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New Gland Type Discovered in Cestodes: Neurosecretory Neurons 
Release a Secret into the Fish Host
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Abstract—Free endings of peripheral neurosecretory neurons (NNs) were found in the tegument of plerocer-
coids of five species of parasitic cestodes of fish in an ultrastructural study. The free terminals secreted vesicles
on the tegument surface and into the host body. Secretion was experimentally shown to increase in response
to the host fish blood serum. In the cestode body, NNs form paracrine-type contacts near the cell membranes
of the frontal glands, the tegument, and muscles, functioning as endocrine glands. Simultaneously, NNs
function as exocrine glands and secrete the so-called manipulative factors, which influence the physiology of
the host.
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Cestodes (tapeworms) are highly specialized para-
sites of animals and humans. Nutrients are absorbed
through a syncytial outer tissue known as the tegu-
ment. A complex mixture of excretory and secretory
products, which are collectively termed the secretome,
is known to be released by a parasite [1–3]. Terminals
of frontal glands penetrate the tegument together with
free nerve endings, which are separated from the tegu-
ment membrane by a system of specialized contacts.
The frontal glands located in the scolex have been
described in various cestode orders other than Cyclo-
phyllidea [4–7]. Secretion via an eccrine mechanism
has been demonstrated to occur in the cestode frontal
glands under the control of brain neurons [8]. Sensory
nerve endings that penetrate the tegument are charac-
terized by a rudimentary cilium, a basal body, a root,
and other structures found in a dendritic bulb [9]. Sev-
eral cestode species have free endings that lack traces
of a cilium, a kinetosome, and a root, but are separated
from the tegumen membrane by a system of special-
ized contacts [10–13]. The structure and function of
these endings remain unknown.

The objective of this work was to study the ultra-
structure of free terminals in the tegument in cestode
plerocercoids in order to better understand their origin
and functional significance.
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We examined plerocercoids of five cestode species
of the orders Diphyllobothriidea and Bothriocephal-
lidea (Table 1).

Ultrastructural studies were performed by transmis-
sion electron microscopy, using techniques modified to
study cestodes [8, 12, 13]. To assess the changes in activ-
ity of secretion from the free terminal surface in D. den-
driticus and L. interrupta, experiments were carried out
according to a protocol developed previously [3].

1. ULTRASTRUCTURE OF FREE TERMINALS 
IN THE TEGUMENT

Thin tubular free endings with small distal cup-
shaped distensions, which contained vesicles, were
observed in the tegument in plerocercoids of the five
species (Fig. 1). Vesicles are released through the sur-
face membrane into the pore cavity and then to the
environment, that is, host tissues. The membrane of a
cup-shaped terminal is separated from the tegumental
membrane by a narrow septum-containing contact
ring, which is underlain by a single indistinct electron-
dense support ring on the ending side. Cilia, kineto-
somes, and roots were not detected in all of the species
examined, and mitochondria were absent from both
the cup-shaped terminal and the basal part of the pro-
cess, which was connected with the perikaryon. In
addition, the diameter of the apical distension (450–
600 nm) of a cup-shaped terminal was half as large as
the diameters of typical sensory endings and terminals
of frontal glands in all of the species.

In T. nodulosus plerocercoids, an individual pore
connected each terminal with the body surface. Pores
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Table 1. Species examined in the study

No. Parasite species Host species Capture site Localization in host

1 Triaenophorus nodulosus 
(Pallas, 1781)

Perca fluviatilis Linnaeus, 
1758

Rybinsk Reservoir In capsules in the liver

2 Pyromicocephalus phocarum 
(Fabricius, 1780) 
Monticelli, 1890

Gadus morhua marisalbi 
Derjugin, 1920

White Sea, region of White 
Sea Biological Station 
(Moscow State University)

In capsules in the liver

3 Dibothriocephalus ditremus 
(Creplin, 1825) Lühe, 1899

Oncorhynchus nerka (Wal-
baum, 1792)

Lake Kronotskoye, Kam-
chatka

In capsules on the esopha-
gus, stomach, and pyloric 
appendages

4 Dibothriocephalus dendriti-
cus (Nitzsch, 1824) 
Lühe, 1899

Coregonus migratorius 
(Georgi, 1775)

