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Abstract. The reproductive system of the monogenean 
gill parasite, Dielidophora merlangi, was examined for 
the presence of cholinergic, serotoninergic and pepti- 
dergic innervation using cytochemical and immunocyto- 
chemical techniques. Cholinesterase activity and 5-hy- 
droxytryptamine immunoreactivity (5-HT-IR) were con- 
fined to neural elements of the male reproductive system, 
being evident in the innervation of the cirrus, whereas 
only 5-HT was present in nerves and somata of the elon- 
gate seminal vesicle. Peptidergic innervation was local- 
ised to both the male and female reproductive systems 
of the worm. Within the female reproductive apparatus 
pancreatic polypeptide, peptide tyrosine tyrosine, neu- 
ropeptide Y, substance P, neurokinin A, eledoisin, 
FMRFamide and gastrin/cholecystokinin immunoreac- 
tive fibres and somata were observed in the oviduct, 
vitelline reservoir and ovovitelline duct. Intense peptide 
immunoreactivity was identified in fibres in the wall of 
the ootype and in a surrounding population (> 100) of 
somata that were situated beyond Mehlis' gland cells 
and all of which were connected to the ootype wall by 
fine cytoplasmic connectives. The strategic location of 
this peptidergic cell population infers its involvement 
in the egg-forming sequence in this platyhelminth para- 
site. 

Immunocytochemical and biochemical studies have pro- 
vided substantial evidence that in addition to classical 
neurotransmitters, invertebrates contain an enormous 
molecular diversity of messenger molecules, most nota- 
bly in the form of neuropeptides (Greenberg and Price 
1983; Haynes 1980; Platt and Reynolds 1988; Walker 
and Holden-Dye 1989). Moreover, many of these pep- 
tides appear to be derived from ancestral molecules that 
are evident in unicellular eukaryotes and in certain pro- 
karyotes (Le Roith et al. 1982, 1983; Roth et al. 1986). 
Of the invertebrate phyla, the platyhelminths represent 

Reprint requests to : D.W. Halton 

a distinct stage in neural evolution, in that they are not 
only the earliest of organisms to display an aggregation 
of associative neurones in the anterior end to form a 
primitive "brain", but also the first in which there is 
consolidation of peripheral neurones and their processes 
into longitudinal nerve cords. To date, there are docu- 
mented accounts of immunoreactivity to some 25 differ- 
ent regulatory peptides in a wide range of free-living 
and parasitic platyhelminths. These include turbellarians 
(Bautz et al. 1980; Carraway et al. 1982; Jennings et al. 
1987; Reuter 1988; Reuter and Palmberg 1987, 1989; 
Reuter et al. 1984, 1986, 1988; Schilt et al. 1981 ; Ventu- 
rini etal. 1983; Wikgren and Reuter 1985; Wikgren 
et al. 1986), monogeneans (Maule et al. 1989a, b; Reuter 
1987, 1988), digeneans (Basch and Gupta 1988; Gupta 
and Basch 1989; Gustafsson 1987; Magee et al. 1989; 
Richard et al. 1989; Thorndyke and Whitfield 1987) and 
cestodes (Fairweather etal. 1988, 1990; Gustafsson 
1985; Gustafsson and Wikgren 1989; Gustafsson et al. 
1985, 1986; Kumazawa and Moriki 1986; Wikgren et al. 
1986). 

Although precise functions for these platyhelminth 
regulatory peptides have yet to be ascribed, many of 
them are believed to serve as neurotransmitters/neu- 
romodulators in controlling mechanisms of neuromus- 
cular function. However, several authors have described 
the occurrence of regulatory peptide imrnunoreactivities 
in the reproductive apparatus of parasitic flatworms 
(Basch and Gupta 1988; Fairweather et al. 1990; Gus- 
tafsson 1985; Magee etal. 1989; Maule et al. 1989a; 
Richard et al. 1989), raising the possibility that peptides 
may play key roles in influencing aspects (e.g. morpho- 
genetic, physiological) of reproduction. Moreover, since 
the production of large numbers of eggs is essential for 
the survival of parasitic platyhelminths, regulatory pep- 
tides functioning in the reproductive system may provide 
interesting new targets for chemotherapeutic evaluation. 

The present paper describes for the first time the 
results of applying confocal scanning laser microscopy 
(CSLM) to examine the distribution of regulatory pep- 
tide immunoreactivities in the innervation of the repro- 
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ductive appara tus  of  Diclidophora merlangi. Of the phy- 
logenetically impor tant  peptides examined, pancreatic 
polypeptide (PP), peptide tyrosine tyrosine (PYY) and 
the molluscan peptide, FMRFamide ,  have previously 
been identified in the reproductive system using conven- 
tional immunofluorescence microscopy;  the remaining 
molecules include the tachykinins and gastrin/cholecys- 
tokinin (CCK) and are new recordings in the worm. 
Results are compared  with those of  immunostaining for 
5-hydroxytryptamine (5-HT) and with the cytochemical 
demonstrat ion of  cholinesterase (ChE) activity. 

