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The aim of the study was to provide the topography and morphometric characteristics of the preoptic area (POA) of the guinea pig. The study was carried
out on the brains of sexually mature guinea pigs of both sexes. A uniform
procedure was followed in the study of the paraffin-embedded brain tissue
blocks of males and females. The blocks were cut in the coronal plane into
50 mm sections and stained according to the Nissl method. The guinea pig POA
consists of four parts: the medial preoptic area (MPA), lateral preoptic area
(LPA), periventricular preoptic nucleus (PPN), and median preoptic nucleus
(MPN). The topography and general structure of POA parts are similar in males
and females. However, the PPNa cells of females are more intensely stained
and are more densely packed than the PPNa cells of males. For morphometric
analysis, the MPA and LPA as well as PPN and MPN were considered respectively as uniform structures, namely MPA-LPA and PPN-MPN. The statistical
analysis showed that the volume of the PPN-MPN was larger in males than in
females, whereas the MPA-LPA volume did not differ between the sexes. Moreover, the numerical density and the total number of neurons were statistically
larger in males than in females in both the MPA-LPA and PPN-MPN. The parameters describing POA neurons were larger for MPA-LPA neurons in comparison with the PPN-MPN neurons. However, in this respect no sex differences
were observed in both studied complexes. (Folia Morphol 2010; 69, 1: 15–23)
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INTRODUCTION

Since Raisman and Field [29] reported sex differences related to the synaptic organization of the POA
in the rat, and Gorski et al. [17] described the sexually dimorphic nucleus of the rat preoptic area, there
have been numerous reports dealing with the POA
in mammals. Although a large amount of data concerning the POA exists, most of them refer to the
endocrine, behavioural, and biochemical aspects. To
our knowledge, a significant deficiency exists in the
field of quantitative data on the POA in the available literature. There is no data, for example, dealing with the volume, total cell number of the whole
POA, or even the particular POA nuclei. Some mor-

The preoptic area (POA), which is sometimes described as a part of the telencephalon, seems to be
structurally and functionally continuous with the hypothalamus. It sends and receives input to and from
many hypothalamic nuclei [2, 21, 28]. The preoptic
area influences behavioural, neuroendocrine, and
autonomic nervous system activity associated with
reproduction. It controls male sexual behaviour
[23, 24, 26] and plays a critical role in regulating
the cyclic release of pituitary gonadotropins in females [36]. Furthermore, it takes part in the regulation of parental behaviour [33].
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phometric studies, usually concerning different aspects of sexual dimorphism, were conducted only
in chosen nuclei, subnuclei, or even in smaller parts.
For instance, volumetric analyses of components of
the medial preoptic region were done in the rhesus
monkey [8] and in the ferret [12]. The volume and
number of cells were measure only in the dorsocentral portion of the medial preoptic anterior hypothalamus in the macaque [38] and in the sexually
dimorphic nucleus in the human brain [37]. The interstitial nuclei of the preoptic-anterior hypothalamic
area were quantitatively analysed in humans [1, 11].
Some more data refer to the morphometric parameters of the POA in rodents. For example, quantitative analysis of the anteriorly and centrally placed
subnuclei of the medial preoptic nucleus [9] and the
sexually dimorphic region of the medial preoptic
area (MPA) [20] was performed in the guinea pig,
and in the magnocellular subdivision of the medial
preoptic nucleus in the hamster [19]. The total cell
number [13] and the cell density per unit area [17]
were estimated in the rat sexually dimorphic nucleus of the POA.
In the existing literature almost all the quantitative data, although not numerous, refer only to chosen components of the preoptic region, and there is
a lack of studies concerning such parameters as, for
example, volume, number of neurons, or their size
in all POA components in the guinea pig. Moreover,
some reports related to the dimorphic region of the
POA, for example in rodents [4, 9, 20] and humans
[25, 36], present divergent results. Therefore, taking into consideration all the above-mentioned reasons, the aim of our study was to provide a topography and the morphometric characteristics of the
guinea pig preoptic region in males and females.