Lake Baikal, Kabanskii 
raion, Buryatia

In capsules on the esopha-
gus, stomach, and pyloric 
appendages

5 Ligula alternans 
(Rudolphi, 1810)

Carassius gibelio (Bloch, 
1782) Linnaeus, 1758

Lake Nikitkino, Eravninskii 
raion, Buryatia

In the abdominal cavity
contained light vesicles of 100–120 nm and single
microtubules. The terminal was filled with vesicles,
which were released to the tegumental surface, in lar-
vae encapsulated in the perch liver. Free cup-shaped
terminals were empty, without vesicles, in plerocer-
coids isolated from host capsules.

In P. phocarum plerocercoids, cup-shaped termi-
nals occurred both individually and in groups. Five to
six thin terminals that contained dense vesicles of
90 nm in diameter, branched from the same dendrite,
and ended with a common pore were observed in the
tegument of a bothrium in P. phocarum. It is important
to note that vesicles might be present or lacking in the
cap of a terminal.

In D. ditremus plerocercoid, cup-shaped terminals
occurred in pairs and contained light round vesicles of
100 nm in diameter and, sometimes, electron-dense
vesicles of 84 nm in diameter. A narrow pore allowed
vesicle release on the tegumental surface.

In D. dendriticus plerocercoids, two or three cup-
shaped terminals contained dense vesicles of 123 nm
in diameter and opened into a common pore, which
was connected to the environment. The pore structur-
ally differed from the above pores by lacking microtri-
chia and having a denser structure of the outer tegu-
mental membrane and a greater diameter, which
reached 3 μm. Like in the other species, a terminal had
a thin support ring on the apical surface and a circular
septum-containing contact with the tegumental mem-
brane and contained individual microtubules and ves-
icles.

In L. alternans, cup-shaped terminals were found
in the scolex tegument and plerocercoid body. Four
terminals opened into a common pore in the tegument
and contained short microtubules and dense round
vesicles of 90–94 nm in diameter; vesicles were
released into the pore cavity (Figs. 1c–1e). In the sub-
tegumental region, wide single dendrites with elec-
tron-dense round vesicles branched to produce several
free terminals, which opened into a common pore in
the distal cytoplasm.

Thus, the cup-shaped terminals are structurally
similar in all of the species examined and release
secretory vesicles of 100–120 nm into host tissues, act-
ing as exocrine glands. In contrast to sensory endings
found in the tegument, the cup-shaped terminals are
smaller in diameter; have a single, poorly developed
support ring; and release secretory granules on the teg-
ument surface. The cup-shaped terminals ultrastruc-
turally differ from frontal gland ducts by lacking
peripheral microtubules and having small vesicles as
their secretory material.

2. ULTRASTRUCTURE 
OF NEUROSECRETORY NEURONS

Peripheral NNs were found in the subtegumental
region and cortical parenchyma in all of the species
examined (Figs. 1b, 1f–1h). NN bodies were elon-
gated irregular in shape and had several neurites,
which were filled with round electron-dense neurose-
cretory vesicles or granules (NSGs). The NSG diam-
eter varied from 90 to 140 nm. NN processes lacked
mitochondria and peripheral microtubules in contrast
to frontal gland ducts. The cytoplasm was dense,
looked granulated, and contained ribosomes neurose-
cretory processes (NSPs) in contrast to dendrites and
axons of CNS neurons. In D. dendriticus, the NSP
density is 9–10 per 500 μm2 in the subtegumental
region.

