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Ultrastructure  of  the  apical  glandular  region  of  the  scolex
of  Proteocephalus  torulosus  (Cestoda:  Proteocephalidae)
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Abstract. In the apical glandular region of the adult Proteocephalus torulosus (Batsch, 1786), two types of eccrine gland cells
are present. The first type of unicellular gland produces large electron-dense granules of various sizes. The second type contains
small electron-dense granules. Most cells form glands with large granules; glands with small granules are infrequent. The
secretion of both types of gland cells is concentrated in the apical parts of the cyton and in the ducts opening to the exterior. On
the scolex of P. torulosus, there are regional structural differences of the microthrix border. The apical glandular region bears
filamentous microtriches only. On the remaining frontal part, surrounding the glandular region, there are blade-like and
filamentous microtriches. The lateral parts of the scolex and suckers bear blade-like microtriches. Possible functions of both
types of gland cells and different parts of the scolex microthrix border are discussed. The unique structure of the frontal part of
the scolex of P. torulosus and its differences from Proteocephalus macrocephalus, P. longicollis and P. percae correlate well
with the putative basal phylogenetic position of P. torulosus among European species of Proteocephalus.

The information about the ultrastructure of the tegu-
ment, including gland cells, may be useful in the sys-
tematics of proteocephalidean and other fish cestodes
(Žďárská and Nebesářová, 1997, 1999a, b, 2003, Scholz
et al. 1998, Scholz and Hanzelová 1998, Scholz 1999,
Škeříková et al. 2001). Scolex gland cells are charac-
teristic of cestodes and occur in all stages of the life
cycle (McCullough and Fairweather 1989). Hypotheses
concerning their role in migration, penetration and pro-
duction of adhesive material have been discussed by
Gustafsson and Vaihela (1981), Kuperman and Davy-
dov (1982) and Žďárská and Nebesářová (1997).

The glands and microthrix border of the scolex of
Proteocephalus torulosus (Batsch, 1786) (Cestoda:
Proteocephalidae) have not been studied using transmis-
sion electron microscopy. This species differs from taxa
of Proteocephalus from European freshwater fish by
possessing a large, club-shaped scolex devoid of an api-
cal sucker (Scholz and Hanzelová 1998, Scholz et al.
1998). Earlier, two types of gland cells have been
detected in P. macrocephalus by Žďárská and Nebesá-
řová (1995, 1999a, b), in P. osculatus by Stoitsova et al.
(1995) and in P. longicollis by Bruňanská et al. (2000).
Four mechanisms of secretory material release have
been described in cestodes – eccrine, apocrine, micro-
apocrine, and holocrine (Kuperman and Davydov 1982).

MATERIALS  AND  METHODS

Adult specimens of Proteocephalus torulosus (Batsch,
1786) recovered from the intestine of chub, Leuciscus cepha-
lus (L.), from the River Rokytná, Czech Republic, were fixed

with 3% glutaraldehyde in 0.1 M sodium cacodylate buffer
(pH 7.2) for 2 h at 4°C, postfixed for 2 h at 4°C in 2% osmium
tetroxide, dehydrated through an acetone series and embedded
in Durcupan. Series of ultrathin sections were cut with a Rei-
chert Jung Ultracut E ultramicrotome, double stained with
uranyl acetate and lead citrate, and viewed in a JEOL 1010
transmission electron microscope operated at 80 kV. Semithin
sections were stained with toluidine blue.

RESULTS

Gland cells
The apical glandular region is infolded and forms

deep tegumental invaginations (Figs. 1, 6, 7, 11) into
which ducts of two types of eccrine gland cells open
(Figs. 6, 7, 9, 12). The main part of cells forms glands
with large electron-dense granules of various size (G1 –
maximum 1,200 × 800 nm). Glands with small, more or
less oval, electron-dense granules (G2 – 500 × 250 nm)
are solitary distributed (Figs. 1, 6, 7, 12). The gland
ducts (Figs. 7, 9, 12) penetrate the basal lamina and
basal tegument plasma membrane where the terminal
part of the duct is reinforced by a dense collar. Opposite
to the collar, a septate junction fixes the duct to the
apical tegument plasma membrane. The ducts are
reinforced by peripheral microtubules (Figs. 5, 6, 8–11).
The perinuclear parts of gland cells, localised deep in
the parenchyma, contain rough endoplasmic reticulum,
Golgi complexes and some mitochondria.
Microtriches

