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The present studies were carried out on the brains of the adult mole and rabbit.
The preparations were made by means of the Golgi technique and the Nissl
method. Two types of neurons were distinguished in the preoptic area (POA) of
both species: bipolar and multipolar. The bipolar neurons have oval, fusiform or
round perikarya and two dendritic trunks arising from the opposite poles of the
cell body. The dendrites bifurcate once or twice. The dendritic branches have
swellings, single spine-like and filiform processes. The multipolar neurons usual-
ly have triangular and quadrangular perikarya and from 3 to 5 dendritic trunks.
The dendrites of the mole neurons branch sparsely, whereas the dendrites of
the rabbit neurons display 2 or 3 divisions. On the dendritic branches varicosities
and different protuberances were observed. The general morphology of the
bipolar and multipolar neurons is similar in the mammals studied, although the
neurons of the rabbit POA display a more complicated structure. Their dendritic
branches show more divisions and possess more swellings and different pro-
cesses than the dendrites of the neurons of the mole POA. Furthermore, of the
multipolar neurons only the dendrites in POA of the rabbit were observed to
have a rosary-like beaded appearance.

Key words: preoptic area, types of neurons, Nissl and Golgi studies,
mole, rabbit

INTRODUCTION
The preoptic area (POA) is localised in the transi-

tional zone between the telencephalon and the dien-
cephalon, surrounding bilaterally the third ventricle.
From the functional point of view POA is regarded as
part of the hypothalamus and plays a major role in
the control of many aspects of reproduction. Togeth-
er with the hypothalamic nuclei POA takes part in the
regulation of the hypophysiogonadal system as indi-
cated by the presence of luteinising hormone-releas-
ing factor [5, 21] and sex steroid hormone-concen-
trating neurons [14, 34]. Moreover, POA participates
in both feminine and masculine sexual and commu-
nicative behaviour [22] and also in maternal behav-
iour [40]. The preoptic area neurons are also involved

in the regulation of sleep [23] and in thermoregula-
tion [6]. The preoptic area efferents which appear to
have the most obvious implications for these func-
tions are those to the arcuate nucleus and the medi-
an eminence [5, 10, 20, 43]. A wide variety of neu-
rotransmitters is implicated in mediating POA func-
tions. For example, the monoamines in the medial
preoptic area (MPA) play a crucial role in the control
of GnRH release and this area receives a significant
number of monoaminergic fibres [44]. The greatest
number of catecholaminergic fibres and cell bodies
are found in the periventricular zone of POA [44].
Dopamine activity in the medial POA contributes to
the control of sexual behaviour in the male rat [19].
Furthermore, the perikarya and fibres of POA contain
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Figure 1. Microphotograph of the cross-section of the preoptic
area of the rabbit. Scale bar 1 mm. MPA — medial preoptic
area; LPA — lateral preoptic area; MPN — median preoptic
nucleus; PPN — periventricular preoptic nucleus; ac — anterior
commissure; oc — optic chiasm.

many other biologically active substances, including
substance P, vasoactive intestinal polypeptide, chole-
cystokinin, neuropeptide Y, somatostatin, neuro-
tensin, GABA and opioid peptides [13, 15, 29, 44].

Despite the relative abundance of data concerning
POA structure and topography [27, 32, 36, 38, 47],
the organisation of projections [2, 7, 9, 12, 20, 45]
and the ultrastructure [24, 33, 35, 37], little is known
about the Golgi analysis of this region. Only a few
works concerning the neuronal structure of POA re-
stricted to single animals are available, while detailed
comparative Golgi study of POA appears to be lack-
ing. The neuronal structure of POA with reference to
Golgi has been studied in the rat [16, 28, 31], mouse
[46], hamster [18], ferret [8] and monkey [3]. In the
light of the paucity of such studies in the mole and
rabbit the aim of our work was to describe and com-
pare POA neuronal structure of two species of pla-
cental mammals that represent two different orders,
Insectivora and Lagomorpha, respectively. This would
appear to be of relevance because no description of
the Golgi analysis of POA of these mammals was found
in the available literature.

