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Introduction and Background 

 
Gonadotropin-releasing hormone (GnRH) is a peptide that plays a central role in the regulation of 

reproduction in vertebrates. Three paralogous genes for GnRH (GnRH1, GnRH2, and GnRH3) are 
commonly found in vertebrates. GnRH1, also called hypophysiotrpic GnRH, plays a major role in 
regulating and stimulating release of luteinizing hormone (LH) and follicle stimulating hormone (FSH), 
from the anterior pituitary. GnRH2 and GnRH3 neurons seem to have neuromodulatory roles within 
teleost brain as they do not have axons projecting to the pituitary and have been shown to regulate 
motivation for reproductive behaviors (Yamamoto, 2003). In teleosts such as medaka and dwarf gourami, 
GnRH2 neurons are found mainly in the midbrain tegmentum and GnRH3 neurons are found in the 
terminal nerve area. In contrast, GnRH1 is usually found in the preoptic area and hypothalamus. Neither 
GnRH2 nor GnRH3 neurons project to the pituitary in these two teleosts.   

 
Okubo and Nagahama (2008) compared the fourteen known molecular forms of GnRH peptide in 

vertebrates and concluded that GnRH2 has the most conserved molecular form among different species 
and GnRH1 has the most diverse molecular form.    While many teleost species contain all three forms of 
GnRH, tetrapods lack the GnRH3 gene. Thus, it has been hypothesized that ancestral vertebrates 
contained all three form of GnRH but GnRH3 was lost in the evolution of tetrapods. Also, GnRH1 seems 
to compensate for the lack of GnRH3 (K Okubo and Y Nagahama, 2008) in many tetrapod species. 

 
We are specifically interested in examining the type and localization of GnRH systems in the 

Polypterus senegalus because of the unique characteristics of this bony-fish. Polypteridae first appeared 
96 million years ago during the Cretaceous period and retains characteristics of ancestral fish. The 
Polypterus has a spiracle, a structure that is found in primitive jawless fish and cartilaginous fishes. 
Although the Polypterus is usually classified under the sub-class of Actinoptergyi (ray-finned fish), it has 
characteristics such as fleshy pectoral fins, which are usually typical for Crossoptergyi (Lobe-finned 
fishes). While the telencephalon of the Polypterus undergoes eversion and has many features similar to 
the telencephalon of tetrapods, the lateral and medial pallium of the Polypterus is homologous to the 
lateral and medial pallium of anuran amphibians (Holmes and Northcutt, 2002). By examining the 
localization of GnRH systems in the brain of the Polypterus and making comparisons with the 
organization of GnRH systems in teleosts and other vertebrates, we hope to gain insight into the 
phylogenetic position of the Polypterus and into the evolution of GnRH systems.  
 
Methods 
 
Cryostat sectioning of agarose mounted tissue 
Polypterus senegalus were maintained in aquaria (27°C; 14 h light, 10h dark). Following anesthesia with 
MS-222, the brains were dissected. Brains were fixed overnight in PBS containing 4% paraformaldehyde 



for fixation. Afterwards, brains were immersed overnight in PBS containing 30% sucrose for 
cryoprotection. An agarose based compound (PBS containing 5% low melting temperature Sigma Type 
IX agarose and 20% sucrose) was heated and then cooled to ~50°C. Brain tissue was embedded in the 
agarose compound, which was allowed to polymerize. The agarose embedded brain was frozen by 
dipping in -60°C n-hexane and then mounted on a specimen disc with OCT compound (Sakura finetek).  
30 m coronal brain tissue sections were generated using a cryostat (Object Temperature=-24°C, Chamber 
Temperature=-30°C).  
 
