2.19, P < 0.03) and dark granule cells (tg = - 2.62,
P < 0.03), females always showed more number of cells than
male rabbits in all cases (Table 2).

Because no sex differences were found between the
volumes of each of the AOB layers, a density study (number
of neurons per volume unit) was performed for each layer. The
light and dark granules were added together to calculate
density in the granular layer. No sex differences in the density
of cells were seen for the mitral (z = 1.14; P > 0.31) and for
granule cells (tg = 2.15, P > 0.71).

2.2. Bed nucleus of the accessory olfactory tract

As can be seen in Fig. 2, the BAOT of the rabbit can be easily
delimitated in its ventral, lateral and medial edges, while the
dorsal limits are not as clear as the others. However, the more
scattered disposition of the cells and a higher affinity for cresyl
violet in this nucleus make it possible to distinguish it from
the dorsally located amygdaloid area. Fig. 2 shows that the
BAOT is a round shaped structure, ventral to the anterior
amygdaloid area and medial to the pyriform cortex (Fig. 2). The
BAOT can also be distinguished by its medium-sized cells
associated to the accessory olfactory tract. In medium and
caudal portions, this nucleus is located lateral to the nucleus
of the lateral olfactory tract and medial to the pyriform cortex.
No sex differences were found for volume, number of neurons
and density of neurons per unit of volume (Tables 1 and 2).

2.3. Medial amygdala

In the rabbit, the medial amygdala emerges as a nucleus
where the nucleus of the lateral olfactory tract and the bed

Table 1 - Sex differences in the rabbit vomeronasal
nuclei: study of the volume
Structure Male Female
AOB Overall 4.1374 + 0.2196 3.506 + 0.1201**
Glomerular 1.2315 £ 0.1403  0.9114 + 0.0721
Ext. plexiform 0.4550 + 0.0214 0.4536 + 0.0652
Mitra cell 0.6311 + 0.0464 0.6185 + 0.0427
Internal plexus  0.4014 + 0.0624 0.4649 + 0.0736
Granular 1.2341 + 0.1294 1.2271 + 0.1383
BAOT 0.0665 + 0.0058 0.0505 + 0.0053
Me Me 2.8456 + 0.1256  2.2932 + 0.1686™
Med 2.1369 + 0.0940 1.7715 + 0.1275*
Mev 0.7086 + 0.0408  0.5215 + 0.0475"*
C3 41264 + 0.2533  3.5458 + 0.1243
BST BSTMA 0.4335 + 0.0357 0.3959 + 0.0182
BSTLA 0.2309 + 0.0133 0.2161 + 0.0216
BSTMP 0.3865 + 0.0392 0.3282 + 0.0323
i@ 0.1304 + 0.0078 0.1338 + 0.0071

AOB: accessory olfactory bulb; BAOT: bed nucleus of the accessory
olfactory tract; BST: bed nucleus of the stria terminalis; LA: lateral,
MA: medial, MP: posteromedial subdivisions; LC: locus coeruleus;
Me: medial amygdala, d: dorsal and v: ventral subdivisions; C3:
posteromedial cortical amygdala. Data show means + SEM of the
Student’s t test *P < 0.05, **P < 0.03, **P < 0.01.

nucleus of the accessory olfactory tract end. It first appears
between the optic tract and the anterior cortical amygdaloid
nucleus. Caudally, the Me accompanies the optic tract in its
dorsal elongation and, as displayed in Fig. 3, the Me is
delimited medially by the optic tract, laterally by the stria
terminalis and ventromedially by the posteromedial basal
amygdaloid nucleus (B3). The Me fades at the lateral ventricle
when this cistern and the hippocampus appear. The dorsal
and the ventral divisions of the rabbit Me can be distinguished
by the fact that cells of the ventral Me appear more packaged.

Three separate statistical analyses were performed taking
into account the whole Me and its ventral (Mev) and dorsal (Med)
regions. The Me presents sex differences with respect to volume
(tg = 2.63, P < 0.03) and number of neurons (tg = 2.37, P < 0.04),
males showing greater morphological measures than females.
The same pattern of sex differences was seen in the Mev
(volume: tg = 2.98, P < 0.01; number of neurons: tg = 3.52, P < 0.01).
However, sex differences in Med only affected volume (tg = 2.30,
P < 0.05) (Figs. 3A and B; and Tables 1 and 2).

2.4. Posteromedial cortical amygdala (PMCo or Cs)

The amygdaline nucleus of the rabbit is shown in Fig. 4. The
PMCo is a well-defined, large mass of cells situated in the
ventromedial edge of the hemisphere. Rostrally, it begins as an
ovoid-shaped structure situated ventral to the optic tract and
that laterally borders the Me (Fig. 4A). Afterwards, it adopts a
long form that then runs ventral to the posterolateral basal
nucleus (B2) and the B3 and laterally borders the posterolateral
cortical nucleus (C2) (Fig. 4B). After this point, the C; continues
ventral to B3 and laterally borders the B2 until its end (Fig. 4C).

No sex differences were found with respect to the volume
(ts = 2.05, P = 0.074, ns) and number of neurons (tg = 0.56,
P = 0.58, ns), although female rabbits showed a significantly
greater density of neurons per unit of volume than males
(tg = 2.54, P = 0.035) (Tables 1 and 2). This neural population of
the C;3 is composed, to a great extent, of oval or pyramidal
neurons and occasionally fusiform neurons.

