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 Reproductive system of molluscs is highly complicated. The stylommatophorans 

are fully terrestrial animals and shows successful adaptation to the terrestrial 

environment. All the stylommatophorans are true hermaphrodites, although they may 

show functional protandry. In Gastropods, distinct neurohaemal organs are not present. 

Neurons may be considered neurosecretory if they are involved in endocrine regulation 

either by secretion of vascular hormones or by control of other endocrine organs. The 

reproductive physiology of Snail is under control of neuroendocrine hormones. The role 

of optic tentacles is also important in the reproductive physiology of terrestrial snails.The 

optic tentacles of land snails and slugs produce a hormone, the male tentacular factor 

(MTF) during the male phase. 

KEYWORDS: Neurosecretion, Reproductive Physiology, Terrestrial snails, Optic 
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The role of neurosecretion in the reproductive physiology of pulmonate is studied 

by number of workers. Evidence for the presence of neurosecretory cells in the molluscs 

was first given by Scharrer (1935) for opisthobranch snails. She observed secretary 

droplets in the neurosecretory cells of cerebral and visceral ganglia of Aplysia limacine. 

Later on Gabe (1966) went into more details and gave a more precise definition of 

neurosecretory cell is applied to those structures having a characteristics of neurons and 

also showing the morphological signs of glandular activity i.e. the intracellular synthesis 

and discharge of the histological detectable secretary products. The identification of 

neurosecretory cells, proposed by Bern (1962), is outline to certain principles which may 

provide criteria for the assessment of neurosecretory status of the animal concerned. He 

suggested that (i) neurons are possibly neurosecretory on the basis of presence of CHP 

and PF positive inclusions in their cytoplasm. (ii) they are probably neurosecretory on the 

basis of histophysiological evidences (iii) on the basis of provision of experimental 

evidence involving a rigorous demonstration that the elements, concerned are the source 

of vascular hormones. Following Bern (1962), Knowles and Bern (1966), have broadened 

the definition of neurosecretion as “neurons may be considered neurosecretory if they are 

involved in endocrine regulation either by secretion of vascular hormones or by control 

of other endocrine organs” to enhance the outskirts of neurosecretion territory. Thus from 

the physiological viewpoint the neurosecretory cells are considered as connecting link 

between the nervous system and the endocrine system (Golding 1974 ). 

  In Gastropods, distinct neurohaemal organs are not present. Instead of that 

tracts of neurosecretory axons extend from perikarya situated in various ganglia and from 
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axon terminals either under the perineurium of commissure, connectives and nerves 

associated with the central nervous system or in the connective tissue surrounding these 

structures. Release of NSM by exocytosis takes place in these areas (Wendelar Bonga, 

1970 a). 

  Simpson, et.al. 1966 reviewed that in stylommatophoran snails axons of 

neuroscretory cells situated in the cerebral ganglia, probably from neurobhaemal areas 

associated with the intracerebral commissure, intercommissural nerves and nervi arteriae  

cerebralis. Groups of neurosecretory cells and their neurohaemal areas have also been 

detected in the parietal ganglion of Helix pomatia  and in a number of ganglia of the 

prosobranch Bithynia tentaculata (Andrews, 1968). These earlier reports are based on the 

staining properties of neurons. In most of the above studies the conventional 

neurosecretory stains such as Gomori’s chromalum-heamatoxylin-phloxin (CHP) and 

Gomori’s aldehyde fuchsin (AF) have been used for identification of neurosecretory 

cells. In the earlier studies on the pulmonate gastropods, the neurons have been called 

neurosecrtory mainly on the basis of their stainability with CHP and AF (Krause, 1960 

and Kuhlmann, 1963).  

Although neurosecretion has been studied histologically in a number of 

pulmonates detailed maps of the neurosecretory system are available for only two species 

of basommatophoran Viz. L.stagnalis (Wendelaar Bonga, 1970) and B. truncatus (Boer 

et.al., 1971) and four species of stylommatophorans, viz. slugs Arion hortensis and 

Deroceros reticulatum, a land snail Helix aspersa (Wijdenes et.al., 1980), and a marine 

pulmonate, Onchidium verruculatum (Deshpande, 1980). The maps are primarily 

composed on the basis of staining results obtained with AB: AY staining technique for 

neurosecretion. Compared to the classical Gomori technique used in most other studies 

on neurosecretion in pulmonates a greater differentiation of NSC was obtained through 

AB:AY. On the above mentioned basis 13 cells types were distinguished in H. aspersa ,9 

types in D. reticulatum, 11 types in Arion hortensis (Wijdenes at.al., 1980), while 6 types 

of NSC were observed in O. Verruculatum (Deshpande, 1980). In Basommatophora 7 

types of NSC were observed in L. stagnalis (Wendelaar Bonga, 1970) and 11 types in B. 

truncatus (Boer et. al., 1980).  

