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Abstract Phalloidin fluorescence technique, enzyme cyto-
chemistry and immunocytochemistry, in conjunction with
confocal scanning laser microscopy, were used to describe
the neuromusculature of the monogenean skin parasite
Macrogyrodactylus congolensis from the Nile catfish
Clarias gariepinus. The body wall muscles are composed
of an outer layer of compactly arranged circular fibres, an
intermediate layer of paired longitudinal fibres and an inner
layer of well-spaced bands of diagonal fibres arranged in
two crossed directions. The central nervous system consists
of paired cerebral ganglia from which three pairs of
longitudinal ventral, lateral and dorsal nerve cords arise.
The nerve cords are connected at intervals by many
transverse connectives. Both central and peripheral nervous
systems are bilaterally symmetrical and better developed
ventrally than laterally and dorsally. Structural and func-
tional correlates of the neuromusculature of the pharynx,
haptor and reproductive tracts were examined. Results
implicate acetylcholine, FMRFamide-related peptides and
serotonin in sensory and motor function. The results were
compared with those of Macrogyrodactylus clarii, a gill
parasite of the same host fish C. gariepinus.

Introduction

Many authors have used the activity of cholinesterase
(ChE) as indirect histochemical evidence of the presence of
acetylcholine (ACh) in the nervous system of monogeneans
(Halton and Jennings 1964; Halton and Morris 1969; Cable
et al. 1996b; Zurawski et al. 2001) using an indoxyl acetate
as substrate for carboxylic esterases. Other studies have
employed acetylthiocholine iodide (AcThI) as substrate
(Rahemo and Gorgees 1987; Buchmann and Mellergaard
1988; Buchmann and Prentø 1989; Reda and Arafa 2002)
to provide a more specific demonstration of ChE itself.

In the past 10 years, many immunocytochemical studies
using confocal imaging combined with the use of the
phalloidin-fluorescence technique for F-actin were carried
out to demonstrate aminergic and peptidergic elements in
the nervous systems of oviparous monogeneans, such as
Diclidophora merlangi (see Maule et al. 1990a,b),
Discocotyle sagittata (see Cable et al. 1996b), Eudiplozoon
nipponicum (see Zurawski et al. 2001) and Macrogyrodac-
tylus clarii (see El-Naggar et al. 2004). These studies have
considerably added to the understanding of nerve–muscle
relationships in flatworm parasites (Halton et al. 1998;
Halton 2004).

Like all gyrodactylids, monogeneans of the genus
Macrogyrodactylus are viviparous; their uterus contains
up to four embryos, one inside the other reminiscent of
‘Russian dolls’ (Cable et al. 1998). Consequently, the
reproductive organs of gyrodactylids are modified by the
twin pressures of viviparity (Llewellyn 1981; Tinsley 1983)
and progenesis (Harris 1983). Macrogyrodactylus congo-
lensis (Prudhoe 1957) Yamaguti 1963 is a skin parasite of
the freshwater catfish, Clarias gariepinus (Syn: Clarias
lazera) from the river Nile in Egypt (Arafa 1999; El-Naggar
et al. 1999; Arafa et al. 2003). M. clarii Gussev 1961
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infects the gills of the same host fish (El-Naggar and Serag
1987; El-Naggar 1993). El-Naggar et al. (2001a) studied
the comparison between the chaetotaxy of these two
parasites, mapping the argentophilic elements of their
nervous systems. The neuromusculature of M. clarii was
studied in detail using enzyme cytochemistry and immu-
nocytochemistry in conjunction with confocal microscopy
(El-Naggar et al. 2004). The present work involved a
similar approach to explore the neuromusculature of M.
congolensis. It is hoped that such a study will throw some
light on the similarities and differences in the muscle and
nervous systems of M. congolensis and M. clarii. It may
also help researchers to find an anthelminthic drug that may
specifically target neural elements of the parasite without
substantial side effects on the host.

Materials and methods

Specimens of the Nile catfish C. gariepinus were caught
from the Damietta branch of the River Nile near Mansoura
City, Dakahlia Province, Egypt. Fish were kept alive in an
aquarium containing aerated river water. Individual fish
were transferred to a dissecting dish and quickly de-
capitated with a sharp knife. The skin covering the head,
body and fins was searched for M. congolensis. The
parasites were collected with the aid of a fine needle and
Pasteur pipette. Identification of M. congolensis was carried
out according to Prudhoe (1957).

To reveal cholinergic components of the nervous system,
specimens (n=20) of M. congolensis were flattened between
a microscope slide and coverslip and fixed in 10% neutral
(phosphate-buffered) formalin for 30 min. They were then
washed in distilled water, incubated in a solution of AcThI
according to Rahemo and Gorgees (1987) and examined
using a stereomicroscope. As soon as details of the nervous
system became visible, the specimens were washed in
distilled water. Some of the treated specimens were counter-
stained with aqueous solutions of toluidine blue (1%),
alcian blue (1%), light green (0.2%), fast green (0.2%) or
methyl green (2%). They were then de-hydrated through
ethanol, cleared in terpiniol, mounted in Canada balsam and
viewed using a Leitz Laborlux S light microscope under oil
immersion. Control specimens (n=5) were treated as above
but incubated without the AcThI substrate. Serotonin
(5-hydroxytryptamine, 5-HT) and FaRP neuropeptide-
immunoreactivities were visualised by the indirect immu-
nofluorescence technique of Coons et al. (1955). Worms
(n=20) were flat-fixed between slides in 4% (w/v) parafor-
maldehyde in 0.1 M phosphate-buffered saline (PBS:
0.145 M NaCl, 0.025 M NaH2PO4.2H2O and 0.075 M
Na2HPO4 at pH 7.4) for 1 h then transferred to fresh
fixative for further 3 h. Specimens were subsequently

