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ABSTRACT 
 

The anatomical and histological observations of the brain in fishes differ among species, but they 

resemble each others in the number of brain compartments, and it is necessary to characterize well the 

anatomical and histological observations in the brain of each particular kind of fishes for doing further 

subjects in the brain. Five brain divisions usually observed which are from cranial to caudal; 

telencephalon or forebrain (contain 2 olfactory lobes and cerebrum), diencephalon (contain epithalamus, 

thalamus and hypothalamus), mesencephalon or midbrain (contain 2 optic lobes which are connected 

internally with torus longitudinalis and medially with the torus semi-circularis, and optic tegmentum), 

metencephalon or hindbrain (cerebellum) and myelencephalon or brain stem (medulla oblongata). The 

ventricular organization composed of the olfactory, lateral, the third, the tectal and the fourth ventricles. 

The adult neurogenesis process is usually observed in the fish brain, unlike mammal’s brain. The adult 

neurogenesis usually detected in cerebellum, optic lobe, and telencephalon. 
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(http://www.bvmj.bu.edu.eg) (BVMJ-35(2): 436-463, 2018) 
 

1. INTRODUCTION 
 

The teleost fish constitute two great 

mathematical group: the action-pterygians or 

ray-finned fishes, which contain most bony 

fishes, and the sarco-pterygians or lobe-finned 

fishes, which are only seven or eight kinds of 

fish species. 

2. REVIEW OF LITERATURE: 
 

2.1. Embryogenesis 

The brain and the spinal cord formed 

by process named neurulation in which the 

neural tube in the embryo their walls thickened 

and for the central nervous system and the 

hollow tube formed during this process form 

the ventricular system. In ray-finned 

(Actinopterygian) fishes some parts of the 

brain don’t reach complete maturation like 

other fishes (González and Northcutt, 2011). 

Actinopterygian fish are classified into several 

kinds in accordance to developmental changes 

and structural differences in their brain 

compartments. However, some brain 

compartment remains similar between these 

fishes and other kinds of vertebrates (Butler, 
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2011). 

The telencephalon in actinopterygian 

fishes protrusion from the pallium except for 

the cladistians, in which thickening in the walls 

usually occurs with this protrusion development 

(Nieuwenhuys, 2011). In Acipenser fish, this 

process usually detected at the fourth day of 

old. The epiphysis begins development during 

the first days of larvae, while other 

hypothalamic parts developed later. 

The mesencephalon usually keeps its 

embryonic shape which is two compartments 

tectal and tegmental portions; the tegmental 

poretion usually begins in development before 

tectal portion. In zebrafish embryos at 26 hpf, 

transverse sections showed that, the torus 

semicircularis (TS) develops internally and 

medially over the tegmentum. Afterward, 

proliferation becomes restricted to the 

intermediate portion between the optic tectum 

(OT) and the TS. It gradually extends during 

the development and constitutes the peripheral 

midbrain layer (PML) between the OT and TS 

(Recher et al., 2013b). 

Two laterally projected compartments 

form the cerebellum and later they fuse 

together and form the ventricular cavity. At 

first the corpus cerebelli begins in development 

then followed directly by the valvula cerebella.  

The torus longiudinalis deign growth 

with granular eminences and before optic 

tectum and cerebellar crest development 

(Candal et al., 2005) in trout and medaka 

fishes, (Bäuerle and Rahmann, 1993) in 

Oreochromis mossambicus, (Toyoda and 

Uematsu, 1994) in Pagrus major (red seabream) 

and (Sprague et  al., 2001; Wullimann and 

Knipp, 2000) in zebrafish.  

The hindbrain in fish composed of the 

pons, cerebellum, and myelencephalon. In the 

embryos a dorsal protrusion from the neural 

tube wall and the alar plates, forms the medulla 

oblongata. A choroidal plexus which is lining 

the ventricular systems is responsible for 

cerebro-spinal fluid formation in fish (Redzic et 

al., 2005). 

Laterally the ventricular system 

develops which later form all kinds of glial and 

neuronal cells for formation of various brain 

regions (Butler and Hodos, 2005). In most 

vertebrates, the ventricular system extends 

laterally within the telencephalic hemispheres, 

forming the lateral ventricle. This ventricle 

connected with the tectal ventricle which in 

turn connects it to the third ventricle. 

