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Chapter 1: Introduction

Certain fish groups have evolved a vast system of external gustatory receptors over virtually the entire body
surface, along with an elaborately organized complex neural organization. For example, the sea catfish Plotosus
Jjaponicus are densely supplied with external taste buds over the entire body surface from the lips to the caudal fin.
This catfish possess four pairs of equal length of barbels, which are well-endowed with taste buds and serve as
important exploratory organs utilized for localization of food objects. They are innervated by mixed nerves
containing branches of both the trigeminal (Vth) and facial (VIIth) fibers. The taste buds on the body surface and
fins are innervated by recurrent facial nerve (VIIth). This chapter is the overview of the sensory system in the sea

catfish and recent findings regarding this system will be briefly discussed.

Chapter 2: Materials and methods

This study used sea catfish, Plotosus japonicus to study the polarities of sensory neurons and their organization
in the anterior and recurrent ganglion. The trigeminal and facial cell bodies and their distribution in the anterior
complex ganglion were studied by using fixed brains with attached anterior ganglion and the fluorescent
carbocyanine dyes, Dil and DiA (Molecular Probes, OR, USA). On the other hand, the cell bodies of the
recurrent nerve and their central axons were examined by means of neural tracing techniques using dextran amine
tetramethylrhodamine (MW3000, Molecular Probes), dextran amine-alexa fluor 488 (MW 10000, Molecular
Probes) and horseradish perxidase (HRP, Toyobo Grade 1-C). The anterior complex ganglion, recurrent ganglion
and brain labeled with neurotracers were viewed under dissecting epifluorescence microscope (MZFL111; Leica
Heidelberg GmbH, Mannheim, Germany). Series of sections were viewed under Nikon (Eclipse 80i; Tokyo,
Japan) and confocal laser microscopes (Nikon A1si-90i, Tokyo, Japan and Leica TCN NT; Heidelberg GmbH,

Mannheim, Germany).

Chapter 3: Peripheral trigeminal and facial sensory pathways in the head and trunk

This chapter describes the peripheral distribution of the trigeminal and facial nerves. Eight peripheral rami were



identified as the major pathways to project into the facial lobe in the medulla, which includes the superficial
ophthalmic, palatine, upper lip, maxillary barbel, lower lip, mandibular barbel, hyomandibular and recurrent rami.
All of these rami except the palatine and recurrent are heterogenous, containing mixed populations of fibers. The
recurrent ramus supplies taste buds on the trunk surface and fins via two different branches, the trunk and

pectoral fin. The recurrent ganglion consists only of the facial recurrent neurons that innervate taste bud across
the entire surface of the trunk and fins, and is independent from the anterior complex ganglion which consists of

the trigeminal, facial and anterior lateral line neurons sending peripheral fibers to the head region.

Chapter 4: Morphology of sensory neurons in sea catfish

This chapter studies the morphology of 1) the trigeminal and facial sensory neurons in the anterior complex
ganglion, and 2) the recurrent taste neurons in the independent recurrent ganglion, respectively. The present study
shows that trigeminal, facial and facial recurrent sensory neurons of sea catfish are bipolar neurons, with thick
peripheral and thin central fibers originating at opposite poles of the cell bodies. The peripheral fibers are greater
in diameter than the central ones. The trigeminal neurons were bipolar with various shapes of cell bodies, some
are round and some are elongated-oval shape. The facial neurons and recurrent facial neurons were bipolar with
round or egg-like shaped cell bodies. It is also observed that the diameter of trigeminal cell bodies have a wider

range compared to the facial and recurrent taste neurons.

Chapter 5: Organization of the sensory neurons in the ganglion

In this chapter, the organization of the sensory neurons in both the anterior complex ganglion and the recurrent
ganglion are examined. In the anterior complex ganglion of the sea catfish, the trigeminal and facial sensory
neurons are distributed mainly in the central and peripheral regions of the ganglion, respectively, with minor
overlapping. In the recurrent ganglion, the trunk and pectoral fin cell bodies are mainly arranged in groups of
irregular shapes and distribution. Each group is independent and does not contain both types of cell
simultaneously. The two groups however, intermingled with each other throughout the entire ganglion. No

somatotopy was detected within the recurrent facial ganglion.

Chapter 6: Central projections of the recurrent nerve

This chapter studies the central projections of the recurrent nerve fibers following the application of neurotracers

to the recurrent nerve. The labeled fibers of the whole recurrent were observed to terminate anteroposteriorly



only in the trunk tail lobule of the facial lobe. Following simultaneous application of two different tracers to the
trunk and pectoral fin branches respectively, results showed that their fibers project topographically into the trunk

tail lobule.

Chapter 7: Discussion

This chapter will discuss the three principal findings concerning the sensory neurons of the sea catfish; 1) the
trigeminal, facial and facial recurrent neurons are bipolar with thick peripheral and thin central fiber; 2) no
somatotopy between the location of the trunk-tail and pectoral fins neurons in the recurrent ganglion, but distinct
separation with minor over lappings between the trigeminal and facial neurons in the anterior complex ganglion;
and 3) the trunk-tail and pectoral fin neurons project somatotopically into the trunk tail lobule of the facial lobe in

the medulla.