brains were embedded in paraffin and cut on a Leica microtome (Germany) into 50 mm sections in the
coronal plane. The sections were stained with cresyl
violet according to the Nissl method. The preparations were analysed topographically and morphometrically. The morphometric analysis was carried
out using a calibrated image analysis system which
consisted of a computer with morphometric software (Multi-Scan 8.2, Computer Scanning Systems,
Poland) and a light microscope combined with
a digital camera (CM40P, VideoTronic, Germany).
Brain sections were coded so that the analyses were
done without knowledge of the specimen sex. Each
series of (animal) brain sections was treated uniformly according to the following procedure.
Computer reconstructions
of the preoptic area
Microscope images (512 ¥ 512 pixels each) of
each of the brain sections were digitally recorded
using a camera combined with a microscope and
a computer. The recorded images from one section
were joined to form one digital section that contained the preoptic area and neighbouring structures. All sections containing the POA were digitally
reconstructed.
Volumetric analysis. The volume of the POA
parts was calculated according to the formula described by deVito et al. [14]. The total volume (V0 )
of a structure consists of the sum of the volumes of
all sections (Vn ) containing the structure.
V0 = SVn
The volumes (Vn) were calculated according to
the following formula:
Vn =

MATERIAL AND METHODS

Zn
3

¥ (An+An+1+÷An ¥ An+1)

An — area of the examined structure on the nth section; An+1 — area of the examined structure on the
nth + 1 section; Zn — distance between the two
sections.
In the digital sections, the boundaries of the preoptic structures were outlined on the monitor with
a cursor.
Because the lateral side of the MPA adjoins the
medial lateral preoptic area (LPA) side and the cell
structure of the two areas is similar, it is very difficult
to outline this boundary in cresyl violet stained sections. For these reasons, the MPA and LPA were considered as one part — MPA-LPA. Similarly, the dorsolateral border of the periventricular preoptic nucleus

The study was performed on the brains of sexually mature guinea pigs (Cavia porcellus). The material consisted of 10 brains, namely 5 of males and
5 of females. The study was conducted according to
the rules of the Local Ethical Committee of the University of Warmia and Mazury. All efforts were taken to limit animal suffering and the number of animals used to get reliable data. The male and female
brains were treated according to the same procedure. All animals were given a lethal dose of Nembutal (80 mg/kg) intraperitoneally and were then decapitated. The brains were removed from the skulls
and placed into 4% neutralised formalin for immersion fixation for at least three months. Then the
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Figure 1. Photomicrographs of Nissl-stained coronal sections of the preoptic area of the guinea pig; A. Section of the female preoptic area;
B. Section on the corresponding level in the male preoptic area; ac — anterior commissure; oc — optic chiasm; MPN — median preoptic
nucleus; PPN — periventricular preoptic nucleus; MPA — medial preoptic area; LPA — lateral preoptic area.

ries was selected randomly. Perikarya with distinct
nuclei were outlined digitally and measured using
a calibrated system and image-analyzing Multi-Scan
8.2 software. The following neuronal parameters
were measured: area of soma, soma circumference,
soma length (long axis), and soma width (short axis).

(PPN) closely adjoins the median preoptic nucleus
(MPN), and these nuclei cannot be distinguished from
each other, so in the morphometric analysis they were
also considered as one complex — PPN-MPN. The borders of the structures are shown in Figure 1. After
outlining the MPA-LPA and the PPN-MPN boundaries
their areas were calculated using a computer
equipped with Multi-Scan 8.2 software.
Numerical density. The number of neurons in
1 mm3 was estimated according to the optical dissector method described by West and Gundersen [40].
Total number of neurons. The total number of
neurons in the morphometrically examined POA
parts was calculated according to the formula described by West and Gundersen [40]. The density
and numbers of cells in the manuscript and in the
graphs are presented in thousands.

Statistical analysis
The data were analysed by using Statistica 6.0
software. The data are presented as mean value ±
± standard error of the mean. Significant differences
between the sexes were determined using a oneway analysis of variance. The comparison of two
means was made using Student’s t- test. The statistical significance level was set at p < 0.05.