The cerebral aqueduct is a thin canal 

connecting the third ventricle to the fourth 

ventricle in the hindbrain (Butler and Hodos, 

2005). The fourth ventricle extends backward 

toward the central canal of the spinal cord. The 

brain of Dolloidraco fish has many unusual 

characters in their ventricular system, like 

presence of some sub-ependymal protrusions, 

well developed circumventricular organs, a 

ventricle in the corpus cerebellum and sub-

arachnoid cisterns (Eastman and Lannoo, 

2003).  

In larvae at t h e  a g e  o f  15-days, 

there was a connection between lateral ventricle 

and the preoptic recess, which is connected to 

the third ventricle in the diencephalon via the 

interventricular foramen. The cerebral aqueduct 

lies between the cerebellar ventricle and the 

tectal ventricle. The fourth ventricle was 

visualized in the center of the medulla 

oblongata and continued as the central canal 

into the spinal cord (Tavighi et al., 2015). 

While in action-pterygian fishes, due to the 

eversion of the telencephalon during embryonic 

growth, the olfactory ventricle and lateral 

ventricle together formed a T-shaped 

telencephalic ventricle (Northcutt and Jr, 1980; 

Nieuwenhuys, 1998).  

2.2. Adult brain anatomy (Fig. 1) 
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2.2.1. Telencephalon 

The olfactory bulb of Barbus meri-

dionalis, Carassius  auratus, and Cyprinus  

carpio fishes was a spherical or oval and 

joined to the telencephalon by a very long 

olfactory tract. While in Salmo- gairdneri, it 

was a pyriform structure (Alonso et al., 1989). 

In Eleginops  maclovinus, the olfactory bulbs 

were large and about half the volume of the  

telencephalic  lobes (Eastman and Lannoo, 

2008). 

2.2.2. Diencephalon 

The diencephalon formed from the 

epithalamus, thalamus (posterior tuberculum, 

ventral thalamus, and dorsal thalamus), pre-

optic area, hypothalamus, synencephalon, 

some optic nuclei and the pretectum (Butler 

and Northcutt, 1993). The thalamus of teleosts 

composed from the thalamus proper, the 

habenula, and the prethalamus (Mueller and 

Wullimann, 2016). Some pre-thalamic 

structures are the intermediate, the ventro-

medial, and the ventro-lateral thalamic nuclei 

were observed only in amphibians (Rupp and 

Northcutt, 1998; Butler and Northcutt, 1993; 

Neary and Northcutt, 2010).  

The thalamus is located dorsolateral to the 

hypothalamus, and rostral to the tegmentum of 

the mesencephalon. The epi-thalamus is 

composed of the habenula and its commissure. 

The synencephalon is the region in between the 

optic tegmentum and the thalamus (Puelles and 

Rubenstein, 1993). 

2.2.3. Mesencephalon 

The mesencephalon of the gilthead 

seabream contains optic tectum dorsally and 

optic tegmentum ventrally. The dorsal tectum 

evaginates into two bilateral lobes attached 

dorsally with the tectal commissure and is 

composed of the optic tectum and the torus 

longitudinalis. The tegmentum and is related 

dorsally to the valvula cerebelli, related 

laterally to the optic tectum and ventrally is 

related to the inferior lobe of the hypothalamus. 

In most fishes, the optic tectum composed of; 

the superficial white and gray zone (SWGZ), 

the central zone (CZ), the deep white zone 

(DWZ) and the periventricular gray zone (PGZ) 

(Eastman and Lannoo, 2001). 

2.2.4. Hindbrain and Myelencephalon 

The cerebellum of Otothyris is lower in 

size in comparison with Gymnotocinclus 

(Rosa and Rosa, 2014). The medulla oblongata 

contains anterior and posterior parts both are 

ovoid in shape but the anterior one is slightly 

larger in size than the posterior part. The vagal 

lobe formed from two lobes cylindrical in 

shape. It located posterior to the facial lobe 

and dorsal to the medulla oblongata. The facial 

lobe is enclosed ventrally by the medulla 

oblongata, anteriorly by the corpus cerebelli, 

posteriorly by the vagal lobe. The two facial 

lobes do not attach each others, inspite the two 

facial lobes attached anteriorly with the corpus 

cerebelli (Abrahão et al., 2015). The medulla 

oblongata formed from several nuclei 

including octavolateralis nuclei, facial lobes, 

motor nuclei and spinal sensory nucleus.  