Materials and methods 

D. merIangi were removed from the gill filaments of whiting (Mer- 
langius merlangus) that had been landed (at Portavogie, County 
Down, Northern Ireland) within 8 h of being caught in the Irish 
Sea. The worms were washed thoroughly in aerated artificial sea 
water (ASW) (4 ~ C), and any damaged specimens, as detected by 
staining with Evans' blue (Halton and Arme 1971), were discarded. 
In all cases, flattened whole-mount preparations were fixed at 4 ~ C 
for 4 h in 4% (w/v) paraformaldehyde (PFA) (Agar Aids, Cam- 
bridge, UK) in phosphate-buffered saline (0.145 M NaCI; 0.025 M 
NaHzPO4"2H20; 0.075 M Na2HPO4) (PBS) (pH 7.2), followed 
by washing (three changes) in PBS. 

Cholinesterase (ChE) activity was visualised using the acetyl- 
thiocholine iodide (AThChI) technique of Koelle (1951), after Go- 
mori (1952). Specimens were rinsed briefly in distilled water (to 
remove phosphate) prior to incubation. Controls included the 
omission of the substrate and the addition of the specific ChE 
inhibitor, eserine sulphate (1 x 10-s M) (Sigma Chemical Com- 
pany Ltd, Dorset, UK). 

For the cytochemical demonstration of 5-HT and regulatory 
peptide immunoreactivities, the indirect immunofluorescence tech- 
nique of Coons et al. (1955) was employed. Following fixation, 
specimens were washed for 24 h at 4 ~ C in PBS containing 0.35% 
(v/v) Triton X-100 (to solubilise membranes) and 0.1% (w/v) sodi- 
um azide (PBS/TX/NaNa) (Sigma Chemical Company Ltd, Dorset, 
UK). Primary antisera (for details of antisera and working dilu- 
tions, see Table i) were diluted in PBS/TX/NaN3 containing I% 
(w/v) bovine serum albumin (BSA) fraction V (Miles Labs, Slough, 
UK) prior to their application to specimens for 48-72 h at 4 ~ C. 
Specimens were then washed for 24 h in PBS at 4 ~ C before and 
after the addition of either fluorescein isothiocyanate (FITC)-la- 
belled swine anti-rabbit or anti-guinea-pig IgG antiserum (Dako 
Ltd, High Wycombe, UK). Specimens were mounted in PBS:gly- 
cerol (1:9) containing 2.5% (w/v) 1,4-diazabicyclo-[2.2.2.]octane 
(Sigma Chemical Company Ltd, Dorset, UK). 

Immunoreactivity (IR) was visualised by an Olympus BH-2 
incident fluorescence microscope, fitted with a supplementary 
EY455 excitatory filter, or by an MRC 500 confocal scanning laser 
microscope (Bio-Rad Lasersharp, Abingdon, UK). Control incuba- 
tions included: omission of primary antiserum; substitution of pri- 
mary antiserum with non-immune rabbit serum (Dako Ltd, High 
Wyeombe, UK); and addition of appropriate and inappropriate 
antigen (50-200 ng pure peptide/ml diluted antiserum; 200-500 ng 
5-HT creatine sulphate/ml diluted antiserum). 

Results 

The structural organisation of  the reproductive appara-  
tus in D. merlangi follows the com m on  t rematode plan 
and consists o f  a male system comprising multiple testes, 
vas deferens, seminal vesicle and cirrus; and a female 

system comprising an ovary, oviduct, seminal receptacle, 
ootype and Mehlis' gland, and uterus, together with vi- 
tellaria, vitelline ducts and associated reservoir (Frank- 
land 1955; Rennison 1953; Smyth 1976). 

5-HT-IR in the reproductive system 

Within the male reproductive system, the cirrus, seminal 
vesicle and vas deferens all displayed serotoninergic in- 
nervation. Two distinct, 5-HT-immunoreact ive bipolar 
neurones encircle the posterior port ion of  the cirrus and 
give rise to fibres that  branch and anastomose through- 
out the muscular walls of  the elongate seminal vesicle 
(Figs. 1, 2). Also extending posteriorly f rom the cirrus 
and situated peripherally to the muscle layers of  this 
duct, are broad immunoreact ive nerve fibres and numer- 
ous associated bi- and multipolar  somata  (ca. 16x  
11 gin) (Fig. 2). A few fine, 5-HT-immunoreact ive nerve 
fibres were identified in the walls of  the vas deferens, 
but  somata  were not evident. The testes showed no evi- 
dence of  5-HT-IR.  All control incubations were nega- 
tive, and the addition of 500 ng/ml 5-HT in the liquid 
phase totally abolished immunostaining. No 5 -HT-IR  
was detected in the female reproductive system and asso- 
ciated ducts of  the worm. 

