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ABSTRACT

Octavolateral area is a significant component of thombencephalon in teleosts which shows a
fine cytoarchitecture and comprises many intermingled nuclear groups. In the present study,
distribution pattern of enzyme acetylcholinesterase has been carried out by employing a
modified histochemical technique to visualize acetylcholine containing neurons described by
Hedreen, J.C. et.al. (1985).

Acetylcholinesterase is an effective marker of cholinergic-cholinoceptive neurons since it
hydrolyses acetylcholine in to choline and acetate at synaptic clefts. Present histochemical
results exhibited a widespread distribution of acetylcholinesterase in the different nuclei of
octavolateral area of Heteropneustes. Octavolateral efferent nucleus, medial octavolateral
nucleus, magnocellular and posterior octaval nucleus demonstrated intense activity for
acetylcholinesterase, while anterior octavolateral nucleus and descending octaval nucleus
exhibited moderate staining. The distribution of acetylcholinesterase was homogenous in the
whole rostro-caudal and lateral extension of this nucleus.

Thus in overall picture, octavolateral nucleus contains abundant cholinergic cells in the brain
of Heteropneustes. In conclusion, the abundance of cholinergic innervations in this area is a
well conserved characteristic among vertebrates which has been discussed from phylogenetic
perspective.
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INTRODUCTION:

Teleosts which represent the most prominent and
diversified group among actinopterygians are interesting
in many features particularly in their complex social
and territorial behaviours. Teleosts exhibit a complex
nervous system in terms of cyto-architecture, hodology
and number of neurons. This is also a fascinating group
because other terrestrial vertebrates radiated from this.
Acetylcholinesterase which is an enzyme of hydrolase
group and it splits the neurotransmitter acetylcholine in
to choline and acetate (Soreq and Seidman, 2001) thus it
is an effective marker of cholinergic and cholinoceptive
neurons. In the present study a modified histochemical
technique to visualize acetylcholinesterase containing

neurons has been employed ( Hedreen et.al.,1985).

The distribution of cholinesterases has been carried
out in the brain of several mammalian (Krnjevic and
Silver,1964; Bennet et.al., 1966; Ishii and Friede,1967;
Bhatt and Tewari,1978; Giris,1980), avian ( Cavaunagh
and Lolland,1961; Zuschratter and Scheih,1990;
Cookson et.al.,1996; Sadananda, 2004), reptilian (Sethi
and Tewari,1976; Sethi and Tewari,1977; Subhedar and
Rama Krishna,1990) species. Data available on enzyme
localization in the brain of fishes ( Contestebile and
Zannoni, 1975; Northcut and Butler,1993; Contestebile,et.
al.,2013; Tripathi et.al.,2013; Ttripathi and Rahman,2014;
Medina and Reiner,1994,), particularly on Indian
teleosts is inadequate and scattered. For these reasons a
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histochemical study was carried out of AChE distribution
in the octavolateral area of the hindbrain of Heteropneustes
which was far from detailed study, though few studies
are reported ( Perez et.al.,2000; Ekstrom,1987; Brantley
and Bass,1988;, Marin and Gonzalez, 1997; Anadon
et.al.,2000; Tago,et.al.,1989).

MATERIALS AND METHODS

Five adult Heteropneustes fossilis weighing 40-45 gram
and length between 18-22 centimeter were used in the
present study. The animals were acclimatized according to
laboratory conditions before sacrificing them. Experimental
procedures were performed according to the guidelines of
the Institutional Animal Ethics Committee (IAEC). The
fish were anesthetized with MS-222 (Sigma, St. Lovis,
MO) and decapitated. Brains were fixed in the solution of
0.5% Paraformaldehyde and 1.5% Gluteraldehyde in 0.1
M phosphate buffer (pH 7.4) for 6 hours at 4°C. The tissue
was then given 2-3 changes in 15% sucrose solution in
0.1M phosphate buffer and stored in the same solution for
2-3 days. 30 micron thick frozen sections were cut by A O
Histostat at -22°C and stored serially in 0.1 M phosphate
buffer. AChE histochemistry was carried out by using a
modified histochemical technique (Kimura et.al.,1990)
The dark brown coloured patches appeared in sections
which designated AChE activity. Omission of the substrate
acetylthiocholine iodidefrom the incubating mixture was
carried out as control for the AChE histochemistry and no
residual activity was observed in controlled experiment.