NN processes often went along myofibrils of circu-
lar and longitudinal muscles of the coating and were
sometimes tight against them. Small varicosities
formed in the contact regions and contained not only
NSGs, but also groups of round light vesicles. Secre-
tory material was released into the intercellular space
near the myofibril via a paracrine mechanism. A pre-
DOKLADY BIOLOGICAL SCIENCES  Vol. 514  2024
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Fig. 1. Free terminals in the tegument and neurosecretory neurons (NNs). (a) Structures of ciliary and cup-shaped endings of
neurons in the tegument in cestodes. (b) Scheme of exocrine and endocrine secretion by peripheral NNs: 1, neuromuscular para-
crine contact; 2, exocrine secretion to the tegument surface; 3, contact with frontal glands of the paracrine type; 4, secretion in
the zone of the basal plate of the tegument. (c–e) Ligula alternans: (c, d) a group of cup-shaped endings (arrows) with secretory
vesicles in the tegument and (e) a longitudinal section of a neurosecretory terminal (NST) included in the tegument. (f) Pyromi-
cocephalus phocarum: NST in contact with a tegumental process (T). (g) Dibothriocephalus dendriticus: a paracrine contact of NST
with muscles under the tegument (arrows); cv, light vesicles. (h) Pyromicocephalus phocarum: NN in contact with processes of
frontal glands (FG) and muscles (arrows).

(a)

(c)(c)(c)

(e)(e)(e) (f)(f)(f)

(d)(d)(d)

(g)(g)(g)

(h)(h)(h)

(b)

Cup-shaped
terminals

2

Cup-shaped
terminals

Ciliated
sensory
ending

Pore cavity
Tegument

Tegument

Basal laminaBasal laminaBasal lamina

Frontal
gland
Frontal
gland
Frontal
gland

Neurosecretory neuronNeurosecretory neuronNeurosecretory neuron

Basal laminaBasal laminaBasal lamina

MusclesMusclesMuscles

MusclesMusclesMuscles

MusclesMusclesMuscles

Tegumental cytonTegumental cytonTegumental cyton

3

1

4

1 �m1 �m1 �m 1 �m1 �m1 �m

1 �m1 �m1 �m

1 �m1 �m1 �m

1 �m1 �m1 �m

TT

TT

cvcvcv

2 �m2 �m2 �m

FGFGFG

NSNNSNNSN

TT

NSTNSTNST

NSTNSTNST
synaptic thickening and a T-shaped membrane fold,
which marks a synaptic contact, were absent.

We observed for the first time that NN processes
formed contacts with processes of frontal gland cells
that were strengthened by peripheral microtubules in
all of the species examined. The NSG diameter was
140–160 nm on average in the contact region.
In D. ditremus plerocercoids, NSP contacts with fron-
tal gland terminals were detected directly in the termi-
nal pore of a secretory duct in the tegument (Fig. 1b).
The NSG diameter varied from 90 to 130 nm in the
contact region. Thus, NN processes are capable of
penetrating the distal cytoplasm of the tegument along
with frontal gland ducts and releasing neuroactive sub-
stances into host tissues. In P. phocarum, D. dendriti-
cus, and L. alternans, we observed the NSPs that pen-
etrated the tegument, contained electron-dense vesi-
cles (90 nm), and released their secretory material into
the pore cavity. Cup-like terminals found in the tegu-
ment were NN processes in these cestodes. Thus, part
of peripheral NNs release their secretory material to
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the outside, into the host body, acting as exocrine
glands.

3. EXPERIMENTAL STUDY OF SECRETORY 
ACTIVITY WITH HOST BLOOD SERUM

Tapeworms were incubate for 3, 6, 12, and 24 h. In
D. dendriticus, cup-shaped terminals were depleted of
vesicles, the terminal diameter decreased, and the
granule diameter increased in NNs after 3-h incuba-
tion. Secretion increased and the number of terminals
per pore increased to three or four after 6-h incuba-
tion. Signs of exhaustion and cup narrowing were
observed in terminals after 12-h incubation, and
deformities of terminals in the tegument were detected
after 24-h incubation. Thus, neurosecretion was max-
imum after 6-h incubation and was exhausted by 24 h
of incubation in D. dendriticus.

