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SUMMARY: The goal of this study was to investigate the distribution and morphology of neurones that synthesise and store
gonadotrophin releasing factor (GnRH) in the diencephalon of the coypu (Myocastor coypus), a South American rodent of the
hystricomorpha suborder. For this purpose the encephalon of three mature male coypus were fixed by intra-arterial perfusion, using a
paraformaldehyde and picric acid solution. The hypothalamic blocks were cut with freezing microtome to obtain 40ptm thick coronal
sections. The slides were exposed to an ultrasound antigen retrieval process in order to unmask hidden antigens. These sections were
then processed using an immunohistochemical technique to show the GnRH neurones, using a monoclonal antibody (LRH 13). One
group of serial sections was stained with cresyl violet (Nissl techniques) while the other sections were stained using Kiiver Barrera’s
method (luxol fast blue and cresyl violet), to show the nuclei and nervous tracts of the hypothalamus under microscopic observation.
Morphometric and quantitative analysis of neuronal bodies were performed using an image analyser. GnRH immunoreactive neurones
were bipolar and long. The total number of neuronal bodies for this species was estimated at 1072 +27. Al the cells were located in the
rostral hypothalamus, mainly in the preoptic area. A few neurones were also observed in the bed nucleus of the stria terminalis and
hypothalamic preoptic medial nucleus. The immunoreactive fibres were observed in the external layer of the median eminence. According
to the data obtained we inferred that the distribution of the GnRH neurones of the coypu mainly coincides with that of other rodents such
as the rat.
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INTRODUCTION

Gonadotrophin releasing hormone (GnRH),
originally isolated from sheep and swine brains (FINK,
1988), is the neurotransmitter in charge of releasing the
adenohypophysis follicle stimulating hormone (FSH) and
the luteinizing hormone (LH), which govern reproductive
functions of mammals (THIERY & MARTIN, 1991),
through the activation of the hypothalamus-hypophysis-
gonadal axis.

* Institute of Anatomy.

Several immunohistochemical analysis showed the
population of GnRH neurones and have been used
successfully in several species of mammals such as rats
(KAWANO & DAIKOKU, 1981), rabbits (FOSTER &
YOUNGLALI 1991), goats (ZUCCOLILLI G. et al., 1994)
sheep (LEHMAN er al., 1986); (CALDANI et al.,1988),
ferrets and monkeys (KING & ANTHONY, 1984,
MARSHALL & GOLDSMITH, 1980).
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The location of the GnRH neurones is similar in all
the above-mentioned species, with the neuronal bodies
distributed along the hypothalamus, from the septo-preoptic
area to the mediobasal hypothalamus. However, a consi-
derable variation exists among species regarding the
proportion of neurones found in different hypothalamic
areas (NOZAKI et al.,1988; ZUCCOLILLI et al.). In rats,
all the immunoreactive GnRH neurones (GnRH-ir) were
observed in the rostral hypothalamus, preoptic area (POA),
medial hypothalamic preoptic nucleus (MPOA) and dia-
gonal band of Broca (DBB) (JENNES & CONN, 1994).
In ruminants, most of the GnRH-ir neurones were located
in the same nuclei, but 6% of the immunoreactive cell
bodies were specifically identified in the arcuate nucleus
(ARC) of the mediobasal hypothalamus (ZUCCOLILLI
et al.). In more phylogenetically evolved species such as
ferrets, non-human primates and humans (KING &
ANTHONY), the highest percentage of GnRH-ir neurones
was found in the ARC.

Simultaneously, morphological studies carried out in
different species have attempted to find neuronal subtypes
that could be associated to different functions. Even though
the GnRH neurones have been classified as bipolar and
multipolar (ZUCCOLILLI et al.), it was impossible to
establish the subtype hypothesis associated to a specific
function (DEES et al., 1981).

There are numerous studies about GnRH neurones
in various species of rodents, however, hystricomorpha
rodents bear special interest because the anatomical features
of this suborder are similar to those of the oldest extinguished
rodents (PATTERSON & PASCUAL,1972); (HERSHKO-
VITZ, 1969). Some authors consider this group as the origin
of all rodents (NOVASEK, 1992). Thus, present study’s goal
was to establish the location and distribution of the GnRH
structures in a South American hystricomorpha (Myecastor
coypus) and to quantify and characterise the neuronal
subtypes observed using image analysis.

