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Nuclear organization and distribution in the brain regions of the snake
headed fish, Channa marulius
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Nuclear groups Background: Morphological variations have arisen due to diverse environmental conditions. Application of

Channidae cytoarchitectonic criteria permits the delineation of distinct nuclear complexes from the brain region. Purpose:
Forebrain Very less information is available on the cytoarchitectonic pattern of the brain, of the giant snake headed mur-
Midbrain rel, Channa marulius. The murrel is much neglected in neuroanatomical terms and their study is a necessary
Hindbrain step in tracing the evolutionary trends. Hence, in the present investigation, the brain of the snake headed fish,

Channa marulius has been investigated to reveal the organization of different nuclear complexes. Methods:
Different nuclear complexes were identified and studied using Cresyl violet and Haematoxyline-Eosin staining
techniques from the brain region of Channa marulius. Results: Five distinct nuclear complexes namely pars
medialis, pars centralis, pars lateralis dorsalis and pars lateralis ventralis respectively were observed in the area
dorsalis telencephali and five nuclear groups pars ventralis, pars lateralis, pars dorsalis, pars supracommissura-
lis and nucleus entopeduncularis were identified in the area ventralis telencephali. Conclusions: Three nuclear
groups namely pars posterioris, pars dorsalis, pars ventralis were identified in preoptic area. The inferior lobes
are massive and consist of five circumscrible nuclear complexes. Midbrain consists of optic tectum, torus lon-
gitudinalis and tegmentum where different nuclear groups were identified.
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Introduction

The teleosts are a highly heterogeneous group of vertebrates
with over 31,500 species. Pisces group show a large number of
morphological variation. These morphological variations have
arisen due to diverse environmental conditions. Although,
there is some information available on the cytoarchitectonic
pattern of the brain of certain fishes like Sea bass, Clarius
batrachus, Notopterus notopterus, Carassius auratus and Cy-
prinus carpio’® but there is hardly any literature available on
the snake headed fish Channa marulius. Here in, we describe
the cytoarchitectonic pattern of the brain of the giant snake
headed murrel, Channa marulius belonging to the family Chan-
nidae. This teleost fish can withstand extreme environmental
conditions which becomes a unique feature related to habitat.
The murrel is much neglected in neuroanatomical terms and
their study is necessary step in tracing the evolutionary trends.
Hence, an attempt has been made to identify the various nucle-
ar groups from the entire brain region on the basis of standard
cytoarchitectonic criteria, to reveal the cytomorpholgy of con-
stituent cell and to study the interrelationship with a view to
analyze the overall organization in the light of available litera-
ture. The cytoarchitectonic pattern of the forebrain, midbrain
and hindbrain of Channa marulius is explored using standard
techniques at light microscopic level.

Methods

Channa marulius commonly inhabits fresh water ponds, irriga-
tion tank and rivers. They can thrive in swamps, weedy marshes
and can withstand slightly brackish water. It is a carnivorous bot-
tom feeder, feed on variety of animals. The breeding season is
from April to June. Fishes were collected from natural habitat all
around the Amravati city. They were brought to the laboratory
and were acclimatized in aquarium. Twelve adult murrels, Chan-
na marulius of both sexes weighing between 100 to 150 gm and
length 14 to 18 cm were used in the present study. Fishes were
anaesthetized with 0.2% in 2-phenoxy ethanol and perfused
transcardially with 150-200 ml ice cold phosphate buffered saline

(PBS, pH-7.45), followed by the same volume of ice cold Bouin's
fixative. The brain tissue was dissected and fixed in Bouin’s fixa-
tive for 24 hours, dehydrated in graded series of alcohol and em-
bedded in paraffin after clearing in xylene. Serial sections of the
brain were cut in transverse and saggital planes at 8-10um thick-
ness. No ethical clearance was required as this does not fall under
the purview of Institute ethical committee guidelines.