2.5. Bed nucleus of the stria terminalis

From a rostro-caudal view, the BST forms the floor of the lateral
ventricle and is bounded rostrally by the nucleus accumbens,
and ventrally merging with the preoptic area (Fig. 5A). The
medial anterior (BSTMA) and lateral anterior (BSTLA) subdivi-
sions of the BST are presented in Fig. SA. The BSTMA of the
rabbit (in rats also called anterodorsal part of the BST, Ju and
Swanson, 1989) resembles a triangle, having one vertex on the
end of the lateral ventricle and a leg lying on the anterior
commissure. Rostromedially, it borders the BSTLA and the
lateral septum (Fig. 5A).

The BSTLA (in rats also called dorsal part of the lateral bed
nucleus by Ju and Swanson, 1989) can be distinguished by its
elongated shape and its position, lateral to the BSTMA (Fig.
5A). This subdivision is bounded by the internal capsule,
which separates it from the caudate-putamen nucleus, and
by the juxtacapsular subdivision of the bed nucleus (BSTjx)
(Fig. 5A). The BSTLA and BSTMA subdivisions run together
caudally and become the lateral posterior (BSTLP) and medial
posterior (BSTMP) subdivisions (Fig. 5B).
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Table 2 - Sex differences in the rabbit vomeronasal nuclei: study of the number and density of neurons

Structure Number of neurons Density (neurons/mm?)
Males Females Males Females

AOB Mitral cells 7122.6 + 272.6 8473.6 + 413.9" 11,451 + 655.5 14,036.4 + 1404

Light granules 51,495.6 + 1218.6 69,706.2 + 6898+

Dark granules 106,361 + 8563.3 147,296.4 + 13,070.9"

Light + dark 132,459 + 12,348.4 184,708.8 + 2892.6
BAOT 3787.5 + 487.5 2814 + 399.3 57,394.3 + 6496.9 54,989.3 + +3731.9
Me Me 52,218.2 + 2956.4 42,318.2 + 2955.5™ 18,639 + 1868.4 19,104.4 + 2479.6

Med 34,972 + 3301.5 28,499 + 3270.2 16,614 + 2107.9 16,825 + 2926.8

Mev 17,245.6 + 884.7 13,819.2 + 408*** 24,762 + 2165.9 27,216 + 2087.2
C3 154,423.6 + 10,174.8 160,730.6 + 4628.3 37,836.4 + 2709.7 45,419 + 1249.1**
BST BSTMA 38,186.8 + 3509.1 40,325.8 + 4391 88,515.2 + 4264.2 100,723.3 + 7719.1

BSTLA 15,786 + 1652.3 15,271.3 + 2007.2 67,834.7 + 5032 69,950 + 4590.8

BSTMP 41,513.5 + 5049.8 27,290 + 2505.6* 110,259.5 + 12,098.6 87,803.9 + 11,182.2
@ 846 + 82.1 815 + 97.5 4448 + 520 6018 + 428.2

AOB: accessory olfactory bulb; BAOT: bed nucleus of the accessor olfactory tract; BST: bed nucleus of the stria terminalis; LA: lateral, MA: medial,
MP: posteromedial subdivisions; LC: locus coeruleus; Me: medial amygdala, d: dorsal and v: ventral subdivisions; C3: posteromedial cortical
amygdala. Data show means + SEM of the Student’s t test *P < 0.05, **P < 0.03, **P < 0.01 or Mann-Whitney test +P < 0.03.

The BSTMP is easily distinguished because of its heavy
staining (Fig. 5C) and of its being bordered laterally by the
internal capsule and medially by the fornix and the stria
medullaris, and ventrally by the anterior hypothalamus. This
subdivision becomes thinner caudally and disappears when
fibers from fornix and the stria medullaris transected it.

With respect to sex differences, statistical analyses were
done for volume, number of neurons and density in the BSTMA,
BSTLA and BSTMP. Sex differences were only seen in relation to
the number of neurons in the BSTMP, and males had more
neurons than female rabbits (t;, = 2.26, P < 0.04) (see Fig. 6 and
Tables 1 and 2).

2.6. Locus coeruleus
The rabbitlocus coeruleus is situated in the ventrolateral edge of

the IVth ventricle, medial to the mesencephalic nucleus of the
trigeminal nerve (Me5) and dorsal to the motor trigeminal nerve

Fig. 2 - Microphotograph showing a coronal section of the
rabbit (male) bed nucleus of the accessory olfactory tract
(BAOT). AA: anterior amygdaloid area; BAOT: bed nucleus of
the accessory olfactory tract; NLOT: nucleus of the lateral
olfactory tract; Pir: pyriform cortex; 4x, scale bar = 200 pm.

(Mo5) (Fig. 7A) The LC presents diffuse borders with the Me5
(Figs. 7A and B). This observation is consistent with thyrosine-
hydroxilase (TH) or DBH-stained studies, which report difficul-
ties in differentiating the limits of the LC (Schuerger and
Balaban, 1999). As can be seen in Fig. 7B, the LC seems to be
topographically organized into two subdivisions: one dorsal,
with cells obliquely oriented from the dorsolateral to the
ventromedial axis, and a ventral subdivision that is in a
continuum with the subcoeruleus. Tables 1 and 2 display the
volume, number of neurons and density of cells per unit of
volume of the LC. No sex differences with respect to these
parameters were found.