Cholinesterase activity in the reproductive system 

The only cholinesterase activity identified in the male 
reproductive system was that occurring in association 
with the male copulatory organ, where reactivity for the 
enzyme was apparent  in an extensive system of  fine nerve 
fibres that  divided and anastomosed in the cirrus muscu- 
lature (Figs. 3, 4). Nerve fibres that  were reactive for 
cholinesterase also served to connect the paired cerebral 
ganglia and the cirrus of  the worm (Fig. 3). Control  in- 
cubations without substrate, as well as those containing 
I x 10 -5 M eserine were at all times negative. No stain- 
ing for cholinesterase activity was demonstrable in the 
female reproductive system of D. merlangi. 

Regulatory peptides in the reproductive system 

Pancreatic polypeptide family. Antisera to PP [221(6), 
204(8)], PYY [301(3), 297(3)] and NPY [163(2), 8999(6)] 
all produced staining of  exactly the same structures in 
both  male and female systems; the results, therefore, 
are described concurrently. 

The cirrus revealed a rich network of  nerve fibres 
that  were immunoreact ive for PP, PYY and NPY;  no 
peptidergic cell bodies were found associated with this 
innervation. PP- IR  was evident in a band of  fine nerve 
fibres situated at the opening of  the cirrus (Fig. 5) and 
in nerve fibres that encircle it (Fig. 6). At intervals 
around the outer margin of  the cirrus, the PP-immunore-  
active nerves form small swellings that consist of  collec- 
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Table 1. Details of the antisera used 
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Antiserum raised against Regional Code Working Source d 
specificity number dilution 

5-Hydroxytryptamine (5-HT) - 448 (1) 1 : 100 A 
Synthetic hexapeptide of bovine pancreatic polypeptide (PP) C-terminal PP221 (6) 1:200 A 
Bovine PP Mid- to N-terminal PP204 (8) 1 : 200 A 
Synthetic peptide tyrosine tyrosine (PYY) Non-C-terminal PYY297 (3) 1 : 500 A 
Synthetic PYY Non-C-terminal PYY301 (3) 1:250 A 
Synthetic porcine neuropeptide Y (NPY) - RPN. 1702 1 : 400 B 
Synthetic NPY C-terminal 8999 (6) 1:400 C 
Synthetic NPY (26-36) C-terminal 163 (2) 1 :t,000 A 
Porcine glucagon N-terminal YY234 1 : 250 A 
Porcine glucagon C-terminal YY89 1:200 A 
Porcine secretin - $10 1 : 50 A 
Porcine vasoactive intestinal polypeptide (VIP) - 341 (3) 1:100 A 
Porcine VIP - 39H2T 1 : 100 D 
Synthetic porcine peptide histidine isoleucine (PHI) - 426 (4) 1 : 500 A 
Synthetic gastrin 1-17 Mid- to N-terminal 00156 1:200 A 
Synthetic cholecystokinin-8 (CCK) - 619 (2) 1:200 A 
Synthetic CCK-8 - 621 (2) 1:200 A 
Synthetic rat calcitonin-gene-related peptide (CGRP) RPN. 1842 1:300 B 
Synthetic substance P (SP) C-terminal (6-11) 152 (4) 1 : 1,000 A 
Synthetic SP C-terminal (7-11) GSP 10 1 : 500 A 
Synthetic SP - 17H2T 1 : 100 D 
Synthetic SP - AB30 1 : 800 E 
Synthetic SP - RPN. 1572 1 : 200 B 
Synthetic neurokinin A (NKA) C-terminal NKA (4) 1 : 200 F 
Synthetic NKA C-terminal 570 (3) 1 : 200 A 
Synthetic eledoisin C-terminal E28307 1:400 G 
Synthetic kassinin Mid- to N-terminal K78305 1:200 G 
Porcine gastrin releasing peptide (GRP) Mid-molecule 409 (3) 1:100 A 
Porcine GRP C-terminal LR 16 (i 0) 1 : 100 H 
Synthetic bombesin B43 1 : 100 I 
Synthetic human calcitonin - 260 (8) I:100 A 
Synthetic xenopsin C-terminal GXP5 1 : 200 F 
Synthetic neuromedin-C C-terminal R402 (3) 1 : 250 A 
Synthetic neurotensin (NT) C-terminal 28H2T 1:100 D 
Synthetic NT C-terminal NT6 (2) 1 : 200 A 
Synthetic somatostatin (SRIF) - RPN. 1612 1 : 100 B 
Synthetic SRIF 3-4-84 1 : 100 J 
Synthetic SRIF - OB1 (5) 1:100 A 
Porcine adrenocorticotropic hormone (ACTH) - Bl 3 1:100 I 
Synthetic atrial natriuretic peptide (ANP) (4-28) - 561 (4) 1:200 A 
Motilin PK2(p)q 1 : 1,000 K 
Porcine insulin - GPI 1 (3) 1 : 500 A 
Synthetic FMRFamide (FMRF) C-terminal 494 (2) 1 : 500 A 