The tegument of the apical glandular region differs
from the tegument covering the remaining parts of the
scolex, i.e. the frontal part around the apical glandular
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Figs. 1–4. Microthrix border of the apical glandular region, the lateral part of the scolex and suckers of Proteocephalus torulosus,
transmission electron micrographs. Fig. 1. Cross-section of an infolding of the apical glandular region. Note the filamentous
microtriches (F), ducts with large (G1) and small (G2) electron-dense granules and an osmoregulatory canal (OC) close to the
tegument (T). Fig. 2. Cross-section of the apical parts of the filamentous microtriches of the apical glandular region. Note the
radial orientation of the glycocalyx filaments. Fig. 3. The tegument (T) of the lateral part of the scolex with blade-like
microtriches (B). The tegument basal lamina (arrows) is in close contact with osmoregulatory canal (OC) penetrating through the
longitudinal and circular muscle layers (M). Inset: detail of blade-like microtriches. Fig. 4. Sucker tegument (T) with blade-like
microtriches (B). Arrows – basal lamina. Scale bars: Figs. 1, 3 = 1 µm; Fig. 2 = 200 nm; Figs. 3 (inset), 4 = 500 nm.

region and the part between and inside the suckers. The
tegument of the apical glandular region bears filamen-
tous microtriches only (Figs. 1, 2, 5–7, 9, 11, 12). The
base of the filamentous microtriches is slim and the
shaft is two times longer than the base. In cross-section,
both base and shaft have a round form (Figs. 1, 2, 6).
The apical plasma membrane, covering the micro-
triches, bears a glycocalyx with radial orientation of
filaments (Fig. 2).

The tegument of the frontal part of the scolex bears
two distinct types of microtriches – filamentous and
blade-like. This part represents a transitional zone be-
tween the frontal and lateral parts of the scolex. The
number of blade-like microtriches increases in the lat-
eral direction and that of filamentous decreases. On the
lateral part of the scolex (i.e. between suckers), only
blade-like microtriches are present. These microtriches
consist of a long narrow basal part and a long shaft (Fig.



Žďárská et al.: Ultrastructure of Proteocephalus torulosus

335

Figs. 5–8. Gland cell ducts of the apical glandular region of the scolex of Proteocephalus torulosus, transmission electron
micrographs. Fig. 5. Accumulation of gland cell ducts with large electron-dense granules (G1) in the tegument (T). Arrows –
basal lamina, M – muscle layer, F – filamentous microtriches. Fig. 6. Invaginated tegument (T) with two gland duct openings
(double arrows) encircled by a septate junction. Note one duct of gland cell with small electron-dense granules (G2) in the
tegument and two ducts of gland cells with large electron-dense granules (G1) below the basal lamina (arrow). F – filamentous
microtriches. Fig. 7. Two ducts of gland cells (G1 and G2) penetrate basal lamina (arrows) and tegument of the infolded part of
the apical glandular region. F – filamentous microtriches, double arrows – septate junctions, M – muscle layer. Fig. 8. Accumu-
lation of gland ducts (G1) below the muscle layer. Note peripheral microtubules reinforcing ducts. Scale bars: Fig. 5 = 1 µm;
Figs. 6, 7 = 500 nm; Fig. 8 = 200 nm.

3 and inset). The tegument of the suckers bears blade-
like microtriches, but the microthrix basal part is wide
and short (Fig. 4).

DISCUSSION

In adult Proteocephalus torulosus the formation des-
ignated as apical organ (Freze 1965, Scholz 1989) does
not form an organ during ontogeny. Unlike most species
of  Proteocephalus  from  European  fish,   P.  torulosus

does not possess an apical sucker. The apical part of the
scolex contains the parenchyma with high accumulation
of gland cells (Scholz et al. 1998). They are not sepa-
rated from the scolex parenchyma by a fibrose sheath as
are the suckers, including the apical sucker. The apical
glandular region of P. torulosus probably corresponds to
gland cells concentrated around the apical sucker in
Proteocephalus species where the apical sucker is more
or less developed (Scholz at al. 1998).
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Figs. 9–12. Gland cell bodies and ducts of the apical glandular region of Proteocephalus torulosus, transmission electron micro-
graphs. Fig. 9. Detail of a duct of a G1 gland cell penetrating the muscle layer (M), basal lamina (arrow) and tegument (T). The
duct is reinforced by a dense collar (double arrow). Inside the duct there are some membranous formations and a large dense
granulum. F – filamentous microtriches. Fig. 10. Tangential sections through ducts (G1) in the tegument (T) and among muscle
fibres (M). Arrow – basal lamina. Fig. 11. Section through a deeper part of the scolex parenchyma at the level of the apical parts
of G1 gland cell bodies.  T – tegument invagination,  F – filamentous microtriches,  arrow – basal lamina,  M – muscle layer.
Fig. 12. Detail of the duct of a G2 gland cell penetrating the muscle layers (M), basal lamina (arrow) and tegument (T) apically
reinforced by a dense collar (double arrow). F – filamentous microtriches. Scale bars: Figs. 9, 11 = 500 nm; Fig. 10 = 200 nm;
Fig. 12 = 2 µm.

