A fish model for the study of the relationship between neuroendocrine and immune cells in
the intestinal epithelium: Silurus glanis infected with a tapeworm
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Abstract
Immunohistochemical, immunofluorescence and ultrastructural studies were conducted on a subpopulation of 20 wels catfish Silurus glanis from a tributary of the River Po (Northern Italy). Fish
were examined for the presence of ecto- and endo-parasites; in the intestine of 5 fish, 11 specimens of
cestode Glanitaenia osculata were noted and was the only helminth species encountered. The
architecture of intestine and its cellular features were nearly identical in either the uninfected S.
glanis or in those harboring G. osculata. Near the site of worm’s attachment, mucous cells, several
mast cells (MCs), few neutrophils and some endocrine cells (ECs) were found to co-occur within
the intestinal epithelium. MCs and neutrophils were abundant also in the submucosa.
Immunohistochemical staining revealed that enteric ECs were immunoreactive to met-enkephalin,
galanin and serotonin anti-bodies. The numbers of ECs, mucous cells and MCs were significantly
higher in infected wels catfish (Mann-Whitney U test, p<0.05). Dual immunofluorescence staining
with the biotinylated lectin Sambucus nigra Agglutinin and the rabbit polyclonal anti-met- enkephalin
or anti-serotonin, with parallel transmission electron microscopy, showed that ECs often made
intimate contact with the mucous cells and epithelial MCs. The presence of numerous MCs in
intestinal epithelium shows S. glanis to be an interesting model fish to study processes underlying
intestinal inflammation elicited by an enteric worm. Immune cells, ECs and mucous cells of the
intestinal epithelium have been described at the ultrastructural level and their possible functions and
interactions together will be discussed.
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1. Introduction
In fish, the mucosal surfaces of gills, skin and gut are the first line of defense against
infection by acting as a physical barrier to foreign entities and functioning as an active immune
tissue [1]. This barrier is formed by epithelial cells, mucous cells, neuroendocrine cells and intrinsic
immune system cells [2,3]. The mucus itself is an essential component of this barrier [2]. In the last
two decades an increasing number of accounts described histopathology of helminth infections in fish
[3-9]. Enteric helminths frequently provoke digestive canal inflammation and the occurrence of
worms within the host induce the recruitment or formation of different types of immune cells [914]. Mast cells (MCs) and neutrophils are two type of granulocytes which are very active in the
innate immune response against pathogens and parasites [8]. MCs and neutrophils are
morphologically, histochemically and functionally similar to their mammalian counterparts
(respectively [15] and [16]). The most common granulocyte type involved in endoparasitic helminth
infection in fish is MC [6,8,15,17]. MCs are key regulatory cells and coordinate several functions of
the innate immune system [6,8,14,18,19]. With regard to neutrophils, they are involved in the
inflammatory process, often during the period of initial pathogen challenge by intense migration to
the site of injury and/or parasitic infection [8,13,20]. Nonetheless, continue production as well as
increase in the number of neutrophils must be tightly regulated [20].
Physiological control and correct function of vertebrate digestive tract during feeding and
fasting are regulated by the neuroendocrine system [20,21]. Several cases reported that enteric
helminths influence the fish gut neuroendocrine system [e.g. 3,23-27]. Many neuromodulators interact
with mucous cells and may regulate intestinal mucus secretion [28]. Three such modulators were
detected in intestine of wels catfish, namely serotonin (5-HT), galanin and met-enkephalin. The
present study is the first immunohistochemistry and ultrastructure-based evaluation of the intimate
relationship between MCs, endocrine cells (ECs) and mucous cells in intestinal epithelium of S. glanis.
The European wels catfish, Silurus glanis (L.) is one of the largest freshwater fish worldwide [29]. S.
glanis is native to rivers of Eastern Europe and Western Asia, but it’s current diffusion throughout
Europe and the world is due to popularity of this species among anglers and interest in it as a potential
species for aquaculture [30]. S. glanis is an opportunistic predator and is considered a scavenger [31]
and might be able to serve as host for numerous parasite species. There is only one available study in
which the authors marginally examined histopathology in Silurus glanis due to Proteocephalus
osculatus = Glanitaenia osculata [32]. The lack of detailed information on cells involved in
the innate immune response against G. osculata was one of the reasons which prompted us to
undertake this preliminary study.
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Currently zebrafish, medaka, and rainbow trout are among the fish species proposed as suitable
models for immunological investigations [33-36]. Interestingly, zebrafish was also proposed
as a promising model for studying MCs [37]. The occurrence of high numbers of MCs in intestinal
epithelium revealed that S. glanis is also a very interesting model for mucosal immunity investigations
in teleosts. Along with other recent reviews on mucosal immunity, we hope to highlight exciting new
advances in our understanding of fish immune mechanisms against enteric helminths.