 
2.3. Histology 

2.3.1. General Brain Histology (Fig. 

2)  

2.3.2. 2.3.1.1.Telencephalon 

The olfactory bulb formed from four 

layers which from the outside inwards were: the 

olfactory nerve fiber layer, the glomerular 

layer, the plexiform layer and the granule cell 

layer (Alonso et al., 1989). Some groups of 

large cell bodies were randomly distributed in 

the ventro-medial portion of the olfactory bulb, 

these neurons are thought to be ganglion cells 

of the terminal nerve and function in 

gonadotrophin releasing hormone synthesis in 

the gilthead seabream (Gothilf et al., 1996). 

The cerebrum consisted of a single layer in all 

teleosts (Ito and Yamamoto, 2009; Sharareh et 
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al., 2013) but was lobulated in Epinephelus 

coioides (Sharareh et al., 2013). 

 

2.3.2.2. Diencephalon 

The diencephalon formed from, dorsal 

epithalamus which located under the optic 

tectum, and contains the pineal gland, the 

habenular ganglion and saccus dorsalis, or tela 

choroidia, which located dorsorostraly to the 

diencephalon. The thalamus, it was in the 

middle, situated under the third ventricle 

between the tegmentum and the hypothalamus. 

(Eastman and Lannoo, 2004).  

The most posterior region of the 

diencephalon is the hypothalamus, which 

considered the main structural complex and 

formed from the inferior lobes and the 

infundibular region. As well as, specialized 

structures, including the pituitary gland and 

the saccus vasculosus (FRANCK, 2009; 

Groman, 1982). The saccus vasculosus located 

between the two caudal parts of the inferior 

lobes of the hypothalamus, beneath the 

pituitary gland (Sharareh et al., 2013). 

 
2.3.2.3. Mesencephalon 

The most obvious part of the midbrain 

is the optic lobe; it has six histologically 

distinct layers; the stratum marginale, stratum 

opticum, stratum fibroetgricialem, stratum 

album central, stratum griseum central, and 

stratum periventriculae (Eastman and Lannoo, 

2001, 2004). Different types of neurons form 

each layer of the optic tectum. Therefore, the 

cell layers of the optic tectum can be divided 

into different functional layers (Northcutt, 

2002). The torus longitudinalis (TL) ppeared 

late during brain development, it is located 

beside the optic tectum and was detected only 

in actinopterygian fishes; it consists of two 

longitudinal parts evaginates from the optic 

tectum toward the mesencephalic ventricle 

(Candal et al., 2006; Folgueira et al., 2010). 

 
2.3.2.4. Hindbrain 

The corpus cerebelli is the largest part 

of the brain in Pseudo-pimelodus bufonius fish 

(Abrahão et al., 2015). The cerebellum function 

in receiving the sensory inputs and transferring 

it toward the motor nuclei. The cerebellum 

(metencephalon) was composed of the corpus 

and the valvula cerebella (Lee and Bullock, 

1984). The histological structure of the 

cerebellum gray matter was consisting of; outer 

molecular, Purkinje cell, and inner granular 

layers except in Eleginops maclovinus fish 

(Eastman and Lannoo, 2008). Also, the 

cerebellum was consisted of corpus cerebelli 

and valvula cerebella in Epinephelus coioides 

fish (Sharareh et al., 2013). 

 
2.3.2.5. Myelencephalon 

The myelencephalon principally 

composed of the medulla oblongata, as the 

stem of the brain, and the paired vagal lobes 

(Lagler et al., 1977). The medulla oblongata 

structure affected by feeding habits of the fish 

especially the facial, vagal and somatic 

sensory lobes (Sreekala et al., 2011). The vagal 

lobe composed of sensory layer, a fiber layer 

and a motor layer (Morita et al., 1983). In 

goldfish, the vagal lobe becomes well 

developed at the age of six months (Lamb and 

Kiyohara, 2005). 

2.3.3. Adult Neurogenesis in Teleosts (Fig. 3) 

The neural stem cells are those cells 

which can divide and differentiate into different 

kinds of neuronal cells (Gage, 2000; Temple, 

2001; Weissman et al., 2001). It was observed 

that amphibians and fishes have the ability to 

regenerate their brain tissues even at adulthood 

(Grandel et al., 2006; Kizil et al., 2012; 

Zupanc, 2009; Zupanc, 2001). 

