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ABSTRACT  KEYWORDS 

A trial was made during this investigation to explore the nervous systems in some representatives of 

the main platyhelminthes groups, turbellarians, digeneans, monogeneans and cestodes. . Mesostoma 

ehrenbergi and Udonella caligorum were  selected as representative of turbellarians,in addition to 

Temnocephala fulva,  Phyllodistomum folium and Gorgodera vitelliloba  as digeneas, Khunia scombri as 

monogenean, and a cyclophyllid Hymenolepis diminuta and a tetraphyllid, Phyllobothrium pirieri, as 

cestodes, using enzymatic technique(acetylthiochole iodide for esterases) . The nerves distribution, 

including both cerebral ganglia and their anterior connections and posterior nerve trunks, of each 

species,  are  given as revealed by this enzymatic technique. 

 

Helminthes, 

nervous system, 

enzymatic 

technique 

 

 

INTRODUCTION 

 

In the book written by Bullock and Horridge (1965)   

a chapter was devoted of the nervous structure of 

platyhelminth groups, most of their demonstration using 

ordinary laboratory stains such as methyline blue. 

Recently published book by Roberts and Janovy (2009)  

gave demonstrations on the nervous systems of some 

helminthes. 

Anyhow, studies on turbellarian nervous systems 

were done by many investigators (Hickman, 1967; 

Koopowitz and Chien, 1974; Moraczewski et al.,1977; 

Faisst et al. 1980; Keenan et at.1981). Furthermore, 

advanced techniques have been used on turbelarians to 

detect amide-related peptides (Maule et al.1994). 

Nervous   systems of digeneans have been carried out 

by using histological techniques for adults (Kolmogorova 

1959; Rohde 1968; Lee 1971; Jennings and LeFlore 

1972),while  studies on  the nervous system of  cercariae 

were also carried out (Shyamsundari and Rao 1975; 

Zdarska 1975; Bhatangar et al 1980)  ,while  those using 

enzymatic techniques (Halton 1967; Ramisz  and 

Szankowska 1970; LeFlore 1979; Grabda-Kazubska and 

Moczon, 1981). Rahemo (1990) a study was carried out 

on  nervous system and chaetotaxy of Cercaria paludinae  

using both enzymatic and silver nitrate impregnation 

techniques . Digeneans obtained from frogs were studied 

for their nervous structures (Mohammad and Rahemo 

1993).   Arafa et al. (2002 ) a work was done  on 

cholinergic components of the nervous system of a 

digenea, Haplorchoides cahirinus and Acanthostomum 

absconditum .A recent technique was applied studied the 

gross anatomy of the muscle systems and associated 

innervation of Apatemon cobiridis proterohini 

metacercaria as visculized by confocal microscopy 

(Stewart et al., 2002) . 

Researches on  monogenean nervous system using 

ordinary techniques started by Goto (1894), and Andre 

(1910),  some noteworthy studies of individual 

monogeneans have been published: Halton and Jennings 

(1964 )  on Diplozoon paradoxum,  Rohde (1968) on 

Polystomoides malayai,  on Diclidophora  merlangi using 

both conventional and enzymatic techniques (Halton and 

Morris,  (1969). Rahemo and Gorgees (1987) made a 

detailed description of the nervous system of Polystoma 

intregerrimum was given. In experiments of  Lyukshina 

and Shinov (1988)   biogenic amines were detected in the 

nervous system of Eudiplozoon nippoicum.  Furthermore 

El-Naggar et al. ( 2001) studied the nervous system and  

chaetotaxy of Macrogyrodactylus clarii and M. congolensis 

with a note on argentophilic elements in the nervous 

system. Zurawski et al. (2001) by using immune- 

microscopical techniques traced the nervous system of 

Eudiplozoon nipponicum.   The cholinergic components of 

the nervous system of Pseudodactylogyrus bini and 

P.anguillae from the eel Anguilla anguilla in Nile Delta 

waters have been investigated by Reda and Arafa (2001), 
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while El-Nagar et al. (2004 ) studied the nervous system 

of the monogenean fish parasite, Macrogyrodactylus 

clarii. Recently Rahemo, (2012) published a research 

about nervous system of four peculiarly clamped 

monogeneans namely Gastrocotyle trachuri, Microcotyle 

donovani, Axine belones and Pseudaxine trachuri, and it 

has been concluded that the haptor innervations of the 

four monogeneans studied cope with the modification of 

haptor with its armature. 