MATERIAL AND METHOD

Animals; The brains of three mature coypu males (6.200g
average body weight) obtained from an established colony
at the Institute of Anatomy, were used. The animals were
anaesthetised with ketamine hydrochlorate (Ketalar®) and
chlorpromacine maleate (Acedan®) by intramuscular
administration followed by a perfusion with buffered saline
and bleeding to white. The animals were then fixed by
perfusion of paraformaldehyde-picric acid solution
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(ZAMBONI & MARTINO, 1967). The encephalon was re-
moved, measured and postfixed in the same solution. The
block containing the diencephalon and mesencephalon was
cut in 40 pum coronal slices, using a freezing microtome.

Inmunohistochemistry: Antigen retrieval process based on
ultrasound (PORTIANSKY & GIMENO, 1996) was
performed in order to counteract the time-dependent cross-
linking effects formaldehyde has on proteins (LEONG &
GILHAM, 1989). Briefly, section slides were dipped into a
glass dish containing citrate buffer. The tip of an ultrasound
disrupter (Branson Ultrasonics model 250, USA) was
immersed in the solution. The blocks were exposed to 40 W
potency during 40 seconds and then transferred to buffered
saline. Serial sections were processed using the monoclonal
antibody LRH 13 (PARK & WAKABAYASHI, 1986). A
commercial Kit (Venctastain ABC Kit, Vector Laboratories
Inc., USA) was used as a detection system. The horseradish
peroxidase activity was demonstrated using diaminobezidine,
as a chromogen. The sections were finally countercoloured
with toluidine blue, dehydrated and mounted for observation
under an optic microscope. Another series of sections were
stained either with cresyl-violet or with Kiiver Barrera
method to show the nuclei and nervous tracts.

Image processing and analysis: The images of the different
portions of the midbrain were captured from a microscope
(Olympus BX50) with a microscopic magnification of 200x,
through an attached analogical RGB videocamera (Sony
DXC-151A CCD). The images were then digitised with a
frame grabber (Flashpoint 128, Integral Technologies Inc)
connected to the computer (PC Pentium II, 64Mb RAM, soft-
ware: ImagePro Plus - Media Cybernetics, Silver Spring,
MA, USA), with a pixel depth of 24 bits, RGB and TIFF
format. To separate the positively stained neurones from other
objects, colour segmentation based on the optic density of
the object was performed. The selected object was then
characterised by means of the quantification of values such
as major and minor axis, aspect and roundness, all measured
in micrometers. The immunoreactive arca was expressed in
square micrometers. Table I describes the morphometric
values evaluated.

The total number of cellular bodies was estimated
using the following equation (ZUCCOLILLI et al.):

N = tota! estimated number of cellular GnRH bodies;
d = distance of the area (mm) in the rostro-caudal axis;
n = number of slices per area;

s = thickness of the section (40 pm);

x = number of cells counted per slice

n
p= BT
ns i=1
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Statistical analysis: Student t test was used to compare the
estimated number of cellular GnRH bodies in each area or
hypothalamic nucleus. The student t test for two samples

with different variances was performed to determine the sig-
nificance of the area, aspect and roundness of the evaluated
neurones.

Table I. Morphometric parameters used to characterize the immunoreactive neurons

Mayor axis  Reports the length of the main axis of the ellipse equivalent to the object (i.e., an ellipse with the same area, first and
second degree moments)

Minor axis  Reports the length of the minor axis of the ellipse equivalent to the object (i.e., an ellipse with the same area, first and
second degree moments)

Aspect Reports the ratio between the major axis and the minor axis of the ellipse equivalent to the object (i.e., an ellipse with the
same area, first and second-degree moments), as determined by Major Axis/Minor Axis.

Roundness  Reports the roundness of each object, as determined by the fi ollowing formula: (perimeter?) / (4 * m * area). Circular
objects will have a roundness = 1; other shapes will have a roundness > 1.

Area Reports the area of each object (minus any holes).

RESULTS

The use of a specific monoclonal antibody allowed
visualisation of the GnRH neuronal bodies and fibres in
all tested animals. The immunoreactive cell bodies were
generally isolated; however, in highly concentrated areas
they formed clusters. Only bipolar neurones were identi-
fied (Fig.1) because no multipolar neurones are present
in this species. The immunoreactive neurones were lo-
cated mainly in the preoptic area (POA), with few neuro-
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nal bodies scattered in the bed nucleus of the stria termi-
nalis (BST), medial hypothalamic preoptic nucleus
(MPOA), accumbens nucleus (ACB), diagonal band of
Broca (DBB) and supraoptic nucleus (SON) (Fig.2 and
Fig.3). A few immunoreactive neurones were also evi-
dent in the rostral hypothalamic area (RHA). However,
no neuronal bodies were observed at the arcuate nucleus
(ARC).