Results and discussion :
The octavolateral area of rhombencephalon showed one
of the highest densities of AChE positive neurons within
H. fossilis (Fig.1-2). Octavolateral efferent nucleus (OEN)
showed numerous and intensely stained pyriform neurons.
These cells showed ventrally or ventrolaterally oriented
long dendrites (Fig. 2). AChE positive neurons of small
size were observed in medial octavolateral nucleus
(MON). AChE distribution was homogenous in the whole
rostrocaudal and mediolateral extension of the nucleus
(Fig.1-2). A group of AChE positive cells were observed
in the central portion of the anterior octave nucleus (AON)
(Fig. 1, 4).
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Figure-1: Rostral rhombencephalic area of H. fossilis showing
ACHE activity in octavolateral nuclei.
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Figure-2: middle rhombencephalic area of H. fossilis showing
ACHE activity in octavolateral nuclei.
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Figure-3: Caudal rthombencephalic area of H. fossilis showing
ACHhE activity in octavolateral nuclei.

Figure-4: Rostral rhombencephalic area of H. fossilis showing
ACHKE activity in octavolateral nuclei( Magnified).

In the middle rhombencephalic parts, magnocellular
octaval nucleus (MaON) appears which showed large
sized AChE positive neurons and highly ramified
axonal and dendritic processes extended to other nuclei
of medulla oblongata (Fig. 2-3). Descending octaval
nucleus (DON) which is located ventral to MaON showed
moderate intensity for AChE (Fig. 3), but it received
dendritic processes from secondary octaval nucleus (SO)
and magnocellular octaval nucleus (MaON) which were
AChE positive (Fig. 2). In Caudal sections DON showed
intense activity (Fig. 3). Secondary octaval nucleus (SO)
showed intense activity at all levels (Fig.. 2-3). These
AChE positive neurons displayed round or ovoid medium
somata (Fig. 4). A summary of the acetylcholinesterase
activity has been given in table-1.
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Table-1: Acetylcholinesterase Activity in the octavolateral
area of the rhombencephalon of H. fossilis

SI. Name of Nuclei Abbreviation AChE Fig. No.
No. -activity
1. Octavolateral OEN +++ 2
efferent nucleus
2. Medial MON +4++ 2-3
octavolateral
nucleus
3. Anterior AON ++ 1
octavolateral
nucleus
4. Magnocelllular MaON +++ 2-3
octaval nucleus
5. Secondary octaval SO +4++ 2-4
nucleus
Notation :
++++ = Very Intense+++ = Intense
++ = Moderate +— = Mild;—— = Negative

Among the teleosts, studied hitherto, cholinergic
cells in the octavolateral area are absent or poorly
developed (Clemente et.al.,2004; Perez et.al.,2000;
Ekstrom,1987; Brantley and Bass,1988). Nonetheless the
octavolateral area contains abundant cholinergic cells in
dog fish (Anadon, et. al., 2000). In other vertebrate groups
cholinergic cells appear in very concrete regions( Tago
et. al.,1989; Kimura et.al.,1984; Carpenter,et.al.;1990;
Barmack et.al.;1992). It is suggested therefore that the
presence of cholinergic cells in the octaval region may
be a primitive feature of vertebrates. A reduction of these
populations is observed in tetrapods whereas teleosts
may have lost these populations secondarily( Clemente
et.al.,2004). On the other hand AChE activity was
displayed throughout the rostrocaudal octavolateral area.
Thus AChE positive cells were detected in the medial and
posterior octavolateral nuclei, secondary octavolateral
nucleus and anterior, magnocellular octavolateral nuclei.
Nuclei within the ocavolateral area receive profuse ChAT
immunoreactive innervations which could mediate the
cholinoceptive nature of the AChE positive neurons within
the aforesaid nuclei( Clemente et.al.,2004).
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