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ABSTRACT
Teleosts which represent the most prominent and diversified group among actinopterygians, are
interesting in many features particularly in their complex nervous system in terms of
cytoarchitecture, hodology and number of neurons. Present study has been carried out to
histoenzymologically map the caudal rhombencephalic nuclei of Heteropneustis fossilis by
employing a modified histochemical technique to visualize acetylcholinesterase containing
neurons. It is interesting to mention that in the present investigation, most of the nuclei of
medulla oblongata including cranial motor nuclei, reticular and raphe nuclei showed strong
activity for acetylcholinesterase. The present investigation has also been compared with that of
other vertebrates including fishes studied earlier to set a homology among different
rhombencephalic nuclei in the light of recent cytoarchitectural & connectional studies.
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INTRODUCTION
Rhombencephalon or the hind brain of teleosts
presents a typical vertebrate pattern and
consists of metencephalon or cerebellum and
myelencephalon or medulla oblongata
respectively. Anatomical distinction between
rhombencephalic regions is particularly
difficult in teleosts due to poor cytological
differentiation. Acetylcholinesterase (AChE)
activity in the present study is differentially
expressed in most of the rhombencephalic
neurons & neuropil areas which clearly
demarcates cell populations and regions. The
distribution of cholinesterases has been carried

out in the brain of several mammalian1-5,
avian6-9, and reptilian10-13 species. Data
available on enzyme localization in the brain
of fishes14-16 particularly Indian teleosts is
inadequate and scattered. In addition, the
cholinergic17 and non cholinergic18-21 roles of
acetylcholinesterase, which have been
elucidated recently, provide adequate base to
functionally correlate its variable distribution
in the different rhombencephalic regions.
Keeping in view these facts, present
histochemical study has been carried out in the
caudal
rhombencephalic
centres
of
Heteropneustes fossilis.
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MATERIALS AND METHODS
Ten adult male Heteropneustes fossilis
weighing 35-40 gm and ranging in length
between16-20 cm were used in the present
study. The animals were maintained in a 12
hours light: 12 hours darkness cycle in tanks at
a constant temperature of 280 C before
sacrificing. Experimental procedures were
performed according to the guidelines of the
Institutional Animal Ethics Committee (IAEC)
of Ranchi University. The fish were
anesthetized with MS-222 (Sigma, St. Lovis,
MO) and brains were dissected out by
decapitation method. Brains were then post
fixed in 0.5% paraformaldehyde and 1.5%
glutaraldehyde in 0.1M phosphate buffer for 6
hours at 40 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 Cryocut (A O Histostat)
at - 220C and stored serially in 0.1 M
phosphate buffer. AChE histochemistry was
carried out by using a modified histochemical
technique22. After washing in 0.1 M acetate
buffer, pH 6.0, sections were incubated at
room temperature for 30 minutes in an
incubating medium made up of 25 mg
acetylthiocholine iodide as substrate for
AChE, 32.5 ml 0.1 M acetate buffer (pH 6.0),
2 ml 0.1M sodium citrate, 5 ml 0.03 M cupric
sulphate, 9.5 ml double distilled water, 1 ml
0.005 M potassium ferricynide and 0.2 m M
ethopropazine (sigma) as an inhibitor of non
specific esterases. After incubation, sections
were given five changes of acetate buffer (pH
6.0) then treated with 1% ammonium sulphide.
Sections were then given five changes of 0.1
M sodium nitrate then exposed to 0.1% silver
nitrate followed by five changes of 0.1 M
sodium nitrate again. Sections were then
rinsed in acetate buffer and mounted in
glycerine. The dark brown coloured patches
appeared in sections which designated AChE
activity.
Omission
of
the
substrate
acetylthiocholine iodide was carried out as
control for the AChE histochemistry and no
residual activity was observed.
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RESULTS AND DISCUSSION
Caudal rhombencephalon in the presently
studied fish comprises the motor nuclei of
cranial nerves, nuclei of octavo-lateral area,
raphe and reticular nuclei. All these are the
part of medulla oblongata and most of the
nucle
showed AChE positive neurons.
Reticular formation presented very large
nuclear area which is rostrocaudally extended
adjacent to medial longitudinal fascicle (MLF)
(Fig 1-4). It comprises reticular nuclei, raphe
nuclei and the mauthner cells. Intermediate
reticular nucleus (ImRN) showed very large
sized, round or ovoid somata with high
dendritic processes extending almost in all
adjacent areas including octavolateral area and
mauthner cells. (Fig 1,7B) This nucleus
showed very high intensity. Inferior reticular
nucleus (IRN) showed intense activity within
its cell bodies, dendrites and neuropil.(Fig 4).
Mauthner cells also showed strong activity,
though their lateral and ventral dendrites were
moderately stained (Fig 7B). The medial
longitudinal fascicle (MLF) was totally devoid
of AChE in entire rostrocaudal extensions (Fig
2-6).
Octavolateral area of caudal