RESULTS
The preoptic area of the guinea pig is situated in
front of the hypothalamus, bilaterally from the supraoptic recess of the third ventricle, and reaches the
anterior hypothalamus. It consists of four parts: the
medial preoptic area, the lateral preoptic area, the
median preoptic nucleus, and the periventricular preoptic nucleus (Figs. 1, 2).
The most rostral part of the POA is made up of
the MPA, the anterior pole of which appears in front
of the decussation of the optic nerves. Just behind

N0 = V0 ¥ Nmm3
V0 — volume of structure; Nmm3 — numerical density of structure.
Morphometric parameters of neurons. The
analysis of neuronal parameters was carried out with
a 40¥ objective lens, and every second section was
analysed for each individual: 5 females and 5 males.
For each of the 10 individuals, more than 2000 neurons were measured. The first section within a se-
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line of the POA. The PPN posteriorly enlarges in the
lateral and dorsal direction taking a triangular shape.
The base of the triangle lies parallel to the optic chiasm, the medial edge is adjacent to the third ventricle, and the lateral edge adjoins the MPA (ventral
portion) and the MPN (dorsal portion). In the middle
and posterior sections the PPN is divided into the
medial (PPNa) and lateral parts (PPNb) (Figs. 1A, B).
The PPNa cells are more intensely stained and are more
densely packed than the cells of the PPNb. The PPN
division is more distinct in the female than in the male.
The median preoptic nucleus forms a kind of PPN
continuation in the dorsal direction. From the ventral side the MPN adjoins the PPN, from the lateral
it is encircled by the MPA, and dorsally it reaches
the fornix. Posteriorly, an elongated stripe of cells
creating the MPN lengthens considerably in the dorsal direction where it connects the columns of the
fornix. More caudally, the MPN is divided by the
commissura anterior into two parts: dorsal and ventral. The dorsal part has the form of a triangle the
base of which is located above and parallel to the
commissura anterior, and its sides are bounded by
the columns of the fornix. The ventral part has the
form of a vertical strip, lying under the commissura
anterior, which widens significantly ventrolaterally
so that the cells of the MPN enclose the dorsal and
lateral borders of the PPN. The similar cell structures
of the MPN and PPN, as well as their adjacent location, cause the border between these nuclei to be
indistinct. In the caudal sections the PPN and MPN
decrease and are separated from each other. The
MPN posterior pole forms the posterior pole of the
POA and disappears at the anterior level of the
periventricular nucleus of the hypothalamus.

Figure 2. Photomicrograph of a Nissl-stained coronal section of
the hypothalamus on the level of preoptic area of the guinea pig;
BM — basal nucleus of Meynert; SI — substantia innominata;
ac — anterior commissure; oc — optic chiasm; MPN — median
preoptic nucleus; PPN — periventricular preoptic nucleus;
MPA — medial preoptic area; LPA — lateral preoptic area.

it is the lateral preoptic area. The similar cell structure of the LPA and the adjoining part of MPA, as
well as their loose arrangement, cause these areas
to be indistinctly separated from each other. The
areas constitute quite extensive cell groups that are
arranged parallel to the anterior commissure,
which, together with the nucleus of stria terminalis, create their dorsal border. Medially, the MPA is
bound in front by the diagonal band of Broca,
whereas in the middle and posterior sections it is
bound by the PPN and MPN. From the lateral side,
the MPA is restricted by the LPA, whereas the lateral border of the LPA is adjacent to the globus
pallidus and substantia innominata. Ventrally, the
areas are limited by the basal nucleus of Meynert.
Small groups of cells — the posterior poles of the
MPA and LPA — pass into the anterior and lateral
hypothalamic area, respectively, without any distinct border on the level of the anterior sector of
the supraoptic nucleus.
The PPN and MPN appear slightly behind the LPA
anterior pole and are small clusters of tightly packed
cells. The PPN is located ventrally to the MPA and
laterally to the supraoptic recess, whereas the MPN
is an unpaired band of grey matter placed in the mid-

Morphometric analysis
Volume. The mean overall volume of the whole
preoptic area for males was 0.85 ± 0.02 mm3 compared to the mean POA volume in females of 0.79 ±
± 0.02 mm3. The results of volumetric analysis of
the individual POA parts are shown in Figures 3 and 4.
The analysis of variance (ANOVA) indicated that
the mean volume occupied by the MPA-LPA (Fig. 3)
was not statistically different between males and
females (p > 0.05) whereas the PPN-MPN mean volume (Fig. 4) was significantly larger in males than in
females (p < 0.05).
Density of neurons. The mean number of neurons in 1 mm3 in the whole POA for males was 124 ±
± 2.9 compared to the mean number of 98 ± 2.3 in
females. In both males and females the mean neu-
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Figure 3. Mean overall volume (± SEM) of the medial and lateral
preoptic area (MPA-LPA).