placed in 0.1 M antibody diluent [AbD: PBS containing
0.35% (v/v) Triton X-100, 0.1% (w/v) sodium azide and
0.1% (w/v) bovine serum albumin] and immediately air-
mailed to Belfast. The specimens treated were then
incubated with the following primary anti-sera for 72 h at
4°C: neuropeptide anti-serum raised in a guinea pig to the
flatworm FaRP, GYIRFamide (working dilution of 1:400)
or serotonin anti-serum raised in a rabbit and used at a
working dilution of 1/300. After washing overnight in
AbD, specimens were incubated for 48 h in rabbit anti-
guinea pig IgG (1:100) for GYIRFamide or swine anti-
rabbit IgG immunoserum for 5-HT. Secondary anti-sera
were conjugated to either fluorescein iso-thiocyanate
(FITC) or tetramethyl rhodamine iso-thiocyanate (TRITC)
as fluorophores for visualisation of binding sites. After an
overnight wash, FITC- or TRITC-labelled phalloidin was
employed as a counter-stain for demonstration of filamentous
F-actin of muscle. For this, immunostained specimens were
incubated in 200 mg/ml phalloidin-FITC or -TRITC for
24 h, washed overnight in AbD and finally mounted in
PBS/glycerol (1:9 v/v) and viewed using a Leica TCS-NT
confocal scanning laser microscope (Leica Microsystems,
Milton Keynes, UK). The controls (n=6) used were those
with (1) omission of primary anti-serum, (2) replacement of
primary anti-serum with non-immune serum from the donor
species, and (3) pre-adsorption of primary anti-serum with
200 mg of appropriate antigen.

Results

Musculature

The body wall or sub-tegumental musculature of M.
congolensis consists of three layers of muscle fibres: outer
circular (cm), intermediate longitudinal (lm) and inner
diagonal myofibres (dm), which form a well-organised,
lattice-like arrangement encompassing the whole body
(Figs. 1 and 7a,b). Additional dorsoventral muscle fibres
extend between the dorsal and ventral borders of the body
wall through the parasite. The circular muscle fibres form a
thin layer of close and evenly spaced fibres running
perpendicular to the longitudinal body axis, whilst the
longitudinal fibres are more widely spaced than the circular
fibres and run parallel to the longitudinal body axis. The
longitudinal muscle fibres appear to be laterally concen-
trated. Some of the diagonal fibres are orientated singly but
others are arranged in pairs (Fig. 7a,b). The diagonal fibres
of the dorsal body wall (Fig. 7a) are more extensive and
uniformly orientated than those found on the ventral surface
(Fig. 7b). The two crossing sets of ventral diagonal somatic
muscle fibres run at angles of approximately 30 and 120°,
respectively, with respect to the longitudinal fibres, whilst

266 Parasitol Res (2007) 100:265–279



those of the dorsal surface are aligned at approximately 60
and 150°, respectively. The anterior extremity of M.
congolensis has two head lobes, each lobe bears an
adhesive area (Figs. 1 and 7b,f). There are two pairs of
ventral extrinsic muscle bands (vmb), each comprising a
group of fibres lying beneath the sub-tegumental muscle
(Figs. 1 and 7b). They cross each other at the median line of
the head region before attaching to the adhesive sacs of the
head lobes. A single orientated diagonal muscle fibre (dm),
which is perceived ventrally, accompanies each of these
ventral extrinsic muscle bands (Figs. 1 and 7b).

The mouth opens into a spacious buccal cavity accom-
modating the pharynx (Figs. 1, 7c and 8c). The musculature

of the mouth opening is partly derived from the sub-
tegumental musculature (Fig. 7c). Two bundles of retractor
muscle (rt) were observed attaching the anterior extremity
of the mouth to the sub-tegumental muscles. Each retractor
muscle band consists of at least four prominent muscle
fibres (Fig. 7c). The pharynx is divided into anterior and
posterior portions by a superficial constriction (Figs. 1, 6a
and 8c,e,f). There are six conical papillae projecting from
the lips of the pharynx, each one of them is associated with
prominent longitudinal muscle fibres (Figs. 1 and 8c,e,f).
The anterior portion of the pharynx comprises an extremely
dense arrangement of five bands of meridional fibres,
the most posterior of which appears as considerably
larger bands of muscle (Figs. 1 and 8f). In contrast, the
posterior portion of the pharynx is in the form of a
relatively large, globular and mainly glandular body. It
possesses well-developed radial fibres that run from the
tegumental lining of the pharyngeal lumen to the outer
periphery of the pharynx (Figs. 1 and 8b,d,f). Moreover,
there are four pairs of lateral extrinsic muscle (lem), two on
each side, attached to the wall of the anterior region of the
pharynx and run to the lateral margin of the body (Fig. 1).
Another pair of anterior extrinsic muscle fibres (aem)
appears to be attached to the anterior region of the pharynx
and is directed to the anterior body margin (Fig. 1).

The pharyngeal lumen opens into the oesophagus
through a sphincter composed of circular muscle fibres
(Fig. 8d). Inner longitudinal muscle, wrapped with outer
circular fibres, characterises the oesophagus. This pattern of
muscle continues in a more loosely arranged fashion in the
intestine (Fig. 7d), which divides into two blind caecal
limbs that run posteriorly along the margins of the worm,
ending a short distance from the haptor.