4

Fig. 1. Photomicrograph (200x) showing the preoptic area (POA) close to the fornix with several GnRH immunoreactive cell
bodies and fibres (a). A bipolar neuron with its prolongations are seen in detail (b).
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Fig. 2. Schematic distribution of immunoreactive GnRH neurones
in a coronal section of the rostral hypothalamus, at the level of
septo preoptic juntion. Points represent neuronal bodies,
Abbreviations: Anterior commissure (ac); optical nerve (on); cor-
pus callosum (cc); lateral ventricle (LV); caudate nucleus (CA);
medial septal nucleus (MS); accumbens nucleus(ACB): di agonal
band of Broca (DBB); globus pallidus (GP); olfatory tubercle
(OLT).

AMIG

Fig. 4. Schematic distribution of immunoreactive GnRH fibres in
a coronal section of the hypothalamus, at the level of median
eminence. Asterisks represent the immunoreactive GnRH fibres.
Abbreviations: median eminence (ME); arcuate nucleus (ARC);
ventromedial hypothalamic nucleus (VMH); paraventricular
hypothalamic nucleus (PVH); centromedial thalamic nucleus
(CTM); amygdala (AMIG); third ventriculo (TV); zona incerta (ZI);
mamillothalamic tract (mr); fornix (fx); optic tract (ot).
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Fig. 3. Schematic distribution of immunoreactive GnRH neurones
in a coronal section of the hypothalamus, at the level of optical
chiasm. Points represent neuronal bodies. Abbreviations: Anterior
commissure (ac ); fornix (fx); optical chiasm (och); lateral olfactory
tract (tol); third ventricle (TV); globus pallidus (GP); sustantia
innominata (SI); hypothalamic preoptic area (POA); medial
hypothalamic preoptic nucleus (MPOA); bed nucleus of the stria
terminalis (BST);

The total estimated number of GnRH neurones was
1072 (Table II). As can be seen in Table III, no significant
differences (p>0.05) were observed between the neuronal
body area, roundness and aspect from POA (including
MPOA) and the other examined areas (ACB, BST and DBB).
The immunoreactive GnRH fibres were observed with their
characteristic varicosis reflecting towards the median emi-
nence (EM), forming a sheaf of amyelinic fibres next to the
sagital plane and occasionally, in contact with the
periventricular area of the third ventricle (TV). Most of
the immunoreactive fibres had their terminal ends in the
external layer of the EM where the highest concentration
of immunoreactive material was visualised, surrounding
the primary capillaries of the portal vessels (Fig.4).

DISCUSSION

The monoclonal antibody used has shown to be very effec-
tive in the immunostaining of GnRH neuronal bodies and
fibres in this species. An antigenic homology was observed
between the coypu’s variety of GnRH and that of other spe-
cies of mammals studied (NOZAKI et. al.). Considering the
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Table I1. Number of GnRH neurones distributed in the hypothalamic nuclei of the coypu.

Nuclei Section |#* Section 2* Section 3% Section 4* Section 5*  Total Count  Total Estimate %
ACB, BSTy DBB 49+ 11 19+6 - - 68+ 14 504+ 21 47
POA y MPOA - 48+ 9 20%5 T2 75£19 568 £27 535

* Mean number of neuronal bodies counted in each hypothalamic section (40pm) * standard deviation

Table III. Morphometric parameters obtained from GnRH neurones from the hypothalamic nuclei of the coypu.

Parameter ACB POA Signification
Cellular area 180.47 £18.65 199.59 +21.34 N/S
Roundness 1.45+0.57 1.45+0.41 N/S
Major axis 21.37£7.91 21.61 £8.28 N/S
Minor axis 9.31 £2.51 9.79 +2.89 N/S
Aspect 2.42+1.00 2.31+£0.99 N/S

Each number represents the mean parametric value + standard deviation. N/S: non significant

last assumption, it could be assumed that all neurones evi-
denced in this study could correspond to those embryologically
originated in the olfactory placoda and that they reach the
rostral hypothalamus following a migratory route along the
terminal nerve, as has been confirmed in previous studies for
other mammals (ARAI et. al., 1997; ZHENG et. al., 1994).

The location of GnRH neurones in the coypu,
largely coincides with the data reported in studies carried
out on other rodents such as the rat (KAWANO &
DAIKOKU), where most of these cells are located in the
rostral hypothalamus. However, in the rat hypothalamus the
highest concentration of GnRH neurones was described
within the POA and MPOA. In the coypu the GnRH neu-
rones were piled up within POA and ACB, showing few scat-
tered neurones in BST, MPOA, DBB and SON. The immu-
noreactive neurones observed in the coypu showed a length-
ened shape, were bipolar, and larger than those of the rat
(KING & ANTHONY). On the other hand, there were no
significant morphometric differences in the neuronal bodies
of the POA with the neurones of other hypothalamic areas
(BST, ACB, MPOA and SON), suggesting that would no
functional or phylogenetic differences exist between the two
groups of cells.