Figure 5. Mean estimated numerical density ± SEM ¥ 103 within
the medial and lateral preoptic area (MPA-LPA) in the male and
female guinea pig; *p < 0.05, in comparison to the female group.

Figure 4. Mean overall volume (± SEM) of the periventricular
and median preoptic nuclei (PPN-MPN) in the male and female
guinea pig; *p< 0.05, in comparison to the female group.

Figure 6. Mean estimated numerical density ± SEM ¥ 103 within
the periventricular and median preoptic nuclei (PPN-MPN) in the male
and female guinea pig; *p < 0.05, in comparison to the female group.

ron density was higher in the PPN-MPN than in the
MPA-LPA (Figs. 5, 6). Moreover, the numerical density was sex-dependent: neurons within the MPA-LPA as well as in the PPN-MPN (Fig. 5, 6) were significantly more densely packed in males than in females (p < 0.05).
Total number of neurons. The sex differences observed in the numerical density and in the
volume correspond to the sex differences in the
total number of POA neurons. The mean total neuron number of the whole POA in males was 87 ±
± 3.2 compared to 60 ± 1.6 in females. Thus, in the
whole male POA there were approximately 31%
more neurons than in the female POA. The statistical analysis indicated that the mean total neuron number of MPA-LPA (Fig. 7), as well as of the
PPN-MPN (Fig. 8), was significantly larger in males
than in females (p < 0.05).
Area of neuronal cell bodies. The morphometric parameters of neurons for the individual POA

parts are shown in Table 1. In both sexes the mean
neuronal area of the MPA-LPA was larger than the
area of the PPN-MPN neurons. The statistical analysis indicated that the neuronal area of the two examined parts differed significantly (p < 0.05). However, there was no significant sex difference in the
neuronal area in the MPA-LPA (p > 0.56) or in the
PPN-MPN (p > 0.32).
Neuronal body circumference. The mean neuron circumference of the MPA-LPA was larger than
the parameter of PPN-MPN neurons in both males
and females (Table 1). The two parts of the POA
differed significantly in terms of this parameter
(p < 0.05). However, statistical analysis demonstrated no significant differences between males and females in the neuron circumference in the MPA-LPA
(p > 0.60) or in the PPN-MPN (p > 0.35).
Neuronal body length. The mean neuron length
of the MPA-LPA was always larger than the mean
neuron length of the PPN-MPN in both sexes (Table 1).
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and females. MPA-LPA neurons differed statistically
from the PPN-MPN neurons in terms of this parameter (p < 0.05). The neuron width, as the remaining
parameter describing POA neurons, did not differ
significantly between the sexes either in the MPA-LPA (p > 0.09) or in the PPN-MPN (p > 0.15).

DISCUSSION
The general structure and topography of the
guinea pig preoptic area is similar to that described
in other rodents [4–6, 15], insectivores [31], and
sheep [30]. Even though some authors present other POA divisions, it is possible to carry out a comparative analysis. For example, Broadwell and Bleier
[6] distinguished the triangular nucleus of the mouse
that probably corresponds to the dorsal part of the
median preoptic nucleus of the guinea pig. On the
other hand, the medial preoptic nucleus of the rat
and mouse [5, 6] seems to correspond to part of the
guinea pig MPA (present study). The PPN nucleus of
the guinea pig in the middle and posterior sectors
contains two subgroups: the medial PPNa and the
lateral PPNb. The PPNa, which is more intensely
stained and more densely packed in the female guinea pig, appears to correspond to the MPNa [9] and
the medial preoptic nucleus of the guinea pig [4].
According to Bleier et al. [4], the medial preoptic nucleus of the female guinea pig, just as the PPNa in
our study, is also more tightly packed in the female
than in the same region of the male.
Our study is the first concerning the morphometry of the whole preoptic area in the guinea pig.
Although a few morphometric reports of guinea pig
POA providing some volumetric measurements are
available, they concern only some nuclei, or even
subnuclei, usually showing sexual dimorphism.
The volumetric analysis of the guinea pig POA
revealed that the PPN-MPN complex differed significantly between the male and female, whereas the
volume of the MPA-LPA did not show sexual differences in this parameter. In our study we did not dis-

Figure 7. Mean estimated total number of neurons ± SEM ¥ 103
within the medial and lateral preoptic area (MPA-LPA) in the male and
female guinea pig; *p < 0.05, in comparison to the female group.