Staining

Cresyl violet acetate stain was performed by using 1% Cresyl
violet (Sigma#C-5042) aqueous solution followed by required
dehydration and the slides were finally mounted in DPX as per
established procedures.®’

The deparaffinised section of brain were passed through de-
scending grades of alcohol, brought to water and then stained
in haematoxylin. The sections were passed through ascending
grades of alcohol up to 70% alcohol and then stained in Eosin
in 70% alcohol, dehydrated and mounted in DPX after clearing
in xylene.®

Results

The brain of Channa marulius is divided into forebrain, midbrain
and hindbrain. Fig 1 (A-H) show transverse sections through
different brain regions (forebrain, midbrain, and hindbrain) of
fish Channa marulius. The various areas and neuronal groups
in the brain of Channa marulius were identified on the basis of
cytoarchitectonic features described in earliear studies of other
teleosts.??

Forebrain

Channa marulius, forebrain is divided in to telencephalon and
diencephalon

Telencephalon

Telencephalon is divisible into two main regions i.e., area dor-
salis telencephali and area ventralis telecencephali. Organiza-
tion of forebrain is depicted in Fig 1A and 2A-H. The area
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Fig. 1: A-H: Schematic drawings of a rostrocaudal series of transverse sections (A-H) of the brain of Channa marulius showing, area dorsalis telenceph-
ali/pars centralis; area dorsalis telencephali/pars lateralis dorsalis ; Area dorsalis telencephali/pars lateralis ventralis ; Dm, area dorsalis telencephali/pars
medialis; AC, anterior commissure ; LFB ,lateral forebrain bundle;MFB,medial forebrain bundle ; NE,nucleus entopeduncularis; OC, optic chisma; Vd,
area ventralis telencephali/pars dorsalis; VI, area ventralis telencephali/pars lateralis; Vs, area ventralis telencephali/pars supracommissuralis; Vv, area
ventralis telencephali/pars ventralis; PVO, paraventricular organ; POA, preoptic area; POR, preoptic recess; T, tuberal area; NHd, nucleus hypothalamicus
dorsalis; NPPp, nucleus preopticus periventricularis posterioris; NHp, nucleus hypothalamicus posterior; HC, horizontal commissure; V, ventricle; NDP,
nucleus dorsalis posterioris of thalamus; NAH, nucleus arcuatus hypothalamicus; NHm, nucleus hypothalamicus medialis; NiLp, Nucleus lobi inferioris
posterior; NLId, nucleus lobi inferioris dorsalis; NLIm, nucleus lobi inferioris medialis; NLIv, nucleus lobi inferioris ventralis; NLT, nucleus lateralis tuberis;
SAC, stratum alum central; SFGS, stratum griseum et album superficial; SM, stratum marginale; SPV, stratum periventriculare; TS, toruus semicirucu-
laris; OC, optic chisma; NRLs, nucleus recessus lateralis superior; NRM, nucleus reticularis messacephali; NLTa, nucleus lateralis tuberis/pars anterior;
NRLi, nucleus recessus lateralis inferior; TL, torus longitudinalis; Valv, valvula cerebella; VNLIp, vevtral nucleus lobi inferioris posterior; SGN, secondary
gustatory nucleus; SRF, superior reticular formation.

dorsalis telencephali is subdivided into pars medialis (Dm), show moderate Cresyl violet staining. The neurons in DC area
pars centralis (DC), pars lateralis dorsalis (DId) and pars lat- are sparsely distributed and show intense Cresyl violet stain-
eralis ventralis (Dlv), depicted in Fig 2(A-E). The neurons are ing. The cells of DId region are larger in size as compared to
rounded oval and triangular in shape, small in size, located Dc and Dm. They appear round in shape and exhibit intense
near the medial region of the dorsal telencephalon (Dm) and Cresyl violet reactivity. While neurons in the area DIv are com-
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Fig. 2: (A-Q) - Photomicrograph of the transverse section through the brain regions of Channa marulius showing different neuronal complexes.
(A) Transverse section of the brain through telencephalon showing intense staining of cresyl violet in neurons of pars centralis (DC) (arrow) 100X.
(B) Transverse section of the brain through telencephalon showing intense staining of Haematoxylin - Eosin is seen in neurons of pars centralis (DC)
(arrow) 40X. (C) Transverse sections of the brain through telencephalon showing pars lateralis ventralis (Dlv) (arrow) with positive staining of cresyl
violet 100X. (D) Transverse section of the brain through telencephalon showing moderate staining of cresyl violet in cells of nucleus of pars medialis
(DM) (arrow) 40X. (E) Transverse section of the brain through telencephalon showing pars lateralis dorsalis (DId) (arrow) showing intense staining of
cresyl violet 40X. (F) Transverse section of the brain through telencephalon showing Nucleus entopeduncularis (NE) (arrow) with positive staining of

cresyl violet 100X.