Most important work on   cestodes gross morphology 

using classical histological techniques was carried out 

(Rees, 1963, 1969; Rees and Williams, 1965; Schardein 

and Waitz, 1965). Some others using ultrastructural 

study revealing some nervous elements (Schardein and 

Waitz, 1965 ; Wilson and Schiller, 1969),  or using 

enzymatic techniques such (LeFlore and Smith, 1976; 

Krishna and Simha (1980). Two cestodes collected from 

birds were also investigated for their nervous system 

using enzymatic techniques (Rahemo, 1993). 

Furthermore, the nervous system of Raillietina 

echinobothrida was studied using acetylthiocholine 

activity and anthelmintic efficacy of certain plant extracts 

(Pal and Tandon(1998).  

The aim of the present study is to make a comparative 

study on the nervous system using enzymatic techniques 

of a selected types of Platyhelminthes groups namely, 

Mesostoma  ehrenbergi and Udenella caligorum represent- 

ting turbellarian and  Temnocephala fulva,  Phyll- 

odistomum  folium and  Gorgodera vitelliloba 

representing digeneans, Kuhnia scombri representing 

monogenean, and Phyllobothrium pireri     and 

Hymenolepis nana representing  cestodes. 

 

MATERIALS AND METHODS 

 

Specimens of M. ehrenbergi were taken from 

laboratory of genetics, University of Birmingham, UK. 

U. caligorum is found on parasitic copepod, Caligus 

minimum which infects the buccal cavity of the bass 

Dicentrarchus labrax, obtained from marine biological 

station at Plymouth. 

T. fulva lives on the exoskeleton of the Tasmanian 

crayfish, Parasitacoides tasmanicus. 

K. scombri from makrel, Scomber scombrus obtained 

from marine biological station at Plymouth, UK. 

P. folium recovered from urinary   bladder of three-

spine stickleback and G. vitelliloba were collected from 

the urinary bladder  of the toad. 

H. nana collected from the intestine of white 

laboratory rats.  

Specimens were fixed in 10% formalin, then washed 

in water, and incubated in the working solution of 

acetylethiocholine iodide for esterases (Gomori, 1952). 

RESULTS & DISCUSSION 

 

Turbellaria  
 

The nervous system of Mesostoma ehrenbergi 

(Fig.1) consists of two prominent cerebral ganglia 

connected to a pair of eyes which lie just dorsal to these 

ganglia. Two large nerves arise from these ganglia to 

supply the antero-lateral most part of the worm, and 2 

less prominent nerves pass posteriorly. These posterior 

nerves end in the posterior   third of the body. The 

nervous system of M. ehrenbergi  has a very characteristic 

feature which is the presence of a coarse-meshed plexus 

making a superficial cover all over the body. This plexus 

is connected to the anterior and posterior nerve cords, 

and becomes more dense near the anterior end of the 

anterior   pair of nerves, possibly to be connected to 

many nerve endings, since this area is an exploratory 

region of the animal to detect its food and surroundings. 

The presence of coarse-meshed plexus making 

superfacial cover all over the body is similar to that found 

in other flatworms (Koopowitz and Chien, 1974).  

 

Udonella caligorum (Figs. 2, 3) 
 

The nervous system of U. caligorum is similar in its 

basic pattern to that of monogeneans, but instead the 

ventral nerve cord becomes stout before entering the 

posterior sucker and giving off fine nerves to supply this 

sucker. The supply of posterior sucker is similar to 

innervation supply in monogeneans (Rahemo, 2012)but 

no such supply  was found   in digeneans 

(Smymsmsundari and Rao, 1975; Mohammad and 

Rahemo, 1993) which may indicates it close relation to 

monogeneans than to  digeneans. 

 

Temnocephala fulva (fig 4). 
 

The main character of the nervous system of T. fulvais 

is   that, in addition to the three usual nerve trunks 

namely the ventral, lateral and dorsal nerve cords there 

are 2 other nerve cords situated close to the lateral 

margins of the animal. All these cords are connected 

together by many transverse commissures to give a 

network appearance. The other interesting feature of T. 

fulva is the prominent innervation of the anterior 

tentacles, "anterior lobe" and the posterior sucker. The 

posterior sucker has characteristic radial nerves. 