rhombencephalon showed one of the highest
densities of AChE positive neurons (Fig 1).
Magnocellular octaval nucleus (MaON) which
is located dorsolateral to IRN
and
ventrolateral to lobus caudales (LCa) and
corpus cerebella (CC) showed large sized
AChE positive neurons and highly ramified
axonal and dendritic processes extended to
other nuclei of medulla oblongata (Fig 2,7C ).
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 3). Posterior octaval nucleus (POC) which
appears in caudal parts and is located
ventrolateral to vagal lobe and vagal motor
nuleus showed intense AChE activity (Fig 5).
Facial motor nerve (NVIIm) which is located
ventral to secondary octaval nucleus in caudal
sections showed medium sized somata with
ventrally and ventrolaterally oriented dendritic
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processes. This nucleus demonstrated very
high activity for AChE (Fig 2-3). Caudal to the
octavolateral area and adjacent to intermediate
reticular nucleus, secondary gustatory tract
(SGT) nuclei are located which showed very
large sized somata extended ventrolatrarally in
rostrocaudal parts (Fig 2-3 ) These nuclei
showed very high intensity for AChE
particularly in their neuropil and somata (Fig
7C, 7D). Fascial lobes (FL) showed very high
intensity with small sized diffused somata (Fig
1-2, 7A). Lateral line lobes showed scattered
medium sized cell bodies with high AChE
intensity (Fig 1) Vagal Lobe (Lx) which is
located in caudal sections also showed very
high intensity for AChE (Fig 6, 7F). Vagal
motor nucleus (Xm) and vagal reticular region
(Xr) which are ventrally located to vagal lobe
also showed very high intensity for AChE (Fig
4, 7F). Medial funiculus nucleus (MFN)
which is ventrally placed to vagal lobe also
showed intense activity for AChE along with
ventral horn which also demonstrated intense
reaction for AChE (Fig 6).
However,
present
observations
regarding AChE
histochemistry are
comparable to that of other vertebrate groups
from the view point of discussion. In the
medulla oblongata, motor neurons of fascial
nucleus which showed strong activity for
AChE are reported to be cholinergic in
lampreys23,
elasmobranch24, teleosts25-28,
amphibians29,
reptiles30-31, birds8-9, and
32-34
mammals . It is suggested therefore that
motoneurons of cranial nerves are cholinergic
throughout vertebrate phylogeny.
The
superior reticular nucleus also showed very
strong AChE activity. Acetylcholinesterase
positive cells were also observed in the
superior reticular nucleus of zebrafish25, which
also showed ChAT (choline-acetyl transferase)
positive cells in the same nuclei. These
findings are in agreement with the
observations described in other teleosts25-28.
This nucleus projects to the superficial
pretectal nucleus, contralateral preoptic
nucleus and optic tectum in other cyprinids27,
and these nuclei and regions are reported to be
AChE positive in present investigations.
Copyright © October, 2016; IJPAB
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Intermediate and inferior reticular nuclei
displayed very strong AChE activity in our
study. Similar results were obtained in
zebrafish25 but no ChAT immunoreactive cells
were detected. In cyprinids the afferents from
optic tectum are reported in these two nuclei3536
. These two reticular nuclei also receive
afferents from cerebellum37. Cholinergic cells
are reported to be present in intermediate and
inferior reticular nuclei in lampreys23,
elasmobranch24, teleosts27-28, amphibians29,
reptiles30-31, birds8-9 and mammals38-39. It is
presumed therefore that these two nuclei are
cholinergic in nature. Mauthner cells which
are located in the rostral octavolateral region,
showed intense AChE activity in the fish
studied. They mediate fast escape motor
responses, important in predator avoidance
after
reception
of
unexpected
40
vibrational/visual stimuli . In zebrafish,
mauthner cells showed AChE positively but
ChAT negativity25. It may be due to alternate
multiple roles of AChE other than cholinergic
function18, 21.
In our results most of the nuclei of
octavolateral area except descending octaval
nucleus and anterior octavolateral nucleus,
showed strong activity for AChE. 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
nuclei25.
In the teleosts, studied
hitherto, cholinergic cells in the octavolateral
area are absent or poorly developed25-27.
Nonetheless the octavolateral area contains
abundant cholinergic cells in dog fish24. In
other vertebrate groups cholinergic cells
appear in very concrete regions8-9, 29, 33-34. 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 secondarily25. Among the other
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caudal rhombencephalic nuclei, fascial lobes,
vagal labes and lateral line lobes, vagal motor
nucleus, vagal reticular nucleus and medial
funiculus nucleus showed very strong AChE
activity in the present study. The presence of
cholinergic cells in the visceromotor column is
common in all vertebrates studied todate23-28.
ChAT immunoreactive motoneurons of the
nucleus of the spinooccipital nerve in
Zebrafish overlap rostrally with the caudal
most portion of the ChAT immunoreactive
vagal motor nucleus25. This nucleus shows
cholinergic neurons in other fish23-24, 28, and 41.
It is suggested therefore that most of the

