MULTISENSORIAL CONVERGENCE TO THE HYPOTHALAMIC NUCLEUS ANTERIOR TUBERIS IN Gymnotus carapo
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Introduction

Fishes have several extra senses (e.g. mechano and electrosensorial lateral line) in addition to the more familiar vision, hearing, touch, taste and smell of most terrestrial animals and thus they provide a rich array of sensory systems for investigating multisensory questions. 

Gymnotiform fishes comprise a relatively small group of about 85 species of weakly electric fish that inhabit South and Central America’s freshwaters. Although they are potentially able to use visual, tactile and acoustic information for orientation or prey capture, they nonetheless rely mainly on their active orientation system by emitting electric organ discharges and monitoring the feedback from these discharges. Animate or inanimate objects located in the animal’s immediate vicinity that differ in electrical impedance from the surrounding water change the transepidermal current flow generated by the fish’s own discharges. The electrosensorial system serves for electrolocation (Lissmann e Machin 1958) and electrocommunication (Hagedorn 1986) and the evolution of such mechanisms allow nocturnal activity in waters of poor visibility; as a consequence they are relatively safe from visual predators and can exploit food sources that remain hidden for other orders of fish.

Electrosensory systems might share a common evolutionary lineage with the mechanosensory (lateral line) system. It has been suggested that electrosensory brain structures could have evolved by duplication from mechanosensory areas, yielding a strong relationship between these systems (McCormick and Braford, 1988). The hypothalamic nucleus anterior tuberis (TA) has been involved in the processing of acoustic and mechanosensorial information in most teleosts (Striedter 1991) and thus was chosen as the focus of the present study. 

The aim of the present study was to investigate the afferent connections of the TA of Gymnotus carapo, providing a description of its connection patterns, in order to confirm its participation on mechanosensorial processing also in this species and analyze the relationship between this nucleus and nuclei involved in electrosensory/motor tasks.
Methods

The knifefish Gymnotus carapo, used throughout this “in vivo” study, were bought from a local dealer and kept on individual aquaria in the laboratory until the experiments were hold and during survival time (4 days). Animals with sizes ranging from 20 to 26 cm total length were used without sex distinction. Animal care, anesthesia, surgery and euthanasia were carried out in compliance with guidelines set forth by the Brazilian Society for Neuroscience.

Unilateral biotinylated dextran amine (BDA: 3000MW; Molecular Probe, USA) iontophoretic depositions to the TA (six cases; one case exemplified on figure 1) were made in accordance with previous studies (Corrêa et al., 1998). Briefly summarizing, after transport, perfusion and Vibratome sectioning (80 (m thickness), and during tissue processing, BDA labeling was visualized using a standard avidin-biotinylated HRP method (Elite Vectastain ABC Kit, Vector Laboratories Inc. 1997) with a nickel intensified peroxidase 3-3´ diaminobenzidine dihydrochloride (DAB: Sigma, St. Louis, Missouri) reaction. 

	
	Figure 1. Photomicrograph through the diencephalon of Gymnotus carapo showing a typical injection site confined to the nucleus anterior tuberis (TA). Hl: hypothalamus lateralis; V: ventricle. Scale bar: 100 (m.




Results
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The torus semicircularis is a mesencephalic hypertrophied structure which receives topographically segregated mechano, electric and octaval information carried by lateral lemniscal fibers; its ventral subdivision receives secondary mechanosensorial input from the rhombencephalic mechanosensorial lobe. We found that TA is massively afferented from the ventral torus semicircularis and in a minor extent from the nucleus praeeminentialis, the latter also being a secondary mechanosensorial station possibly involved in feedback control of this sensorial modality. 

Also, afferent connections from the pre-electromotor central posterior/ prepacemaker complex and from the nucleus electrosensorius (beat related and acousticolateral subdivisions), an electro-sensorial/motor interface, were observed. Both nuclei have an important role in the execution of electromotor commands.

Furthermore, the ventral telencephalon, the major target of secondary and tertiary olfactory projections in teleosts, and the preglomerular complex (medial subdivision), target of multisensory input and a relay station to the telencephalon, together with the nucleus glomerulosus, a relay station of visual information to the hypothalamus, project to the TA.
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Figure 2. Afferent connections to the nucleus anterior tuberis (TA). Arrow thickness indicate the density of the connections. CP/PPn: central posterior/prepacemaker complex; nEb: nucleus electrosensorius, beat related subdivision; nEb: nucleus electrosensorius, acousticolateral subdivision; G: nucleus glomerulosus; PEv: nucleus praeeminentialis, ventral subdivision; PGm: preglomerular complex, medial subdivision; TSv: ventral semicircular torus; Vv: ventral telencephalon.

Conclusion

The TA is primarily a mechanosensorial processing center as extensively mechanosensorial input from ventral torus semicircularis and additional nucleus praeeminentialis input suggests. The present results also point to the existence of multisensorial convergence (mechano, electro, visual olfactory and multisensory from preglomerular nucleus) at this diencephalic nucleus allowing its possible involvement in processes that depend on multisensorial integration (figure 2). However a study of the efferents of this nucleus should be carried to allow a broader discussion.
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