2. Materials and Methods
2.1. Specimen collection and preparation
A sub-population of 20 specimens of S. glanis (26.82 ± 5.56 cm in total length, mean ± standard
deviation S.D.) and from 31 to 274 g (130.30 ± 67.95, mean ± standard deviation S.D.) in weight were
caught by gill net in one occasion in a small tributary of the River Po (Northern Italy) on the outskirts
of the city of Ferrara (44°49'39"72 N; 11°37'18"12 E). Fish were anaesthetised in 125 mg
L-1 MS222 (Sandoz, Basel, Switzerland) until opercular movement ceased and then their spinal
cords were severed. Immediately after euthanasia, a complete necropsy was performed on each fish
with particular interest paid to the gills, gonads, liver, kidney, spleen and alimentary canal for the
presence of helminths. In the fish examined, only a single helminth species, G. osculata, was
encountered. Samples (15 × 15 mm) of the above mentioned organs were taken from all 20 specimens
including the intestinal sites at which the parasite was found attached. The tissues were fixed in 4°C
Bouin’s fluid for 8 h. Thereafter, the samples were dehydrated through an alcohol series and then
paraffin wax embedded using a Shandon Citadel 2000 tissue processor. The absence of parasites in
uninfected fish, established during the necropsy, was confirmed by examination of histological
sections.

2.2. Dual histo- and immunohisto-chemical staining procedure
To investigate the morphology of the cellular components and their secretions at the site of parasite
infection, a modification of the dual immuno- and histochemical staining procedure [3,38,39] was
employed. Histological sections of the cestode-infected intestine were pre-treated as usual [see
23,24,27], then washed in Tris-buffered saline (TBS: 0.05 M Tris-HCl, 0.15 M NaCl) containing
0.1% Triton-X 100 (TBS-T), and incubated with the following anti-sera: a rabbit polyclonal antigalanin 1:500 diluted in TBS (code AB5909, Millipore, USA), a rabbit polyclonal anti-metenkephalin 1:100 diluted in TBS (code AB1975 Millipore, USA), and a rabbit polyclonal antiserotonin 1:100 diluted in TBS (code AB938, Chemicon International Inc., Temecula, CA, USA)
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(for details see [23,24,27]). The same sections were then stained with alcian blue (AB) 8GX pH 2.5
and periodic acid-Schiff (PAS) [40], to determine the glycoconjugates histochemistry of the mucous
cells. Using the AB/PAS stain protocol, acidic glycoconjugates stain blue with AB, neutral
glycoconjugates stain purple with PAS, while cells containing mixed glycoconjugates appear violet
with the combined AB/PAS stain.