caudal rhombencephalic motor nuclei are
cholinergic in function.
In addition to the main role of AChE
i.e. hydrolysis of acetylcholine in to choline
and acetate17, many other findings have shown
that AChE hydrolyses substance P, met and
leu-enkephalin and could degrade other
neuropeptides as well18-19.Moreover AChE can
facilitate
neurite
growth
during
embryogenesis20. It also acts as neuronal
adhesion protein21.These facts could explain
the very wide spread staining, observed in
different rhombencephalic nuclei which may
be noncholinergic or cholinoceptive in nature.

Table: Acetylcholinesterase Activity in the caudal rhombencephalic nuclei of H. fossilis
AChE S. No.
Name of Nuclei
Abbreviation
Fig. No.
activity
1.

Fascial motor nucleus

NVIIm

++++

2,3

2.

Intermediate reticular nucleus

ImRN

++++

1,7B

3.

Inferior reticular nucleus

IRN

+++

2,3

4.

Mauthner cells

MA

+++

1,7B

5.

Magnocelluler octaval nucleus

MaON

+++

2,7B

6.

Descending octaval nucleus

DON

++

3

7.

Secondary octaval nucleus

SO

+++

7C

8.

Posterior octaval Nucleus

POC

+++

5

9.

Secondary gustatory tract

SGT

++++

1-3 ,7C,7D

10.

Fascial lobes (1-5)

FL 1-5

+++

1,7A

11.

Lateral line lobes

LLB

+++

1

12.

Vagal lobe

LX

++++

5-6,7F

13.

Vagal motor nucleus

Xm

+++

4,7F

14.

Vagal reticular nucleus

Xn

+++

4

15.