Figure 8. Mean estimated total number of neurons ± SEM ¥ 103
within the periventricular and median preoptic nuclei (PPN-MPN)
in the male and female guinea pig; *p < 0.05, in comparison to
the female group.

The length of the MPA-LPA neurons differed in
a statistically significant way from the length of
PPN-MPN neurons (p < 0.05). The neuron length
was not sexually differentiated in the MPA-LPA
(p > 0.64) or in the PPN-MPN (p > 0.50).
Neuronal body width. The mean width of the
MPA-LPA soma was always larger than that of the
soma of PPN-MPN neurons (Table 1) in both males

Table 1. Mean estimated parameters (± SEM) of neurons of the medial and lateral preoptic area (MPA-LPA) and the
periventricular and median preoptic nuclei (PPN-MPN) in the male and female guinea pig
Nucleus

Sex

Neuron area
[µm²]

Neuron circumference
[µm]

Neuron length
[µm]

Neuron width
[µm]

MPA-LPA

Male

106.91 ± 2.41

41.00± 0.65

15.08 ± 0.31

9.97 ± 0.12

Female

110.00 ± 3.25

41.60 ± 0.72

15.00 ± 0.26

10.27 ± 0.16

Male

76.59 ± 1.83

34.25 ± 0.55

11.93 ± 0.21

8.75 ± 0.09

Female

80.02 ± 1.96

35.04 ± 0.5

12.17 ± 0.19

9.01 ± 0.10

PPN-MPN
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than in male-oriented rams. Because the preoptic area
is known to control the expression of the male sexual
behavior such findings may suggest that naturally
occurring variations in sexual partner preferences may
be related to differences in brain anatomy [32].
Like in rodents, quantitative studies of the human preoptic region have also produced discrepant
results. Swaab and Flier’s [36] analysis of the SDN
revealed that the nucleus is larger in men than in
women. Allen et al. [1] did not confirm these findings. Nevertheless, they found two other nuclei, the
interstitial nuclei of the anterior hypothalamus INAH-2
and INAH-3, that were larger in males than in females. In INAH-1, which corresponds to the SDN of
Swaab and Fliers [36], and INAH-4 Allen et al. [1]
found no sexual dimorphism. The sex-related difference in the volume of the human INAH-3 was confirmed by LeVay [25] and Byne et al. [10]. They stated that the human INAH-3 occupied a greater volume in males than in females. However, they did
not find any sex differences in other parts of INAH.
According to Allen et al. [1] and Byne et al. [10],
such discrepancies among the nuclei of the preoptic region may be attributed to methodological differences. For example, studies that detected no sexual dimorphism in INAH-1 [1, 25] were conducted
with the use of much thicker sections than those of
Swaab and Fliers [36] and Swaab and Hofman [37].
Larger volume of INAH-3 in men [10] is associated with an increase in the number of neurons within this nucleus, but not with sexual differences in
neuron size or density. Our results support these
findings to some extent. As regards the size of neurons, we agree with Byne et al. [10], as neither in
the MPA-LPA nor in the PPN-MPN were sex differences in any parameter describing the size of neurons observed, as in the POA neurons of the hamster [19]. However, Brown et al. [7] found that POA
neurons located beneath the anterior commissure
were significantly larger in females than in males of
the 129SvEv strain mouse, but not in other examined strains. Furthermore, cells from another group
of the POA were larger in males than in females of
the C57BL/6J and SF-1 gene-disrupted wild-types.
Taking into consideration the number of neurons
in the human INAH-3, we agree with Byne et al. [10]
that a higher number of neurons occurs in the male
nucleus. Contrary to their findings, however, we
found that the neuronal density differed between
sexes, and there were more neurons in 1 mm3 in the
male than in the female guinea pig, both in the PPN-MPN and MPA-LPA. Thus, the increased number of