" Source: A Department of Medicine, The Queen's University of Belfast, Northern Ireland; B Amersham International plc, Aylesbury, 
Buckinghamshire, England; C Dr. M.M.T. O'Hare, Rigshospitalet, Copenhagen, Denmark; D Immuno Nuclear Corporation, Stillwater, 
Minnesota, USA; E CRB Ltd., Harston, Cambridge, England; F Dr. J.M. Conlon, Max-Ptanck-Institut, University of G6ttingen, FRG; 
G Dr. E. Theodorss0n, Karolinska Hospital, Stockholm, Sweden; H Prof. T.J. McDonald, University Hospital London, Ontario, Canada; 
I MILAB, Malmo, Sweden; J Prof. Y.C. Patel, Royal Victoria Hospital, Montreal, Canada; K Dr. P. Kwasosowski, University of 
Surrey, Guildford, England 

t ions of  fine fibres. F ine  nerves emana te  f rom these 
swellings and,  in places, appear  to provide  connec t ions  
with the per ipheral  nerve net, jus t  benea th  the t egument  
of  the worm.  

In  the female reproduct ive  system, no  P P - I R  was 
appa ren t  in the ovary of  the worm.  However,  P P - i m m u -  
nos t a in ing  was evident  in the oviduct ,  vitelline reservoir, 
c o m m o n  ovovitel l ine duc t  and  in the oo type /Mehl i s '  
g land complex (Figs. 7-10). A well-developed plexus of  
peptidergic nerve fibres and  cell bodies is present  in the 

walls of  the oviduct.  The somata  associated with this 
i nne r va t i on  are either bi- or  mul t i -po la r  (measur ing  ca. 
16x  11 gin) and  occur at regular  intervals  a long the 
length of  the duct.  The m o u t h  of  the duct  tha t  leads 
to the seminal  receptacle is also served by a rich innerva-  
t ion  of  PP- immunoreac t i ve  nerve fibres. The walls of  
the vitelline reservoir  and  the c o m m o n  ovovitel l ine duct  
have extensive peptidergic innerva t ion ,  a l though there 
are only  relatively few somata  in their walls (Figs. 8, 
10). Two PP- immunoreac t ive  b ipo la r  somata  (ca. 12 x 
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Fig. 1. CSLM fluorescence image of  5-HT-IR in nerve fibres and 
somata (arrowheads) that innervate the cirrus ((2) and seminal vesi- 
cle (SV). VNC, ventral nerve cord. Bar, 100 gm. Fig. 2. CSLM 
fluorescence image of 5-HT-IR in the walls of the elongate seminal 
vesicle (SI0. Note the numerous somata (arrowheads) associated 
with the innervation of this organ. Bar, 50 gm. Fig. 3. ChE activity 
in the forebody region, showing the position of the muscular cirrus 
(C) in relation to the cerebral ganglia (CG). Bar, 100 gin. Fig. 4. 
ChE activity in the musculature of the cirrus (C) and some sur- 

rounding somata (arrowheads'). Note the intensity of reaction in 
the musculature of the cirrus. Bar, 50 ptm. Figs. 5, 6. Micrograph 
images of two consecutive CSLM optical sections through the cir- 
rus (C), showing PP-IR. Fig. 5. Peripheral nerve elements in the 
cirrus wall and in a band of fibres at its opening (arrow). Fig. 6. 
Surrounding nerve fibres that connect the innervation of this organ 
with the PNS (arrowheads). Note the genital hooklets in Fig. 6. 
Bar, 50 gm 

Fig. 7. CSLM fluorescence image of PP-IR in nerve fibres innervat- 
ing the walls of the ootype (O) and in a surrounding population 
of peptide cells (arrowheads). Bar, 100 p.m. Fig. 8. CSLM fluores- 
cence image of PP-IR in nerve fibres innervating the walls of the 
oviduct (Od), vitelline reservoir (VR) and ovo~dtelline duct (Or). 
Note the somata at the junction of the oviduct and the vitelline 

reservoir (arrowheads). Bar, 100 gm. Fig. 9. CSLM fluorescence 
image of PYY-IR in the ootype duct (O) wall and in a population 
of surrounding somata (arrowheads). Note the banding pattern of 
staining in the ootype musculature. Bar, 100 gin. Fig. 10. CSLM 
fluorescence image of PYY-IR in nerve fibres and somata (arrow- 
heads) innervating the wall of the ovovitelline duct (Or). Bar, 50 gm 
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Figs. 11-14. CSLM fluorescence images of PYY-IR in the peptide 
cells surrounding the ootype (O). Note that all of the cells are 
connected to the duct wall by fine cytoplasmic connections (arrows) 

and that the cells are a mixed population of uni- (Figs. 11, 13), 
bi- (Fig. 14), and multi-polar (Fig. 12) somata Bar, 50 gm 
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Fig. 15. CSLM fluorescence image of FMRFamide-IR in nerve 
fibres of the oviduct (Od) and ootype (O) walls and in a population 
of somata (arrowheads) surrounding the latter. Bar, 100 gin. 
Fig. 16. CSLM fluorescence image of FMRFamide-IR in nerve 
fibres and somata (arrowheads) innervating the walls of the oviduct 
(Od). Bar, 50 gm. Fig. 17. CSLM fluorescence image of gastrin/ 
CCK-IR in nerve fibres innervating the common ovovitelline duct 
(Or) and ootype duct (O) walls and in the population of somata 
(arrowheads) encircling the ootype. Bar, 100 gm. Fig. 18. CSLM 