Medial funiculus nucleus

MFN

+++

6

Note: ++++ = Very Intense, +++ = Intense, ++ = Moderate
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Fig. 1-2: Photomicrographs of 30 µm thick cryocut transverse sections passing through rostrocaudal
region of rhombencephalon. 4X
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Fig. 3-4: Photomicrographs of 30 µm thick cryocut transverse sections passing through middle region of
rhombencephalon. 4X
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Fig. 5-6: Photomicrographs of 30 µm thick cryocut transverse sections passing through caudal region of
rhombencephalon. 4X
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Fig. 7(A-F): Photomicrographs of 30 µm thick cryocut transverse sections passing through different
rhombencephalic areas showing AChE stained nuclei and neuropil. 10X

CONCLUSION
In
the
present
investigations
acetylcholinesterase showed a very wide
spread intensity in most of the caudal
rhombencephalic nuclei from their perykarya,
dendrites to the neuropil also. But it was poor
to negligible in tracts and commissures. It is
interesting to mention that most of the cranial
motor nuclei of caudal rhombencephalon are
intensly AChE positive as in case of other
vertebrates also hence they are considered to
Copyright © October, 2016; IJPAB

be cholinergic in nature. However few nuclei
of octavolateral area showed intense activity in
our study like in dog fish also which was
contrary to other vertebrates where this area is
reported to be non cholinergic thus it may be a
primitive feature of vertebrates. In addition,
some nuclei in our study were AChE positive
unlike other vertebrates; it may be attributed to
their cholinoceptive nature having innervations
from other cholinergic centres.
198

Tripathi and Rahman

Int. J. Pure App. Biosci. 4 (5): 191-201 (2016)

REFERENCES
1. Krnjevic, K., Silver, A., The development
of acetylcholenesterase staining in
forebrain of the cat. J physiol Lond
,175:22-23(1964).
2. Bennet, E.L., Diamond, M.C., Morimoto,
H., Herbert, M., Acetylcholinesterase
activity and weight measures in fifteen
brain areas from six lines of rats. J
Neurochem ,3:563-572 (1966).
3. Ishii, T., Friede, R.L., A comparative
histochemical mapping of the distribution
of acetyl cholinesterase and nicotinamide
adenine di nucleotide diphorase activities
in the human brain. Inter Rev Neurobiol,
10:231-275 (1967).
4. Bhatt, D.K., Tewari, H.B., Histochemical
mapping of acetylcholinesterase and
butyrylcholinesterase in the medulla
oblangata and pons of squirrel. J Neurosci
Res, 3(5-6):419-439 (1978).
5. Giris, M., Acetylcholinesterase enzyme
localization in the amygdala: A
comparative
histochemical
and
ultrastructural
study.
Acta
Ana,
106(2):192-202 (1980).
6. Cavanagh, J.B., Lolland, P. Cholinesterase
in the chicken nervous system. Nature
,190:735-336 (1961).
7. Zuschratter, W., Scheich, H., Distribution
of
choline-acetyltransferase
and
acetylcholinesterose in the vocal motor
system of zebra finch (Taeniopygia
guttata). J Brain Res, 513:193-201 (1990).
8. Cookson, K.K., Hall, W.S., Heaton, J.T.,
Brauth,
S.E.,
Distribution
of
cholineacetyltransferase
and
acetylcholinesterase in vocal control
nuclei of the budgerigar (Melopsittacur
undulatos). J Comp Neurol, 369:220-235
(1996).
9. Sadananda, M., Acetylcholinesterase in
central vocal centrol nuclei of the zebra
finch (Taeniopygia guttata). J Biosci,
29(2):189-200 (2004).
10. Sethi,
J.S.,
Tewari,
H.B.,
Histoenzymological
mapping
of
acetylcholinesterase
and
butyrylcholinesterase in the diencephalon
Copyright © October, 2016; IJPAB