3. Discussion

The present study is the first morphological work that
systematically describes brain sexual dimorphism in lago-
morphs. The results show the existence of sex differences in
most of the studied rabbit vomeronasal structures. The
accessory olfactory bulb, medial amygdala, posteromedial
cortical amygdala and the medial posterior region of the bed
nucleus of the stria terminalis all present sexual dimorphism.
However, the bed nucleus of the accessory olfactory tract
seems to be isomorphic. The locus coeruleus, included in this
study because it sends rich noradrenergic projections to the
AOB and is sexually dimorphic in some rat strains (Garcia-
Falgueras et al., 2005; Guillamon et al., 1988b; Luque et al.,
1992; Pinos et al., 2001), is isomorphic in the rabbit.

The rabbit AOB is quite similar to the rat AOB. As has also
been reported by Meisami and Bhatnagar (1998), it is a very
well-developed structure that contains all the structural
components seen in the rat but in a highly differentiated
form. With respect to the number of neurons, female rabbits
show more mitral and granule (light and dark) cells than the
male rabbits. The direction of sexual dimorphism in the
number of neurons in the AOB of the rabbit is opposite to that
reported by us in the rat (Segovia et al., 1986; Valencia et al.,
1986).
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Fig. 3 - Microphotographs of coronal sections illustrating sex differences in the medial amygdala of (A) male and (B) female
rabbits. Aco: anterior cortical amygdaloid nucleus; B;: posteromedial basal amygdaloid nucleus; Med: medial amygdala, dorsal
subdivision; Mev: medial amygdala, ventral subdivision; Opt: optic tract; st: stria terminalis; A and B: 2.5x%, scale bar = 200 pm.

The rabbit BAOT, as was also observed in rats (Collado et al.,
1990, 1993, 1998), can be distinguished by its medium-sized
cells associated to the accessory olfactory tract. Contrarily to
the data reported in the rat showing sexual dimorphism
(Collado et al., 1990, 1993, 1998), the rabbit BAOT is an
isomorphic structure.

In the rabbit, the Me emerges as a nucleus at the end of
lateral olfactory tract and the BST. Analogously, as occurs in
the rat (Shipley et al., 2004), a dorsal and a ventral subdivisions
can be distinguished because the ventral Me cells are more
densely packed. The Me of the male presents a greater volume
and number of neurons than in the female rabbit. However,

Fig. 4 - Photomicrographs showing the rostral (A), medial (B) and caudal (C) regions of the rabbit (male) posteromedial cortical
amygdala (PMCo or Cs). B2: posterolateral basal amygdaloid nucleus; B3: posteromedial basal amygdaloid nucleus; C2:
posterolateral cortical amygdaloid nucleus; Opt: optic tract; 4x, scale bar = 300 pm.
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Fig. 5 - Coronal photomicrographs of a rabbit male showing (A) the lateral anterior (BSTLA), the medial anterior (BSTMA) and
the juxtacapsular (BSTLjx) subdivisions of the bed nucleus of the stria terminalis (BST) and (B and C) the progression, from
rostral to caudal, of the lateral posterior (BSTLP) and posteromedial subdivisions (BSTPM) of the BST. AC: anterior commissure;
BSTLA: bed nucleus of the stria terminalis, lateral anterior subdivision; BSTLP: bed nucleus of the stria terminalis, lateral
posterior subdivision; BSTLjx: bed nucleus of the stria terminalis, lateral juxtacapsular subdivision; BSTMA: bed nucleus of the
stria terminalis, medial anterior subdivision; BSTPM: bed nucleus of the stria terminalis, posteromedial subdivision,; f: fornix; ic:
internal capsule; LS: lateral septum; LV: lateral ventricle; st: stria terminalis; 4x, scale bar = 300 pm.

when the two Me subdivisions were analyzed separately, the Med. In the rat, overall Me volume is larger in male than in
Mev still presented sex differences in volume and number of female rats after weaning (Mizukami et al.,, 1983) and the syn-
neurons while only volume differences were observed in the aptic organization of this nucleus is also sexually dimorphic,

Fig. 6 — Photomicrographs illustrating sexual dimorphism in the rabbit posteromedial region of the bed nucleus of the stria
terminalis (BSTPM). As can be seen, males (A) show greater morphological measurements than females (B) (for details, see text);
4x, scale bar = 300 pm.
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Fig. 7 - Microphotographs of coronal sections illustrating the
Locus Coeruleus in a male rabbit (A). In panel B, the
topographic organization of the LC is delineated in two
subdivisions, the dorsal and the ventral parts and the
absence of borders with respect to the Me5 can also be
appreciated. Ce: cerebellum, LGC: locus coeruleus, LCd: locus
coeruleus, dorsal, LCv: locus coeruleus, ventral. Me5:
mesencephalic nucleus of the trigeminal nerve, Mo5: motor
trigeminal nerve, IV: fourth ventricle. A: 10x, scale

bar = 300 pm; B: 10x, scale bar = 100 pm.

since males have more shaft synapses (Nishizuka and Arai,
1981, 1983).

The rabbit C; is a well-defined structure that is quite
analogous to the rat (Shipley et al., 2004). With respect to
sexual dimorphism, our results in the rabbit are different from
those observed in the rat (Vinader-Caerols et al., 1998, 2000).
The rat C; shows sex differences: males have a larger volume
and a higher number of neurons than females. However, in the
rabbit, no sex differences were found with respect to these two
measurements, although the density of cells was different
between sexes and the females showed a higher density of
neurons than male rabbits.