tinguish a group of cells corresponding to the sexually dimorphic nucleus of the preoptic area (SDN-POA), which was described by Gorski and Harlan
[18] in the rat as several times larger in males than
in females. The cytoarchitectonic study of the sexually dimorphic nuclear complex of the medial preoptic-anterior hypothalamic area (SDNC-MPAH) in
rodents (guinea pig, rat, hamster, mouse) showed
that the entire configuration was similar in size and
contours in the two sexes, but that the dimorphism
of the region was related to patterns of cell distribution and density. The medial preoptic nucleus was
larger and, except in the mouse, appeared to have
higher cellular density in females than in males [4].
According to Hines et al. [20], the darkly staining portion of the medial preoptic area of the guinea pig is approximately four times larger in the male
than in the female. However, Byne, and Bleier [9]
observed sex differences in two components of the
medial preoptic nucleus of the guinea pig. The anteriorly placed subnucleus corresponding to the SDN-POA of the rat [18] was twice as large in females as
in males, and a centrally placed subnucleus had
about ten-times greater volume in males than in
females. On the other hand, Bleier et al. [4] identified a group of cells corresponding to the SDN-POA
described by Gorski and Harlan [18] in the guinea
pig only in the male medial preoptic nucleus while
in the female such a cell group could not be distinguished. However, in the study of the guinea pig
preoptic region [9] a cell subgroup that resembles
the SDN-POA of the rat [18] was observed in 9 out
of 20 females. In the study by Hines et al. [20],
a group of cells corresponding to the rat SDN-POA
was distinguished in the male and female guinea
pig. It should be noted, however, that in the studies
of Byne and Bleier [9] and Hines et al. [20] an anterior hypothalamic nucleus showing sexual differences has been described. In addition, such discrepancies between the observations may result from the
differences in technical or histological procedures
[4, 9, 20]. Apart from rodents, sexual dimorphism
relating to the volume of the POA nuclei has also
been reported in a number of other species, including the sheep [32], ferret [12], rhesus monkey [8],
and humans [1, 25, 36].
The ovine sexually dimorphic nucleus (oSDN),
which is a part of the medial preoptic area/anterior
hypothalamus, is three times larger in volume in
rams than in ewes [32]. In addition to the sex difference, the study of Roselli et al. [32] revealed that
the oSDN is two-times larger in female-oriented rams
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cesses in primates than would other rodents. The
study of sex differences in the brain may complement our understanding of the relationship between
brain structure and function or behaviour and cognition. Sex differences in the brain are not only the
basis for sex differences in reproduction, gender
identity, and sexual orientation, but also sex differences in the occurrence of psychiatric and neurological diseases in adulthood and in age-related neurodegeneration [35].

neurons within the studied complexes in male guinea
pigs was related to both the increased volume and
the increased neuronal density. Therefore, the neuron number was higher not only in the male PPN-MPN complex (the volume of which was larger in
males than in females), but also in the male MPA-LPA of the guinea pig. Cherry et al. [12] found
a significantly higher number of cells present per
unit area of section in males than in females in the
dorsal region of the ferret preoptic/anterior hypothalamic area on day E41, whereas on day E33 the
density of cells in both sexes was similar. Our findings indicating that the total number of neurons was
higher in the male preoptic area are similar to the
results of studies on different nuclei within the preoptic region of the rat [18, 27], gerbil [22], hamster
[19], and humans [36]. In hamster MPN [19], the
same as in the MPA-LPA of the guinea pig, sex differences in the neuron number are compensated for
by sex differences in cell density, although the volume is not sexually dimorphic.
According to Swaab and Hofman [37] and Swaab
et al. [35], sex differences concerning the neuron
number may vary in different stages of human life,
and even in adulthood their magnitude does not
remain constant. At the time of birth, the total cell
number of the SDN-POA is similar in boys as it is in
girls and increases equally in both sexes until the
age of four years. From that age, the cell number
starts to decrease in girls. In boys, the cell number
of the SDN-POA remains stable until approximately
50 years of age, when it starts to decrease, which
results in much less pronounced sex difference in
the cell number in this period. In women, the second phase of marked cell loss takes place after the
age of 70 [37]. Beck et al. [3] suggest that the structure of limbic brain regions is dynamic in adulthood
and the process of neuronal aging and changes in
sex hormone levels during aging seem to be instrumental in the changes occurring in dimorphic brain
regions [34]. The latest study of the adult rat indicates considerable plasticity of the brain dimorphic
regions in which circulating androgens are required
to maintain soma size, but not regional volume in
males. However, ovarian steroids maintain both
soma size and regional volume in females [16].
The study carried out on the guinea pig confirms
that the preoptic area is a dimorphic structure, although our attention was not focused on the dimorphic areas of the POA. The guinea pig, as a precocial animal [39], may provide a better model of
particular developmental and neuroendocrine pro-
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