The brain in fish have several sites 

containing neural stem cells so have the ability 

for adult neurogenesis more than mammals 
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which their brain contain only few limited sites 

having this property. The optic tectum is one of 

the regions in fish brains which contain several 

proliferating cells.  

There are many markers can be used for 

detecting cell proliferation like 

bromodeoxyuridine (BrdU), proliferating cell 

nuclear antigen (PCNA) and some others. The 

most famous stem cell markersin nervous tissue 

are Sox2 gene, and Musashi homolog1 (MSI1) 

gene (Bravo and Macdonald-Bravo, 1987; Ferri 

et al., 2004; Ito et al., 2010; Kaneko et al., 

2000).  

The PCNA has several advantages 

including; it can be used for counting the 

mitotic figures, it can be detected in most stages 

of cell cycle as well as it can be detected in any 

kind of tissue without the need of previous 

treatment in living animals. However other 

proliferation markers like tritiated thymidine 

(3H-T) or BrdU should be injected in living 

fish before their detection in tissue 

immunohistochemically as they incorporated 

with the DNA which may make them toxic in 

high doses (Møllgård and Schumacher, 1993). 

Basically, PCNA immunohistochemistry results 

are closely related with 3H-T or BrdU (Ekström 

et al., 2001; Mueller and Wullimann, 2002; 

Mueller and Wullimann, 2003; Wullimann and 

Knipp, 2000). 

Also thymidine analogs (IdU and CldU) 

can be used as proliferation markers and have 

some advantagesthan using previously 

mentioned markers. In the Medaka the optic 

tectum was found to have non glial stem cells. 

The glial property of the cells can be detected 

by either brain lipid binding protein (BLBP) or 

glial fibrillary acidic protein (GFAP) (Alunni et 

al., 2010). In zebrafish the periventricular gray 

zone of the optic tectum was detected to be the 

main site of adult neurogenesis (Ito et al., 

2010).  

The PTEN gene can control the 

function of the stem cell (Bonaguidi et al., 

2011). As its deletion, leads to frequent 

unstopped regeneration in the neural stem cells 

(Gregorian et al., 2009). It has been proven 

that nitric oxide factor can control proliferation 

and apoptosis in brain of sturgeon as it has 

been detected in the same sites of PCNA and 

TUNEL immunohistochemistry (Pushchina 

and Obukhov, 2012). 

In zebrafish embryo, the peripheral 

midbrain layer (PML) was found to have many 

proliferating stem cells located beside the optic 

tectum and TS. Continuous proliferation and 

apoptosis in the PML was detected after 

making mutation in the cad gene (Recher et al., 

2013a). 

The lipid content in the CNS of fish is 

very high it comes in the secondstage in lipid 

content after adipose tissue and contains very 

essential fatty acids (Carrié et al., 2000; Innis, 

2007; Spector, 2001). So supplementation with 

fish oil in mammals like rat was proven to 

have protective effect for brain tissue from 

many diseases like amyloidosis (Spector, 

2001).  

Another sites in the brain other than 

optic tectum was found to have proliferating 

stem cells like the cerebrum (Lindsey et al., 

2012; Kaslin et al., 2009; Ganz et al., 2010). 

Also, the cerebellum has many proliferating 

stem cells (Kaslin et al., 2009; Wullimann et 

al., 2011). 
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Fig. 1. The general anatomical description of brain in fish showing olfactory tract (OT), olfactory lobe (OL), 

cerebrum (CR), diencephalon (DI), layers of optic tectum; superficial white zone (SWZ), central zone (CZ), deep 

white zone (DWZ) and periventricular gray zone (PVGZ), torus longitudinalis (TL), optic tegmentum (TG), 

pineal gland (PG), third ventricle (3rd v), thalamus (TH), hypothalamus (HY), pituitary gland (PIT), saccus 

vasculosus (SV), cerebellum (CL), valvula cerebelli (VC), medulla oblongata (MO), fourth ventricle (4V), 

nucleus recessus (NR), nucleus diffusus lobi inferioris (NDLI), nucleus lateralis tuberis (NLT) and spinal cord 