2.3. Evaluation of mucous, mast and endocrine cells and data analysis
All stained histological sections were examined and photographed using a Nikon Eclipse 80i
microscope (Nikon, Tokyo, Japan) and associated image analysis software (Nis Elements AR 3.0,
Nikon). For quantitation of the histochemical and immunohistochemical preparations, the ECs that
were immunoreactive to each primary antisera, and the mucous cells which stained either blue, purple
or violet with the AB/PAS stain, and MCs were evaluated in four different microscopic areas on each
histological section. A total of five sections were assessed from each fish (5 uninfected and
5 parasitized S. glanis). The mean number of ECs, mucous cells and mast cells per 100,000 µm2 of
epithelium in sections taken from uninfected and G. osculata-infected wels catfish were compared
using the Mann-Whitney test. The level of significance was set at p=0.05.

2.4. Immunofluorescence staining
Sections (6-7 m-thick) of the intestine of parasitised wels catfish were dewaxed, re-hydrated, and
then rinsed in TBS-T. To inhibit non-specific reactions, the histology sections were treated with
1:20 normal goat serum in TBS for 60 min in a humid chamber; sections were then incubated with
the primary anti-serum: 1:100 rabbit polyclonal anti-met-enkephalin in TBS for 24 h at room
temperature (RT) or 1:100 rabbit polyclonal anti-serotonin in TBS for 24 h at RT. Slides were then
washed in TBS-T before they were treated with the avidin-biotin blocking solutions as indicated in
the manufacturer’s guidelines (Vector Lab., USA). Thereafter, the sections were rinsed in TBS-T
and incubated with 10 g ml-1 goat biotinylated anti-rabbit IgG (Vector Lab.) in TBS for 2 h at RT.
The sections were then rinsed twice in TBS-T and then treated with 10 g ml-1 fluorescein avidin D
(Vector Lab.) in 0.1 M NaHCO3 pH 8.5 with 0.15 M NaCl for 2 h at RT.
The slides incubated for the demonstration of met-enkephalin-like or serotonin-like
immunoreactivity were treated with 10 g ml-1 biotinylated Sambucus nigra agglutinin (SNA,
Vector Lab.) in 10 mM HEPES pH 7.5, 0.15 M NaCl, 0.08% sodium azide, 0.1 mM CaCl 2 for 3 h
at RT. SNA is a lectin isolated from elderberry bark, with a preferential binding affinity to
glycoconjugate residues of sialic acid attached to terminal galactose in α-2,6 and α-2,3. Previous
trials in our lab have demonstrated that SNA is a good marker for the intestinal mucous cells of fish
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[41,42]. After treatment, the sections were rinsed in TBS-T and then incubated with 10 g ml-1
rhodamine avidin D (Vector Lab.) in 0.1 M NaHCO3 pH 8.5 with 0.15 M NaCl for 2 h at RT. The
stained tissue sections were then mounted with Vectashield® mounting medium (Vector Lab.) and
examined on a Zeiss 510 confocal laser scanning microscope (CLSM). All sections were excited
using multi-argon/helio-neon-green lasers with excitation and barrier filters set for fluorescein and
rhodamine. Green and red fluorescent signals were obtained concurrently through alternate
excitation (0.2 s-1) at 488 nm and 540 nm, respectively. Under these viewing conditions, there was no
cross-contamination of the two signals.
Sections of mammalian (i.e. swine and rat) tissues were used as positive controls, whereas
negative controls were obtained by the omission of the primary antisera or the lectin on representative
sections from infected and uninfected hosts. Both sets of controls gave the expected results.

2.5. Transmission electron microscopy
For electron microscopy, representative pieces (7 × 7 mm) S. glanis infected and uninfected intestines
were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer for 3 h at 4°C before being post-fixed
in 1% osmium tetroxide in the same buffer for 3 h. The samples were then dehydrated through a
graded acetone series before being embedded in epoxy resin (Durcupan ACM, Fluka). Semi-thin
sections (i.e. 1.5 μm) were cut on a Reichert Om U 2 ultramicrotome using glass knives and then
stained with toluidine blue. Ultra-thin sections (i.e. 90 nm) were stained with a 4% uranyl acetate
solution in 50% ethanol and Reynold’s lead citrate and then were examined using a Hitachi H-800
electron microscope.