Innervation of the anterior lobes "tentacles" are expected  

since these organelles are exploratory organelles to the 

animal to detect its surrounding, similar to the high 

innervation observed in M. ehrenbergi.  The high number 

of nerve cords and transverse commissures detected in 

this worm is  similar  to the  high number  of nerve cords 

present in cestodes which may reach more than 60 

(Bulock and Horridge, 1965). 
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Fig.(1): Photomicrgraph (transmitted light)of M. ehrenbergi showing its nervous system as revealed by acetylthiocholine iodide 

technique(AcThT);abbreviations  see below .Fig.(2): -- U. caligorum --. Fig.(3): ---in the posterior end of U. caligorum --. 

Fig.(4); --- T. fulva--- .Fig.(5);  -- Epi-illumination of P. folium. Fig.(6); --- of K. scombri---. Fig.(7); --anterior end of H. 

diminuta.Fig.(8); --scolex of P. pirieri--- . 

Abbreviations: AN: anterior nerve ;CG: cerebral ganglia; DNT: dorsal nerve trunk; E: eye;H: hamuli; HO; hooks ; LNT: lateral 

nerve trunks; MNT: median nerve trunk; PL: plexus; PS: posterior sucker; PHG: pre-haptoral ganglia; TC: transverse commisurre; 

VNT: posterior nerve trunk.  

Digenea 

The nervous system of Phyllodistomum folium 

(Fig.5) consists of 2 cerebral ganglia which give off 3 

pairs of small anterior nerves to supply the oral sucker 

and 3 pairs of prominent nerves anteriorly, namely 

ventral, lateral and dorsal, to supply the main body parts. 

From the ventral nerve cords two ventral commissures 

arise near the ventral sucker and surround it on all sides 

and then send fine nerves to the sucker. The sucker itself 

has an intrinsic nerve ring which sends a number of 

radiating nerves anteriorly. In addition a few multipolar 

cells are present near the inner border of the ventral 

sucker. It is worthy of note that P. folium has numerous 

ganglia just beneath the body surface with some 

commissures connecting them (commissural ganglia). 

Similar pattern of innervations were recovered in other 

digeneans such as Ceylonocotyle scoliocoelium by  

Bhatangar et al., 1980, Fasciola hepatica and Dicrocoelim 

dendriticum  by Ramisz and Szankowska (1970)., and 

others. 

The nervous system of Gorgodera vitelliloba is very 

similar to that of P. folium, including the network of 

commissural ganglia near the surface of the body. The 

innervation recovered in this study   is very similar to 

same species parasitizing frog, studied in 

Iraq(Mohammad and Rahemo, 1993).In general the  

digeneans examined in this investigation are similar to in 

their nervous system to the generalized pattern of 

trematode nervous system reported by Roberts and 

Janovy, 2009). 

 

Monogenea 
 

The nervous system of Kuhnia scombri (Fig.6) 

consists of two cerebral ganglia giving off 2 -3 pairs of 

anterior nerves to supply the anterior feeding/ 

attachment organs and 3 pairs of prominent posterior 

nerves. The three pairs of posterior nerve trunks fuse 

together forming two pre-haptoral ganglia from which 2 

main nerves arise to supply the main attachment organ, 

the posterior haptor, an organ corresponding in function 

to the scolex of cestodes and the ventral sucker of 

digeneans. The nervous system of monogenean is 

modified according to the type of haptor and its 

attachment organs. The haptor of K. scombri possesses 
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four pairs of clamps and the posteriormost part of the 

haptor(the languette) has one pair of large hamuli and 2 

pairs of small persistent marginal hooks. After the usual 

fusion of the ventral, lateral and dorsal nerve cords, 

immediately anterior to the haptor, 2 main nerves arise 

which run along each side of the haptor. These nerves, 

after supplying each of the 4 pairs of clamps, run 

posteriorly and supply each hamulus with 2 nerves, one 

of them being more prominent and supplying the 

gurd(spur) muscles of the hamuli, forming a large 

irregular ring, while the other, which is less prominent, 

supplies the proximal end of the hamulus by fusing with 

the tendons of the posterior muscles present near the 

proximal region of the hamulus. Similar results were 

obtained in four peculiarly-clamped monogeneans, such 

as Gastrocotyle trachuri, Microcotyle donovani, Axines 

belones Pseudoaxine trachuri (Rahemo, 2012) and in 

Macrogyrodactylus clarii a gill parasite Nile catfish. 