Immunohistochemistry 
Cryostat sections were washed in PBST before applying primary antibody. Three primary anti-sera were 
used to detect different homologues of GnRH-ir: rabbit anti-seabreamGnRH (1/5,000), rabbit anti-
chickenGnRH-II (aCII6: 1/5,000), and rabbit anti-salmonGnRH (1/10,000). Sections were incubated in a 
PBST solution containing one of the three primary antibodies and 5% normal goat serum, overnight at 
room temperature in a moisture chamber. Sections were then incubated in 0.3% hydrogen peroxide in 
PBST to diminish endogenous tissue peroxidase activity. Sections were washed in PBST before 
application of secondary antibody (biotinyl anti-rabbit IgG x200) for a 2hr incubation period. After 
incubation in secondary antibody, slides were washed with PBST.  The Vectastain ABC Kit (Vector Labs) 
was used for ABC immunoperoxidase. After washing with PBST, sections were dipped briefly in a DAB 
solution (0.15% diaminobenzidine, 10mM pH 7.5 tris-HCl, 0.003% hydrogen peroxide) until fibers and 
cell bodies were visible under the microscope. Sections were counterstained with Cresyl Violet (Nissl 
stain), dehydrated  in a graded series of EtOH, cleared in Xylen, and coverslipped using Entellan rapid 
mounting medium.  
 
Results 

Although the three GnRH antisera used have been proved to be specific for different type of 
GnRH in several species of teleosts (Oka, 1997; Yamamoto, 2003), all three antisera were 
immunoreactive in slightly different but similar areas of brain tissue (Fig 1). Distinct clusters of GnRH-ir 
cells were observed in the ventral-most area of the primary olfactory nerve layer of the caudal olfactory 
bulb (Fig 2) and extended into the rostro-ventral area of the telencephalon, near the terminal nerve. 
However, these clusters of GnRH-ir cells did not extend into the ventral nucleus of the area ventralis (Vv) 
in the telencephalon.  The olfactory epithelium and olfactory nerve was dissected and sectioned for only 
salmon GnRH immunohistochemistry (ICH) for technical reasons. High immunoreactivity to 
salmonGnRH antisera was found in the olfactory nerve, suggesting the presence of GnRH-ir cell clusters 
(30-40um in diameter). While some cell fibers seemed to extend into the pituitary area, no GnRH-ir cells 
were found in the preoptic or ventral hypothalamic area, where hypophysiotropic GnRH neurons are 
generally distributed in many vertebrate species including teleosts, for all three types of antisera. The 
pituitary was not examined in the present immunohistochemical experiments. The midbrain GnRH 
system was also observed for all three antisera. Approximately 77-94 GnRH-ir cell bodies (10-20um in 
diameter) were observed in the periventricular nucleus of the posterior tuberculum and the pars ventralis. 
Low densities of cell bodies were also observed in the rostro-dorsal mesencephalic tegmentum. Unlike 
the clusters found in the more rostral olfactory bulb GnRH system, cell bodies in the midbrain GnRH 
system were more dispersed (fig 3). Overall, a wide projection of GnRH-ir fibers was present in the 
telencephalon, preoptic area, hypothalamus, torus semicircularis, and ventrolateral medulla. 



Figure 1: Comparison of the distribution of cell bodies for three types of GnRH antiserum. The number of cell bodies for every 
fifth section (150um) was counted to get an approximate distribution count. Columns correspond with the number of cell bodies 
found on every fifth section. The olfactory bulb GnRH-ir neurons seems to have a larger rostrocaudal span but also lower 
numbers of cell bodies per slice when compared with the caudal population. This is because the clusters in the rostral population 
were counted as one cell body due to difficultly of distinguishing the number of cell bodies included. The green line indicates a 
range of sbGnRH antisera sections that were lost due to technical error.  

 
a.  

 
 

b. 