The single testis contains a diffuse array of muscle fibres
and leads to a vas deferens, which dilates to form a highly
muscular organ namely, vesicula seminalis (Fig. 7d). A
short muscular ejaculatory duct arises from vesicula semi-
nalis and opens into the copulatory organ. A highly
muscular duct extends from the male accessory reservoir
and joins the ejaculatory duct before opening into the male
copulatory organ (Fig. 7d). In contrast, the two male
accessory glands were not positively stained with phallo-
idin staining. The copulatory organ was seen to strongly
fluoresce after staining with phalloidin, illustrating its
highly muscular nature (Figs. 6a, 7d and 8b). The
musculature of the female reproductive tract is less well
defined in comparison with the male reproductive tract. The
wall of egg cell-forming region (ECFR) is mainly com-
posed of circular muscle fibres whilst the uterine wall
contains both outer circular and inner longitudinal fibres
(Fig. 7e). Embryos within the uterus displayed a well-
developed musculature associated with tegument, pharynx,
intestine, reproductive organs and haptor (Fig. 9d).

Fig. 1 Diagram showing the musculature of the anterior region of M.
congolensis. as Adhesive sac (area), aem anterior extrinsic muscle
fibres, aph anterior region of the pharynx, cm circular muscle fibres,
dm diagonal muscle fibres, hl head lobe, it intestine, lm longitudinal
muscle fibres, lem lateral extrinsic muscle fibres, mdf meridional
fibres, mo mouth opening, oes oesophagus, pl pharyngeal lumen, pp
pharyngeal papillae, pph posterior region of the pharynx, rm radial
muscle fibres, ui unbranched region of the intestine and vmb ventral
muscle band
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The haptor of M. congolensis is cup-shaped and
delineated from the body proper by a prominent con-
striction. The present study is concentrating only on the
most prominent haptoral muscles of M. congolensis
using light microscopy and confocal scanning laser micros-
copy (Fig. 9a–c). The ventral side of the haptor accom-
modates two pairs of ventral extrinsic muscle fibres.
The median pair (mem) is comparatively thicker than the
lateral pair (lem, Fig. 9c). Both pairs of median and lateral
ventral extrinsic muscles (mem and lem, respectively)
extend from the anterior extremity of the haptor to the
level of the testis.

Each lateral flap of the haptor is provided with a bundle
of thick, transverse muscle (tm, Fig. 9c). The two hamuli
are provided with a variety of muscle fibres. The hamulus
roots are connected with each other by means of two
transverse muscle bundles (rtm), one of them is thicker than
the other. The shaft is provided with four groups of muscle,
anterior (asm), median (msm), posterior (psm) and lateral
(lsm). The anterior, median and posterior muscle groups are
attached to the outer surface of the shaft whereas the lateral
group attaches to the inner surface of the shaft (Fig. 9c).

There are numerous bundles of dorsal extrinsic muscles
(dem) running in the pre-haptoral region and collected into
two main thick groups as they pass from the anterior region
into the posterior region of the haptor (Fig. 9a). At this site,
i.e. at the level of the posterior flap of the haptor, each
group of extrinsic muscle branches into numerous fine
bundles of muscle fibres, which run nearly parallel to each
other and enter the lobes bearing the marginal hooklets
(Fig. 9b,c). Moreover, there two groups of median,
transverse and crossing muscles (mtc) connecting between
the lateral margins of the dorsal aspect of the haptor
(Fig. 9b). The posterior flap of the haptor is also provided
with at least five circular muscles (cm, Fig. 9a).

Neuroanatomy and neurochemistry

The central nervous system (CNS) of M. congolensis
consists of paired cerebral ganglia (cg) from which anterior
and posterior neuronal pathways arise and inter-linked by
cross-connectives and commissures. The peripheral nervous
system (PNS) includes innervation of the alimentary tract,
reproductive organs, attachment organs (anterior adhesive
areas and haptor) and sub-tegumental muscles. Both CNS
and PNS are bi-laterally symmetrical and better developed
ventrally than laterally and dorsally. They display strong
staining for ChE activity and extensive immunoreactivity
for FaRP. No staining was observed in the absence of ChE
substrate or primary anti-serum or after substitution of
primary anti-serum with non-immune serum; the addition
of antigen in liquid phase before immunostaining abolished
any reactivity.

Cholinergic enzyme histochemical staining

The CNS of M. congolensis (Figs. 2 and 6e) possesses a
curved thick mass of paired cerebral ganglia (cg) located

Fig. 2 Diagram showing the nervous system of M. congolensis as
revealed by AcThI staining. ah Anterolateral marginal hooklet, ap
anterior projection, avc anterior ventral commissure, cg cerebral
ganglia, db dorsal bar, dc1–dc3 dorsal connectives, dhn dorsolateral
haptoral nerve, dlc1–dlc3 dorsolateral connectives, dnc dorsal nerve
cord, dt dorsal testicular nerve, dvc1 and dvc2 dorsoventral con-
nectives, gc ganglionic connectives, h hamulus, ha haptor, hl head
lobe, ihn inner haptoral nerve, lnc lateral nerve cord, ohn outer
haptoral nerve, ph pharynx, phg1–phg2 pre-haptoral ganglia, phn
posterior hook nerves, pmh posterior marginal hooklets, pn pharyngeal
nerve, t testis, ut uterus, vb ventral bars, vc1–vc5 ventral connective,
vlc1–vlc4 ventrolateral connectives and vnc ventral nerve cord
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ventrally just anterior to the pharynx (Figs. 2, 3 and 6c–e).
A single anterior ventral commissure (avc) originates from
the posterolateral region of the cerebral ganglia and runs in
a semi-circular manner in the region of the head just
posterior to the head lobes (Figs. 3 and 6c–e). Two
considerably thick projections extend from the anterior
median region of the cerebral ganglia in a butterfly-like
appearance (Figs. 3 and 6c,d). Each projection gives rise to
three cerebral nerves (cn) that extend anteriorly where they
innervate the anterior adhesive areas (Figs. 3 and 6c).