The bounds of the rabbit BST and the borders of its
subdivisions are similar to those described in the rat (Del
Abril et al., 1987; Guillamon et al.,, 1988a). The rabbit BST
presents sex differences only in the number of neurons of the
BSTMP, where males have more neurons than females. These
results are similar to those reported in the rat (Del Abril et al.,

1987; Guillamon et al.,, 1988a) With respect to other BST
subdivisions, it should be taken remembered that the
presence or absence of sex differences depends on the strain
of rat studied. Sex differences, with females showing greater
measurements than males, were reported for the BSTLA and
the BSTMA in the Wistar strain (Del Abril et al.,, 1987
Guillamon et al., 1988a) but not in the Long-Evans rats
(Garcia-Falgueras et al., 2005). In the rabbit, the BSTMA and
the BSTLA are isomorphic. The male > female pattern of the
rabbit BSTMP is also seen in other species of mammals like
guinea pigs (Hines et al., 1985) and humans (Allen and Gorski,
1990), it seems that this pattern is so firmly established that it
is preserved through species.

As in the rat, the LC of the rabbit is located at the
ventrolateral edge of the fourth ventricle. However, there are
two main differences between these two species: in the rabbit,
the LC neurons are less packaged and the borders with the
nucleus of the trigeminal nerve are more diffuse. In the rat LC,
sex differences are associated to the strain. Females show
greater volume and number of neurons than male Wistar rats
but these differences are not replicated in the Sprague-Dawley
and the Long-Evans strains (Garcia-Falgueras et al., 2005). At
the morphological level, the LC is isomorphic in the rabbit.
However, the noradrenergic function of the LC has been
reported to be sexually dimorphic in rabbits (Yang et al., 1996).

Studies on sexual dimorphism in the rat have shown that
sex differences in the central nervous system follow two
opposite morphological patterns (Guillamon and Segovia,
1993, 1996, 1997; Segovia and Guillamon, 1986, 1993, 1996). In
one pattern, males show greater morphological measure-
ments (volume, number of neurons, density, etc.) than
females (male > female pattern) while in others the opposite
is true (female > male). In the rat, primary, secondary and
tertiary VNS structures present the male > female sexual
pattern. However, in the rabbit, we have found that some VNS
structures, like the AOB and Cs, present the female > male
pattern, others like the BSTMP and the Mev show the
male > female sexual pattern and another, the BAOT, is
isomorphic. Thus, sexual dimorphism in the rabbit VNS is
quite different from observations in the rat. We have no
explanation for these species differences in the expression of
sexual dimorphism, although we think they are probably
related to differences in reproductive behavior and physiology
between species. It should be remembered that female rabbits
are reflex ovulators while female rats are spontaneous
ovulators and that the sexual and maternal behaviors of
these two species are also different (Dewsbury, 1972; Gonzalez-
Mariscal, 2001; Morali and Beyer, 1992; Morali et al., 2003).

Gonadal steroids sexually differentiate neural networks
related to reproduction (Guillamon and Segovia, 1993, 1996,
1997; Segovia and Guillamon, 1986, 1993, 1996; Segovia et al.,
1999). In the rat, which shows the sexually dimorphic pattern
male > female in all VNS structures, we have observed that
early postnatal gonadectomy decreases the volume and the
number of neurons of the male AOB, BAOT, C; and BSTMP
while female androgenization at the same age increases these
parameters (see for review Guillamon and Segovia, 1993, 1996,
1997; Segovia and Guillamon, 1986, 1993, 1996; Segovia et al.,
1999). Furthermore, estradiol from testosterone aromatization
might be responsible for VNS structures masculinization
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(Collado et al., 1993; Perez-Laso et al., 1997; Vinader-Caerols et
al., 2000). The findings of the present experiment and the fact
that estrogen receptor-a have been found in the preoptic
region, encapsulated BST, Me and Cs of the female rabbit (Caba
et al., 2003) suggest that, in rabbits, these structures might be
sexually differentiated by gonadal steroids during periods of
maximal susceptibility.

Rabbits are very interesting to research because they can
bring us new insights for an evolutionary approach to sexual
dimorphism and more experiments are needed to explain the
findings obtained in the present work. Rabbits have species-
specific reproductive behavioral responses and, as we have
seen, their sexually dimorphic VNS pattern is also species-
specific. Moreover, the findings of this experiment help to
support the hypothesis that the VNS is a sexually dimorphic
network in mammals. This hypothesis could be of great value in
reaching a comprehensive approach to explain motivated
behaviors like the reproductive behaviors.

4. Experimental procedures

4.1. Subjects

Twelve New Zealand adult rabbits (Oryctolagus cuniculus L.), six
males and six females, weighting 3.5-4.5 kg (Centro de
Investigacién en Reproduccién Animal, Tlaxcala, Mexico) were
housed in standard cages in same-sex groups with free access to
food and water and were maintained on a 12:12 h light/dark
cycle and ata constant temperature of 22-25 °C. Animal care and
handling throughout the experimental procedures were in
accordance with the European Union Directive of 24 November
1986 (86/609/EEC).

4.2. Histology

When the subjects were about 290 days old, males and females
(no estrous phase) were deeply anesthetized with an intraper-
itoneal injection (250 mg/kg) of tribromoethanol (Sigma Aldrich)
and perfused intracardially with saline (0.9%) followed by 4%
paraformaldehyde (Panreac) in PBS (Panreac). The brains were
removed and stored in paraformaldehyde for 2 days followed by
3-5 days in 30% sucrose (Sigma Aldrich) at 4 °C. The brains were
frozen and coronally sectioned at a thickness of 40 pm. All
sections were stained with a 0.1% solution of cresyl violet
(Merck) brought to pH 4 with glacial acetic acid (Panreac).