pactly arranged, round shape, small in size and are Cresyl vio-
let positive. The area ventralis telencephali is broadly divided
into pars ventralis (Vv), pars dorsalis (Vd), pars lateralis (VI)
and pars supracommissuralis (Vs). The cells of Vd are present
in groups, round in shape and brightly stained with Cresyl
violet staining (Fig 2G). The neurons of the Vv are observed in

clusters with small size and are round in shape with intense
Cresyl violet staining. The cells of the VI are rounded in shape,
small in size and also show intense staining with Cresyl violet.
In Vs region elongated fibers are brightly stained in Cresyl
violet preparations (Fig 2H). The lateral forebrain bundles are
present in ventro lateral position of the telencephalon as well

ANNALS OF NEUROSCIENCES VOLUME 18 NUMBER 3 JULY 2011

www.annalsofneurosciences.org



ANNALS

RES ARTICLE

Fig. 2: (G) Transverse section of the brain through telencephalon showing pars dorsalis (Vd) (arrow) brightly stained with cresyl violet 100X. (H) Trans-
verse section of the brain through telencephalon showing pars supracommissuralis (VS) (arrow) elongated fibers was brightly stained in cresyl violet
preparations at the level of anterior commissure (AC) 40X. (I) Transverse section of the brain through diencephalon showing nucleus of Torus longitu-
dinalis (TL) (arrow) were brightly stained in cresyl violet 40X. (J) Transverse section of the brain through diencephalon showing Horizontal commissure
(HC) (arrow) was brightly stained in cresyl violet preparations 40X. (K) Transverse section of the brain through inferior lobe area showing Nucleus
lobi inferioris posterior (NLIp) (arrow) positively stained with cresyl violet 100X. (L) Transverse section of the brain through inferior lobe area showing
Nucleus lobi inferioris dorsalis (NLId) (arrow) positively stained with cresyl violet 40X.

as medial forebrain bundle (MFB) is present in ventro medial
position. The neurons adjacent to the forebrain bundle bigger
sized unipoler neurons are also seen forming a cluster which
is nucleus entopeduncularis (NE) (Fig 2F) and are Cresyl violet
positive. Telencephalic lobes are connected with each other
by anterior commissure (AC) (Fig 2H) which is located to the
preoptic recess.

Diencephalon

Diencephalon is divided into thalamus, epithalamus and hy-
pothalamus. Hypothalamus is divided in to preoptic area,
postoptic area, and tuberal area. The nuclear complexity of the
hypothalamic subdivisions is mostly along the periventricular
region. Caudal to the optic chiasma, the tuberal area is pres-
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Fig. 2: (M) Transverse section of the brain through tuberal area showing Nucleus arcuatus hypothalamicus (NAH) (arrow) with cresyl violet 100X.
(N) Transverse section of the brain through rhombencephalon showing Nucleus Superior reticular formation (SRF) (arrow) moderately stained with
Haematoxylin-Eosin 40X. (0)-(P) Transverse sections of the brain through rhombencephalon showing unipolar Secondary gustatory nucleus (SGN) (ar-
row) intense stained with cresyl violet 100X respectively. (Q) Transverse sections of the brain through rhombencephalon showing bipolar Secondary

gustatory nucleus (SGN) (arrow) intense stained with cresyl violet 100X.

ent, which is demarcated by the commencement of horizontal
commissure (HC). A distinguishable laterally directed diverticu-
lum is the lateral recess formed by the lateral expansion of the
third vertical. The dorsocaudal edge of the hypothalamus is
separated from the posterior tuberculi by the paraventricular
organ. The oval shaped inferior lobes are laterally expanded on
the either side of the tuberal area. The lateral recess enters and
curves within the inferior lobes.