Two thick and prominent ventral nerve cords (vnc)
originate from the cerebral ganglia and run posteriorly, one
on each side of the body where each one joins a pre-
haptoral ganglion (phg1, Figs. 2 and 6e). Another pair of
pre-haptoral ganglia (phg2) lies one on each side of the
body, a short distance posterior to the phg1 (Figs. 2, 5d and
6e). Both phg1 and phg2 on each side of the body are
connected via two ganglionic connectives (Figs. 2, 4 and
5d). In the region posterior to the pharynx, two consider-
ably thin branches arise, one from each ventral nerve cord,
and re-connect to it at the level of the anterior part of the
uterus (Fig. 2). Another thin branch originates from the
posterior region of each ventral nerve cord and re-connects

the pre-haptoral ganglion phg1 (Fig. 2). Five ventral
transverse connectives were detected, three between the
two ventral nerve cords and two between the pre-haptoral
ganglia phg1 and phg2 (Figs. 2 and 6d,e).

Two considerably thin lateral nerve cords (lnc) arise
from the posterolateral region of the cerebral ganglia and
run posteriorly, one adjacent to each lateral margin of the
body where they join the pre-haptoral ganglia phg1 (Figs. 2
and 6e). At regular intervals, the ventral nerve cords
communicate with the lateral nerve cords by means of four
pairs of ventrolateral connectives (vlc1–vlc4, Figs. 2 and
6e). Two thin dorsal nerve cords (dnc) arise from the
posterior median region of the cerebral ganglia and extend
posteriorly between the ventral nerve cords where they
connect with the anterior pre-haptoral ganglia (phg1). The
dorsal nerve cords are cross-linked by three dorsal
transverse connectives (dc1–dc3, Figs. 2 and 6e). The
dorsal nerve cords are also connected to the lateral nerve
cords via three dorsolateral connectives (dlc1–dlc3) whilst
they are linked to the ventral nerve cords via two
dorsoventral connectives (dvc1 and dvc2, Figs. 2 and 6e).

Fig. 3 Diagram showing the anterior region of the body of M.
congolensis as revealed by AcThI staining technique. cn Cerebral
nerves and pr pharyngeal ring. Other abbreviations as in Fig. 2

Fig. 4 Diagram showing cholinergic innervation of the haptor of M.
congolensis. al Antero-lateral lobe and hpa haptoral papillae. Other
abbreviations as in Fig. 2
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The haptor of M. congolensis is extensively innervated
by two outer (ohn) and four inner (ihn) relatively thick
haptoral nerves originating from the pre-haptoral ganglia
(phg2) and ventral connective (vc5), respectively. Another
two dorsolateral haptoral nerve (dhn), arising one from each
pre-haptoral ganglia (phg2), run posteriorly where they
eventually branch into seven pairs of posterior hook nerves
(phn) and one pair of anterior hook nerve (ahn). The hook
nerves innervate the muscles associated with the marginal
hooklets (Figs. 4 and 5d,e).

The AcThI method revealed peripheral innervations
of the mouth opening (mo, Figs. 5b and 6e), pharynx
(Fig. 6c,d), ECFR (Fig. 6e), funnel-shaped birth duct (fs)
and temporary birth opening (to, Figs. 5b and 6e). The
pharynx is innervated by two pairs of pharyngeal nerves
(pn) originating from the ventral connective (vc1). They
direct anteriorly and unite to form one pair before con-
necting with the pharyngeal rings (Figs. 3 and 6d). The
testis is innervated by two dorsal testicular nerves (dtn)
arising from the dorsal nerve cord (Figs. 2, 5a and 6e).
Application of the AcThI method has revealed that the CNS
and PNS of the first embryo are well developed and dis-
played a pattern similar to that obtained for adults (Fig. 5c).

FaRP immunostaining

FaRPergic components were observed throughout the CNS
and PNS of M. congolensis. They are distributed in the
same manner as the cholinergic components but they are
comparatively less extensive. GYIRFamide immunoreac-
tivity was evident in the head region including the cerebral
ganglia (cg), anterior thick projections (ap), anterior ventral
commissure (avc) and nerves supplying head lobes (hl) and
the terminal adhesive areas (as; Figs. 6a, 7f and 8a–c,e). Of
the three pairs of posteriorly directed nerve cords, the
ventral nerve cords (vnc) were those developed best
(Fig. 7f). The pharynx is innervated by two pharyngeal
nerves (pn) originating from the first ventral connective
(vc1) and direct anteriorly amongst the radial muscle fibres
in the posterior region (Fig. 8d,f). FaRPergic cell bodies

were observed in both sides of the anterior and posterior
regions of the pharynx (Fig. 8a,d). The musculature of each
pharyngeal papilla is innervated with FaRPergic nerve
fibres (Fig. 8c). Extensive immunoreactivity was observed
in the pre-haptoral ganglia (Fig. 9b). Fine nerves extend
from these ganglia to innervate the dorsal and ventral
extrinsic muscles that enter the haptor and the crossing
over of muscles inside the haptor (Fig. 9b,c). Moreover,
the immunoreactivity was observed in close association
with muscle fibres operating the marginal hooklets
(Fig. 9c).

FaRPergic nerve tracts (nt) branch from the two ventral
nerve cords and direct transversely to innervate the male
accessory reservoir and vesicula seminalis (Fig. 7d). FaR-
Pergic immunostaining of the uterine muscles was more
developed than that of the ECFR, vas deferens and testis
(Fig. 7e).

A strong immunoreactivity for GYIRFamide was
revealed in the cerebral ganglia of the first embryo
(Figs. 6b and 9d). No FaRP immunostaining was observed
in the second embryo.