  The most appreciative work on neurosecretory phenomenon of the 

molluscs is carried out by using a new conventional staining techniques of Alcian blue 

/Alcian yellow(AB/AY)  (Wendelaar Bonga, 1970). This technique is used to distinguish 

a great number of cell types on the basis of the different reactions of the neurosecretory 

material to these dyes; the colours varying from bright green via yellow green to yellow. 

The cell types identified in this way appear to have different types of elementary 

granules. Transport of these granules to neurohaemal areas and release phenomenon give 

further indication of their neurosecretory nature. Using AB/AY staining technique, seven 

types of neurosecretory cells (NSC) have been described in Lymnaea stagnalis (Boer 

et.al., 1977) ten types of NSC in B. truncatus and three types of NSC in Helix aspersa; 

(Kaikai and Kerkut, 1979), Pelluet and Lane (1961) described the relation between 

neurosecretion and cell differentiation in the Macrochlamys jucunda. 

  Boer et.al. (1977) while Comparing the neurosecretory system of the 

Stylommatophora with those of the Basommatophora in L. Stagnalis and B. truncatus 
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respectively are of the opinion that the main similarity in these appears to be the 

occurrence of groups of green staining cells in the dorsal and latero dorsal areas of 

cerebral ganglia. Further they opined that differences between the  neurosecretory 

systems of species of the two pulmonate orders are: (1) NSC only occur in the buccal 

ganglia of the Stylommatophora, (2) a group of phloxinophilic cells occurring in the 

cerebral ganglia of the Basommatophora for L. stagnalis it has been established that they 

produce the ovulation hormone (Geraerts and Bohlken 1976) are not consistently present 

in the Stylommatophora ( in a number of Helix aspersa phloxinophilic cells were, 

however, found in the cerebral ganglia), (3) the NSC of the ganglia of the visceral ring in 

Basommatophora generally occurs in distinct cell groups, in Stylommatophora they are 

scattered. In Basommatophora the neurohaemal areas of NSC are locked in the 

peripheries of commissures, connectives and nerves (Boer and Joosse, 1975).The location 

of neurohaemal areas in Stylommatophora is largely unknown. In a number of species, 

including H. aspersa, axon tracts from the metacerebral cells have been followed into 

arteria cerebralis and into the intercerebral nerves which terminate in the connective 

tissue dorsal to the cerebral ganglia (Kuhlmann, 1963 and Nolte 1965, 1978). 

  Boer and Joosse (1975) have described the criteria for the identification of 

neurosecretory cells According to above authors a neuron may be called a neurosecretory 

cell on the basis of(1) histochemical evidence suggesting protinacious nature of the 

secretory products as has been reported in the case of a number of pulmonates (Boer and 

Joosse 1975), (2) on the basis of ultrastructural observations of neurosecretory cells and 

neurosecretory granules, (3) on the basis of axonal pathways and neurohamal sites (where 

secretory terminals of neurosecretory cells release their secretory products). Thus a 

complete neurosecretory apparatus of gastropod in general comprises of a neurosecretory 

cell with neuronal and glandular morphological characters, neurosecretory material, and a 

release site for neurosecretory products and a target where it acts. 

  A number of publications have appeared on the location of neurosecretory 

system and cells in Stylommatophora. According to Boer’s (1965) observations on the 

mesocerebral neurosecretory cells of the Stylommatophora are similar to the most of the 

neurons in other pulmonates and are relatively large in size. Kuhlmann (1963) in addition 

to the mesocerebral cells reported two other groups of cells in the central and dorsal parts 

of the mesocerebrum of the family Helicidae. Additionally, neurosecretory cells have 

also been observed in other central ganglia of Stylommatophora. Cook (1966) has 

reported Gomori positive and Gomori negative cells and their release sites in the visceral 

ganglia of Succinea putris. 

  In pulmonates, number of organs of endocrine origin has been reported. In 

all investigated pulmonates, the medio-dorsal bodies are mesodermal in origin attached to 

the medio-dorsal region of cerebral ganglia have been reported as endocrine structures. 