Preoptic area and Postoptic region

Fig 1B is a line diagram which shows the telencephalic lobes
which are reduced and seen on the dorsal side of preoptic pro-
cesses. Optic chisma (OC) is observed on the ventral side of
the diencephalons. Neuronal complexes are observed in pairs
on both sides of the preoptic recess (PR). The nucleus preopti-
cus periventricularis ventrilis (NPPv) represent the anterior most
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neuronal complex of the hypothalamus located on either side
of the preoptic recess. Nucleus preoptic periventricularis dor-
salis (NPPd) commences at mid level of the anterior commis-
sure, posteriorly the nucleus is placed lateral to the preoptic
recess and occupies a position dorsal to the nucleus porepp-
ticus periventricularis ventralis (NPPv). Nucleus preopticus
periventricularis medialis (NPPm) seen on the dorsal side of the
nucleus preopticus periventricularis dorsalis. Nucleus preopti-
cus periventricularis ventralis (NPPv) cells are observed, which
are small in size and round or oval in shape. The cells of nucleus
preopticus periventricularis medialis observed are morphologi-
cally large in size and moderately stained. The cells observed
in this area occur in cluster of 10 to 12 cells and have stained
intensely with cresyl violet. Fig 1C depicts preoptic as well as
postoptic region of the diencephalon. It also shows the emer-
gence of optic tectum (OT) from the dorsal side. Horizontal
commissure (HC), hypothalamus is observed in the ventral side
of the tuberal area and at the caudal side of the Horizontal com-
missure (HC) (Fig 2J). In the anterial tuberal area, third ventricle
is observed and around the third ventricle a group of complex
neurons was observed, which are Nucleus Hypothalmicus (NH).
In the postoptic area, a prominent area, scattered nuclei have
been identified viz. nucleus postopticus lateralis (NPIp). The nu-
cleus postopticus lateralis commences (NPlp) ventrolaterally to
nucleus preopticus periventracularis posterior (NPPp) depicted
in Fig 1C. The neurons are isolated, round or oval in shape and
moderately stained with cresyl violet.

Tuberal Area

In the anterior tuberal area around the third ventricle, three
prominent nuclei can be distinguished viz. nucleus hypothalam-
icus posterialis (NHp), nucleus hypothalamicus dorsalis (NHd),
and nucleus hypothalamicus medialis (NHm). The nucleus hy-
pothalamicus posterialis (NHp) consists of 2-3 cells thick layer
of neurons located around, slit — like, on either side of the third
ventricle, (Fig 5) that commences posterior to the horizontal
commissure. The cells are brightly stained, round or oval in
shape and smaller in size, with moderate amount of cytoplasm
and show small round nuclei. Nucleus hypothalamicus medialis
(NHm) consist of 1 to 2 cell thick layer, brightly stained, situated
in between the nucleus hypothalamicus posterior (NHp) and
nucleus hypothalamicus dorsalis (NHd). The nucleus hypotha-
lamicus dorsalis is situated dorsal to the nucleus hypothalam-
icus medialis. The neurons are small and intensely stained with
cresyl violet and are round or oval in shape (Fig 1 C-D). Nucleus
anterior tuberis (NAT) is large group of neurons located in the
mid-tuberal area, lateral to the nucleus hypothalamicus posteri-
or. In the ventral tuberal area, the nucleus lateralis tuberis (NLT)
is prominent nucleus located at ventromedial aspect (Fig 1D). It
commences at the level of the HC and extends caudally as far
as pituitary gland.

The nucleus lateralis tuberis is divisible into two parts; nucleus
lateralis, tuberis pars anterior (NLTa) and nucleus lateralis tuber-
alis pars posterior (NLT). The cells of nucleus lateralis tuberalis
pars anterior (NLTa) are situated close to ependymal border of
the third ventricle. The nucleus lateralis tuberalis posterior is sit-
uated immediately behind the nucleus lateralis tuberalis (NLTa)
and possesses mostly unipolar cells which are smaller and show
round in shape and intensly stained nuclei. Nucleus arcuatus
hypothalamicus (NAH) (Fig 2M) is inverted in the caudal tuberal
area. Caudal to the tuberal area, lateral side of the third ventri-
cle shows lateral recessus. Around the lateral recess, compactly
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arranged cells of nucleus recessus lateralis (NRL) are observed
(Fig 1E). This nucleus is subdivided on the basis of its position
into nucleus recessus lateralis superior (NRLs) and nucleus reec-
ssus lateralis inferior (NRLi). Nucleus recessus lateralis superior
consists of compactly arranged spindle shaped cells and nuclei
that are clearly seen and show intense cresyl violet stain. Nucle-
us recessus lateralis interior (NRLi) cells are spindle shaped and
nuclei can be seen and show intense cresyl violet stain.