5-HT immunostaining

In general, staining for 5-HT was considerably less
extensive in the brain and CNS compared with to FaRP,
although it followed a similar distribution pattern and its
description will not be repeated. Moreover, immunostaining
for 5-HT revealed the presence of many cell bodies in the
cerebral ganglia from which tracts of nerves proceeded in
pairs, both anteriorly and posteriorly. Those running
anteriorly sub-divided and anastomosed throughout the
anterior lobes where staining was expressed as a carpet of
immunoreactivity along the entire anteroventral margin of
the worm. Circular patterns of staining were also observed
in the anterior lobes, corresponding to the region at the base
of each sensory organ. A grid-like pattern of serotoninergic
fibres, derived from projections originating in the cerebral
ganglia, innervate the anterior portion of the pharynx.
Peripheral 5-HT-immunoreactive (IR) fibres surround the
male copulatory organ and seminal vesicle and immuno-
staining was also evident around the testis and close to
the posterolateral regions of the ECFR. Posteriorly, a
peripheral nerve ring of 5-HT-IR fibres runs around the
lateral margins of the haptor forming a neural circuit from
which fine fibres extend to innervate the terminal region of
the haptor and musculature of the marginal hooklets.
Staining was also observed in the tegumental papillae that
are distributed on the three margins of the ventral surface of
the haptor. First-born, and to a lesser extent, second-born
daughter embryos within the uterus exhibited immuno-
staining in both CNS and PNS, mirroring that displayed by
the adult.

Fig. 5 Light micrographs of M. congolensis treated with AcThI.
a Middle region of the body showing innervation of the testis (t) with
dorsal testicular nerve (dtn). Other abbreviations as in Fig. 2. b Middle
region of the body showing innervation of the funnel-shaped birth
duct (fs), temporary opening of birth (to), copulatory organ (c), vas
deferens (vd), uterus (ut), mouth opening (mo), lateral nerve cord (lnc)
and ventral nerve cord (vnc). c Anterior body proper of M. congolensis
showing the nervous system of the embryo (e), which resembles that
of the adult. ecg Cerebral ganglia of the embryo. d, e Posterior region
of the body showing innervation of the haptor. Abbreviations as in
Figs. 2 and 4

�
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Fig. 6 a, b Confocal scanning laser micrograph of M. congolensis
showing immunoreactivity to GYIRFamide (red); muscles stained
with FITC-phalloidin (green). c–e Light micrographs of M. congo-
lensis treated with AcThI showing cholinergic components of CNS
and PNS. In subpanel e, toluidine blue was used as counter stain.
a Anterior region of the worm showing the anterior region of the
pharynx (aph), posterior region of the pharynx (pph), copulatory

organ (c) and cerebral ganglia (cg). b Inset shows GYIRFamide
immunoreactive in the cerebral ganglia of the embryo (ecg) and the
pharynx of the embryo (eph). c, d Anterior head region of the body.
Abbreviations as in Fig. 3. e Whole worm. ECFR Egg cell-forming
region, fs funnel-shaped region, and to temporary birth opening. Other
abbreviations as in Fig. 2
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Fig. 7 Confocal scanning laser micrographs of whole-mount prepa-
rations of M. congolensis stained by indirect immunofluorescence
using anti-serum to the FaRP neuropeptide GYIRFamide and TRITC-
coupled secondary antibody (red) muscles stained with FITC-
phalloidin (green). a Body wall muscle. Note the outer thin layer of
circular muscle (cm), an intermediate thicker layer of longitudinal
fibres (lm) and a well-developed inner group of diagonal fibres (dm).
b Anterior region showing crossing over of the ventral muscle bands
(vmb) running into the head lobes. as Adhesive sac, cm circular
muscle fibres, dm diagonal muscle fibres and lm longitudinal muscle
fibres. c Retractor muscle (rt) attaches to the mouth (mo), which opens
into the buccal cavity (bc). Note the longitudinal muscles (lm) and the

circular muscles (cm) surrounding the mouth opening. d Branches
from the ventral nerve cord (vnc) innervate the male copulatory organ
(c), male accessory reservoir (mr), vesicula seminalis (vs) and
ejaculatory duct (ej). it Intestine. e Weak immunostaining (unlabelled
arrows) in association with the proximal region of the uterus (ut), egg
cell-forming region (ECFR), vas deferens (vd) and testis (t). it,
Intestine. f The anterior region of the body showing the anterior
ventral commissure (avc) and anterior projection (ap), which extend
anteriorly from the cerebral ganglia (cg) into the head lobes (hl) to
innervate the adhesive sacs (as). cb Cell bodies, ph pharynx and vnc
ventral nerve cord
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Discussion

The use of phalloidin staining in conjunction with confocal
microscopy revealed the body wall of M. congolensis to be

largely composed of an outer layer of compactly arranged
circular fibres, an intermediate layer of paired longitudinal
fibres and an inner layer of well-spaced bands of diagonal
fibres arranged in two crossed directions. This arrangement

Fig. 8 a–f Confocal scanning laser micrographs of the anterior region
of M. congolensis showing immunoreactivity to GYIRFamide (green
fluorescence of FITC in subpanel a and red fluorescence of TRITC in
subpanels b–d). a Forebody showing immunostaining in the cerebral
ganglia (cg). cb Cell bodies and ph pharynx. b Forebody showing
anterior region of the pharynx (aph), posterior region of the pharynx
(pph), copulatory organ (c), cell bodies (cb) and cerebral ganglia (cg).
c High powered confocal micrograph of the anterior region. Note the
innervation of the pharyngeal papillae (pp) with FaRPergic nerve fibre
(np). cb Cell body and mo mouth opening. d High-powered part of the