3. Results
Five (25%) of the 20 S. glanis were infected with Glanitaenia osculata, the intensity of infection
ranged from 1 to 3 worms per host with an average worm burden of 2.20 ± 0.84 (mean number of
worm per host ± SD). The totality of the worms were found in middle intestine.

3.1. Histochemical and immunohistochemical staining of intestinal sections
In infected intestine of wels catfish the total number of mucous cells increased significantly in
comparison to uninfected conspecifics (Mann-Whitney U test, p<0.05; Table 1). Likewise, the
number of mucous cells containing either acidic (i.e. staining blue) or neutral glycoconjugates (i.e.
staining purple), also were found to have a highly significant increase (Mann-Whitney U test, p<0.01;
Table 1). No difference was observed between the mucous cell communities secreting mixed
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glycoconjugates (i.e. staining violet) in the uninfected compared with infected fish intestine (Table
1). The numbers of MCs were significantly higher in the intestinal epithelium of infected wels catfish
57.43 ± 4.97 mean number  standard error of MCs per 100,000 µm2) in comparison to uninfected
ones (11.20 ± 1.71 mean number  SE per 100,000 µm2) ( (Mann-Whitney U test, p<0.01).
In the sections taken from wels catfish harboring cestode, the number of ECs immunoreactive (IR) for
each antibody (met-enkephalin, galanin and 5-HT) were significantly higher than those seen on
sections from uninfected counterparts (Table 2). Contact between the IR ECs and the mucous cells
(Fig. 1a, b, d, e, g, h), or single/grouped MCs (Fig. 1a, c, d, f, g, i) was observed in the wels catfish
epithelium. The dual immunofluorescence protocol with the anti-met-enkephalin or -serotonin to mark
the ECs in combination with the lectin SNA to stain the mucous cells confirms that there is a close
relationship between these cell types in the intestine of S. glanis (Fig. 2a, b).

3.2. Transmission electron microscopy
In both groups of S. glanis, uninfected or harboring cestodes, the folds are comprised of a
single layer of cylindrical epithelium that rests upon a connective tissue core. No alterations in
ultrastructure and/or localization of the cellular components of the intestinal epithelium are noticed in
infected catfish intestine (Fig. S1). Four principal cell types identified within the S. glanis intestinal
epithelium are columnar-shaped enterocytes, mucous cells, ECs and immune cells. After enterocytes,
mucous cells are the second most populous cell type observed. Mucous cells extend from the basal
membrane toward the luminal side of the intestine (Fig. 3a) and possess elongated euchromatinic
nuclei whereas the supernuclear portion commonly contains numerous mucus granules of differing
sizes and electron-densities (Fig. 3a). Mucous cells display numerous round mitochondria, each with
a moderate number of cristae, a well-developed rough endoplasmic reticulum and numerous free
ribosomes (not shown). The mucous cells were seen to make tight connections with mast cells and
endocrine cell (respectively, Fig. 3c, d, f).
In wels catfish intestine, ECs are characterised by the shape and electron density of their
secretory granules (Fig. 3d). The endocrine cells with a basal euchromatinic nucleus were almost
pyramidal. Most ECs though were seen lodged between the basal portion of some epithelial cells
without a free border toward the gut lumen. The cytoplasm contained numerous round to oval
shaped secretory granules (Fig. 3d). The secretory granules are similarly sized and filled with a fine
electron-dense material. Often rough endoplasmic reticulum and free ribosomes are seen next to
secretory granules (not shown), and indeed have few mitochondria and do not possess well- developed
Golgi complexes. The basal part of ECs were observed to make several tight connections
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with mucous cells.