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ISSN: 2320 – 7051

and
mesencephalon
of
Uromastix
hardwickii. J Hirnforsch, 17(4):335-349
(1976).
Sethi, J.S., Tewari, H.B., Histochemical
mapping of acetylcholinesterase in the
cerebral hemispheres of Uromastix
hardwickii. Cell and Mol Biol, 2: 263-275
(1977).
Subhedar, N.K., Rama Krishna, N.S.,
Pattern of acetylcholinesterase activity in
the hypothalamus of the Cobra, Naja naja.
J Hirnforsch, 31(1):41-49 (1990).
Tripathi,
A.,
Srivastava,
U.C.,
Histoenzymological
distribution
of
acetylcholinesterase in the cerebral
hemispheres of Indian wall lizard,
Hemidactylus
flaviviridis.
Annals
Neurosci, 14: 64-71(2007).
Contestebile,
A.,
Zannoni,
N.,
Histochemical
location
of
acetylcholinesterase in the cerebellum and
optic tectum of four fresh water teleosts.
Histochemistry, 45:279-288 (1975).
Northcut, R.G., Butler, A.B., The
diencephalen and optic tectum of the Long
nose
gar,
Lepisosteus
sosseous:
Cytoarchitectonics and distribution of
acetylcholinesterase. Brain Behav Evol,
41: 57-81 (1993).
Tripathi, A., Rahman, M., Chakraborty,
B.,
Distribution
pattern
of
acetylcholinesterase in the optic tectum of
two Indian air breathing teleosts. Annals
Neurosci, 20 (1):7-9 (2013).
Soreq,
H.,
Seidman,
S.,
Acetylcholinesterase: New role for an old
actor. Natl Rev Neurosci, 2: 294-302
(2001).
Chub, I.W., Hodgson, A.J., White, G.H.,
Acetylcholinesterase hydrolyses substance
P. Neuroscience, 5:2065-2072 (1980).
Chub, I.W., Ranieri, E., Hodgson, A.J.,
White, G.H., The hydrolysis of Leu and
Met-enkephalin by acetylcholinesterase.
Neurosci Lett, 8:539 (1982).
Downes,
G.B.,
Granto,
M.,
Acetylcholinesterase
function
is
dispensable for sensory neurite growth but
199

Tripathi and Rahman

21.

22.

23.

24.

25.

26.

27.

28.

Int. J. Pure App. Biosci. 4 (5): 191-201 (2016)

is crital for neuromuscular synapse
stability. Dev Biol, 270:232-245 (2004).
Silman,
I.,
Sussman,
J.L.,
Acetylcholinesterase
classical
and
Nonclassical functions and pharmacology.
Curr open pharmacology, 5: 293-302
(2005).
Hedreen, J.C., Bacan, S.J., Price, D.L., A
modified histochemical technique to
visualize acetylcholinesterase containing
axon. J Histochem Cytochem, 33:134-140
(1985).
Pombal, M.A., Marin, O., Gonzalez, A.,
Distribution of choline acetyltransferaseimmunoreactive structures in the lamprey
brain. J Comp Neurol, 431: 105-126
(2001).
Anadon, R., Molist, P., Rodriguez-Moldes,
I., Lopez, J.M., Quintela, I., Cervino,
M.C., Barja, P., and Gonzalez, A.,
Distribution of choline acetyltransferase
immunoreactivity in the brain of an
elasmobranch, the lesser spotted dogfish
(Scyliorhinus canicula). J Comp Neurol,
420: 139-170 (2000).
Clemente, D., Porteres, A., Weruaga, E.,
Alonso, J.R., Arenzana,, E.J., Aikjon, J.,
Arevalo, R., Cholinergic elements in the
Zebra fish central, nervous system.
Histochemical and immunocytochemical
analysis. J Comp Neurol, 474: 75-107
(2004).
Perez, S.E., Yanez, J., Marin, O., Anadon,
R., Gonzalez, A., Rodriguez-Moldes, I.,
Distribution of choline acetyltransferas
(ChAT) immunoreactivity in the brain of
the adult trout and tract-tracing
observations on the connections to the
nuclei of the isthmus. J Comp Neurol,
428: 450-474 (2000).
Ekstrom, P., Distribution of choline
acetyltransferase-immunoreactive neurons
in the brain of a cyprinid teleost (Phoxinus
phoxinus L.) J Comp Neurol, 256: 494515 (1987).
Brantley, R.K., Bass, A.H., Cholinergic
neurons in the brain of a teleost fish
(Porichthys notatus) located with a
monoclonal
antibody
to
choline