 

Figure 2: Cluster (30-40 m in diameter) of GnRH-ir cells were observed in the ventral-most area of the ventral-most area of the 
primary olfactory nerve layer of the caudal olfactory bulb (a; for higher magnification, b). Above is a 30 m section reacted for 
GnRH I antiserum (rabbit anti-seabreamGnRH (1/5,000)). Similar immunoreactivity was obtained for GnRH II and III antisera 
(rabbit anti-chickenGnRH-II (aCII6: 1/5,000), and rabbit anti-salmon GnRH) (data not shown).  
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Figure 3: Dispersed GnRH-ir cell bodies (10-20 m in diameter) in the periventricular nucleus of the posterior tuberculum. Above 
is a 30 m section reacted for GnRH III antiserum (rabbit anti-salmonGnRH (1/10,000)). Similar immunoreactivity was obtained for 
GnRH I and II antisera (data not shown). 
 
Discussion 

 
While two distinct populations of GnRH-ir neurons were identified, it is suggested that the 

antisera used in the present experiment, all of which have been proved to be specific for one of the three 
teleost GnRH system, show various degrees of immunological cross-reactivities. This made it difficult to 
identify the homolog of GnRH present in each population. While the olfactory bulb population of cell 
clusters may correspond to a GnRH3 population, which is usually found in terminal nerve ganglion, and 
the midbrain population of individual cell bodies may correspond to a GnRH II population, which is 
usually found in the midbrain tegmental area, more experimental evidence is needed to confirm this 
assumption. Because of the lack of GnRH cell bodies in the preoptic and hypothalamic areas, it is 
possible that the Polypterus lacks a GnRH1 system. Neither salmonGnRH antiserum nor chickenII 
antiserum showed immunoreactivity in the preoptic and hypothalamic areas. Although sections treated 
with seabreamGnRH antiserum for the preoptic and hypothalamic areas were lost due to technical error, it 
is also unlikely for cell bodies to be found in that region. A previous study (Wright and Demski, 1996) 
using non-specific antiserums designed to recognize multiple GnRH-ir components, including 
mammalian-like forms of GnRH, also showed the lack of a GnRH system in the pre-optic and 
hypothalamic areas.  In this case, it was suggested that GnRH3 neurons in the rostroventral telencephalon 
may compensate for GnRH1 function. Another possibility is that GnRH1 neurons are present but 
localized in another area, such as the ventral telencephalon along with GnRH3 neurons. GnRH-ir cell 
fibers extending into the pituitary area suggest that one of the populations of GnRH identified in this 
study, most possibly the rostral population, projects to the pituitary. It has been suggested that GnRH1 
and GnRH3 neurons originate from the olfactory placode, and the both migrate caudally towards their 
destinations in the terminal nerve or the preoptic area. Therefore, it may be possible to propose a 
hypothesis that the GnRH neurons of the bichir may migrate towards the ventral telencephalon but not 
caudal enough to reach the preoptic area. 

 



Further ICH should be performed with the pituitary included to identify the axonal projections of 
hypophysiotropic GnRH neurons more definitely. In addition, retrograde tracing of axons projecting to 
the pituitary should help in identifying the GnRH-ir neuron population that takes on the neuroendocrine 
role in Polypterus.  In-situ hybridization should also help in finding expression and localization of the 
specific types of GnRH transcript in the brain. However, because the sequence of Polypterus GnRH is 
unknown, degenerate primers must be designed to create Polypterus GnRH specific probes. Two 
approaches for designing a degenerate probe are ongoing. In the first approach, conserved sequences of 
amino acid recognition sites for anti-salmonGnRH, anti-chickenIIGnRH, and anti-seabreamGnRH are 
complied. In a second approach, conserved nucleotides for 37 known GnRH 1, 2, and 3 transcripts from 
fish and amphibian species are compiled.  
 
 Although the three GnRH antisera did not bind specifically to different homologues of Polypterus 
GnRH, we were able to distinguish a distinct lack of a preoptic hypothalamic GnRH system. Ongoing in-
situ hybridization and retrograde tracing would help reveal if there is a lack of GnRH1 or localization of 
GnRH1 in another area, possibly somewhere in the rostro-ventral telencephalon, of the Polypterus brain.  
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