The work of Geraerts (1975) on L. Stagnalis and that of Wijdenes and Runham (1976) on 

Agriolimax reticulatus have confirmed the endocrine role of the dorsal bodies. Similarly 

presence of follicular gland ( a remnant of distal part of cerebral tube ) as an endocrine 

gland have been reported to present in adult basommatophorans and at least in embryonic 

stages in stylommatophorans (Van Mol, 1967and Boer and Joosse, 1976). 
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  The right optic tentacle promotes morphogenesis of the male tract and 

induces regression of the female tract. The effectiveness of the tentacle increase during 

maturation of the male phase and declines during the subsequent female phase. Pelluet  

and Lane (1961) suggested that a hormone from the optic tentacles acts on the ovotestis 

of Arion and Limax species, promoting spermatogenesis at the expense of oogenesis. 

Meenakshi and Scheer (1969) who demonstrated an inhibitory influence of the tentacle 

on the growth and synthetic activity of albumen gland of Agriolimax columbianus. In 

contrast Renzoni (1969) and Kuhlmann and Nolte (1967) were able to detect no effect of 

tentacle removal on egg production and ovotestis weight in Vaginulus borellianus, nor on 

spermatogenesis in H. pomatia respectively. Furthermore, the results of Gottfried and 

Dorfman (1969 and 1970) suggest that the tentacles exert an inhibitory influence on 

spermatogenesis; their removal provokes precocious testicular maturation in A. 

californicus. 

  The optic tentacles of land snails and slugs produce a hormone, the male 

tentacular factor (MTF) during the male phase. It stimulates sperm production, and 

inhibits the differentiation of the eggs and female accessory sex organs such as the 

albumen gland and egg laying. MTF is probably produced by the collar cells. The collar 

cells of the optic tentacles of stylommatophoran have been regarded as secretory neurons 

(Lane, 1964)/ or as special endocrine cells (Bierbauer and Vighteichmann, 1970). 

According to Lane (1964) each cell is bipolar in form, and gives rise to one process 

directed to the epidermis and another which enters the tentacular ganglion. However the 

hormonal role of optic tentacle is controversial, not least because tentacle removal causes 

severe behavioral disturbances, which may disrupt endocrine activity. 

  The information about the endocrine influence on the spermatogenesis is 

fragmentary. In, H. aspersa the cerebral androgenic factor not only favors differentiation 

of male cells but appears to be essential throughout the spermatogenesis at list ‘in vitro’. 

Contrastingly, all spermatogenic stages of Arion ater survived in a hormone devoid 

medium (Badino, 1967). Sukumaran and Sriramulu (1977) have proposed a tropic 

(hormonal) influence of optic tentacles on spermatogenesis in the terrestrial snail, 

Cryptozona belangeri, ‘in vivo’ .Kaikai and Kerkut (1979) working on the aspect of 

neurosecretion have demonstrated various types of neurosecretory cells in the central 

ganglia of the snail H. aspersa. 

  Literature regarding the annual cycle of neurosecretory cell activity of 

gastropods are very less. Gabe (1954) reported annual cycle in the secretory activity of 

neurosecretory cells in opisthobranchs and pulmonates. Investigations were made on the 

seasonal variation in the number of neurosecretory cells in the central nervous system of 

the prosobranch, Vivipara vivipara (Gorf, 1961,b ) and in the freshwater pulmonate, H. 

tenue ( Simpson et al., 1966 a,b ). 

  The studies on neurohormonal regulation of reproduction process in 

Stylommatophora were studied by Grygon et. al., (1993), and showed that the effect of 

hormones and environmental factors on the gametogenesis process in the hermaphrodite 

gland Ohtake et.al. (1994) examined the dorsal bodies of giant African snail Achatina 

fulica, and suggested that each cell of the dorsal bodies is under the control of two axons 

from the cerebral ganglion: one that is stimulatory and another that may be inhibitory. 
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Neuroseeretory activity in relation to reproduction was observed by Magre and Kulkarni 

(1993) in Cerastus moussonianus. During Seasonal cycle, changes in the number of 

neurosecretory cell types and their diameter were observed and they conclude that N.S. 

material is found to be accumulated during the growth of the gonads whereas, it 

decreased during spent phase. This research information on role of neurosecretion in the 

reproductive physiology of terrestrial snails is very important to new researchers. 
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