anterior region of the pharynx (aph) and the posterior region (pph)
innervated with FaRPergic pharyngeal nerve (pn), which extend from
the ventral commissure (vc1). cb Cell body, rm radial muscles and oes
oesophagus. e Forebody showing immunostaining for FaRP (red
fluorescence of TRITC). Note the protrusible pharyngeal papillae (pp)
(green fluorescence of FITC). cg Cerebral ganglia. f Immunoreactivity
in the pharyngeal nerve (pn) in close association with the pharynx.
aph Anterior region of the pharynx, pp pharyngeal papillae and rm
radial muscles. Other abbreviations as in Fig. 7a
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resembles that described in M. clarii by El-Naggar et al.
(2004) for free-living (Rieger et al. 1994) and parasitic
flatworms (Halton et al. 1998; Mair et al. 1998; Stewart et
al. 2002). El-Naggar et al. (2001b) studied the patterns of
movement for three gyrodactylid monogeneans M. clarii,
M. congolensis and Gyrodactylus rysavyi. The authors
recorded elongation and shortening movement, rotation
movement, self-cleaning movement, pendulum-like move-
ment, ordinary upside down leech-like locomotion and
swimming movement. They reported that each of the
examined gyrodactylid species was found to have a char-
acteristic movement. M. clarii performs scanning (search-
ing) movement, M. congolensis exercises pendulum-like
movement and the swimming behaviour was restricted to
G. rysavyi. It seems likely that elongation and shortening
are brought about by effective contraction of the circular
and longitudinal muscles, respectively. Also, it seems most
likely that rotation and self-cleaning movement, during
which the body is twisted, could be attributed to contraction
and relaxation of the diagonal muscle fibres, which are

located mainly in the anterior region of the body. The pen-
dulum-like movement in M. congolensis might be achieved
by contraction of longitudinal muscle fibres in one side and
relaxation of the corresponding muscles in the other side.

Two pairs of ventral muscle bands were revealed beneath
the sub-tegumental muscle in the region anterior to the
pharynx. Another pronounced, anterior extrinsic muscle bands
extend from the pharynx to the anterior body margin.
Characteristic features of the ventral muscle bands of
M. congolensis, which differentiate them from their cor-
respondingM. clarii (see El-Naggar et al. 2004), are that these
muscle bands cross each other at the median line of the head
region and that a single orientated diagonal muscle fibre
accompanies each of these muscle bands. Moreover, the two
anterior extrinsic muscle bands extending from the anterior
region of the pharynx attach the anterior body margin in
M. congolensis, but they are directed to the adhesive areas in
M. clarii. In the leech-like locomotion, the adhesive sacs evert
during attachment and retract during detachment. El-Naggar
et al. (2004) suggested that the retraction of the adhesive sacs

Fig. 9 Confocal scanning laser micrographs of whole-mount prepa-
rations of M. congolensis stained by indirect immunofluorescence
using anti-serum to the FaRP neuropeptide NPF and TRITC-coupled
secondary antibody (red) muscles stained with FITC-phalloidin
(green). a Posterior region showing dorsal extrinsic muscle fibres
(dem) running into the haptor (ha) and the circular muscle (cm) in the
posterior flap. b Posterior region showing immunoreactivity to NPF
(unlabelled arrows) anterior to the haptor and in association with the
marginal hooklets. Note the muscle fibres entering the haptor and the
crossing over of median transverse muscle fibres (mtc) in the haptor.

c A deeper plane of focus of the posterior region. Note that NPF
immunoreactivity (unlabelled arrow) closely associated with the
muscle fibres entering the haptor (ha). Note that the shaft of the
hamulus (h) is provided with anterior (asm), median (msm), posterior
(psm) and lateral (lsm) muscle fibres. lem lateral ventral extrinsic
muscles, mem median ventral extrinsic muscles, mh marginal hooklet
and rtm root transverse muscles. d Middle region of the worm
showing the developing embryo in the uterus. Immunoreactivity to
NPF can be seen in the cerebral ganglia of the embryo (ecg) and
pharynx (eph) of the embryo
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into the head lobes of M. clarii is brought about by
contraction of the ventral muscle bands extending from the
anterior region of the pharynx. InM. congolensis, retraction of
the adhesive sacs into the head lobes seems to be carried out
by contraction of the two crossed ventral extrinsic muscle
bands. A similar contribution of the ventral muscle bands to
the retraction of adhesive sacs was suggested by El-Naggar
and Kearn (1980) in the monogenean gill parasites, Dactylo-
gyrus amphibothrium and Dactylogyrus hemiamphibothrium.

Application of the phalloidin staining technique in the
present study has revealed that the pharynx of M.
congolensis consists of an anterior highly muscular region
and posterior mainly glandular region, which accommo-
dates radial muscle fibres. Five pairs of extrinsic muscles
were observed to be attached to the anterior region of the
pharynx. In M. clarii, six pairs of these muscles were
observed (El-Naggar et al. 2004). The anterior portion of
the pharynx of the gyrodactylid monogeneans was reported
to protrude during feeding (El-Naggar and Serag 1987;
Arafa 1999; El-Naggar and El-Abbassy 2003) as well as
other monogeneans, namely, Entobdella soleae and Acan-
thocotyle sp. (Kearn 1963), Macrogyrodactylus polypteri
(see Khalil 1970), D. hemiamphibothrium, D. amphiboth-
rium (see El-Naggar and Kearn 1980) and Quadriacanthus
aegypticus (see El-Naggar and Serag 1986). Protrusion of
the anterior region of the pharynx of M. congolensis may be
controlled by the extrinsic muscles attached to this region.
The anterior pharyngeal region accommodates six pharyn-
geal papillae in both M. congolensis and M. clarii and eight
pharyngeal papillae in G. rysavyi. The tips of the
pharyngeal papillae protrude during feeding in gyrodactyl-
ids (Khalil 1970; El-Naggar and Serag 1987; El-Naggar et
al. 1999; El-Naggar and El-Abbassy 2003). This protrusion
may be initiated by contraction of the muscle bands in the
anterior part of the pharynx, whilst contraction of the radial
muscle of the posterior portion may drive secretion into the
pharyngeal papillae.