fluorescence image of eledoisin-IR in the walls of the ootype duct 
(O) and in the surrounding population of somata (arrowheads). 
Bar, 100 gm. Fig. 19. CSLM fluorescence image of SP-IR in the 
walls of the oviduct (Od). Note the numerous immunoreactive so- 
mata (arrowheads) associated with the innervation of this duct. 
Bar, 50 gm. Fig. 20. CSLM fluorescence image of NKA-IR in neu- 
rones (arrowheads) at the junction of the oviduct (Od), vitelline 
reservoir (VR) and ovovitelline duct (Or). Immunoreactive nerve 
fibres are present in the lining of these three ducts. Bar, 50 gm 

18 gm)  f o r m  p a r t  o f  the i nne rva t i on  o f  the  vi tel l ine reser-  
voi r  and  are  pos i t i oned  a t  a p o i n t  close to tha t  where  
i t  j o ins  wi th  the  ov iduc t  (Fig.  8). Pep t ide rg ic  nerve fibres 
fo rm an  extensive c o m p o n e n t  o f  the  wal ls  o f  the  com-  
m o n  ovovi te l l ine  duc t  as i t  extends  pos te r io r ly ,  before  
ref lect ing an te r io r ly  and  b e c o m i n g  d i s t ended  to fo rm the 

o o t y p e  duct .  I t  was in this  l a t te r  p o r t i o n  o f  the duc t  
t ha t  the m o s t  in tense  P P - I R  was recorded .  A n  a r r a y  
o f  a n a s t o m o s i n g  nerve f ibres runs  t h r o u g h  the wall  o f  
the o o t y p e  and,  a l t h o u g h  m a n y  o f  the  f ibres a p p e a r  vari~ 
cose in na tu re ,  there  is an  a p p a r e n t  l ack  o f  somat~i 
(Figs.  7-9).  In  m a n y  instances ,  the d i s t r i bu t iona l  p a t t e r n  
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Fig. 21. Diagrammatic interpretation of the relationship of the reg- 
ulatory peptide-immunoreactive somata with the female reproduc- 
tive system of the monogenean parasite, Diclidophora merlangi. 
The SI and $2 cells represent the two types of Mehlis' gland cell 
identified in the parasite. It should be noted that the walls of the 
oviduct, vitelline reservoir, ovovitelline duct and ootype are all 
well endowed with peptidergic nerve fibres. Positive immunostain- 
ing for PP, PYY, NPY, FMRFamide, gastriu/CCK, NKA and 
eledoisin was identified in nerve fibres innervating all of the ducts 
shown and in the peptide cells that surround the ootype and the 
oviduct. However, SP-IR was not localised in the lining of the 
ootype or in the population of peptide cells that encircle the ootype 
duct. Note that only the distal portion of the duct that extends 
from the seminal receptable to the oviduct exhibited peptidergic 
innervation. Peptidergic innervation was not found in the rest of 
this duct or in the seminal receptacle (arrowhead). Once formed, 
the egg passes anteriorly from the ootype into the uterus (arrow) 

of  immunostaining corresponded to that of  the circular 
muscle bands of  the ootype wall (Fig. 9). Surrounding 
the ootype and situated beyond the level of  the S1 cells 
of  Mehlis' gland is a large population ( >  100) of  cells 
that display PP-IR (Figs. 7-9). These peptide cells con- 
stitute a heterogeneous population of  uni-, bi- and multi- 
polar somata (ca. 13 x 10 gin) (Figs. 1 ~-14) and are con- 
nected either directly or indirectly to the ootype wall 
by fine immunoreactive cytoplasmic connectives. The 
cells converge on the walls of  the ootype along its entire 
length to the junction with the uterus. 

FMRFamide. The IR obtained to FMRFamide  was simi- 
lar to that recorded with antisera to members of  the 
PP family, both in distribution and in intensity (Figs. 15, 
16). To discount the possibility of  cross-reactivity be- 
tween the FMRFamide  antiserum and the parasite PP- 
like peptide, preabsorbtion of  the FMRFamide  antise- 
rum was attempted with 200-500 ng/ml bovine PP. In 
all cases, the antiserum failed to be preabsorbed. 

Gastrin/cholecystokinin ( CCK). Gastr in/CCK-immuno- 
reactivity using antiserum 619(2) was not as intense as 
that obtained with the other regulatory peptide antisera. 
However, it was apparent  in the peptide cell population 

surrounding Mehlis' gland and in nerve fibres innervat- 
ing the ootype wall (Fig. 17). Weak immunostaining oc- 
curred in the walls of  the oviduct and vitelline reservoir. 