Copyright © October, 2016; IJPAB

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

ISSN: 2320 – 7051

acetyltransferase. J Comp Neurol, 275:
87-105 (1988).
Marin, O., Smeets, W.J.A.J., Gonzalez, A.,
Distribution of Chaline acetyltransferase
immunoreactivity in the brain of anuran
(Rana Perezi, Xenopus Locevis) and
urodele (Pleurodeles walt) amphibians. J
Comp Neurol, 382: 499-534 (1997).
Medina, L., Smeets, W.J.A.J., Hoogland,
P.V., Puelles, L., Distribution of choline
acetyltransferase immunoreactivity in the
brain of the lizard Gallotia galloti. J
Comp Neurol , 331: 261-285 (1993).
Tripathi, A., Histochemical mapping of
acetylcholinesterase in the Central
Nervous
System
of
Hemidactylus
Flavivirides. Ph.D. Thesis submitted to
the University of Allahabad; pp. 96-115
(2007).
Sorenson, E.M., Parkinson, D., Dahl, J.L.,
Chiappinelli, V.A., Immunohistochemical
location of choline acetyltransferase in the
chicken mesencephalon. J Comp Neurol ,
281: 641-657 (1989).
Tago, H., McGeer, P.L., McGeer, E.G.,
Akiyama, H., Hersh, L.B., Distribution of
choline acetyltransferase immuno-positive
structures in the rat brainstem. Brain Res
,495: 271-297 (1989).
Woolf, N.J., Cholinergic systems in
mammalian brain and spinal cord. Prog
Neurobiology ,37: 475-524 (1991).
Grover, B.G., Sharma, S.C., Organisation
of extrinsic tectal connections in the
goldfish (Carassius auratus). J Comp
Neurol, 196: 471-488 (1981).
Luiten, P.G.M., Afferent and efferent
connections of the optic tectum in the carp
(Cyprinus carpio L.) Brain Res, 220: 5165 (1981).
Wullimann, M.F., Northcutt, R.G.,
Connections of the corpus cerebelli in the
green sunfish and the common goldfish; a
comparison of perciform and cypriniform
teleosts. Brain Behav Evol, 32: 293-316
(1988).
Hendry, S.H., Jones, E.G., Killackey, H.P.,
Chalupa, L.M., Choline acetyltransferaseimmunoreactive neurons in fetal monkey
200

Tripathi and Rahman

Int. J. Pure App. Biosci. 4 (5): 191-201 (2016)

cerebral cortex. Brain Res, 465: 313-317
(1987).
39. Alonso, J.R., Amaral, D.G., Cholinergic
innervations of the primate hippocampal
formation. I.
Distribution of choline
acetyltransferase immunoreactivity in the
Macaca fascicularis and Macaca mulatta
monkeys. J Comp Neurol, 355: 135-170
(1995).
40. Eaton,
R.C.,
Bombardieri,
R.A.,
Behavioral functions of the Mauthner

Copyright © October, 2016; IJPAB

ISSN: 2320 – 7051

neuron. In: Faber DS, Triller A, editors.
Neurobiology of the Mauthner cells. New
York: Raven Press, p. 221-244 (1978).
41. Adrio, F., Anadon, R., Rodriguez-Moldes,
I., Distribution of choline acetyltransferase
(ChAT) immunoreactivity in the central
nervous system of a chondrostean, the
Siberian sturgeon (Acipenser baeri), J
Comp Neurol, 426: 602-621 ( 2000).

201