In L. alternans, 3-h incubation led to more intense
secretion from the surfaces of cup-shaped terminals
and increased the number of dense vesicles per termi-
nal to 20 and the number of NSPs in the regions of the
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basal plate and muscles of the tegument, where secre-
tory material was released via a paracrine mechanism.
Intense vesicle secretion continued after 6-h incuba-
tion, and the number (four or five) and diameter of
terminals in a pore were increased. Numerous NSPs
were observed near the basal plate and muscles of the
tegument; the basement membrane of the tegument
formed many vacuoles, which were filled with a fibril-
lary matrix, moved to the apical membrane, and
released their contents to the outside. After 24-h incu-
bation, the terminal diameter decreased, but NSPs
grew in number and contained more granules in the
subtegumental region; some of the processes were
directed toward the basement membrane. Thus, secre-
tion and the NSP number in L. alternans increased
starting from 3 h of incubation and adaptation to load-
ing occurred by 24 h.

Free terminals without signs of ciliary and root sys-
tems have been described in several cestode species [6,
10–13]. A concave shape of the apical cup with a single
support ring is characteristic of the free terminals in all
of the species examined. According to our findings,
the cup diameter is at least twice smaller than that in
ciliary and cilium-free sensory terminals. The ques-
tion arises as to whether the cup-shaped free terminals
serve as sensory dendrites or are involved in neurose-
cretion of manipulative molecules into host tissues.
Two NN populations have been observed in the scolex
in various cestode species, one being associated with
CNS and the other, with PNS [8, 14–18]. Our study
showed that, in the five cestode species examined,
PNS-associated NNs have processes that release
secretory material via a paracrine mechanism into the
intercellular space near muscle cell membranes, fron-
tal gland cells, and the tegument and on the tegumen-
tal surface into host tissues. The presence of endocrine
glands in cestodes is a matter of discussion [15, 16].
Our findings indicate that NNs of the cestode PNS
may act both as endocrine glands with secretion into
the intercellular space and as exocrine glands with
secretion onto the tegumental surface. The fact that
secretion increases in response to the host blood
serum suggests an important exosecretory function of
NNs, which represent a new gland type in cestodes.
Neurosecretory material released from free terminals
of cestodes into the fish body may act as a manipula-
tive factor that affects the endocrine system in the ver-
tebrate host.

FUNDING

This work was supported by the Russian Science Foun-
dation (project no. 23-24-00118).

ETHICS APPROVAL AND CONSENT 
TO PARTICIPATE 

In accordance with the Directive 2010/63/EU of
22 September 2010 on the protection of animals used for
scientific purposes, chapter 1, paragraph 3, the require-
ments of bioethics do not apply to the object of this study.

CONFLICT OF INTEREST

The authors of this work declare that they have no con-
flicts of interest.

OPEN ACCESS

This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Com-
mons license, and indicate if changes were made. The images
or other third party material in this article are included in the
article’s Creative Commons license, unless indicated other-
wise in a credit line to the material. If material is not included
in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/.

REFERENCES
1. Berger, C.S., Laroche, J., Maaroufi, H., et al., The

parasite Schistocephalus solidus secretes proteins with
putative host manipulation functions, Parasites Vec-
tors, 2021, vol. 14, p. 436.

2. Talarico, M., Seifert, F., Lange, J., et al., Specific ma-
nipulation or systemic impairment? Behavioural
changes of three-spined sticklebacks (Gasterosteus acu-
leatus) infected with the tapeworm Schistocephalus sol-
idus, Behav. Ecol. Sociobiol., 2017, vol. 71, рр. 1–10.

3. Kutyrev, I.A., Biserova, N.M., Mazur, O.E., et al., Ex-
perimental study of ultrastructural mechanisms and ki-
netics of tegumental secretion in cestodes parasitizing
fish (Cestoda: Diphyllobothriidea), J. Fish Dis., 2021,
vol. 44, no. 8, pp. 1237–1254.

4. Kuperman, B.I. and Davydov, V.G., The fine structure
of frontal glands in adult cestodes, Int. J. Parasitol.,
1982, vol. 12, no. 4, pp. 285–293.

5. McCullough, J.S. and Fairweather, I., The fine struc-
ture and possible functions of scolex gland cells in Triloc-
ularia acanthiaevulgaris (Cestoda, tetraphyllidea), Para-
sitol. Res., 1989, vol. 75, pp. 575–582.