Tachykinin peptide family. Positive IR for tachykinin 
peptides was obtained with the SP antiserum 152(4), the 
N K A  antiserum 570(3) and the eledoisin antiserum 
E28307, whereas the SP antiserum GSPI0,  the N K A  
antiserum NKA(4) and the kassinin antiserum K78305 
failed to identify any parasite antigen. Immunoreactivi- 
ties to the molluscan tachykinin, eledoisin, and to N K A  
were associated with the walls of  the ootype, as well 
as with a few of  the surrounding population of  peptide 
cells (Fig. 18). The localisation and intensity of  immuno- 
staining with N K A  antiserum 570(3) and eledoisin anti- 
serum RE2 were identical. Although IR to SP, N K A  
and eledoisin was evident in the oviduct (Fig. 19), vitel- 
line and common ovovitelline duct (Fig. 20), none was 
apparent  with the SP antisera in the ootype/Mehlis '  
gland complex. 

Negative results were obtained with all of  the control 
incubations, and 200-500 ng/ml of  the appropriate pep- 
tide antigen abolished all immunostaining. The distribu- 
tion of  peptidergic cells and their relationship with the 
proximal ducts of the female reproductive system in D. 
merlangi is shown schematically in Fig. 21. 

Discussion 

In general, platyhelminths are hermaphroditic,  and they 
display a complexity of reproductive organs and accesso- 
ry ducts that dominate the body. Typically, all parts 
of the male and female systems except the gonads are 
underlain by a muscular stratum of  both circular and 
longitudinal fibres. The contraction and relaxation of  
this muscle would seem essential for the orderly process 
of  egg formation, and regulation of  this motility presum- 
ably resides in the associated nervous system. Where 
examined, the reproductive apparatus in turbellarians 
is especially rich in nerve terminals, with all of  the asso- 
ciated organs, cavities and ducts being rich in subepithe- 
lial plexuses and nerves innervating the musculature (Ba- 
gufi/t and Ballester 1978). Nerves have also been identi- 
fied in association with various reproductive ducts of  
monogeneans (Williams 1960). In D. merlangi, the cen- 
tral and peripheral nervous systems have been shown 
to contain cholinergic, serotoninergic and peptidergic 
components (Halton and Morris 1969; Halton et al. 
1987; Maule et al. 1989a, b); the present results demon- 
strate that there is a similar complexity in the innervation 
of  its reproductive system. 

Of  the classical messenger molecules, acetylcholine 
(ACh) is believed to function as an inhibitory neu- 
rotransmitter in parasitic platyhehninths (Fetterer et al. 
1977; Holmes and Fairweather 1984). ChE activity, used 
in the present study to indicate the possible presence 
of  ACh, was confined to the muscular cirrus in the male 
reproductive system. The cirrus is located antero-ven- 
trally in the forebody, just posterior to the cerebral gan- 
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glia. Since the worm lacks a vagina, it is believed that 
the cirrus, which is armed with a ring of 16 genital hook- 
lets, gaffs a hole in the tegument of a partner worm 
for purposes of hypodermic impregnation (Macdonald 
and Caley 1975). In this activity, it is possible that the 
cholinergic nerve fibres, which connect the cirrus directly 
with the paired cerebral ganglia, serve a central role in 
controlling the muscular activity of this organ. The ab- 
sence of ChE activity from other parts of the reproduc- 
tive system may mean that there is little or no involve- 
ment of ACh in the co-ordination of reproductive func- 
tion. However, some caution should be exercised in in- 
terpreting the presence of ChE activity as being indica- 
tive of cholinergic nerves. The enzyme is not exclusive 
to cholinergic nerves and can be found in non-choliner- 
gic neurones as well as in non-nervous tissue. 

5-HT-IR occurs extensively in the male reproductive 
system, being evident in nerves innervating the cirrus, 
seminal vesicle and vas deferens. In parasitic flatworms, 
5-HT is believed to function as an excitatory neurotrans- 
mitter (Mansour 1984). In D. mertangi it was found to 
have a stimulatory effect on muscular activity in vitro 
(Maule et al. 1989c). The finding of numerous 5-HT- 
immunopositive nerve fibres and somata in intimate as- 
sociation with the walls of the seminal vesicle suggests 
a strong serotoninergic influence over the activity of this 
organ. The demonstration of 5-HT-IR in the cirrus and 
seminal vesicle confirms previous findings of its occur- 
rence in these organs (Halton et al. 1987); however, its 
presence in the vas deferens is a new finding. The absence 
of 5-HT-IR from the female reproductive system is in 
direct contrast to the finding in Fasciola hepatica of 5- 
HT immunostaining in the ootype/Mehlis' gland com- 
plex (Fairweather et al. 1987). In this digenean trema- 
rode, it was postulated that the indoleamine plays a regu- 
latory role in egg production. 