We have found differences between the estimated
total number of neurones in the coypu (1072) and that reported
for the rat (1300), mouse (750), hamster (800), papion (2400)
(HOFFMAN er. al., 1986), sheep and goat (2500)
(ZUCCOLILLI et. al.). However, this study estimated the to-
tal number of immunoreactive neurones with a statistical
analysis based on the amount of sectioned tissue as a base
(ZUCCOLILLI et. al.), while other studies estimate the same
figure based only on the quantity of processed sections
(LEHMAN, et al.). The number of neurones for this species
does not express a direct correlation with their encephalic size
nor with their evolutionary level. Nevertheless, a numeric dif-

ference can be established between the data for the order
rodentia and that obtained for ruminants and primates.

Primates (man and papion) (KING & ANTHONY)
present a higher number of GnRH neurones in the mediobasal
hypothalamus (ARC) while ruminants (sheep) (PENZIAS et.
al., 1995; LEHMAN et al. and CALDANI et. al.) and goats,
(SILVA et. al., 1996) only possess 6% of GnRH neuronal cells
in this region. In contrast with these species, the coypu has
demonstrated no GnRH immunoreactive neuronal bodies in
this area. This finding allows us, not only to homologue the
location of these neurones within the rodentia order, but also
to infer that the coypu possesses a similar neural circuit to that
of the rat for the government of sexual behaviour, where the
pulsatil tonic liberation and release of GnRH in a preovulatory
peak would be performed by neurones located in the rostral
hypothalamus. On the other hand, the more common caudal
location of this population in relation to phylogenetic evolu-
tion, suggests an anatomical modification of the rostral por-
tion of the diencephalic floor, as can be observed in carni-
vores and primates in which a higher degree of visual system
evolution is evident, mainly at the level of the optic chiasm
and neighbouring regions.

Due to the fact that this study used only males, further
studies in female individuals would confirm the homogeneity
of the location and the morphometric values for the GnRH
neurones.
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RESUMEN: El objetivo del presente estudio fue investigar la distribucién y morfologfa de las neuronas que sintetizan y almace-
nan el factor de liberacién de gonadotrofinas (GnRH), en el diencéfalo del coipo ( Myocastor Coypus), roedor sudamericano del Suborden
histricomorpha. Para tales fines los encéfalos de tres coipos machos, adultos, fueron fijados por perfusién intra-arterial, utilizando una
soluci6én de paraformaldehido y 4cido picrico. Los bloques del hipotdlamo fueron separados del resto del encéfalo y seccionados en
micrétomo de congelaci6n, obteniendo ldminas coronales de 40um de espesor. Las secciones fueron sometidas a un proceso de recupe-
racién antigénica por ultrasonido, para desenmascarar los antigenos ocultos, luego las secciones fueron procesadas utilizando una
técnica de inmunohistoquimica para evidenciar las neuronas GnRH, usando un anticuerpo monoclonal (LRH 13). Un grupo de secciones
seriadas fue coloreada con violeta de cresilo (técnica de Nissl), mientras que, las otras secciones fueron coloreadas usando el método de
Kiiver Barrera (azul luxol rdpido y violeta de cresilo), para observar los nicleos y tractos nerviosos del hipotdlamo, con el microscopio
6ptico. Los andlisis morfométrico y cuantitativo de los cuerpos neuronales fue realizado usando un analizador de imégenes. Las neuronas
GnRH inmunoreactivas observadas eran bipolares y alargadas. El nimero total de cuerpos neuronales para esta especie fue estimado en
1072 + 27. Todas las células fueron localizadas en el hipotdlamo rostral, principalmente en el drea predptica. Pocas neuronas fueron
observadas en el niicleo de la estrfa terminal y en el niicleo medial predptico hipotaldmico. Las fibras inmunorreactivas fueron visibles en
la capa externa de la eminencia media. De acuerdo a los datos obtenidos, se concluye que la distribucién de las neuronas GnRH en el
coipo coincide con la de otros roedores, tales como la rata.

PALABRAS CLAVE: 1. Coipo; 2. GnRH; 3. Hipotdlamo; 4. Inmunohistoquimica; 5. Andlisis de imdgenes.
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