In several cases an EC is surrounded by epithelial MCs (Fig. 3d) and

neutrophils.
Two types of immune cells are present in the epithelium of the S. glanis, MCs and neutrophils.
Numerous MCs can be found in different levels of the intestinal folds, often appearing as a cluster in
close proximity to the basal membrane (Fig. 3a). Somewhat surprisingly however, some MCs can
be seen near the top of the fold (Fig. 3e). In epithelium frequent contact is observed between MCs
and mucous cells (Fig. 3b) and between MCs and neutrophils (Fig. 3f). In submucosal sites,
MCs are associated with fibroblasts and commonly in close vicinity to, and inside, the capillaries
of the intestine (not shown). MCs are irregular in shape with an eccentric, polar nucleus, and a
cytoplasm characterised by numerous large, electron-dense, membrane- bounded granules (Fig. S1,
3b, e). The cytoplasm typically contained two to three mitochondria and an inconspicuous Golgi
apparatus. Neutrophils appear round to oval in shape although their outline is commonly irregular
(Fig. 3f). These cells have a round nucleus and a cytoplasm that contains dark, elongated granules
which are fibrous in appearance, and have very few mitochondria. In the submucosal layer, MCs and
neutrophils co-occurred in some instances.

4. Discussion
S. glanis is now believed to have established self-sustaining populations in 80 % of the countries
into which it has been introduced [43]. One of the most common cestode parasites of wels catfish in
Europe is Glanitaenia osculata, and a recent paper describes its morphology and geographical
distribution [44]. In Italy, little attention has been directed towards the parasites of this species
except for sporadic reports [25,45]. We are aware of only a single record which marginally dealt
with histopathology of S. glanis due to Proteocephalus osculatus = Glanitaenia osculata [32].
However no detailed information was provided on the type of cells involved in host reaction.
Furthermore, there are no other studies on the catfish-cestode system as a model for studying fish
immunology. The lack of such studies as well as those regarding the co-occurrence of numerous
MCs, several endocrine cells and mucous cells in the epithelium were the main reasons for undertaking
this preliminary study. Our early results suggest S. glanis to be suitable as a model for intestinal
inflammation in a wild fish by an enteric helminth.
The digestive tract of vertebrates provides a favorable habitat for the establishment and growth
of numerous pathogenic and parasitic organisms [46]. Numerous reports refer to harmful effects of
helminths and intestinal worms often induce structural changes [3-5,8,9,13,27]. Helminths are a highly
successful group of parasites that challenge the immune system in a manner different from rapidly
replacing infectious agents [46]. Several helminth species induce inflammation to the
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host tissue/organs [10,14]. Much attention has been paid to mucosal immunity in fish in the last
decade [47,48]. Indeed, it is believed that mucosal immune responses in teleosts reveal the potential
of this group of lower vertebrates as animal research models for study of human mucosal diseases
[2,33]. The components of the mucosal immunity are epithelial cells, mucous cells, neuroendocrine
cells and an intrinsic immune system [2,3]. Evidence has accumulated over the years which points
to the essential role of enteric neuromodulators in inflammatory processes caused by helminths
[3,27,49,50]. Interaction between immune, nervous and endocrine systems create a network where
cytokines, hormones and neuropeptides collaborate with each other [21,22,51]. The intestinal nervous
system, also known as “little brain of the gut”, forms a complex and independent nervous system
within the digestive tract [52]. The present study showed that in G. osculata-infected S. glanis
intestine the number of enteric ECs immunoreactive to met-enkephalin, galanin and 5-HT was
significantly higher than the number of the same cells counted in uninfected catfish. Similar findings
on these and other neuromodulators in fish-helminth systems appeared in Dezfuli et al. [23,53] and