In contrast to classical neurotransmitters, neuropep- 
tides were evident in both the male and female reproduc- 
tive apparatus of D. merlangi. This finding, along with 
the absence of cholinergic and serotoninergic nerve 
fibres and somata from the female reproductive appara- 
tus, suggest that neuroactive peptide molecules may have 
an important controlling influence on the muscular co- 
ordination of this system. Regulatory peptides have been 
localised in association with the testes in other parasitic 
worms. For example, PYY- and vasoactive intestinal po- 
lypeptide (VIP)-immunoreactivities were identified in 
nerve fibres innervating the testis follicles of Trilocularia 
acanthiaevulgaris (Fairweather et al. 1990), and peptide 
histidine isoleucine (PHI)-immunopositive nerve fibres 
have been shown to innervate the testicular follicles of 
Diphyllobothrium dendriticum (Gustafsson 1985). How- 
ever, within the male system of D. merlangi there was 
an absence of regulatory peptide-IR from the testes, and 
no peptide IR was found in conjunction with the vitelline 
glands. In contrast, growth hormone releasing factor 
(GRF) and FMRFamide immunoreactive nerve fibres 
have been described as being present in the vitelline 
glands of D. dendriticum (Gustafsson 1985), and CCK- 
IR has been localised within the vitelline follicles in 
Schistosoma species (Basch and Gupta 1988). 

Immunoreactivity to members of the PP family, i.e. 
PP, PYY and NPY, and the molluscan peptide FMRF- 
amide was prevalent in the muscular cirrus. The male 
copulatory organ of the free-living turbellarian Micro- 
stomum lineare was also found to have FMRFamide-IR 
associated with it (Reuter et al. 1984), as was the cirrus 
sac of D. dendriticum (Gustafsson 1985). Also, PYY-IR 
was localised in two cell bodies of the prostate gland 
in F. hepatica (Magee et al. 1989), and VIP-IR was ob- 
served in the nerve supply of the cirrus sac in T. acan- 
thiaevuIgaris (Fairweather et al. 1990). No SP-like IR 
was localised in the cirrus of D. merlangi, whereas this 
peptide has been found in the prostate gland and muscle 
layer underlying the cirrus in Echinostoma caproni (Ri- 
chard et al. 1989). The presence in the cirrus of D. mer- 
langi ofcholinergic, serotoninergic and peptidergic nerve 
fibres points to the possible co-existence of classical 
transmitters and peptides within the same neurone, a 
phenomenon now widely recognised as occurring in ver- 
tebrates (H6kfelt etal. 1986, 1987; Lundberg and 
H6kfelt 1983; Scharrer 1982) and invertebrates (Os- 
borne et al. 1982; O'Shea and Schaffer 1985). 

The most dominant immunoreactivity identified in 
the nervous system of D. merlangi was that obtained 
with antisera to members of the PP peptide family 
(Maule et al. 1989a, b). This also proved to be the case 
in the female reproductive system of the worm. How- 
ever, the present results are the first demonstration of 
NPY-, gastrin/CCK-, SP-, NKA- and eledoisin-immu- 
nostaining in the reproductive system of a monogenean. 
Immunoreactivity to PP, PYY, NPY and FMRFamide 
displayed identical distribution patterns in the oviduct, 
vitelline reservoir, ovovitelline duct and ootype/Mehlis' 
gland complex. The antisera to PP, PYY and NPY are 
known to be cross-reactive and would therefore seem 
to be binding the same parasite antigen. This interpreta- 
tion is consistent with earlier chromatographic analyses 
that identified a single PP-like peptide in the worm 
(Maule et al. 1989d). It should be noted that the cross- 
reactivity of FMRFamide antisera with PP has previous- 
ly been documented (Dockray and Williams 1983; 
Dockray et al. 1981). As the FMRFamide immunostain- 
ing in D. rnerlangi could not be blocked with PP (50- 
500 ng/ml), it would appear that this is not a product 
of the non-specific binding of the FMRFamide antise- 
rum with the parasite PP-like peptide. 

PP-, FMRFamide-, NKA- and SP-IRs were intense 
in nerve plexuses in the wall of the oviduct, extending 
from its junction with the ovary to that with the vitelline 
reservoir. The large number of peptidergic somata asso- 
ciated with this innervation suggests that peptides must 
not only be involved in the regulation of the muscular 
activity of this duct, but, through paracrine secretion, 
could also be involved in the maturation of developing 
ova en route to the ootype. Rich peptidergic innervation 
was also evident in a subepithelial plexus of the vitelline 
reservoir, with two prominent somata positioned at the 
junction of this duct with the oviduct. These cells may 
influence the muscular, valve-like structures that control 
the entry of vitelline cells into the oviduct at this point. 
A comparable role has been postulated for PP-immuno- 
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reactive cells in nerve plexus I in F. hepatica, which are 
situated at the entrance to the ootype, where they are 
believed to regulate the movement of ova and vitelline 
cells (Magee et al. 1989). Basch and Gupta (1988) have 
described a similar neuronal plexus of six perikarya in 
the region between the ovary and common vitelline duct 
in Schistosoma mansoni. 