MATERIAL AND METHODS
The studies were performed on the brains of two

adult mammalian species: the mole (Talpa europaea
— Insectivora) and the rabbit (Oryctolagus cunicu-
lus — Lagomorpha). The material studied consisted
of 12 brains (6 brains of males and 6 of females) of
one-year-old adult moles and seven-month-old rab-
bits. The brains were fixed in 4% neutralised forma-
lin for not less than three months. Preparations were
made according to the Golgi technique or stained
by means of the Nissl method. The paraffin sections
stained with cresyl violet were 50 µm-thick. Three
brains of each sex for the Golgi impregnation were
placed first in a solution of 2.5% potassium dichro-
mate for 3–6 days and then in a 3% silver nitrate for
2–5 days. After the impregnation the paraffin blocks
were cut into 90 µm scraps. The microscopic images
of chosen impregnated cells were digitally recorded
by means of a camera coupled with a microscope
and an image processing system (MultiScan 8.2,
Computer Scanning System, Poland). Between 20 and
60 such digital microphotographs were taken at dif-
ferent focus layers of the section for each neuron.
The computerised reconstructions of microscopic
images were made on the basis of these series. At
first the neurons were not clarified to show the real
microscopic images and then the neuropil was re-
moved to clarify the pictures.

RESULTS
The preoptic area of the mammals studied ap-

pears in front of the anterior commissure and ex-
tends backward to the anterior part of the
paraventricular nucleus of the hypothalamus. On
the basis of the cell arrangement in the Nissl
scraps we distinguished two areas within POA,
namely MPA and the lateral preoptic area (LPA),
and two nuclei, the periventricular preoptic nu-
cleus (PPN) and the median preoptic nucleus
(MPN) (Fig. 1). MPA and LPA contain loosely dis-
tributed perikarya and these regions are indistinct-
ly circumscribed from the surroundings; we thus
termed them areas and not nuclei. MPN and PPN
are built from tightly packed neurons and their
borders are quite clear-cut. PPN is situated on
both sides of the third ventricle, medially to MPA,
whereas dorsally it is bordered by MPN. LPA oc-
cupies the lateral part of POA, bordering medial-
ly with MPA.
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On the basis of the Golgi material analysis two
types of neurons were distinguished in POA of the
mammals studied, the bipolar and the multipolar.

The neuronal structure of POA of the mole

Bipolar neurons (Fig. 2). These neurons have
oval, round or fusiform perikarya that measure from
12 to 28 µm. The smaller bipolar neurons were ob-
served in MPN, whereas the larger ones were in LPA.
Two dendritic trunks arise from the opposite poles
of the cell body. Some neurons have elongate
perikarya and thick dendritic trunks, so that it is dif-
ficult to determine the border between the soma
and the dendritic trunk. The dendrites are poorly
ramified and only some of them divide, usually once
dichotomically but seldom twice. The first bifurca-
tion is placed in the vicinity of the soma, about 10 µm
or more from the cell body, while the second bifur-
cation usually occurs 20–30 µm or more from the
first. Sparse swellings and processes are irregularly
distributed on the dendritic branches. Generally the
long axes of POA neurons lie down parallel to the
fibres of the anterior commissure, whereas the long
axes of MPN neurons are arranged perpendicular to
these fibres. The dendritic field is not extensive and
has a stream-like form (the longest dendrites reach
about 120 µm). An axon emerges from the initial
portion of the dendritic trunk, rarely from the
perikaryon, and impregnates for a short distance (up
to 25 µm).

In Nissl preparations a soma of the bipolar neu-
rons contains a round or elongate pale stained nu-
cleus with a darkly stained nucleolus. The tigroid
substance, in the form of tiny and medium-size gran-
ules, is located on the periphery of the cell body and
only in the fusiform perikarya does it penetrate the
initial portions of the dendrites. The bipolar neurons
were commonly observed in all POA parts, but in
LPA they occurred less frequently than the multipo-
lar ones.