In the transition zone between ventral thalamus and interior
lobes, isolated nuclear group have been seen, i.e. nucleus glom-
erulosus (NG) (Fig 1E). The neurons are moderately sized and
oval or round in shape and moderately cresyl violet stained. The
caudomedial area includes the nuclei of nucleus mammilliaris
(NM) (Fig 1E). The nucleus mammilliaris are very small and area
is like pouch and weakly cresyl violet stained. The nucleus of the
paraventricular organ (NPVO) is located slightly lateral to the
paraventricular organ (PVO) and extends dorsalwards (Fig 1D).
The neurons are small and are weakly cresyl violet stained.

Inferior Lobe

The inferior lobes are massive and consist of seven clearly cir-
cumscribable nuclearcomplexes. Nucleus lobi inferioris dorsalis
(NLId) (Fig 2L) begins at rostral end of the inferior lobes and
continuous dorsally (Fig 1E-F) in transverse section, the nuclear
group assumes oblong outline although several neurons are
small; they are intermixed with smaller cells. Irrespective of
their size, cells are round or polymorphic. Nucleus lobi infe-
rioris anterior (NLla) is situated in the dorsomedial part of the
lobes. It commences at the rostral end and is confined to the
anterior one third of the lobes. Nucleus lobi inferioris ventra-
lis (NLIv) is the largest group which occupies the bulk of the
lobes. Rostrally, this nucleus is located ventrolaterally region
and gradually takes the ventral position. Nucleus lobe inferiors
medialis (NLIm) consists of few moderate sized cells dispersed
over a considerable area in the core of caudal half of the lobes.
Nucleus lobi inferioris porterior (NILp) is confined to the caudal
part of the lobes.

Nucleus lobi inferioris posterior (NLIp) (Fig 1F, 2K) is divided
into two, one is dorsal nucleus lobi inferioris posterior (DNLIp)
and second is ventral nucleus lobi inferioris posterior (VNLIp).
The neuronal cells of nucleus lobi inferioris anterior (NILa) are
small in size, round or oval in shape and are showed in group
of 15-20 cells and also showed moderate cresyl violet stain.
The neuronal cells of nucleus lobi inferioris ventralis (NLIv)
are moderate in size and round or oval in shape and showed
moderate cresyl violet stain. It is the largest neuronal cell
group in the inferior lobes, these all observation depicated
in Fig 1E.

Midbrain (Mesencephalon)
Optic tectum

Isolated, unipolar, oval or rounded neurons are seen in the stra-
tum gresium et album superficial (SFGS). Very few neurons are
observed in the stratum marginali (SM). Stratum marginali is
identified as the outermost layer. Located on the continuous
ribbon like neuronal cells of 1 to 2 layers are seen in stratum
alum centrale (SAC). These neurons are moderate in size and
oval or rounded in shape and moderately stained. The latter
send their processes right across the tectum. Rounded or oval
and intensely cresyl violet stained neurons are seen in stratum
periventriculare (SPV) (Fig 1G).
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Torus longitudinalis

In the torus longitudinalis (TL), the anterolateral area shows
the smaller in size and oval or rounded in shape and compactly
arranged neuronal cells. Later on the scattered throughout to-
rus longitudinalis. The neurons are moderately stained by cresyl
violet (Fig 1E-F).

