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Abstract:  Dactylogyrus is one of the common parasites of fishes. Like all Dactylogyrids, monogeneans of the genus 

Dactylogyrus (Diesing, 1850) are oviparous. The present work involved description of nervous system of Dactylogyrus sp. The 

central nervous system (CNS) and peripheral nervous system (PNS) were found to be highly reactive for cholinesterase and 

stained in blue and purple color. The CNS of Dactylogyrus sp. consists mainly of a mass of cerebral ganglia and three pairs of 

longitudinal nerve cords named ventral, lateral and dorsal nerve cords which jointed by transverse connectives and commissures. 

The ventral nerve cord of monogeneans is better developed then the dorsal nerve cord and the lateral nerve cord. It hoped that 

such study will throw some light on the neuronal system of Dactylogyrids which has been completely ignored by Scientists. It 

may also help researchers to find out some anthelmintic drug that may specifically target neural elements of the parasite without 

substantial side effects on the host. 

 
Index Terms - Neuroanatomy, Monogenean, Central nervous system, Peripheral nervous system, Ventral, Dorsal and 

Lateral nerve cord. 

I. INTRODUCTION 

The monogenean gill parasites are belonged to class Monogenea of phylum Platyhelminthes which parasitize the skin 

and internal gills of fishes. These parasites are too minute to be seen with naked eyes due to which their study has been neglected 

so far. However, these worms are very injurious for fishes and one of the reasons of piscine deaths. Dactylogyrus is one of the 

most common parasites among monogeneans.        

Müller was the first scientist to describe a monogenea which collected from the skin of the Halibut (Hippoglossus 

hippoglossus). However, he regarded the parasite as a leech and named it Hirudo hippoglossi. It was not until 1858 that its status 

as a monogenean was established by Van Beneden and named Epibdella (now Entobdella) hippoglossi. Every major group of 

fish-like vertebrates is parasitized by monogeneans. Monogeneans are widespread on sharks and rays (elasmobranchs) and 

polystomatid. Monogeneans have colonised tetrapods, including frogs (Anurans), freshwater turtles (Chelonians), and 

surprisingly one mammal, the Hippopotamus. However, monogeneans got their diversity mainly on the bony fishes (Teleostei) 

and especially the freshwater Cyprinid fishes. The divergency of the Cyprinid fishes is compared by two genera of freshwater 

monogenean, that anchored to its parasite with the help of posterior hooks, namely Dactylogyrus on the internal gills with more 

than 900 species and Gyrodactylus on the skin and internal gills with 409 described species worldwide. According to Bakke, et. 

al. (2002) Dactylogyrus sp. are highly diverse, much of this diversity associated with the copulatory apparatus named cirrus. Like 

other Dactylogyrids, monogeneans of the genus Dactylogyrus (Diesing, 1850) are oviparous. In present work, Dactylogyrus is an 

internal gill parasite of the aquarium gold fish, Carassius auratus.  

In Biochemistry, Acetylcholine (ACh) is a type of neurotransmitter, which is present in the nervous system of living 

organisms and an enzyme called cholinesterase (ChE) hydrolysis these cholinergic neurotransmitters into choline and acetic acid. 

Many scientists indirectly used this activity of cholinesterase for showing the presence of acetylcholine in the neuronal system of 

monogeneans by using indoxyl acetate as substrate for carboxylic esterases, but some other studies used acetylthiocholine iodide 

(AcThI) as substrate to give more prominent evidence of Cholinesterase itself. In present work the author also involved 5-bromo 

indoxyl acetate as substrate for carboxylic esterases to explore the nervous system of Dactylogyrus sp. The author was found that 

the CNS and PNS were highly reactive for indoxyl acetate and stained in blue and purple color. 
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II. RESEARCH METHODOLOGY 

Fishes for the present investigation were collected from different aquarium fish vendors of Meerut region. Fifty-six 

worms of different genus of class Monogenea were collected in live condition by freezing technique suggested by Mizelle (1936 

and 1938). Out of which 43 specimens were belong to the genus Dactylogyrus. Worms were washed thoroughly with distilled 

water at room temperature. Study of nervous system was made with the help of histochemical localization of esterases, one of the 

very common neuro pharmacological elements, commonly found in the nervous system of all animals including monogeneans as 

suggested by Halton and Jennings (1964). Washed worms were leave for 24 hours at 38oC in the following medium-  