Multipolar neurons (Fig. 3). Their perikarya are
triangular, quadrangular or, rarely, round and mea-
sure from 14 to 30 µm. Smaller multipolar neurons
occur more often in PPN and MPN, while there are
larger ones in MPA and LPA. From the triangular
perikarya three dendritic trunks arise conically. The
remaining multipolar neurons usually have four or,
sporadically, five dendrites that spread in all direc-
tions. The dendrites branch sparsely and only some
of them bifurcate once, occasionally twice. The first
division takes place near the cell body (after 10–15 µm),
whilst the second bifurcation is located after about

40 µm. The dendritic branches follow straight course,
some with a length of about 150 µm, and they are
covered with delicate varicosities. An axon arises di-
rectly from the soma or from the dendritic trunk and
was observed over a distance of about 35 µm.

In Nissl pictures the cells have round or oval cen-
trally located nucleus. The tigroid substance, in the
form of medium-sized granules, surrounds the nu-
cleus and moderately penetrates the initial portions
of the dendrites in the triangular and quadrangular
perikarya. In the round perikarya a thin rim of cyto-
plasm with tiny granules of the tigroid substance is
located in the cell circumference. The multipolar
neurons were most frequent in LPA, whereas in the
remaining parts of the mole POA they were observed
in smaller numbers than the bipolar ones.

The neuronal structure of POA of the rabbit

Bipolar neurons (Fig. 4). The perikarya of these
neurons are similar to those described in the bipolar
neurons of the mole but they are larger and mea-
sure up to 35 µm. The place of the first division and
the dendritic tree in general resemble those of the
mole neurons but some differences were also ob-
served. In the neurons with round perikarya the first
division takes place at a distance of over 40–50 µm
from the cell body. The second division in most bi-
polar neurons is located 30–40 µm from the first.
A third bifurcation was observed sporadically, either
in the vicinity of the previous one or in the distal
portion of the dendrites (even after 100–200 µm).
The dendritic branches are more varicose than the
mole dendrites and possess bead-like protuberanc-
es. On the distal portions of these branches single
spine-like processes were also observed. The den-
dritic field is elongate and vast, some dendritic
branches reaching a length of about 450 µm. An
axon emerges from the initial portion of the den-
dritic trunk and is usually impregnated at a distance
of 30 µm or sometimes up to 70 µm.

Bipolar neurons preponderate in the rabbit POA.
Bipolar cells with round and oval perikarya predom-
inate in MPN and PPN, whereas neurons with fusi-
form perikarya preponderate in LPA and MPA. The
inner structure of the perikarya is similar to that de-
scribed in the mole.

Multipolar neurons (Fig. 5). The shape of the
soma of the neurons is similar to the multipolar neu-
rons of the mole but their perikarya are larger (up to
35 µm). The neurons have from three to five den-
dritic trunks, which show more divisions and only
the single ones remain undivided. The first division
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Figure 2. Bipolar neurons of POA of the mole. Scale bar 25 µm; a. Non-clarified Golgi impregnation; b. Clarified Golgi impregna-
tion, ax — axon; c. Nissl stained perikarya.
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Figure 3. Multipolar neurons of POA of the mole. Scale bar 25 µm; a. Non-clarified Golgi impregnation; b. Clarified Golgi impregnation,
ax — axon; c. Nissl stained perikarya.
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Figure 4. Bipolar neurons of POA of the rabbit. Scale bar 50 µm; a. Non-clarified Golgi impregnation; b. Clarified Golgi impregnation,
ax — axon; c. Nissl stained perikarya.
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Figure 5. Multipolar neurons of POA of the rabbit. Scale bar 50 µm; a. Non-clarified Golgi impregnation; b. Clarified Golgi impregnation,
arrows — “rosary-like dendrites”, ax — axon; c. Nissl stained perikarya.
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of the dendrites takes place after about 15 µm or
after 50 µm. The location of the second division var-
ies between 50–100 µm, from the previous one. Spo-
radically in the distal portions of the dendrites a third
division was observed. Most dendritic branches are
covered with varicosities and filiform or knob-like
protrusions that are irregularly distributed along the
dendrites. However, within the multipolar neurons
there is a group of neurons with bead-like swellings
that are similar in size and fairly evenly distributed on
the dendritic branches. Such swellings cause the den-
drites to take on a rosary-like appearance. The neu-
rons with “rosary-like dendrites” (Fig. 5B — arrows)
were observed in MPA and LPA. The dendritic field is
vast and has an oval or spherical form. The longest
dendrites reach to about 600 µm. An axon was ob-
served to arise more often from the dendritic trunk
than from the soma and was observed at a distance
of about 40 µm, rarely at 70 µm. The multipolar neu-
rons were observed in all parts of POA but they were
less numerous than the bipolar ones.