(SP). 
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Fig. 2. The general histological structure of brain of fish. (A) The olfactory lobe (FL) is connected with the cerebrum (CR) 

via olfactory tract (OT) 100x. (B) The two cerebral hemispheres (CR) 50x. (C) Showing the diencephalon which is located 

caudal to cerebrum (cr) and in the left side of mesencephalon (MS). It formed from pineal gland (arrows) around third 

ventricle (v), thalamus (TH), hypothalamus (HY), pituitary gland (P) and saccus vasculosus (SV) 50x. (D) Showing optic 

tectum (OP), tectal ventricle (TV), optic tegmentum (TG), torus longitudinalis (TL) and cerebellum (CL) 50x. (E) High 

magnification of optic tectum which formed from (1) stratum marginale, (2) stratum opticum, (3) stratum fibroetgricialem, 

(4) stratum album central, (5) stratum griseum central and (6) stratum periventriculae 2oox. (F) The fourth ventricle (4V) and 

medulla oblongata (MO) 50x. These brain samples were taken from gray mullet fish, stained with hematoxylin and eosin 

stain except (E) stained with neutral red stain. Photos taken via zeiss light microscope. 



Brain anatomy and Histology in Teleosts (Review Article) 

457 

 

 

 

 

 

Fig. 3. Proliferating cells in the dorsomedial area of the PGZ express neural stem/progenitor cell markers. (A–L) Expression 

of PCNA (A–D), Sox2 (E–H), and Msi1 (I–L) in the dorsomedial area of the PGZ of the adult zebrafish optic tectum (60 μm 

transverse sections, single planes, dorsal top). Proliferating cells are labeled with BrdU after 72 h of incubation. Insets in E–L 

show magnified views of the yellow-boxed areas. (A–D) Most PCNA-positive cells incorporate BrdU after 72 h of BrdU 

administration. (E–F) The majority of BrdU-positive proliferating cells (insets, arrowheads), and the cells that reside in the 

ventral edge of the PGZ (yellow arrows) express Sox2. (I–L) A subset of BrdU-positive cells (insets, arrowheads), and the 

cells that reside in the ventral edge of the PGZ (yellow arrows) express Msi1. CCe, corpus cerebelli; PGZ, periventricular 

gray zone; TeO, tectum opticum. Scale bars: 10 μm in A, insets of E, I; 30 μm in E, I. (Ito et al. 2010). 
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3. CONCLUSION 
 

The embryonic neural tube forms the 

several compartments of the brain and the 

spinal cord by the division of the neural stem 

cells. The hollow neural tube contains 

cerebrospinal fluid which secreted from 

ependymal cells lining it. This tube 

differentiates to form the ventricular system 

which formed from the olfactory ventricle and 

lateral ventricle present in the telencephalic 

hemispheres. The olfactory lobe is spherical or 

oval or pyriform in shape, its shape and size 

differ according to kind of fish, and it 

connected via olfactory tract to the olfactory 

mucosa and joined in the other side by 

olfactory tract to the cerebrum. The cerebrum 

histologically formed from a single layer in all 

teleosts and anatomically can be divided into 

dorsal and ventral parts. The epithalamus 

formed from the pineal gland, habenular 

ganglion and saccus dorsalis. The nucleus 

glomerulosus is the most visible part of the 

thalamus in histological slides of most kinds of 

fishes. The hypothalamus consists of the 

inferior lobes, infundibular region, saccus 

vasculosus and pituitary gland. In some types 

of fish which depend mainly on vision, the 

optic tectum is the most significant part of their 

brains, like rasterlliger brachysoma and gray 

mullet fishes. The torus longitudinalis (TL) 

which present only in action-pterygian fishes 

protrude from the optic tectum midline into the 

tectal ventricle.  

The nucleus isthmi (NI) are located 

under the TS, cranial to the cerebellum and 

some fibersfrom the tectum surround it. It is 

well developed in fishes with high vision ability 

but also is found in blind cave fishes. However, 

it has not been found in elasmobranchs. The 

cerebellum is the most prominent structure in 

pseudo-pimelodus bufonis fish, sharks, and 

epinephelus coioides fish. It is formed from 

corpus cerebella and valvula cerebella. The 

medulla oblongata is also large in size; it 

composed from vagal and facial lobe which 

responsible for the taste sensation. It can be 

concluded that there are many fishes their 

brains are still not fully described like loaches, 

gray mullet and catfishes and many others. 

Also, the mechanism of adult 

neurogenesis is not well understood in spite a 

lot of many recent research papers give 

significant results but still need further studies 

in it.  We still need to do more comparison 

between fish and mammalian brain in relation 

to adult neurogenesis.  
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