4.3. Quantitative analysis

Stereological methods were used to determine the volume of
the AOB, BST subdivisions, BAOT, Me, C; and LC. It was not
possible to apply stereological methods to estimate the total
number of neurons in the LC due to the great dispersion of the
cells, but the total number of neurons of the AOB, BST
subdivisions, BAOT, Me and C; was estimated using the
dissector and fractionator techniques (Gundersen et al., 1988;
Sterio, 1984). These morphological parameters were measured
with a Diaplan Leitz microscope (Olympus BX51 for the AOB)
with a computer-controlled stage (MultiControl 2000; Mdrzh&u-
ser Wetzlar, Germany) allowing randomly chosen steps to be

generated on the x and y axes. This specially fitted rotating stage
allows the slices to be shifted by 360°, independently of the x-y
movements. The stereological software package (CAST2, ver-
sion 0.9, Olympus, Denmark for the AOB; GRID; Interactivision,
Denmark for the rest of the structures) makes it possible to
superimpose the required grid patterns over the microscope
image. Finally, an electronic microcator (Heidenhain, Germany)
with a resolution of 0.5 pm was also attached to the microscope
so the z axis measurements of the stage could be taken.

4.4, Volume measurement

The Cavalieri principle was used to estimate the AOB, BST
subdivisions, BAOT, Me, C3 and LC volume (Michael and Cruz-
Orive, 1988). On each coronal section studied (only every other
section for the BAOT, every fifth section for the BST, Me and LC
and every fifteenth section for the Cs; the first section was
randomly selected in all cases), a set of points (generated by the
GRID system) was systematically placed and the points that
coincided within the study area were counted. The total volume
was obtained by multiplying the number of points by the area
associated with each (AOB total volume: 154,195.6 um? AOB
layers volume 44,030.2 um?; BST: 18,468 um?; BAOT: 13,582 um?;
Me: 32,928 um? Cs: 36,936 pm? and LC: 3036 um?) and by the
distance between the two sections being counted. This distance
was obtained from the product of the cut thickness (40 um) by
the sampling interval in each structure.

4.5. Estimation of the number of neurons

The number of neurons in the AOB, BST subdivisions, BAOT, Me
and C; was estimated using the optical fractionator, which
combines the optical dissector and fractionator techniques
(Gundersen et al., 1988; Sterio, 1984). The sections were cut with
a cryostat to a thickness of 40 um, but their actual width after
using the microcator was approximately 20-25 um. The optical
disector was used as follows: at x 186, magnification frames
(disectors) were generated over the area with a horizontal step
of 120 um and a vertical step of 180 um for the AOB; 120 x 120 for
the BST; 90 x 50 for the BAOT; 120 x 160 for the Me; and 200 x 150
for the Cs. All of the frames that included the nuclei surface were
considered. The profiles (cell nuclei) that were completely
enclosed in the test frame (A(f) = 1445.7 um? for AOB mitral
cells; A(f) = 289 um? for AOB granular cells; AA(f) = 842 um? for
BST, BAOT, Me and LG; A(f) = 631 um? for the Cs) and those
intersected by the inclusion edges at an x4323 magnification
were considered. The height of the dissector was 12 pm. Finally,
the total number of neurons in all structures was obtained by
applying the fractionator formula:

ZQ = 1/ssf x 1/asf x 1/hsf

In this formula, Y Q is the total number of cell nuclei counted;
ssf is the section sampling fraction; asf is the area sampling
fraction and hsf is the height sampling fraction. An observer,
unaware of the group membership of each specimen, deter-
mined the volume and the number of neurons in each slide.

The estimation of the total number of neurons in the LC was
performed with the following formula: n, = ng x P using a
correction of split counting units following Abercrombie. In this
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formula, n, is the estimated total number of cells; ng is the
number of cells in each section counted and P is the frequency of
seriation used. For the AOB, BAOT, BST, Me, C; and LC, Ling et al.
(1973) criteria were used to discriminate between neurons and
glial cells.

4.6.  Statistical analysis

Volume and number of neurons within each region were
submitted to a two-tailed t test. When there were no homoge-
neity of variance, the Mann-Whitney U test to compare group
medians was used.

Acknowledgments

The present work was supported by MCYT grant BSO2003-
08962 (AG) and BS02003-02526 (PC). We are grateful to Dr. José
Manuel Reales for their comments on a first draft of this work
and to Mr. L. Troca, Mr. L. Carrillo, Mr. A. Marcos and Mr. G.
Moreno for their technical assistance.

REFERENCES

Allen, L.S., Gorski, R.A., 1990. Sex difference in the bed nucleus of
the stria terminalis of the human brain. J. Comp. Neurol. 302,
697-706.

Arnold, A.P., Gorski, R.A., 1984. Gonadal steroid induction of
structural sex differences in the central nervous system. Annu.
Rev. Neurosci. 7, 413-442.

Bleier, R., Byne, W., Siggelkow, 1., 1982a. Cytoarchitectonic sexual
dimorphisms of the medial preoptic and anterior hypothalamic
areas in guinea pig, rat, hamster, and mouse. J. Comp. Neurol.
212, 118-130.

Bleier, R., Byne, W., Siggelkow, I., 1982b. Cytoarchitectonic
sexual dimorphisms of the medial preoptic and anterior
hypothalamic areas in guinea pig, rat, hamster, and mouse.
J. Comp. Neurol. 212, 118-130.