The gland cells localised around the apical sucker
(i.e. on the frontal part of the scolex) were studied in
detail in P. macrocephalus (Scholz et al. 1998, Žďárská
and Nebesářová 1999a), P. percae (Andersen 1979,
Kuperman 1988, Scholz et al. 1998), P. longicollis
(Bruňanská et al. 2000), P. exiguus (Kuperman 1988,
Scholz et al. 1998) (= P. longicollis according to Scholz
and Hanzelová 1998) and P. osculatus (Stoitsova et al.

1995). The gland cells of the frontal part of the scolex of
Proteocephalus species without an apical sucker were
studied in P. gobiorum (Kuperman 1988), P. ambloplitis
(Coggins 1980), P. sagittus and P. torulosus (Scholz et
al. 1998). There are reports of the ultrastructure and
functions of gland cells in the scolices of other adult
cestodes (McCullough and Fairweather 1989, Stoitsova
et al. 1997, Whittington and Cribb 2001).
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The secretory product of the scolex eccrine glands of
P. torulosus differs from that of P. macrocephalus
studied earlier by Žďárská and Nebesářová (1999a). In
P. torulosus, both types contain electron-dense granules,
whereas only one type of eccrine gland produces
electron-dense granules and the second one electron-
lucid granules in P. macrocephalus. The glands with
electron-dense granules may function in penetration into
the host intestinal epithelium. McCullough and Fair-
weather (1989) suggested for them proteolytic, adhesive
and protective functions. The functions of the glands
with large electron-dense granules in P. torulosus and
large electron-lucid granules in P. macrocephalus, are
not known. In comparison with the ultrastructure of
glands of other Proteocephalus species, large electron-
lucid granules were not observed in adults, but only in
larval stages of P. longicollis (Bruňanská et al. 2000).

In microthrix border of the scolex forepart of P.
torulosus, only two types of microtriches, filamentous
and blade-like, were detected. On the apical glandular
region, there are only filamentous microtriches. On the
frontal part, surrounding the glandular region, the fila-
mentous microtriches decrease in size whereas the
blade-like ones increase. The lateral part of the scolex
and the suckers are covered with only blade-like micro-
triches. The filamentous microtriches may function in
resorption, the blade-like ones in fixation. Lumsden
(1975) and MacKinnon and Burt (1983) have suggested
a nutritional function for filamentous microtriches.
Rothman (1963) and Hayunga (1991) proposed an
anchoring function of the caps and a nutritional function
for the bases. Palm et al. (2000), on the other hand, con-
sidered the possibility of multiple functions. In P. toru-
losus, the resorptive part of the tegument is lower than
that of P. macrocephalus, where filamentous micro-
triches are distributed on the whole anterior part of the
scolex and suckers (Žďárská and Nebesářová 1999a).

The present study has revealed marked differences in
the  fine structure of gland cells and microtriches  on the

apical part of the scolex between P. torulosus and P.
macrocephalus, as well as from other species of Proteo-
cephalus from European freshwater fish (Andersen
1979, Kuperman 1988, Stoitsova et al. 1995, Scholz et
al. 1998, Bruňanská et al. 2000).

The unique structure of the frontal part of the scolex
of P. torulosus and its differences from P. macro-
cephalus, P. longicollis (syn. P. exiguus) and P. percae
correlate well with the putative basal phylogenetic
position of P. torulosus among European species of
Proteocephalus. Phylogenetic analyses based on mo-
lecular (16S, 18S and 28S rDNA) and morphological
data (Zehnder and Mariaux 1999, Škeříková et al. 2001,
de Chambrier et al. 2004) placed P. torulosus as a basal
group in the clade containing all but one species of
Proteocephalus. All these taxa possess a vestigial apical
sucker (P. ambiguus, P. cernuae, P. filicollis, P. longi-
collis, P. macrocephalus, P. percae, P. tetrastomus, P.
thymalli). The only Palaearctic species of Proteo-
cephalus that has a well-developed, functional apical
sucker with a deep cavity is P. osculatus, a specific
parasite of wels (Silurus glanis) (see Scholz et al. 1998,
Scholz and Hanzelová 1998). This species appeared in
all phylogenetic analyses as the most primitive repre-
sentative of this group of Proteocephalus cestodes
(Zehnder and Mariaux 1999, Škeříková et al. 2001).
Based on its phylogenetic position and morphology, de
Chambrier et al. (2004) have proposed a new genus,
Glanitaenia, to accommodate P. osculatus.
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