 

Cestoda  
 

In the two species studied, Hymenolepis diminuta 

and Phyllobothrium pirieri the main concentration of 

the nervous system is in the scolex. The scolex itself 

exhibits different forms in different groups of cestodes as 

observed in the cyclophyllid and tetraphyllid studied in 

the present investigation. From the two cerebral ganglia 

present in the scolex of H. diminuta many nerves arise to 

supply the four suckers .In the tetraphyllid, the cerebral 

ganglia are connected together by a short thick 

transverse commissure. From each ganglion 2 pairs of 

nerves arise to supply the two bothridia on each side. The 

terminal sucker receives about 5 fine nerves. It is worthy 

of note that the bothria have a nerves network 

resembling the venation of plant leaves. Through each 

segment of the tetraphyllid and cyclophyllid examined 

there are four pairs of nerves: the main nerve trunk is the 

lateral and 3 pairs of slender median nerve cords are 

present. At the posterior end of each segment the lateral 

nerve trunk swells into a small ganglion. Many fine 

commissures are present connecting the main nerve 

trunk. Anyhow details of scolex innervations of P. pireri is 

comparable to those reported by Roberts and Janovy, 

(2009) in Acanthobothrium coronatum. Similar 

innervation of scolex and the presence of  numerous 

longitudinal nerve cords and transverse commissures 

were also seen in Oochritica sigmoides and Raillietina 

tetragona, and in  fowl tapeworm, Raillietina 

echinobothria (Gomori, 1952) 

 
REFERENCES: 
 

Arafa SZ,   Reda ES and  EL-Naggar MM (2002) Cholinergic 
components of the nervous system of the digenean parasites, 
Haplorchoides cahirinus and Acanthostomum absconditum 
from catfish Bagrus bayad in  Egypt. Acta Parasit.47: 272-
279. 

Andre J (1910)  Zur morphologie des nerven systems von 
Polystoma integerrimum" Froel.Zeitsch. Parasitenk, 95:191- 
202.  

Bhatnagar AK Gupta AN and   Srivastav RS (1980) Histology and 
Cytochemistry of the neuroendocrine components of 
Ceylonocotyle scoliocoelium (Digenea: Trematoda), Zeitsch. 
Parasitenk. 64:.77-84,  

BullockTH  and GA (1965) Horridge,Structure and function in the 
nervous system in Invertebrates,  1: W.H.Freeman. 

El-Naggar, Arafa SZ,El-Abassy SA, and Kearn GC (2001) 
Chaetotaxy of the monogeneans Macrogyrodactylus clarii 
and M. congolensis from the gills and skin of the catfish 
Clarias gariepinus in Egypt, with a note on argentophilic 
elemnts in the nervous system, Folia Parasitol, 48:201-208. 

 El-Naggar,   Arafa SZ and  El-Abbasy SA, Stewart MT andHalton 
DW(2004) Neuromusculature of Macrogyrodactylus clarii, a 
monogenean gill parasite of the Nile catfish Clarias 
gariepinus in Egypt. Parasitol. Res. Pp.1-15.  (online 
publication).,16/08/2005. 

Faisst J, Keenman CL  and  Koopowitz H (1980) Neuronal repair 
and avoidance behavior in the flatworm, Notoplana acticola,  
J.Neurobiol., 11:483-496. 

Gomori G (1952) Microscopic histochemistry, University of 
Chicago Press, Chicago,  273 pp. 

 Grabda-Kazubska B and  Moczon T (1981) The nervous system 
and Chaetotaxy in the cercaria of Haplometra 
cylindricea(Zeder,1800)(Digenea: Plagiorchiidae), Zeitsch. 
Parasienk, 65:53-61. 