Byne, W., 1998. The medial preoptic and anterior hypothalamic
regions of the rhesus monkey: cytoarchitectonic comparison
with the human and evidence for sexual dimorphism. Brain
Res. 18, 346-350.

Caba, M., Beyer, C., Gonzalez-Mariscal, G., Morrell, J.I., 2003.
Immunocytochemical detection of estrogen receptor-alpha
in the female rabbit forebrain: topography and regulation by
estradiol. Neuroendocrinology 77, 208-222.

Cherry, J.A., Basham, M.E., Weaver, C.E., Krohmer, R-W., Baum,
MJ., 1990. Ontogeny of the sexually dimorphic male
nucleus in the preoptic/anterior hypothalamus of ferrets
and its manipulation by gonadal steroids. J. Neurobiol. 21,
844-857.

Collado, P., Guillamon, A., Valencia, A., Segovia, S., 1990. Sexual
dimorphism in the bed nucleus of the accessory olfactory
tract in the rat. Brain Res. Dev. Brain Res. 56, 263-268.

Collado, P., Valencia, A., Del Abril, A., Rodriguez-Zafra, M.,
Perez-Laso, C., Segovia, S., Guillamon, A., 1993. Effects of
estradiol on the development of sexual dimorphism in the
bed nucleus of the accessory olfactory tract in the rat. Brain
Res. Dev. Brain Res. 75, 285-287.

Collado, P., Segovia, S., Guillamon, A., 1998. Development of sex
differences in the bed nucleus of the accessory olfactory tract
in the rat. Dev. Brain Res. 109, 99-108.

Del Abril, A., Segovia, S., Guillamon, A., 1987. The bed nucleus of
the stria terminalis in the rat: regional sex differences
controlled by gonadal steroids early after birth. Brain Res. 429,
295-300.

Del Cerro, M.C., 1998. Role of the vomeronasal input in maternal
behavior. Psychoneuroendocrinology 23, 905-926.

Dewsbury, D.A., 1972. Patterns of copulatory behavior in male
mammals. Q. Rev. Biol. 47, 1-33.

Dohler, K.D., Coquelin, A., Davis, F., Hines, M., Shryne, J.E.,
Sickmoller, P.M., Jarzab, B., Gorski, R.A., 1986. Prte- and
postnatal influence of an estrogen antagonist and an
androgen antagonist on differentiation of the sexually
dimorphic nucleus of the preoptic area in male and female
rats. Neuroendocrinology 42, 443-448.

Dorner, G., 1976. Hormones and Brain Differentiation. Elsevier,
Amsterdam.

Garcia-Falgueras, A., Pinos, H., Collado, P., Pasaro, E., Fernandez,
R., Segovia, S., Guillamon, A., 2005. The expression of brain
sexual dimorphism in artificial selection of rat strains. Brain
Res. 1052, 130-138.

Gonzalez-Mariscal, G., 2001. Neuroendocrinology of maternal
behavior in the rabbit. Horm. Behav. 40, 125-132.

Gonzalez-Mariscal, G., Chirino, R., Beyer, C., Rosenblatt, J.S., 2004.
Removal of the accessory olfactory bulbs promotes maternal
behavior in virgin rabbits. Behav. Brain Res. 152, 89-95.

Gorski, R.A., Gordon, J.H., Shryne, J.E., Southam, A.M., 1978.
Evidence for a morphological sex difference within the medial
preoptic area of the rat brain. Brain Res. 148, 333-346.

Gorski, R.A., Harlan, R.E., Jacobson, C.D., Shryne, J.E., Southam,
AM., 1980. Evidence for the existence of a sexually
dimorphic nucleus in the preoptic area of the rat. J. Comp.
Neurol. 193, 529-539.

Greenough, W.T., Carter, C.S., Steerman, C., DeVoogd, T.J., 1977.
Sex differences in dentritic patterns in hamster preoptic area.
Brain Res. 126, 63-72.

Guillamon, A., Segovia, S., 1993. Sexual dimorphism in the
accessory olfactory system. In: Haug, M., Whalen, R.E., Aron, C.,
Olsen, K.L. (Eds.), The Development of Sex Differences and
Similarities in Behavior. Kluwer Academic Publishers,
Amsterdam, pp. 363-376.

Guillamon, A., Segovia, S., 1996. Sexual dimorphism in the CNS
and the role of steroids. In: Stone, T.W. (Ed.), Neurotransmitters
and Neuromodulators Neuroactive Steroids. CNS. CRC Press,
Florida, pp. 127-152.

Guillamon, A., Segovia, S., 1997. Sex differences in the
vomeronasal system. Brain Res. Bull. 44, 377-382.

Guillamon, A., Segovia, S., del Abril, A., 1988a. Early effects of
gonadal steroids on the neuron number in the medial
posterior region and the lateral division of the bed nucleus
of the stria terminalis in the rat. Brain Res. Dev. Brain Res.
44, 281-290.

Guillamon, A., De Blas, M.R., Segovia, S., 1988b. Effects of sex
steroids on the development of the locus coeruleus in the rat.
Dev. Brain Res. 40, 306-310.

Gundersen, H.J.G., Bagger, P., Bendtsen, T.F., Evans, S.M., Korbo, L.,
Marcussen, N., Moller, A., Nielsen, K., Nyengaard, J.R,,
Pakkenberg, B., Sorensen, F.B., Vesterby, A., West, M.J., 1988.
The new stereologicals tools: disector, fractionator, nucleator
and point sampled intercepts and their use in pathological
research and diagnosis. APMIS 96, 857-881.