Bosi et al. [3,26]. An increase in ECs immunoreactive to three neuropeptides in turbot digestive tract
infected with myxozoan has appeared in Bermudez et al. [54].
As reported by Duffy-Whritenour and Zelikoff [55], 5-HT has an immunomodulatory role in
fish. Among the functions of 5-HT are the regulation of epithelium and mucus secretion [28,56] and
excitatory effects on gastrointestinal motility [21,57]. Met-enkephalin is an endogenous opioid
peptide neurotransmitter, which occurs naturally in the brains of many animals and within the
intestinal neuroendocrine system of teleosts [58,59]. It is thought that opioids regulate intestinal
motility [54,59-61] and are involved in the discharge mechanism of mucus from mucous cells induced
by luminal stimuli [62]. In the digestive tract of fish galanin acts as a cholinergic co- mediator [63,64]
and the discharge of mucus from mucous cells is stimulated by cholinergic agonists [65]. Our
data provide evidence for the role of the neuroendocrine system of S. glanis in the modulation of
inflammatory responses to tapeworm G. osculata.
It has been proposed that amongst the innate defense mechanisms present at mucosal surfaces,
the mucus itself is one of the most important [2,47]. Mucus is composed of a mixture of organic and
inorganic molecules [66,67]. The number of mucous cells and mucus composition can vary in enteric
helminth-infected fish [3,68,69]. As cell counting revealed in the wels catfish-G. osculata system,
this worm induced an increase in the total number of mucous cells and the number of those containing
acidic and neutral glycoconjugates in the intestinal epithelium. Recently we documented the strict
contact between enteric mucous cells and ECs of fish Squalius cephalus harboring acanthocephalan
Pomphorhynchus laevis and conspecifics with no worms [3]. Similar
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contact between endocrine cells and intestinal mucous cells was also demonstrated here in
uninfected/infected S. glanis.
Neutrophils and MCs are two type of granulocytes that play a role in intestine mucosal
immunity and, in many instances both types of immune cell co-occurred in the epithelium of wels
catfish intestine, although neutrophil counts were lower than MCs. In another fish-helminth system,
Tinca tinca infected with Monobothrium wageneri, high numbers of neutrophils were found at sites
of tapeworm attachment but in the submucosal layer and not in the epithelium [12]. Neutrophils are
highly motile phagocytic cells that play a critical role in the immune response to infection [70,71]
and not surprisingly are the first cells to migrate to a site of inflammation to help limit pathogen
invasion [72]. In fish Carassius auratus it was shown that at the site of infection neutrophils change
their phenotype throughout the acute inflammatory response and contribute to the induction and the
resolution of inflammation [73].
MCs are normal residents of mucosal tissues and can bridge communication between the
immune and nervous systems [74]. Very few studies are available regarding the presence of MCs in
intestinal epithelium of fish [75,76]. The most important findings of the current study were the
occurrence of a high number of MCs in intestinal epithelium of the wels catfish, and that in infected
intestines epithelial MCs were often found in close proximity or contact with mucous cells and ECs.
The granules of fish MCs contain a panel of inflammatory mediators [19] and several other molecules
including serotonin, met-enkephalin [77], histamine [78], mucopolysaccharides with residues of -Nacetyl-galactosamine [7] and piscidins [76,79-82]. MC degranulation near mucous cells was also
observed in intestinal epithelium of S. glanis, consistent with degranulation of MCs, such
degranulation was noticed in response to other pathogens and reported in [6,7,83]. Only three
previous papers exist in which the authors observed MCs in intestinal epithelium of fish infected
with helminths [7,8,84,current study]. Among several fish species intestines studied by us S. glanis
is that with the most numerous and easily identified MCs in the epithelium.
All accounts of fish and mammals suggest that there is a cooperation between innate immune cells
and mucous cells in the response of vertebrates tissues against helminths [85]. With reference to