DISCUSSION
The preoptic area of the species examined con-

sists of two types of neurons: bipolar and multipo-
lar. It has been reported that POA of the rat is com-
posed of similar two types of neurons [16, 31, 37].
These neurons have from two to five sparsely
branched dendrites similar to those of the mole and
rabbit. The monkey POA neurons are predominantly
bipolar with a relatively simple dendritic field [3]. In
POA of the mole and rabbit the bipolar neurons are
also prevalent besides LPA of the mole, where the
multipolar ones preponderate. Only in the ferret did
Cherry et al. [8] distinguish, besides the bipolar and
multipolar neurons, unipolar ones. The majority of
the ferret multipolar neurons have three dendrites
[8], while most multipolar neurons of the mole have
three or four, and in the rabbit neurons with three,
four or five dendrites occur in a similar number. An
in vitro study has revealed that the number of den-
dritic turns may depend on gonadal steroids [46].

In the POA of the human [21] and the rat [11]
bipolar neurons contain luteinising-hormone-releas-
ing factor (LHRH). These neurons project to the arc-
uate nucleus and the portal capillary in the median
eminence and influence the anterior pituitary [5, 10,
20, 43]. LHRH neurons sending descending projec-
tions also make en passant synapses, so that LHRH
acts not only as a neurohormone released from the
terminals in the median eminence but also as a neu-
rotransmitter within POA of the guinea pig [42]. Pre-

optic LHRH-containing neurons are modulated by the
cells producing opioid peptides and NPY-immunore-
active cells of the arcuate nucleus [26, 30]. In POA of
the mole and rabbit (present paper) as well as in
that of the rat [16] the dendrites of neurons of the
medial and lateral areas are horizontally oriented.
These dendrites are the main target for the fibres of
the stria terminalis [16, 35], which is a crucial path-
way from the amygdala to POA [7]. POA innervation
of the medial amygdala can regulate dopamine ac-
tivity in MPA [13]. The fibres of the stria terminalis
make synaptic contacts in POA with dendritic shafts
and dendritic spines [35]. In both the species exam-
ined the dendritic branches possess varicosities and
delicate swellings but bead-like and spine-like pro-
cesses and “rosary-like dendrites” were characteris-
tic only for the rabbit neurons. The dendritic mor-
phology of the rabbit neurons resembles that of the
ferret [8]. Cherry et al. [8] reported that most preop-
tic neurons had relatively smooth dendrites and that
dendritic spines were scarce, but that swellings were
commonly observed, particularly on their distal seg-
ments. Raisman and Field [35] described two types
of dendrites in the rat: one with numerous spines
and the other with varicosities, while McMullen and
Almli [31] distinguished spiny or aspiny dendrites.
The dendritic protrusions observed in our material
were unevenly distributed on the branches or con-
centrated on their distal portions but the soma was
devoid of them. Gerocs et al. [16] postulated that
during maturation there are changes in the distribu-
tion of the protrusions along the dendritic tree of
the preoptic neurons. In rats of 4 and 20 days of age
the majority of protrusions are close to the cell body,
but in 90-day old animals the vicinity of the perikary-
on becomes fairly free of them [16] and axosomat-
ic synapses form only about 2–3% of the total syn-
apses [35].

In our qualitative study the bipolar and multipo-
lar neurons were observed in both the male and the
female. In both sexes of salmon [41] the same types
of neurons were distinguished in Golgi study and no
sex differences were reported. However, quantita-
tive data on POA and the anterior hypothalamic re-
gion provide evidence that sex differences do exist
in the morphology of neurons in the monkey and
ferret [3, 8]. The total dendritic length, number of
branches and percentage of neurons with either third
or fourth order branches were significantly greater
in the male than in female ferret [8]. In the juvenile
monkey there were approximately 20% more den-
dritic branches per neuron, with a higher number of
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spines in males than in females [3]. Larriva-Sahd and
Gorski [24] noted no sex differences in the ultrastruc-
tural characterization of medical preoptic nucleus in
the rat [24], although Raisman and Field [35] noted
that the neuropil of the rat POA is sex differentiat-
ed. In the male the synapses of non-amygdaloidal
origin almost all make contact directly with the den-
dritic shafts, while in the female contact is with the
dendritic spines [35]. In the dorsomedial POA of the
hamster sexual dimorphism related to the pattern
of the dendritic field suggests that this region may
receive differential afferent inputs in males and fe-
males [18].