In the present study, there was no evidence of a geni- 
to-intestinal canal in D. merlangi. In this respect, Kearn 
(1986) has stated that in monogeneans that lack such 
an exit route, greater control is necessary in regulating 
the volume of vitelline cells released from the vitelline 
reservoir, the corollary being that the acquisition of a 
more sophisticated means of control may have led to 
the loss of the genito-intestinal canal. It may be that the 
peptidergic cells at the junction of the vitelline reservoir 
and oviduct reflect such sophistication in D. merlangi. 

An extremely rich innervation of PP- and FMRF- 
amide-immunoreactive nerve fibres is present in the ovo- 
vitelline and ootype duct walls of D. merlangi. It is in 
the ootype that the egg-shell material is deposited and 
the egg is shaped prior to its exit into the uterus. The 
co-ordination of the processes that occur within the oo- 
type has been thought to involve the $1 and $2 cells 
of Mehlis' gland (Hardcastle 1977). These cells are be- 
lieved to be akin to the "mucous" and "serous" cells 
described for cestodes (L6ser 1965) and for F. hepatica 
(Threadgold and Irwin 1970). The exact function of 
Mehlis' gland cells remains enigmatic, although it has 
been postulated that their secretions provide a template 
upon which the semi-liquid egg-shell protein is deposited 
during egg development (Smyth and Halton 1983). 

A previous study by Maule et al. (1989a) identified 
a population of approximately 30 peptidergic somata 
situated around Mehlis' gland ceils. However, with the 
aid of optical sectioning provided by CSLM, this 
number would seem to be nearer 100, all of the somata 
being immunoreactive for PP, FMRFamide, gastrin/ 
CCK, NKA and eledoisin. The presence of PP-, gastrin/ 
CCK-, FMRFamide-, NKA- and eledoisin-like peptides 
in this population of cells points to a possible co-ex- 
istence of regulatory peptides, although no attempt has 
been made to verify this by multiple staining or by elu- 
tion restaining techniques. Co-localisation of peptide 
molecules in mammals is well documented (Beauvillain 
etal. 1984; H6kfelt etal. 1986, 1987; O'Shea and 
Schaffer 1985; Tramu etal. 1977; Vanderhaeghen 
etal. 1983), and this phenomenon would appear to 
be common in lower species (Evans and Calabrese 
1989; Grimmelikhuijzen 1983; Reuter and Palmberg 
1989). 

The peptide cell population surrounding Mehlis' 
gland is heterogeneous in that it consists of uni-, bi-, 
and multi-polar somata that are interconnected with 
each other and with the ootype wall, possibly an indica- 
tion that they influence each other as well as the ootype 
itself (see Fig. 21). Many of the fine axonal connections 
of the peptide cells surrounding Meblis' gland extend 
along the walls of the ootype duct, and since there is 
a distinct banding pattern of peptide IR in these walls 
that corresponds to the circular muscle layer of this duct, 

it is likely that the peptide cell products influence the 
muscle activity of this organ. 

Typical of the polyopisthocotyleans, D. merlangi pro- 
duces large, fusiform eggs with long, polar filaments. 
Kearn (1986) stated that "it is remarkable that an egg 
mould (ootype) made of soft tissue and capable of vigor- 
ous muscular deformation is able to reproduce repeated- 
ly and faithfully an egg of relatively uniform shape and 
size ". Clearly, the process involves a precise and well-co- 
ordinated mechanism of muscle control. The finding of 
a complex array of some 100 peptide-secreting cells with 
cytoplasmic connections terminating at the musculature 
of the egg chamber points to a regulatory role for pep- 
tides in egg assembly and reproductive function. Thus, 
it is possible that the peristaltic movement of the antago- 
nistic muscle layers that invest the egg chamber and as- 
sociated ducts is under the regulatory influence of one 
or more peptides. The nature of the peptide secretion 
may be such that a more long-term paracrine or almost 
hormonal effect is exerted; for example, the effect could 
be for the control and maturation of Mehlis' gland. Pep- 
tides may also influence the release of Mehlis' gland 
secretion by interacting with the ducts of these cells so 
as to synchronise release of secretion with the appear- 
ance of egg material in the ootype. 

Although immunostaining for the tachykinins NKA 
and eledoisin occurred in the ootype/Mehlis' gland com- 
plex, IR for the mammalian tachykinin SP was restricted 
in its distribution to the oviduct, vitelline reservoir and 
common ovovitelline duct. Since the NKA antiserum 
570(3) cross-reacts with eledoisin (Maule et al. 1989e), 
it is reasonable to assume that the tachykinin-IRs in 
the ootype represent a single parasite peptide. These dif- 
ferences in the distribution of SP-IR and that of NKA 
and eledoisin agrees with previous chromatographic 
analyses, which identified two tachykinins in extracts 
of D. merlangi (Maule et al. 1989e). 

The present results add to what is a considerable 
body of information on the distribution and immunocy- 
tochemical localisation of regulatory peptides in trema- 
todes and cestodes, and the way is now open for progress 
in biochemical and functional studies on their role in 
parasite reproductive biology. 
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