Tegmentum

Most of the nuclear groups in mesencephalic tegmentum of
Channa marulius were moderately stained with cresyl violet.
Ventrally to the optic tectum i.e. torus semicirularis (TS) com-
pactly arranged neurons were seen in torus semicirularis (TS)
(Fig 1G). Neurons are smaller in size and rounded or oval in
shape and moderately stained with the cresyl violet. In the cen-
tral pretectal area (CPA), conspicuous groups of 8 to 12 neuron
are seen. Neurons are large in size, spindle in shape. Moderate-
ly stained cytoplasm and intensely cresyl violet stained nuclei
with are seen and also axons. Neurons of (CPA) central pre-
tectal area are unipolar. The dorsal midbrain tegmentum (MT)
neuron is seen. The neurons are smaller in size and rounded
or oval in shape and moderately cresyl violet stained. Lateral
side of the valvula cerebelli shows the nucleus lateralis valvulae
(NLV) (Fig 1G), Neuron are smaller in sized, oval or rounded
shape, they are observed in cluster and moderate cresyl violet
stained. Ventrally to the torus semicirularis nucleus isthmi are
observed, showing clustered and moderate size neurons which
are spherical in shape. They show moderate cresyl violet stain-
ing. Ventral to the valvula cerebelli, nucleus fasciculus longitu-
dinalis medialis (NFLm) (Fig 1G-F) is observed. The neurons are
few in number, large in size, spherical in shape, with intense
cresyl violet staining. Ventrolateral to the fasciculus longitudi-
nalis medialis, nucleus reticularis mesencephali (NRM) are ob-
served. The neurons are small in size, oval or rounded in shape,
scattered and moderate cresyl violet stained.

Ventrally to the nucleus lateralis valvulae (NLV), the nucleus pro-
foundus mesencephali (NP) was distinguished (Fig. 1G). Neu-
rons are few, scattered, smaller in size, round or oval in shape
and showed weakly cresyl violet stained. In the caudal part of
the tegmentum, nucleus interpenduncularis are observed at
the median portion. The neurons are small in size and oval or
rounded in shape and showed moderate cresyl violet staining.

Hind brain (Rhombecphalon)

The secondary gustatory nucleus (SGN) is located in the lateral
part of the fourth ventricle. The neurons in this region are spin-
dle shaped, large in size, with conspicuous nuclei. Situated on
the ventral side of fourth ventricle, 3 — 4 cells of nuclear groups
is observed which shows large spherical neurons. Dorsally, the
fourth ventricle, semicircular by neuronal cells, with prominent
nuclei and axon. All the nuclear groups are moderately stained
with cresyl violet.

Discussion

In the brain of Channa marulius, different groups of cells with
diverse morphology were located in forebrain, midbrain, and
hindbrain regions. The cells occurred in distinct clusters or in
isolated form. In Channa marulius the telencephalon, divided
into dorsalis telencephali and ventralis telencephali, show the
presence of Dm, Dc, DId, Dlv nuclear groups and Vv ,Vd VI, Vs,
Vp , NE respectively. These appear to correspond with the dif-
ferent teleost fishes.3 4 6 811

Diencephalon is considered to be the most complex region in
the brain of the teleost.’? It is the neuronal integration centre
of gustatory information, reproduction and vision in the gold-
fish.4 Using cytoarchitectonic criteria, epithalamus, thalamus,
hypothalamus and preoptic area include as the parts of the
diencephalon in Dicentrarchus labrax and rayfinned fish.'34
This type of division of diencephalon is used in the cytoarchit-
cetural analysis to study of organization of neuronal groups
in the brain of different teleosts.*'%14 Similar pattern of dis-
tribution of nuclear groups of diencephalon was observed in
Channa marulius. The lateral forebrain bundles (LFB) and me-
dial forebrain bundle (MFB) are present in ventro lateral and
ventro medial position respectively in Channa marulius. Adja-
cent to these forebrain bundles, a cluster of unipolar neurons is
observed which is the nucleus entopeduncularis (NE). Whereas
the same neuronal group i.e, NE in N. Notopterus is varying
in morphology, showing multipolar neurons.> These neurons
show moderate cresyl violet staining.