Experimental studies indicate that dendritic mor-
phology is under hormonal regulation [1, 8, 46]. For
example, the dendritic length, branching and thick-
ness increase to some degree following injections of
testosterone [8]. In the mouse POA and hypothala-
mus neurons of gonadal steroid-treated cultures had
significantly more dendrites arising from the cell body
in comparison with untreated cultures [46]. Preop-
tic cells contain receptors for oestrogens and andro-
gens [4] as well as aromatase, the enzyme essential
for converting the testosterone to oestradiol [39].
Although some brain areas are most sensitive to go-
nadal hormones during perinatal development [17],
such sensitivity is not limited to this period, and even
in adulthood gonadal steroids can alter neuronal
structure [25].

In summary, it should be pointed out that the
neuron types of POA of the mole and rabbit are
similar, although the dendritic morphology of the
rabbit neurons is more complicated. The rabbit neu-
rons show more dendritic divisions (up to the fourth
order) and possess more dendritic swellings and
different protrusions, including the “rosary-like
dendrites”. In contrast to the mole, the rabbit
shows variation in the location of the divisions (the
first division of the multipolar neurons occurs af-
ter 15 µm or 50 µm and the second at a distance
of 50 to 100 µm). The dendritic field of the rabbit
neurons is larger and the dendrites are three or
four times longer than those of the mole. In most
neurons axons were observed at a short distance
(up to 40 µm) and only in some neurons of the
rabbit were longer axons (up to 70 µm) seen. This
may suggest that the rabbit POA neurons occur at
different stages of myelinisation. The morphologi-
cal differences between the mole and rabbit neu-
rons may apply to differences that are species de-
pendent. On the other hand, it should be borne in
mind that the POA plays an essential role in a vari-

ety of reproductive functions and the dendritic
morphology of preoptic neurons may, even in adult-
hood, be altered by the influence of hormones. In
view of this, the morphological differences of neu-
rons in the mammals studied may be related go-
nadal steroid levels during their reproductive ac-
tivity. It should be noticed that in the mole procre-
ation occurs once a year, whereas in the rabbit it
occurs several times a year.

REFERENCES
1. Amateau SK, McCarthy MM (2002) A novel mecha-

nism of dendritic spine plasticity involving estradiol
induction of prostaglandin-E2. J Neurosci, 22:
8586–8596.

2. Anderson CH, Shen CL (1980) Efferents of the medial
preoptic area in the guinea pig: an autoradiographic
study. Brain Res Bull, 5: 257–265.

3. Ayoub DM, Greenough WT (1983) Sex differences in
dendritic structure in the preoptic area of the juvenile
macaque monkey brain. Science, 219: 197–198.

4. Bakker J, Pool CW, Sonnemans M, van Leeuwen FW,
Slob AK (1997) Quantitative estimation of estrogen
and androgen receptor-immunoreactive cells in the
forebrain of neonatally estrogen-deprived male rats.
Neuroscience, 77: 911–919.

5. Barry J, Dubois MP, Carette B (1974) Immunofluores-
cence study of the preoptico-infundibular LRF neuro-
secretory pathway in the normal, castrated or testo-
sterone-treated male guinea pig. Endocrinology, 95:
1416–1423.

6. Bratincsak A, Palkovits M (2005) Evidence that periph-
eral rather than intracranial thermal signals induce
thermoregulation. Neuroscience, 135: 525–532.

7. Canteras NS, Simerly RB, Swanson LW (1995) Organiza-
tion of projections from the medial nucleus of the amygda-
la: a PHAL study in the rat. J Comp Neurol, 360: 213–245.