teleosts the mucosal immune system is a very active immunological site [86]. In this paper we propose
S. glanis as a suitable species for mucosal immunity study where a close relationship clearly
exists between innate immune cells, ECs and mucous cells. An increased focus on mucosal immunity
in fish-helminth systems is likely to yield exciting new insights into the evolution of fish immunity
and control mechanisms for inflammation.
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Figure captions
Fig. 1 Histological sections from the intestine of Silurus glanis infected with the cestode
Glanitaenia osculata and incubated with either the galanin (a-c), the met-enkephalin (d-f), or the
serotonin (g-i) antibody followed by a subsequent AB/PAS stain for mucous cells. Micrographs a,
d, and g show the general distribution of the mucous (thick arrows), endocrine (thin arrows) and mast
cells (arrowheads) in the intestinal mucosa. The close contact between the immunoreactive endocrine
epithelial cells (thin arrows) and the mucous cells (thick arrows) can be observed in micrographs b,
e, and h. The micrographs c, f, and i revealed the close contact between the endocrine cells
(thin arrows) immunoreactive to the three neurosubstances and the mast cells (arrowheads) placed at
the epithelial base. Scale bars: a, d, g: 50 μm; b, c, e, f, h, i: 20 μm.
Fig 2 In the intestinal epithelium of infected S. glanis, the endocrine cells immunofluororeactive to
the antibody anti-serotonin (a, thin arrows) and met-enkephalin (b, thin arrows) are observed in
close proximity to the SNA-positive mucous cells (thick arrows). Scale bars: 20 μm.
Fig 3 Transmission electron micrographs of Silurus glanis intestine infected with tapeworm
Glanitaenia osculata (a) Mucous cells (white arrows) near the apex of the intestinal epithelium,
mast cells (curved arrows) in deeper part of epithelium are visible; scale bar = 4 µm. (b) Close contact
between mucous cells (white arrow) and mast cells (curved arrow) can be seen; scale bar =
0.7 µm. (c) Tight connection between a mucous cell (white arrow) and an endocrine cell (arrow) is
visible, the cytoplasm of endocrine cell is filled with electron-dense granules, scale bar = 0.3 µm. (d)
Close vicinity of a mast cell (curved arrow) and endocrine cell (arrow) within the epithelium, scale
bar = 0.5 µm. (e) Two mast cells (curved arrows) near the apex of the intestinal epithelium, the
cytoplasm of both cells are filled with numerous electron-dense granules, scale bar = 2.5 µm. (f)
Basal part of the epithelium; co-presence of mast cells (curved arrows), neutrophils (arrow heads)
and endocrine cell (arrow) is evident, scale bar = 2 µm.
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Table 1. Mean number  standard error of mucous cells per 100,000 µm2 in the uninfected wels
catfish compared with conspecific parasitized with Glanitaenia osculata (Cestoda). Mucous cells
were considered for their staining affinity to Alcian Blue (AB, acidic gliconjugates), Periodic Acid
Schiff (PAS, neutral glycoconjugates), and to AB/PAS (mixed glycoconjugates). Counts and the
statistical Mann-Whitney test were performed as reported in the text. Significance was set at
p<0.05.
Mucous cells positive to:

Uninfected
Silurus glanis

S. glanis parasitized
with G. osculata

U

z

p

AB

113.90  3.70

138.47  3.84

3009

-4.864

<0.01

PAS

52.44  2.57

40.15  1.44

3436

-3.820

<0.01

AB/PAS

131.75  2.60

128.97  2.84

4729

-0.662

0.51

Total mucous cells

297.86  5.11

319.69  6.49

4161

-2.049

<0.05

Table 2. Mean number  standard error of endocrine cells per 100,000 µm2 in the uninfected wels
catfish compared with conspecific parasitized with Glanitaenia osculata (Cestoda). Endocrine cells
were considered for their binding affinity to the rabbit polyclonal anti-Galanin, -Met-enkephalin, Serotonin. Counts and the statistical Mann-Whitney test were performed as reported in the text.
Significance was set at p< 0.05.
Endocrine cells positive
to:

Uninfected
Silurus glanis

S. glanis parasitized
with G. osculata

Galanin

3.61  0.37

Met-Enkephalin
Serotonin

U

z

p

21.05  1.86

2358

-6.553

<0.01

5.72  0.40

19.36  0.86

594

-10.770

<0.01

4.97  0.37

14.72  0.91

1583

-8.355

<0.01