1) Tris buffer 0.2 M at pH 8.3: 2.0 ml 

2) Oxidant: 1.0 ml 

3) 1 M Calcium chloride: 0.1 ml 

4) 2 M Sodium chloride: 5.0 ml 

5) Distilled water: 2.0 ml 

Oxidant: 

Potassium ferrocyanide: 210 mg,  

Potassium ferricyanide: 155 mg,  

Distilled water: 100 ml 

1.3 mg 5-bromo indoxyl acetate were dissolved in 1.0 ml 100% alcohol and substrate solution were added to it. Washed 

worms were incubated in this medium for 24 hours at 38oC. As a result of which, the nervous system was stained blue. Permanent 

mounts were made by dehydrating through ascending grades of alcohol, clearing in Xylene and mounting in Canada balsam. All 

prepared slides were observed under the microscope within a week because stain fades away after 8–10 days. Camera lucida 

drawings were also made within a week with the help of Microtip pen. Microphotographs were taken using Motic microscope and 

image analysing system. 

III.  RESULTS  

 

 
Fig. 1: Anterior head region showing cerebral ganglia (cg) and it’s innervations 

The CNS consists of a thick, circular mass of paired cerebral ganglia (cg) situated on ventral side just anterior to the 

pharynx. Cerebral ganglia formed a circular path around the pharynx. Many projections emerge out from the anterio lateral region 

of the cerebral ganglia, which gives Pharynx a butterfly like appearance. Each projections named as cerebral nerves (cn) extend 

anteriorly to enter the head lobes and supply the anterior adhesive suckers of this area. Inside the pharynx few pharyngeal nerves 

(pn) were also detected (Fig 1 and 3).  

Two thick ventral nerve cords (vnc) arise from lateral region of each cerebral ganglia and run posteriorly on lateral side 

of the body. Both ventral nerve cord joins a prehaptoral ganglia (phg2), located at the joining of opisthaptor region with the main 

body of the warm. Second pair of prehaptoral ganglia (phg1) is located anterior to the prehaptoral ganglia (phg2) in a very short 

distance in the peduncular region. Both prehaptoral ganglia (phg1 and phg2) on each side of the body are connected by two 

gaglionic commissure (gc). Three ventral transverse connectives (vc1 – vc3) were detected, first at the level of uterus, second near 

phg1 and third between phg2.  

Two comparatively thin lateral nerve cords (lnc) emerge out from the posterio-lateral region of the cerebral ganglia (cg). 

Both of these nerve cords run posteriorly one adjacent to each lateral margin of the body and join the phg2. At regular intervals, 

the ventral nerve cords communicate with the lateral nerve cords by means of nine pairs of ventro lateral connectives (vlc1–vlc9).  

Two thin dorsal nerve cords (dnc) also emerge out from the posterio-median region of the cerebral ganglia (cg); run 

posteriorly between the ventral nerve cords and connect with the pre-haptoral ganglia (phg1) in caudal region. The dorsal nerve 

cords are linked itself by four dorsal-transverse connectives (dc1-dc4), three (dc1-dc3) between dorsal nerve cord and one (dc4) 

between two phg1. The dorsal nerve cords are connected to the lateral nerve cords and ventral nerve cords, by means of three 

dorso-lateral connectives (dlc1-dlc3), and three dorso-ventral connectives (dvc1-dvc3). 

Staining for cholinergic elements revealed the presence of five pairs of large neurons distributed bilaterally down the 

main body of the worm. Two pairs of these cells are located on the ventral side of the body (v1 and v2), two pair on the lateral 

side (l1 and l2) and one pair on the dorsal side (d1). All of these neuronal cells are bipolar. The first pair of ventral cell body (v1) 

is positioned at the level of posterior to the cirrus, the second pair (v2) just behind it at the level of vaginal opening, third and 

fourth pairs (l1 and l2) at level of testis. The dorsal cell body is located again at the level of testis.  
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Fig. 2: Haptoral region showing pre and post haptoral ganglion (phg1 and phg2) and it’s innervations 

 

The haptor is extensively innervated by two outer haptoral nerve (ohn) and one inner haptoral nerves (ihn), originate 

from phg1 & phg2. The outer haptoral nerve (ohn) and inner haptoral nerves (ihn) run in posterior direction and branch into 

numerous fine nerves in the distal region of the opisthaptor. Two dorso-lateral haptoral nerves (dhn), arising each from outer 

haptoral nerve, run posteriorly and eventually branch into numerous pairs of posterior hook nerves (phn) (Fig. 2 and 3).  