The present study has revealed that the copulatory organ
of M. congolensis fluoresces strongly with phalloidin
staining, illustrating its highly muscular nature. A similar
observation was recorded in M. clarii by El-Naggar et al.
(2004). The muscle fibres in the copulatory organ could
have an important role in the operation of the copulatory
bulb and associated large and small spines. El-Naggar et al.
(1999) suggested that a plug of co-copulant tissue may be
drawn into the copulatory bulb of M. congolensis through
suction generated by contraction of the radial muscle in this
organ. This may then be secured by the combined action of
contraction of equatorial muscle around the rim of the bulb
and insertion of the small copulatory spines into the neck of
the plug.

The haptor of M. Congolensis was revealed by using
confocal scanning laser microscopy to be supplied with

dense bands of well-developed ventral and dorsal extrinsic
muscles. Although it was difficult to trace the way of the
ventral extrinsic muscles in the haptor, it is possible that
they attach to the roots of the hamuli. Another two groups
of muscles, namely, transverse muscle bands (rtm) are
found connecting between the roots of the hamuli. It seems
possible that contraction of these transverse muscle bands
helps in the protrusion of the hooked regions of the hamuli
from their openings. This is followed by contraction of the
ventral extrinsic muscles (lem and mem), which pull the
hamuli roots in an anterior direction leading to a firm
insertion of the hooked regions of the hamuli into the tissue
of the host. Moreover, the hamuli of M. congolensis are
provided with other groups of muscles, namely, anterior
(asm), median (msm), posterior (psm) and lateral (lsm)
muscles. It seems probable that these muscles serve in
preventing the lateral rotation of the hamuli during
attachment, thereby creating a firm insertion of the hamuli.
Withdrawal of the pointed hooked region of the hamuli may
be achieved by relaxation of both ventral extrinsic muscles
and transverse bundles. For a complete understanding of
the operating mechanism of the hamuli and marginal
hooklets, more investigations are needed using phase-
contrast microscopy, different stains for the haptoral
muscles and more observations using phalloidin stain.

Regarding the dorsal aspect of the haptor of M.
congolensis, there are numerous bundles of dorsal extrinsic
muscles (dem) running in the pre-haptoral region and
collected into two main thick groups as they pass from
the anterior region into the posterior region of the haptor.
The precise function of these muscles is not clearly known.
However, because these muscles are branched into numer-
ous fibres in the posterior haptoral flap bearing the marginal
hooklets, it seems possible that these muscles play a role in
operating the posterior flap.

The present study has revealed that CNS of M.
congolensis consists mainly of a mass of cerebral ganglia
and three pairs of ventral, lateral and dorsal longitudinal
nerve cords connected by transverse connectives and
commissures; it is better developed ventrally than dorsally
and laterally. The CNS of M. congolensis resembles in
basic structure that of all previously studied flatworms,
including monogeneans, digeneans and cestodes (Reuter
1987; Halton and Gustafsson 1996; Reuter et al. 1998;
Arafa and Reda 2002; Reda and Arafa 2002; Arafa et al.
2002; El-Naggar et al. 2004). Typically, the PNS innervates
the alimentary system, reproductive organs, attachment
organs and sub-tegumental muscles. These neural pathways
and their organization were previously described in 11 other
monogeneans: Diplozoon paradoxum (see Halton and
Jennings 1964), Polystoma integerrimum (see Rahemo
and Gorgees 1987), Gyrodactylus salaris (see Reuter
1987), Pseudodactylogyrus anguillae (see Buchmann and
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Mellergaard 1988; Reda and Arafa 2002), E. nipponicum
(see Lyukshina and Shishov 1988; Zurawski et al. 2001), D.
merlangi (see Maule et al. 1990a,b), Pseudodactylogyrus
bini, P. anguillae (see Reda and Arafa 2002), E. soleae (see
Marks et al. 1994), D. sagittata (see Cable et al. 1996a),
Protopolystoma xenopodis (see McKay et al. 1991) and
M. clarii (see El-Naggar et al. 2004).

Application of silver nitrate staining technique by
El-Naggar et al. (2001a) has revealed the presence of eight
pairs of large, probably nerve cells, in M. clarii and ten pairs
in and M. congolensis. These cells were found distributed bi-
laterally on the dorsal and ventral side of the body proper of
the warms. The AcThI method (El-Naggar et al. 2004) has
also revealed the presence of six pairs of large cholinergic
neurons distributed bi-laterally on the dorsal and ventral side
of the body proper of M. clarii. However, application of the
AcThI method on many specimens of M. congolensis in the
present study did not reveal these cells. The nature of these
neuronal cell bodies may be understood using transmission
electron microscopy. At TEM level, Shaw (1982) described
two types of neuronal cell body within the brain of
Gastrocotyle trachuri; Rohde (1972) revealed large, ovoid
and membrane-bound secretory granules in the large nerves
and axons of Polystomoides asiaticus and concluded these to
be neurosecretory grana; and Bahatanger et al. (1980)
reported two types of nerve cells in Ceylonocotyle scolio-
coelium, distinguishing them on the basis of their fine
structure as neurosecretory (A-type) and non-neurosecretory
(B-type). FaRPergic and serotoninergic staining of M.
congolensis revealed numerous pairs of neuronal cell bodies
associated with the cerebral ganglia, pharynx and pre-
haptoral nerve. In a related monogenean, G. salaris,
FaRPergic-IR cell bodies were also detected in the brain,
nerve cords, pre-haptoral plexuses and in the middle region
of the body (Reuter 1987). In E. soleae, serotoninergic-IR
cell bodies and associated innervation dominate the cerebral
ganglia, pharynx and ootype and ovovitelline duct
(Marks et al. 1994).