Halpern, M., 1987. The organization and function of the
vomeronasal system. Annu. Rev. Neurosci. 10, 325-362.

Halpern, M., Martinez-Marcos, A., 2003. Structure and function of
the vomeronasal system: an update. Prog. Neurobiol. 70,
245-318.

Hines, M., Davis, F.C., Coquelin, A., Goy, R.W., Gorski, R.A., 1985.
Sexually dimorphic regions in the medial preoptic area and
the bed nucleus of the stria terminalis of the guinea pig
brain: a description and an investigation of their



BRAIN RESEARCH

1102 (2006) 52-62 61

relationship to gonadal steroids in adulthood. J. Neurosci. 5,
40-47.

Hofman, M.A., Swaab, D.F., 1989. The sexually dimorphic nucleus
of the preoptic area in the human brain: a comparative
morphometric study. Anat. J. 164, 55-72.

Ju, G., Swanson, L.W., 1989. Studies on the cellular architecture
of the bed nucleus of the stria terminalis in the rat: I.
Cytoarchitecture. J. Comp. Neurol. 280, 587-602.

Ling, E.A., Paterson, J.A., Privat, A., Mori, S., Leblond, C.P., 1973.
Investigation of glial cells in semithin sections: I. Identification
of glial cells in the brain of young rats. J. Comp. Neurol. 149,
43-71.

Luque, .M., De Blas, M.R., Segovia, S., Guillamon, A., 1992. Sexual
dimorphism of the dopamine-p-hydroxylase-
immunoreactive neurons in the rat locus coeruleus. Dev.
Brain Res. 67, 211-215.

Matsumoto, A., Arai, Y., 1983. Sex difference in volume of the
ventromedial nucleus of the hypothalamus in the rat.
Endocrinol. Jpn. 30, 277-280.

Meisami, E., Bhatnagar, K.P., 1998. Structure and diversity in
mammalian accessory olfactory bulb. Microsc. Res. Tech. 43,
476-499.

Michael, R., Cruz-Orive, L.M., 1988. Application of the Cavalieri
principle and vertical section method to lung: estimation
of volume and pleural surface area. J. Microscop. 150,
117-136.

Mizukami, S., Nishizuka, M., Arai, Y., 1983. Sexual difference in
nuclear volume and its ontogeny in the rat amygdala. Exp.
Neurol. 79, 569-575.

Morali, G., Beyer, C., 1992. Motor aspect of masculine sexual
behavior in rats and rabbits. In: Slater, P., Beer, C., Milinski,
M., Rosenblatt, J. (Eds.), Advance in the Study of Behavior,
vol. 21. Academic Press, pp. 201-238.

Morali, G., Asuncion Pia Soto, M., Luis Contreras, J., Arteaga, M.,
Gonzalez-Vidal, M.D., Beyer, C., 2003. Detailed analysis of the
male copulatory motor pattern in mammals: hormonal
bases. Scand. J. Psychol. 44, 279-288.

Nishizuka, M., Arai, Y., 1981. Organizational action of estrogen on
synaptic pattern in the amygdala: implications for sexual
differentiation of the brain. Brain Res. 213, 422-426.

Nishizuka, M., Arai, Y., 1983. Regional difference in sexually
dimorphic synaptic organization of the medial amygdala.
Exp. Brain Res. 49, 462-465.

Numan, M., 1994. Maternal behavior. In: Knobil, E., Neil, ].D. (Eds.),
The Physiology of Reproduction, vol. 2. Raven Press, New York,
pp. 221-301.

Panzica, G., Viglietti-Panzica, C., Balthazart, J., 2001. Sexual
dimorphism in the neuronal circuits of the quail preoptic and
limbic regions. Microsc. Res. Tech. 54, 364-374.

Perez-Laso, C., Segovia, S., Collado, P., Rodriguez-Zafra, M.,

Del Abril, A., Guillamon, A., 1997. Estradiol masculinizes the
number of accessory olfactory bulb mitral cells in the rat. Brain
Res. Bull. 42, 227-230.

Pinos, H., Collado, P., Rodriguez-Zafra, M., Rodriguez, C., Segovia,
S., Guillamon, A., 2001. The development of sex differences in
the locus coeruleus of the rat. Brain Res. Bull. 56, 73-78.

Powers, J.B., Winans, S.S., 1975. Vomeronasal organ: critical role in
mediating sexual behavior of the male hamster. Science 187,
961-963.

Roselli, Ch.E., Larkin, K., Resko, J.A,, Stellflug, ].N., Stormshak, F.,
2004. The volume of a sexually dimorphic nucleus in the ovine
medial preoptic area/anterior hypothalamus varies with
sexual partner preference. Endocrinology 145, 478-483.

Scalia, F., Winans, S.S., 1975. The differential projections of the
olfactory bulb and accessory olfactory bulb in mammals.

J. Comp. Neurol. 161, 31-55.

Scalia, F., Winans, S.S., 1976. New perspectives on the
morphology of the olfactory system: olfactory and
vomeronasal pathways in mammals. In: Doty, R.L. (Ed.),

Mammalian Olfaction, Reproductive Processes and Behavior.
Academic Press, pp. 7-28.

Schuerger, RJ., Balaban, C.D., 1999. Organization of the
coeruleo-vestibular pathway in rats, rabbits and monkeys.
Brain Res. Rev. 30, 189-217.