8. Cherry JA, Tobet SA, DeVoogd TJ, Baum MJ (1992)
Effects of sex and androgen treatment on dendritic
dimensions of neurons in the sexually dimorphic pre-
optic/anterior hypothalamic area of male and female
ferrets. J Comp Neurol, 323: 577–585.

9. Conrad LCA, Pfaff DW (1975) Axonal projections of
medial preoptic and anterior hypothalamic neurons.
Science, 190: 1112–1114.

10. Conrad LCA, Pfaff DW (1976) Efferents from medial
basal forebrain and hypothalamus in the rat. J Comp
Neurol, 169: 185–220.

11. Daikoku S, Hisano S, Maki Y (1982) Immunochis-
tochemical demonstration of LHRH-neurons in young
rat hypothalamus: light and electron microscopy. Arch
Histol Jpn, 45: 69–82.

12. DeVries GJ, Gonzales CL, Yahr P (1988) Afferent connec-
tions of the sexually dimorphic area of the hypothalamus
of male and female gerbils. J Comp Neurol, 271: 91–105.

13. Dominguez JM, Hull EM (2001) Stimulation of the
medial amygdala enhances medial preoptic dopamine
release: implications for male rat sexual behavior. Brain
Res, 917: 225–229.



376

Folia Morphol., 2006, Vol. 65, No. 4

14. Fahrbach SE, Morrel JI, Pfaff DW (1986) Identification
of medial preoptic neurons that concentrate estradiol
and project to the midbrain in the rat. J Comp Neurol,
247: 364–382.

15. Gao B, Moore RY (1996) The sexually dimorphic nucle-
us of the hypothalamus contains GABA neurons in rat
and man. Brain Res, 742: 163–171.

16. Gerocs K, Rethely M, Halasz B (1986) Quantitative ana-
lysis of dendritic protrusions in the medial preoptic area
during postnatal development. Brain Res, 391: 49–57.

17. Gorski RA, Gordon JH, Shryne JE, Southam AM (1978) Evi-
dence for a morphological sex difference within the medial
preoptic area of the rat brain. Brain Res, 148: 333–346.

18. Greenough WT, Carter CS, Steerman C, DeVoogd TJ
(1977) Sex differences in dendritic patterns in ham-
ster preoptic area. Brain Res, 126: 63–72.

19. Hull EM, Du J, Lorrain DS, Matuszewich L (1995) Ex-
tracellular dopamine in the medial preoptic area: im-
plications for sexual motivation and hormonal control
of copulation. J Neurosci, 15: 7465–7471.

20. Ibata Y, Kinoshita H, Kimura H, Watanabe K, Nojyo Y,
Fujisawa H (1978) Projection from the arcuate nucleus
to the preoptic area revealed by retrograde transport
of horseradish peroxidase. In: Ito M, Tsukahara N,
Kubota K, Yagi K (eds.). Integrative control functions
of the brain. Vol. 1. Tokyo, Kodansha.

21. King JC, Anthony ELP, Fitzgerald DM, Stopa EG (1985)
Luteinizing hormone-releasing hormone neurons in
human preoptic/hypothalamus: differential intraneu-
ronal localization of immunoreactive forms. J Clin En-
docrinol Metabol, 60: 88–97.

22. Kondo Y, Shinoda A, Yamanouchi K, Arai Y (1990) Role
of septum and preoptic area in regulating masculine
and feminine sexual behavior in male rats. Horm Be-
hav, 24: 421–434.

23. Kumar VM (2004) Why the medial preoptic area is
important for sleep regulation. Ind J Physiol Pharma-
col, 48: 137–149.

24. Larriva-Sahd JA, Gorski RA (1987) Ultrastructural char-
acterization of the central component of the medial
preoptic nucleus. Exp Neurol, 98: 370–387.

25. Lephart ED, Rhees RW, Setchell KDR, Bu LH, Lund TD
(2003) Estrogens and phytoestrogens: brain plasticity
of sexually dimorphic brain volumes. J Steroid Biochem
Mol Biol, 85: 299–309.

26. Leranth C, MacLusky NJ, Shanabrough M, Naftolin F
(1988) Immunohistochemical evidence for synaptic
connections between pro-opiomelanocortin-immu-
noreactive axons and LH-RH neurons in the preoptic
area of the rat. Brain Res, 449: 167–176.