The cholinergic and peptidergic components of the nervous
system of the studiedM. congolensis are partially overlapped.
The same phenomenon was recorded in the nervous system
of M. clarii by El-Naggar et al. (2004), of D. merlangi by
Maule et al. (1990a) and of D. sagittata by Cable et al.
(1996b). Halton and Gustafsson (1996) reported that the
peptidergic pathways in platyhelminths more follow closely
those of the cholinergic system, whilst those of the
serotoninergic system are often quite separate and distinctive
in construction with the staining localised to a different sub-
set of neurons. The present study has revealed that cho-
linergic and peptidergic components of the nervous system
of M. congolensis are more extensive than the aminergic
components. ACh is considered as an inhibitory neurotrans-
mitter in a number of parasitic flatworms (Sukhdeo et al.

1984; Thompson and Mettrick 1989; Ward et al. 1986),
whereas the function of FaRP neuropeptides in flatworms is
yet unclear, although their ubiquitous occurrence throughout
the flatworm nervous system implies a fundamental role in
nerve muscle physiology (Halton and Gustafsson 1996).
When experimentally examined, FaRPs were found to be
potently myoactive (Day and Maule 1999).

The nerves supplying the head lobes of M. congolensis
may play a role in temporary attachment of the adhesive
sacs during locomotion and feeding and/or coordinating
muscular movements involved in the release of secretory
bodies from the gland cells of the anterior adhesive
apparatus. Extensive innervation of the head lobes, partic-
ularly the adhesive sacs with FaRPergic-IR nerves, resem-
bles that of M. clarii and is consistent with the presence in
these areas of numerous sensilla (El-Naggar et al. 2001a,
2004; Arafa et al. 2003), which may be sensitive to contact
stimulation. Contact perception (and possibly contact
chemoreception) by this region is likely to be important
during temporary leech-like locomotion. Cholinergic and
FaRPergic fibres in the posterior region of the pharynx may
interact to modulate contraction of the radial muscles,
which drive the secretion into the pharyngeal papillae,
whilst those fibres supplying the anterior portion of the
pharynx may regulate the protrusion of the pharyngeal
papillae themselves during feeding. A ring commissure was
detected around the mouth of M. congolensis in the present
study. A similar commissure was not observed by El-Naggar
et al. (2004) in M. clarii. However, in all monogeneans
studied hitherto, an oral ring commissure was found (for
example, see Rohde 1968; Reuter 1987). Rohde (1968)
suggested that the oral commissure is a character, which
distinguishes the nervous system of the Monogenea from that
of Digenea.

In M. congolensis, FaRPergic staining was evident in
nerve fibres that branch from the ventral nerve cord to
innervate muscle around the ejaculatory duct, the vesicula
seminalis and accessory reservoir, whilst 5-HT-IR traced
the muscular ducts of this complex. These findings imply
that whilst FaRPs may modulate release of sperm/male
accessory secretions, 5-HT may function in their motility
through control of the circular muscle fibres of these ducts.
The copulatory bulb itself was surrounded by fibres
immunoreactive for both 5-HT and FaRPs, suggesting that
these neuroactive substances may be involved in bringing
about the muscle action responsible for insertion of the
small and large spines into the co-copulant.

In the monogenean parasite M. clarii, El-Naggar et al.
(2004) suggested that cholinergic and FaRPergic nerves
supplying the anterior region of the uterus help coordinate
events involved in the delivery of fully formed embryo,
whilst the FaRPergic nerves innervating the junction
between the ECFR and uterus may play a role in controlling
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movement of the mature oocyte by their directive effect on
the muscles found in this region. Cholinergic and FaRPer-
gic innervation of the reproductive organs of M. congo-
lensis may perform a similar role. However, Cable and
Harris (2002) suggested that the large oocyte proceeds into
the uterus through the physical pressure of the oocyte on
the adjacent empty uterus. Cable et al. (1996a) suggested
that the neuropeptide secretions may influence movement
of ova and vitelline cells, release of spermatozoa and
Mehlis’ gland secretions and peristaltic contractions of the
ootype, which shape the egg, and regulate the release of egg
from the ECFR into the uterus.

The neuromusculature of the haptor of M. congolensis is
richly innervated with cholinergic, FaRPergic and seroto-
ninergic elements, suggesting a major role in motor func-
tion for the haptoral nerves. Similarly, in D. merlangi, all
three neuroactive substances were detected in motor ele-
ments innervating the buccal suckers, pharynx and haptoral
clamps (Halton and Morris 1969; Maule et al. 1990a), and
their action was investigated on the motility of worms in
vitro (Maule et al. 1989). Some evidence for a sensory role
for those nerves connected to the tegumental papillae was
recorded by Rahemo and Gorgees (1987) on P. integer-
rimum, but this is yet to be experimentally confirmed.

El-Naggar et al. (2001a) recorded many differences
between the surface sensilla pattern (number and distribu-
tion) of M. clarii and M. congolensis. The authors
suggested that these differences in number and distribution
of surface sensilla could be used in addition to anatomical
and morphological differences (El-Naggar and Serag 1987;
El-Naggar 1993; El-Naggar et al. 1999; Arafa et al. 2003)
to discriminate between M. clarii and M. congolensis. In
the present study, some differences were recorded between
the muscular systems of M. clarii and M. congolensis,
mainly in the anterior ventral extrinsic muscle band, the
ventral muscle bands extending anteriorly form the anterior
region of the pharynx and the musculature of the haptor.
These differences could be attributed to the differences in
the mode of feeding and attachment due to the difference in
the micro-habitat (gills for M. clarii and skin for M.
congolensis). These differences could also be used to
discriminate between these two parasites. However, the
minor differences recorded between the organization of the
nervous system of M. congolensis and M. clarii are not
considered to be sufficiently reliable for use in discriminat-
ing between these two species.
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