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Nerve arrangement, distribution and characterisation of esterases
in two species of the genus Prosthodendrium
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Abstract. The nerve distribution, esterase location and the eharacterisation of
esterases has been carried out in two species of the genus Prosthodendrium. In both
the worms nervous system consists of a pair of cerebral ganglia connected by
cerebral commissure. From the ganglia three pairs of nerves run anteriorly and
three pairs towards the posterior side. Receptors and fine inter-connections of major
nerves have also been studied. The enzyme responsible for hydrolising the substrate 5-bromoindoxyl acetate and acetyl thiocholine iodide is found to be eholinesterase. While studying the location of esterases the significance of the colour
developed in various parts of the two species has been discussed.
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Introduction

In recent years esterases o f dige~.efic trematodes have been receiving the attention
o f m a n y workers as to their nature, distribution and functions. Notable references
on this subject are those o f Bueding (1952), Lee et al (1963), Schardein and Waltz
(1965), Graft and Read (1967), and Bruckner and Voge (1974). The study o f
esterases in flat worms is o f m u c h significance in tracing the nerve arrangement
as shown by Halton artd Jennings (1964) who by using o-acetyl 5-bromoindoxyl
localized esterase activity in Diplozoon paradoxum. This substrate has been
successfully employed by the junior author and the nerve arrangement in two digenetic trematodes, viz., Singhiatrema longifurca Simha (1958) and Paradistomoides
orientalis Narain et al (1929) has been reported, Simha and Rao (1977).
The authors o f the present study by employing different substrates successfully
traced the fine r~.erve distribution irt two trematodes of lecithodendriidae, viz.,
Prosthodendrium dinananturn (Bhale Rao 1926 ; Dolfus 1931) artd Prosthodendrium
pyramidium (Loess 1896; M a c y 1936). They have also made an attempt to locate
and eharaeterise the esterases in these worms. Results are reported in the present
communication.
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2.

Materials and methods

Active adult worms, freshly collected from the microchiropteran bats Rhinopoma
kienneri, were flattened under slight pressure and fixed in neutral 10~/o formalin
for 24 hr at 4 ° C. They were washed in several changes of distilled water. The
incubation in o-acetyl 5-bromo indoxyl was carried out as mentioned by Simha
and Ran (1977).
The histochemical localisation of esterases by using acetyl thiocholine iodide
which is specific for cholinesterase was carried out following the procedure of
Karnovsky and Roots (1964). The sites of esterase activity stain blue with bromoindoxyl and deep brown with acetyl thiocholine iodide.
3.
3.1.

Results
Nerve arrangement

The nearoanatomy of both the worms is described herein.
The nervous system consists of a pair of cerebral ganglia, three pairs of anterior
nerves and three pairs of posterior nerves (figures 1-4). Each cerebral gav.glioa
that is of a moderate size is located at the postern-lateral margin of the pharynx.
Both the ganglia are connected by a cerebral commissure lying posterior to the
pharynx. From each cerebral ganglion three longitudinal nerves arise and proceed to the anterior side which according to their position are named as anteroinner ventral, antero-outer ventral, a n.d antero-dorsal.
Each antero-inner ventral arising at the antero-inner margin of the ganglion
innervates the posterior rim of the oral sucker. Each an.tern-dorsal arising on the
anterior side of the ganglion proceeds to the lateral margin of the oral sucker,
where it is bifurcated. One branch of these irmervatcs the inner rim and the other
innervates the outer rim of the oral sucker. Each antero-outer ventral nerve
that is a well developed one arises from the antero-outer side of each ganglion and
proceeds obliquely to the antero-lateral margin of the body. Here it is provided
by a ganglion. From this ganglion the nerve travels parallel to the anterior margin
of the body to the anterior tip where it meets with its fellow. These nerves innervate the anterior rim of the oral sucker and the anterior tip of the body.
Towards the posterior side from each cerebral ganglion arise three pairs cf nerves
of which one is thick and the other is slender and well defined one. The thick one
is ventro-lateral in position and is accordingly named as the ventro-lateral nerve
whereas the thinner is named as the dorsal nerve.
The ventro-lateral nerve arising from the hind margin of each ganglion proceeds
to the posterior side. It gradually tapers while doing so and terminates at the hind
end of the body. At the proximal region it is connected with the antero-outer
ventral by a short connective in P. dinanantum which is absent iv. P. pyramidium.
The ventro-lateral nerve gives branches to the genital pore, acetabulum, gonads
and parenchyma. The proximal region in P. dinanantum is surrounded by a number
of receptor cells, that are connected by nerve connections (figure 1).
Each dorsal nerve arises from the inner postern-lateral margin of the ganglion
and proceeds towards the posterior side to terminate at the termination of the ventrolaterals. In addition to these two nerves there also occurs another longitudinal
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Figures 1-,1. 1. Microphotograph of Prosthodendrlum dinanantum showing nerve
distribution. 2. Schematic diagram of Prosthodendrium dinanantum showing nerve
distribution. 3. Microphotograph of Prosthodendrium pyrarnidiurn showing nerve
distribution. 4. Schematic diagram o f Prosthodendrium pyramidium showing nerve
distribution. (1. Cerebral ganglion. 2. Cerebral commissure. 3. Antero inner
ventral nerve. 4. Antero dorsal nerve. 5. Antero outer ventral nerve. 6. Oral
sucker. 7. Ventro lateral nerve. 8. Dorsal nerve. 9. Marginal nerve. 10.
Nerve connection between ventro-lateral and anterio-outer ventral.
11. Nerves
to the genital pore. 12. Nerves to the ventral sucker. 13. Nerves to the parenchyma. 14. Receptor cells. 15. Nerve connection between ventrolateral and the
marginal. 16. Nerve connection between marginal and dorsal. 17. Transverse
ring connectives).
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nerve named as the marginal nerve. All these start from the lateral side of the
cerebral ganglion and obliquely proceeds to the margin of the body. Irt the anterior
ertd'each marginal is connected with the ganglion of the antero-outer ventral by a
short connective. In P. dinanantum at the acetabular level it possesses a ganglion,
where it is separately connected with the ventrolateral and the dorsal nerve. Such
connections are absent in P. pyramidium.
All the three posterior longitudinal nerves are connected with each other by 5-7
transverse ring connectives in P. dinanantum and 3-5 in P. pyramidium. These
ring connectives also give minute branches to the paranchyma.
The authors have also noticed the presence of a number of receptors, that are
localised all over the body in P. dinanantum (figure 1).
3.2.