6. Brunanská, M., Fagerholm, H.P., and Gustaf-
fson, M.K.S., Ultrastructure studies of Proteocephalus
longicollis (Cestoda, Proteocephalidea): transmission
electron microscopy of scolex glands, Parasitol. Res.,
2000, vol. 86, pp. 717–723.

7. Mustafina, A.R. and Biserova, N.M., Pyramicocepha-
lus phocarum (Cestoda: Diphyllobothriidea): the ultra-
structure of the tegument, glands, and sensory organs,
Invertebr. Zool., 2017, vol. 14, no. 2, pp. 154–161.

8. Biserova, N.M., Mustafina, A.R., and Raikova, O.I.,
The neuro-glandular brain of the Pyramicocephalus
phocarum plerocercoid (Cestoda, Diphyllobothriidea):
DOKLADY BIOLOGICAL SCIENCES  Vol. 514  2024



NEW GLAND TYPE DISCOVERED IN CESTODES 5
Immunocytochemical and ultrastructural study, Zool-
ogy (Jena), 2022, vol. 152, p. 126012.

9. Webb, R.A. and Davey, K.G., Ciliated sensory receptors
of the unactivated metacestode of Hymenolepis microsto-
ma, Tissue Cell, 1974, vol. 6, no. 4, pp. 587–598.

10. Fairweather, I. and Threadgold, L.T., Hymenolepis
nana: the fine structure of the adult nervous system,
Parasitology, 1983, vol. 86, no. 1, pp. 89–103.

11. Okino, T. and Hatsushika, R., Ultrastructure studies
on the papillae and the nonciliated sensory receptors of
adult Spirometra erinacei (Cestoda, Pseudophyllidea),
Parasitol. Res., 1994, vol. 80, pp. 454–458.

12. Biserova, N.M., Gordeev, I.I., and Korneva, J.V.,
Where are the sensory organs of Nybelinia surmenicola
(Trypanorhyncha)? A comparative analysis with Pa-
rachristianella sp. and other trypanorhynchean cesto-
des, Parasitol. Res., 2016, vol. 115, pp. 131–141.

13. Kutyrev, I.A., Biserova, N.M., Olennikov, D.N., et al.,
Prostaglandins E2 and D2-regulators of host immunity
in the model parasite Diphyllobothrium dendriticum: An
immunocytochemical and biochemical study, Mol.
Biochem. Parasitol., 2017, vol. 212, pp. 33–45.

14. Webb, R.A., Evidence for neurosecretory cells in the
cestode Hymenolepis microstoma, Can. J. Zool., 1977,
vol. 55, no. 10, pp. 1726–1733.

15. Specian, R.D., Lumsden, R.D., Ubelaker, J.E., et al.,
A unicellular endocrine gland in cestodes, J. Parasitol.,
1979, vol. 65, no. 4, pp. 569–578.

16. Gustafsson, M.K.S. and Wikgren, M.C., Release of
neurosecretory material by protrusions of bounding
membranes extending through the axolemma in Di-
phyllobothrium dendriticum (Cestoda), Cell Tissue Res.,
1981, vol. 220, pp. 473–479.

17. Liu, B., Wakuri, H., Mutoh, K., et al., Ultrastructural
study of neurosecretory cells in the nervous system in
the cestode (Taenia hydatigena), Okajimas Folia Anat.
Jpn., 1996, vol. 73, no. 4, pp. 195–204.

18. Terenina, N.B., Poddubnaya, L.G., Tolstenkov, O.O.,
et al., An immunocytochemical, histochemical and ul-
trastructural study of the nervous system of the tape-
worm Cyathocephalus truncatus (Cestoda, Spatheboth-
riidea), Parasitol. Res., 2009, vol. 104, pp. 267–275.

Translated by T. Tkacheva

Publisher’s Note. Pleiades Publishing remains
neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
DOKLADY BIOLOGICAL SCIENCES  Vol. 514  2024


	1. ULTRASTRUCTURE OF FREE TERMINALS IN THE TEGUMENT
	2. ULTRASTRUCTURE OF NEUROSECRETORY NEURONS
	3. EXPERIMENTAL STUDY OF SECRETORY ACTIVITY WITH HOST BLOOD SERUM
	REFERENCES