 Goto S (1894) studies on the ectoparasitic trematodes of Japan, 
J.Coll.Sci.Tokyo, 8: 1-273,  

Halton D (1967) Histochemical studies of carboxylic esterase 
activity in Fasciola hepatica, The J. Parasit., 53: 1210-1216. 

 Halton DW   and Jennings JB (1964) Demonstration of the 
nervous system in the monogenetic trematode Diplozoon 
paradoxum Nordmann by the indoxyl acetate method for 
esterases, Nature, 202:510-511.  

 Halton DW and    Morris GP (1969) Occurrence of 
cholinesterases and ciliated sensory structures in a fish gill-
fluke, Diclidophora merlangi (Trmatoda: Monogenea), 
Zeitschrift fur Parasitenkunde, 33:21-30. 

Hickman V (1967) Tasmanian Temnocephalidea, The Paper and 
Proceedings of the Royal Society of Tasmania, 101: 227-250. 

Jennings JB  and LeFlore WB (1972) The Histochemical 
demonstration of certain aspects of cercarial morphology, 
Trans.Amer.Microsco. Soc., 91:56-62. 

Keenan C, Coss R and Koopowitz H (1981) Cytoarchitecture of 
Primitive Brains: Golgi Studies in Flatworms, The J.Comp. 
Neuro., 195: 697-716,  

Kolmogorova EJ (1959) Structure of the central parts of the 
nervous system in Ophisthorchis felineus, (in Russian), 
Zool.Zhrn, 38, 1627-1633.                                                                                                               

Koopowitz H and Chien P (1974) Ultrastructure of the nerve 
plexus in Flatworms: 1.Peripheral organization, Cell and  
Tissue Res, 15.:337-351, . 

Krishna KS and   Simha S (1980) A sstudy on the nerve 
arrangement and cholineesterases distribution in Oochristica 
sigmoides and Raillietina tetragona(Cestoda). J.Anim.Morph. 
Physiol.  27:10-13. 

 Lee SK (1971) A light microscopical study of the nervous system 
of three species of amphistomes (Trematoda: 
Paramphistomidae), Zool.Anz., 187:1-25. 

LeFlore WB (1979) Histochemical observations on hydrolytic 
enzymes in cercariae of Plagiorchis elegans, with notes on 
morphology of nervous system. Trans.   Amer. Microsc. Soc. 
98: 225-232. 



 

Zohair, 2013                                                                                                                              Int. J. of Life Sciences, Vol. 1(4): 273-277 

© 2013|IJLSCI. www.ijlsci.in               277 
 

LeFlore WB and  Smith BF (1976) The histochemical localization 
of esterases in whole mounts of Cysticercus fasciolaris, Trans. 
Amer. Microsco. Soc., 9573-79. 

Lyukshina LM and   Shinov BH (1988) Biogenic amines in the 
nervous system of Eudiplozoon nipponicum(Monogena)"(in 
Russian), In: Sakharov D.A.(ed.) simple nervous system". 
Nauka, Moscow. 173-176. 

Maule  AG, Shaw C  Halton DW,  Curry WJ and  Thim L (1994) 
PYIR-Famide: a turbellarian FMRF amide related 
peptide(FaRP), Reg.Pep. 50: 37-43. 

Mohammad MS and  Rahemo ZIF (1993) The nervous structures 
of two trematode  parasites in frog. Mutah Lil-Buhooth Wa 
Al-Dirasat.,8,(3): 9-20 December, 1993(in Arabic). 

Moraczewski J, Czuba A, Kwiatowska J (1977) Localization of 
neurosecretion in the nervous system of 
Catenulida(Turbellaria), Zoomorphologie. 87:97-102. 

Pal P and Tandon V (1998) Anthehelmintic efficacy of Flemingia 
vestita(Fabaceae): Genistein-induced alternations in the 
esterase activity in the cestode, Raillietina echinobothria, J. 
Biosci. 23(1): 25-31. 

Rahemo ZIF (1990) The nervous system and Chaetotaxy in 
Cercaria paludinae Fillippi, 1854 (Digenea: Monorchidae), 
Mesopotamia  J. Agricul., 22(2):17-27. 

Rahemo ZIF (1993) The nervous system of Two avian 
Cyclophyllid cestodes as revealed by histochemical 
demonstration. Turk.Parasit. Derg., 17: 64-70 . 