Segovia, S., Guillamon, A., 1982. Effects of sex steroids on the
development of the vomeronasal organ in the rat. Dev. Brain
Res. 5, 209-212.

Segovia, S., Guillamon, A., 1986. Effects of sex steroids on the
development of the vomeronasal system in the rat. In:
Breipohl, W. (Ed.), Ontogeny of Olfaction in Vertebrates.
Springer, Berlin, pp. 35-41.

Segovia, S., Guillamon, A., 1993. Sexual dimorphism in the
vomeronasal pathway and sex differences in reproductive
behaviors. Brain Res. Rev. 18, 51-74.

Segovia, S., Guillamon, A., 1996. Searching for sex differences in
the vomeronasal pathway. Horm. Behav. 30, 618-626.

Segovia, S., Orensanz, L.M., Valencia, A., Guillamon, A., 1984.
Effects of sex steroids on the development of the accessory
olfactory bulb in the rat: a volumetric study. Brain Res. 318,
312-314.

Segovia, S., Valencia, A., Cales, J.M., Guillamon, A., 1986. Effects of
sex steroids on the development of two granule cell
subpopulations in the rat accessory olfactory bulb. Brain Res.
395, 283-286.

Segovia, S., Guillamon, A., del Cerro, M.C., Ortega, E., Perez-Laso,
C., Rodriguez-Zafra, M., Beyer, C., 1999. The development of
brain sex differences: a multisignaling process. Behav. Brain
Res. 105, 69-80.

Shapiro, L.E., Leonard, C.M., Sessions, C.E., Dewsbury, D.A., Insel,
T.R., 1991. Comparative neuroanatomy of the sexually
dimorphic hypothalamus in monogamous and polygamous
voles. Brain Res. 15, 232-240.

Shipley, M.T., Hallorand, F.J., De La Torre, J., 1985. Surprisingly rich
projections from locus coeruleus to the olfactory bulb in the
rat. Brain Res. 329, 294-299.

Shipley, M.T., Ennis, M., Puche, A.C., 2004. Olfatory system, In:
Paxinos, G. (Ed.), The Rat Nervous System, 3rd ed. Elsevier
Academic Press, pp. 923-964.

Simerly, R.B., Chang, C., Muramatsu, M., Swanson, L.W., 1990.
Distribution of androgen and estrogen receptor
mRNA-containing cells in the rat brain: an in situ hybridization
study. J. Comp. Neurol. 294, 76-95.

Steimer, T., Hutchison, J.B., 1990. Is androgen-dependent
aromatase activity sexually differentiated in the rat and dove
preoptic area? J. Neurobiol. 21, 787-795.

Sterio, D.C., 1984. The unbiased estimation of number and sizes of
arbitrary particles using the disector. J. Microsc. 134, 127-136.

Swaab, D.F., Fliers, E., 1985. A sexually dimorphic nucleus in the
human brain. Science 228, 1112-1115.

Valencia, A., Segovia, S., Guillamon, A., 1986. Effects of sex steroids
on the development of the accessory olfactory bulb mitral cells
in the rat. Brain Res. 389, 287-290.

Viglietti-Panzica, C., Panzica, G.C., Fiori, M.G., Calcagni, M.,
Anselmetti, G.C., Balthazart, J., 1986. A sexually dimorphic
nucleus in the quail preoptic area. Neurosci. Lett. 64, 129-134.

Vinader-Caerols, C., Collado, P., Segovia, S., 1998. Sex differences
in the posteromedial cortical nucleus of the amygdala in the
rat. NeuroReport 9, 2653-2656.

Vinader-Caerols, C., Collado, P., Segovia, S., Guillamon, A., 2000.
Estradiol masculinizes the posteromedial cortical nucleus of
the amygdala in the rat. Brain Res. Bull. 53, 269-273.

Winans, S.S., Scalia, F., 1970. Amygdaloid nucleus: new afferent
input from the vomeronasal organ. Science 170, 330-332.

Wysocki, CJ., 1979. Neurobehavioral evidence for the
involvement of the vomeronasal system in mammalian
reproduction. Neurosci. Biobehav. Rev. 3, 301-341.

Yahr, P, Finn, P.D., Hoffman, N.W., Sayag, N., 1994. Sexually
dimorphic cell groups in the medial preoptic area that are



62 BRAIN RESEARCH 1102 (2006) 52-62

essential for male sex behavior and the neural pathways
needed for their effects. Psychoneuroendocrinology 19,
463-470.

Yang, S-P., Pau, K.-Y.F., Hess, D.L., Spies, H.G., 1996. Sexual
dimorphism in secretion of hypothalamic

gonadotropin-releasing hormone and norepinephrine after
coitus in rabbits. Endocrinology 137, 2683-2693.

Zhou, J.N., Hofman, M.A., Gooren, L.J.,, Swaab, D.F., 1995. A sex
difference in the human brain and its relation to
transsexuality. Nature 378, 68-70.



	Sexual dimorphism in the vomeronasal system of the rabbit
	Introduction
	Results
	Accessory olfactory bulb
	Bed nucleus of the accessory olfactory tract
	Medial amygdala
	Posteromedial cortical amygdala (PMCo or C3)
	Bed nucleus of the stria terminalis
	Locus coeruleus

	Discussion
	Experimental procedure
	Subjects
	Histology
	Quantitative analysis
	Volume measurement
	Estimation of the number of neurons
	Statistical analysis

	Acknowledgments
	References