The central nervous system (CNS) of Dactylogyrus as revealed by cholinergic staining conforms to the basic orthogonal 

pattern described for other monogeneans. Typically, the PNS innervates the alimentary system, reproductive organs, attachment 

organs and subtegumental muscles. 

IV. DISCUSSION 

The present study has divulged that central nervous system (CNS) of Dactylogyrus consists mainly of a mass of 

cerebral ganglia and three pairs of longitudinal nerve cords situated ventrally, dorsally and laterally and all three nerve cords are 

connected by transverse connectives and commissures; it is better developed ventrally than dorsally and laterally. Typically, the 

peripheral nervous system (PNS) innervates the alimentary system, reproductive organs, attachment organs and sub-tegumental 

muscles.  

The central nervous system (CNS) of Dactylogyrus resembles in basic structure that of all previously studied 

flatwarms, including monogeneans, digeneans, trematodes and cestodes. This kind of neuronal pathway and their innervations 

were previously described in 21 other monogeneans: Diplozoon paradoxum, Polystoma integerrimum, Gyrodactylus salaris, 

Pseudodactylogyrus anguillae, E. nipponicum, D. merlangi, Pseudodactylogyrus bini, P. anguillae, E. soleae, D. sagittata, 

Protopolystoma xenopodis, M. clarii, M. congolensis, Chauhanellus indicus, Silurodiscoides vistulensis, Cornudiscoides indicus, 

Hamatopeduncularia ritai, H. batrachi. H.orientalis, Gyrodautylus aculeate and Pellucidhaptor kritskiy. In present study, a ring 

commissure is observed around the pharynx. However, in all these monogeneans an oral ring commissure around the pharynx was 

found. Rohde (1968) suggested that the oral ring commissure is a characteristic feature of monogeneans nervous system, which 

differentiate the nervous system of the monogenea from that of digenea.  

The nerves, which supply the head region of Dactylogyrus, may play a very important role in attachment of worm on 

host body, feeding on mucus and epithelial cells of skin and gills of host and coordinating movements involved in the release of 

glandular secretions from the anterior adhesive apparatus. In the monogenean parasites, the cholinergic nerves supplying the 

anterior region of the female gonopore may help and coordinate the events involved in delivery. Cholinergic innervations of the 

reproductive organs of Dactylogyrus may perform a similar role. The haptor of Dactylogyrus is richly innervated with cholinergic 

element, suggesting a major role in motor function for the haptoral nerves. Similarly, in D. merlangi, this neuroactive substance 

was detected in motor elements innervating the buccal suckers, pharynx and haptoral clamps. 

Halton and Gustafsson (1996) reported that the peptidergic pathways in platyhelminths closely resembles the 

cholinergic system. The present study has also revealed that cholinergic components of the nervous system of Dactylogyrus are 

more extensive than the aminergic components.  
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Fig.3: Diagram showing the nervous system of Dactylogyrus sp. as revealed by cholinergic enzyme histochemical 

staining. avc (anterior ventral connective); cg (cerebral ganglia); ap (anterior projection); cn (cerebral nerves); pn (pharyngeal 

nerves); vnc (ventral nerve cord); vc (ventral transverse connective); phg (prehaptoral ganglion); ganglionic commissure (gc); lnc 

(lateral nerve cord); vlc (ventro lateral connective); dnc (dorsal nerve cord); dc (dorsal transverse connective); dvc (dorso ventral 

connective); dlc (dorso lateral connective); v (ventral neurons); l (lateral neurons); d (dorsal neuron); ohn (outer haptoral nerve); 

ihn (Inner haptoral nerve); dhn (dorso lateral haptoral nerve); phn (posterior hook nerves) 
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