 Rahemo ZFF and  Gorgees NS (1987)  Studies on the nervous 
system of Polystoma integerrimum as revealed by 
acetylthiocholine activity, Parasitol. Res., 73 :234-239. 

 Rahemo ZIF (2012) Distribution of the Nervous Elements in The 
Haptor of Four Peculiarly-clamped Monogenean Fish 
Parasites to Match with its Morphology, Trends in Parasit. 
Res., 1 (1):10-14. 

 Ramisz A and  Szankowska Z (1970) Studies on the Nervous 
system of Fasciola hepatica and Dicrocoelim dendriticum by 
means of histochemical method for active 
acetylcholinesterase. Acta Parasit.Pol., 15:217-223. 

 Reda ES and Arafa SZ (2002) Cholinergic components of the 
nervous system of monogenean gill parasites, 
Pseudodactylogyrus bini and P. anguillae from the eel 
Anguilla anguilla in Nile Delta waters, Egyptian J. Zool., 38: 
41-54. 

Rees G (1963) A contribution to the morphology and life history 
of Proteocephalus niloticus (L.) in China, Parasitology. 
53:201-115. 

Rees G (1969) Cestodes from Bermuda Fishes and an account of 
Acompsocephalum tortum (Linton, 1905) gen.nov.from the 
lizard fish Syndus intermedius (Agassiz). Parasitology. 
59:519-548. 

Rees G and Williams HH (1965) The functional morphology of 
the scolex and genitalia of Acanthobothrium coronatum 
(Rud...)(Cestoda: Tetraphyllidea). Parasitology,55:617-651. 

Roberts LR   and Janovy J, Gerad D Schmids and Larry S. Roberts. 
Foundations of Parasitology, 8nth ed.McGraw Hill-Higher 
Education, ch. 29,  2009. 

Rohde K (1968a) Das nervensystem der cercarie von Catatropis 
indica Srivastava, 1935(Digenea: Notocotylidae) under der 
geschlechtsreifen from von Diaschistorchis multitesticulars 
Rohde, 1962(Digenea: Pronocephalidae, Zeit. Morph. Tiere. 
62:77-102. 

Rohde K (1968b) Des nervensystem der Gattung Polystomoides 
Ward, 1917(Monogenea) The nervous System of the genus 
Polystomoides Ward, 1917(Monogenea). Zeitsch. Morpholo. 
Tiere., 62:58-76. 

Schardein J and Waitz H (1965) Histochemical studies of 
esterases in the cuticle and nerve cords of four 
cyclophyllidean cestodes, The J. Parasit., 51, 356-363. 

 Shyamsundari K and Rao KH (1975) The structure and 
cytochemistry of the neurosecretory cells of Fasciola 
gigantica Cobbold and Fasciola hepatica L. Zeitsch. 
Parasitenk, 47103-109. 

Stewart TM, Mousley A, Koubkova Marks  NJ and  Halton DW 
(2002)  Gross anatomy of the muscle systems and associated 
innervation of Apatemon cobiridis proterorhini 
metacercaria(Trematoda: Strigeidea) as visculised by 
confocal microscopy, Parasitology, 126: 273-282. 

 Zdarska Z (1975) Morphology and Histochemisrty of the 
sensory endings in the metacercaria of the trematode 
Echinoparyphium acaniatum, Folia Parasit.. 22:25-31. 

ZurawskiTH,   Mousley A, Mair GP, Brennan AG, Maule AG, Gelnar 
M  and Halton DW (2001) Immunomicroscopical 
observations on the nervous system of adult Eudiplozoon 
nipponicum (Monogenea: Diplozoidae),  Inter. J. Parasit., 31: 
783-792 

Wilson VC and Schiller (1969) The neuroanatomy of 

Hymenolepis diminuta and H. nana,  J. Parasit., 55:261-270. 

 

 

 

© 2013| Published by IJLSCI   

 

 

 

 
 

Cite this article as:  Zohair IF Rahemo   (2013) A comparison between representative types 

of Platyhelminthes in their nervous components, Int. J. of Life Sciences, 1(4): 273-277. 

 

Source of Support: Nil,                                      Conflict of Interest: None  declared 
 

 