Preoptic area is the part of rostral most diencephalic subdivi-
sion.”" A dense aggregation of nuclei around the third ventricle
was observed in Channa marulius. This is comparable with simi-
lar pattern of arrangement in Clarius batrachus and Notopterus
notopterus.?® In Channa marulius, nucleus postopticus lalera-
lis (Nplp) is ventrolatral to nucleus preopticus periventricularis
posterior (NPPp). The nucleus postopticus laleralis (Nplp) is
comparable with Nplp of Clarius batrachus.? In Channa mar-
ulius, periventricular zone of the anterior tuberal area consists
of nucleus hyphthalamicus dorsalis (NHd), medialis (NHm) and
posterialis (NHp). The NHd and NHv seem to be comparable
with hypothalamicus dorsalis and hypothalamicus ventralis re-
spectively in Clarius batrachus.? In goldfish, bichir and long-
nose gar and in cichlid fish*'> the dorsal hypothalamic nucleus
is described in the similar position.

Another nuclear group, nucleus lateralis tuberis (NLT) has been
extensively studied in several teleosts.*'® In Channa marulius, on
the basis of the size of the neurons and their position, the NLT
could be divided into two division viz., the NLT-pars anterior and
NLT-pars posterior. Similar position of NLT has been reported in
Clarius batrachus.?'” However in Salmon sp."® NLT has been di-
vided into pars rostralis, medialis, lateralis and ventrolateralis.
The NLT neurons were reported to be absent in some species.?

In the caudal part of the tuberal area, on the lateral side of the
third ventricle, hypothalamus gives extensions called as the lat-
eral recesses: lateralis superior and inferior in Channa marulius.
In salmonids, catecholamine producing cells of nucleus recesses
latealis (NRL) and NRL in Clarius batrachus seem to be the simi-
lar ones.? The nucleus paraventricular organ (NPVO) is located
slightly lateral to the paraventricular organ (PVO), shown in
Clarius batrachus and comparable with the present study.? The
nucleus mamillaris (NM) of Channa marulius seems comparable
with the Clarius batrachus.? In Channa marulius, five promi-
nent nuclei were identified in the inferior lobe of hypothalamus
viz., nucleus lobi inferioris dorsalis (NILd), nucleus lobi inferioris
anterior (NILa), nucleus lobi inferioris ventral is (NILv), nucleus
lobi interioris medialis (NILm) and nucleus lobi inferioris poste-
rior (NILp). Similar findings are noted in Clarius batrachus and
Notopterus notopterus.?? But earlier workers have shown only
one nucleus i.e., nucleus diffuse lobi inferioris.*"

The midbrain Channa marulius showed extensive distribution of
neuronal groups of optic tectum of stratum gresium et album
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superficiale (SGAS) and stratum periventriculare (SPV). These two
nuclear groups were observed to be immunoreactive for CARTp
in Clarius batrachus.?® Neuronal cell layers of stratum periven-
tricular (SPV) and stratum alum centrale (SAC) are observed in
Channa marulius. These cell layers have been reported in the mi-
nar carp B. bendelisis.?" Large numbers of nuclear cells were seen
in torus semicirularis (TS) of Channa marulius.The central pretec-
tal area showed large spherical shape neuronal group which are
similar to as in Clarius batrachus where they were showed to be
CARTp positive.?°

In the ventrolateral to valvula cerebella and medial to the torus
semicircularis, nucleus lateralis valvulae (NLV) situated in the
Channa marulius are similar to that of nucleus lateralis valvulae
in the carp, Cyprinus carpio.® Tegmentum region, in Channa
marulius is ventral to the torus semicircularis nucleus isthmi
and to the vulvula cerebella, nucleus fasciculus longitudinalis
medialis (NFLm). These are comparable to the nucleus isthmi
and nucleus fasciculus longitudinalis of the Medaka Oryzias
lafipes.?*** Most of the nucleas in mesencephalic tegmentum
of B. bendelisis*' showed moderate presence of SBB and AH
positive tests especially in torus semicirularis (TS), nucleus isth-
mi (NI), nucleus profundas mesencephali (NPM), nucleus oc-
culomotorus (ND) and nucleus trochlearis (NT) where as the
concentration of these substances was weak in nucleus inter-
peduncularis (NIP). All these nuclear areas were observed to be
with moderate staining, in HgBPB treatment.?* Similar nuclear
group are seen in the Channa marulius except nucleus occulo-
motorus (ND) and nucleus trochlearis (NT). Four nuclear groups
were observed in the hind brain region of Channa marulius.
SGN and SRN nuclear groups are comparable with the SGN and
SRN of rainbow trout, Oncorhynchus mykiss.?*
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