27. Łakomy M, Gadamski R (1973) The area preoptica in
the cow. Anat Anz Bd, 133: 138–143.

28. Madeira MD, Leal S, Paula-Barbosa MM (1999) Stereo-
logical evaluation and Golgi study of the sexual di-
morphisms in the volume, cell numbers, and cell size
in the medial preoptic nucleus of the rat. J Neurocy-
tol, 28: 131–148.

29. Mathieson WB, Taylor SW, Marshall M, Neumann PE
(2000) Strain and sex differences in the morphology
of the medial preoptic nucleus of mice. J Comp Neu-
rol, 428: 254–265.

30. McDonald JK, Całka J (1994) Relationship between
neuropeptide Y and luteinizing-hormone-releasing
hormone immunoreactivities in the hypothalamus and
preoptic region. Acta Anat, 151: 171–179.

31. McMullen NT, Almli CR (1981) Cell types within the medi-
al forebrain bundle: a Golgi study of preoptic and hypo-
thalamic neurons in the rat. Am J Anat, 161: 323–340.

32. Miodoński A (1963) Preoptic area of the dog. Acta Biol
Exper, 23: 209–220.

33. Panzica GC, Spigolon S, Castagna C (1995) Ultrastruc-
tural characterization of the sexually dimorphic medial
preoptic nucleus of male Japanese quail. Cell Tissue Res,
279: 517–527.

34. Pfaff D, Keiner M (1973) Atlas of estradiol-concentrat-
ing cells in the central nervous system of the female
rat. J Comp Neurol, 151: 121–157.

35. Raisman G, Field PM (1971) Sexual dimorphism in the
preoptic area of the rat. Science, 173: 731–733.

36. Rajtová V (1979) The preoptic region of the merino
sheep. Folia Morphol, 27: 329–333.

37. Reier PJ, Cullen MJ, Froelich JS, Rothchild I (1977) The
ultrastructure of the developing medial preoptic nu-
cleus in the postnatal rat. Brain Res, 122: 415–436.

38. Robak A, Szteyn S (1989) The topography and cytoar-
chitectonics of the nuclei of supraoptic and preoptic
areas in insectivores. Folia Morphol, 48: 1–4, 201–218.

39. Roselli CE, Stormshak F, Resko JA (2000) Distribu-
tion of aromatase mRNA in the ram hypothalamus:
an in situ hybridization study. J Neuroendocrinol,
12: 656–664.

40. Rosenblatt JS, Hazelwood S, Poole J (1996) Maternal
behavior in male rats: effects of medial preoptic area
lesions and presence of maternal aggression. Horm
Behav, 30: 201–215.

41. Shiga T, Oka Y, Satou M, Okumoto N, Ueda K (1985)
An HRP study of afferent connections of the supra-
commissural ventral telencephalon and the medial
preoptic area in himé salmon (landlocked red salmon,
Oncorhynchus nerka). Brain Res, 361: 162–177.

42. Silverman AJ (1984) Luteinizing hormone releasing
hormone containing synapses in the diagonal band
and preoptic area of the guinea pig. J Comp Neurol,
227: 452–458.

43. Silverman AJ, Jhamandas J, Renaud LP (1987) Loca-
lization of luteinizing hormone-releasing hormone
(LHRH) neurons that project to the median eminence.
J Neurosci, 7: 2312–2319.

44. Simerly RB, Gorski RA, Swanson LW (1986) Neurotrans-
mitter specificity of cells and fibers in the medial pre-
optic nucleus: an immunohistochemical study in the
rat. J Comp Neurol, 246: 343–363.

45. Swanson LW (1976) An autoradiographic study of the
efferent connections of the preoptic region in the rat.
J Comp Neurol, 167: 227–256.

46. Toran-Allerand CD, Hashimoto K, Greenough WT,
Saltarelli M (1983) Sex steroids and the development
of the newborn mouse hypothalamus and preoptic
area in vitro: III. Effects of estrogen on dendritic dif-
ferentiation. Dev Brain Res, 7: 97–101.

47. Young MW (1936) The telencephalon of the rabbit.
J Comp Neurol, 65: 333–401.