Distribution and characterization of esterases

The density of staining on incubation with both the substrates is shown irt
table 1. This table irtdicates the site arid intensity of esterase and cholinesterase.

4. Discussion
The advantage of location of the esterases in nervous system is utilised in tracing
the nerve distribution which otherwise has beer,, proved to be difficult. In the
worms of the present study during incubation with different substrates like indoxyl
acetate or thiocholine iodide get reduced due to the action of the enzyme and
develop a colour at the location of the latter. The substrate indoxyl acetate easily
penetrates the nervous sheath and by the action of the enzyme, indoxyl is hydrolised to liberate blue indigo. The hydrolysis of indoxyl ester can take place either
by nonspecific esterase, specific and nonspecific cholinesterase and lipase, Pearse
(1954). To differentiate which of these enzymes are present another substrate,
viz., acetyl thiocholine iodide has been used, which is specific for cholinesterase.
This substrate also has been found to be hydrolised by the esterases. Hence
it is opined that the enzyme responsible for the hydrolysis of i~.doxyl acetate and
thiocholine iodide is the cholinesterase however, the colour developed in the excretory system cart be due to lipase as this region is positive only for Bromoindoxy.
With regard to neuroanatomical pattern, both the worms closely agree with each
other. This similarity is not surprising as both belong to the same genus. However, they differ from other digenetic trematodes in having a marginal nerve which
may be the ventral nerve shifted to a marginal position. They also differ from
each other irt the respect that P. dinanantum has a complicated nerve arrangement
than P. pyramidium. In the former there are a number of inter-connections.
P. dinanantum in addition to possessing transverse ring connectives, also possesses
separate connections among posterior three pairs of nerves which are absent in
P. pyramidium.
P. dinanantum also possess a number of receptors on the body margins that are
connected to the main nerves. This phenomena probably leads to a more nerve
co-ordination and control over the body in P. dinanantum.

P.(B)--8

150

G Raghu Ramulu and L Narshnha Rao

+q-

++

-F-t-

q-q+

-t-q-

++
q-q-

q--l-

+qq-

"~
.=_

!

II

11

÷-

@

÷÷

+
÷÷

y,

1
÷÷

÷

q-q-

+÷
q-q-

++

q-q÷+
÷

f,

÷qq--

-r- -tq_q_

"d

++
÷q÷

÷+
q_÷
+

+-/÷÷

+4÷-+.q-

0
~d
t'¢$

0
0
t~

:n

6
oo

H

II
+

.=.

H

+

°o

e~

*d

.~

o~

o~

o~

II

+
w.I

2

-t-

Esterases o f the genus Prosthodendrium

151

Acknowledgement
T h e a u t h o r s wish to express t h e i r sincere thartks to Prof. Shyam Surtder S i m h a
for his ertcouragemertt. O n e o f the a u t h o r s ( G R R) is grateful to the U n i v e r s i t y
a u t h o r i t i e s for financial assistance.

References
Bruckner A David and Voge Marietta 1974 The nervous system of larval Schistosoma mansoni as
revealed by acetyl cholinesterase staining; Y. Parasitol. 60 437-446
Bueding E 1952 Acetyl cholinesterase activity of ScMstosoma mansoni; Br. J. PharmacoL 7 563566
Dolfus R P 1931 Amoenitates helminthologicae; A propose de la creatin de Lecithodendrium
laguncula Stiles at Nolan; Ann. Par. 9 483--484
Graft" J and Read C P 1967 Specific acetylcholinesterase in Hymenolepis diminuta; J. ParasitoL
53 1030-1031
Halton D W and Jennings J B 1964 Demonstration of the nervous system in the monogenetic
trematode Diplozoon paradoxum Nordmann by the indoxyl acetate method for esterases;
Nature (London)202 510--511
Karnovsky M J and Roots 1964 Direct colouring 'Thiocholine method for eholinesterase'; J.
Histochem. Cytochem. 12 219-221
Lee D L A, Rothman A H and Senturia J B 1963 Esterases in Hymenolepis and Hydatiqera;
Exp. Parasit. 14 285-295
Maey R W 1936 Three new trematodes of Minnesota bats with a key to the genus Prosthodendrium; Trans. Am. Micro. Soe. Wash. 55 325-39
Pearse A J, Everson 1954 Histoehemistry theoretical and applied ; (London: J & A Churchill
Ltd.)
Schardein J L and Waitz J A 1965 Histochernical studies of esterases in the cuticle and nerve cords
of four cyclophyllidean cestodes; Z Parasitol. 51 356-363
Shyam Sunder Simha and L Narsimha Rao 1977 Esterases in trematodes; 1. Nerve arrangement and distribution of esterases in Singhiatrema longifurca and Pradistomoides orientalis;
Proe. Indian Acad. ScL B86 311-321
Yamaguti S 1971 Synopsis of digenetic trematodes of vertebrates (Japan: Keigaku Publishers

