
It is still unclear whether flatworms have specialized glial cells. At present there are no special methods

available for the identification of glial cells in flatworms. The aim of this research was to carry out

detailed investigations of the CNS in two species of cestodes, and to get an idea whether these cells may

fit into the concept of glia. Three types of glial cells have been found in Grillotia erinaceus: (1) fibrob-

last-like cells in the cerebral ganglion (CG); (2) glial cells in bulbar nerves with filaments and laminar

cytoplasm; (3) a 3rd type of cells forms multilayer envelopes in the main cords (MC); also they make

contacts with the excretory epithelium. To demonstrate the existence of glial cells, an immunocyto-

chemical and ultrastructural investigation of Ligula intestinalis was undertaken. Intensive S100b-like

immunoreaction (IR) was found in the GG and in the MC. IR-varicosities were mostly located asym-

metrically on the MC, and no IR was found in neuropiles. Small glial cells were found on the surface of

the MC; they have oval nuclei and dense cytoplasm with slim processes going around the neuropile and

enclosing neurons. Long junctions are seen between cell processes but with neurons they usually possess

juxtaposition contacts. Glial cells lack vesicles or synapse-like structures. Intensive S100b-like-IR has

been shown in the CNS of cestodes for the first time. Results from ultrastructural research support the

immunocytochemical date.
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INTRODUCTION

Throughout the animal kingdom glial cells appear to contribute to the functioning of

neurons and communicate with them. Thus, the appearance of glial cells is an impor-

tant evolutionary step for the functioning of the central nervous system (CNS). It is

still unclear whether flatworms have specialized glial cells? At present there are no

special methods available for the identification of glial cells in parasitic and free liv-

ing flatworms. The problem of the existence of glial cells in parasitic and free living

flatworms is correlated with the organization of platyhelminthes as parenchymal ani-

mals. The widespread opinion [10, 11, 12] that myelin-like envelopes and glial cells

do not exist in the nervous system of parasitic flatworms casts some doubt. Neurones

and neuropile in the brain of some free-living flatworms may be separated by extra-

cellular matrix material [16]. Also multilayered cells had been observed around neu-

rones and nerve fibres in a wide range of free-living [1, 6, 16] and parasitic [18, 19]

flatworms. Some parasitic flatworms as Amphilina foliacea (Amphilinida) possess

well-developed myelin-like envelopes in the ganglia and main cords (MC), which

include both glial cells and other intercellular components [2, 3].

It became clear that only ultrastructural investigations could show whether some

cells belong to glial cells, and in addition immunocytochemical (ICC) methods may

provide an answer to this question [14]. First data about using the S100b-antibodies

as a marker of multilayered cells of parasite flatworms were gained and had a posi-

tive result [3]. The aim of this research was to carry out a detailed investigation of

the structural components in the CNS of parasitic flatworms, and to get an idea

whether these cells may fit into the concept of glial cells.

MATERIALS AND METHODS

Animals

Adult Grillotia erinaceus (Trypanorhyncha) were obtained from the spiral valve of

Raja clavata, Black see. Plerocercoids Ligula intestinalis (Pseudophyllidea) were

taken from the body cavity of Abramis brama, caught in the Rybinsk reservoir.

Electron microscopy (EM)

The worms were fixed in 2% glutaraldehyde (SERVA) and 1% OsO4 (Moscow

Chemical Prod.) in 0.05M Na-cacodylate buffer (pH 7.2). Then specimens were

dehydrated and embedded in Embed 812 (Fluka) or Araldite (Merck). Ultrathin sec-

tions for EM were stained and examined with JEM 100C TEM.



Immunocytochemistry (ICC)

The worms were fixed in Stefanini's fixative or 4% paraform in 0.1 M phosphate-

buffer (PBS) at 4 °C. Sections (5–15 μm) were double stained with a cocktail of two

primary antibodies: rabbit anti-S100b (Sigma), 1 : 100, and guinea pig anti-GYIRF-

amide (Courtesy by Prof. M. Reuter, Abo, Finland), 1 : 500 in blocking solution.

TRITC (swine anti-rabbit 1 : 30) and FITC (goat anti-guinea pig 1 : 30) were used as

secondary antibodies. The material was examined by a Leitz Orthoplan and a Zeiss

Axioscop OPTON microscope fitted with filter-blocks 12 and N2; photomicrographs

were produced with an Olympus model PM 10 ADS. Controls included omission of

the primary antiserum, substitution of the primary antiserum with non-immune rab-

bit or guinea pig serum.

RESULTS

Detailed ultrastructural investigation of the CNS in Grillotia erinaceus (Cestoda:

Trypanorhyncha) has revealed several structural components which may be recon-

ciled with the concept of the glial cell. Three types of glial cells have been found

(Fig. 1). The first type of glial cells are fibroblast-like cells which are located in the

cerebral ganglion (CG). These type 1 cells have an elongated nucleus with lobes and

a cytoplasm which contains filaments, fibrils and microtubules (Figs 1a; 2a, b).

Vesicles were not found. Long cell processes contain fibrils and filaments and also

excrete intracellular fibrilar material. Processes of cells adjoin to neurons and form

contacts like tight-junctions and, perhaps, like gap-junctions, and they also posses

desmosomes. The presumable function of the fibroblast-like glial cells is isolating

and supporting ganglionar neurons.

Glial cells of the second type are located in the bulbar nerves of the scolex

(Fig. 1b). Four bulbar nerves extend from the cerebral ganglia and innervate muscu-

lar bulbs of the proboscises. These nerves lack neurons. Each nerve includes three

giant axons with a diameter up to 15 μm and numerous small nervous processes (Fig.

2e, f). It was found that the bulbar nerves are wrapped by glial cell processes. Each

giant axon has its own envelope in contrast to a glomerulus and the lobes which are

covered by thin glial processes outside, but inside these slim neurites make direct

contacts and form synapses. Perikarya of glial cells are situated on the periphery of

bulbar nerves, have small nuclei and a dense cytoplasm. The cytoplasm contains fil-

aments, lipid drops and has a laminar appearance because it contains folded mem-

branes structures (Fig. 2e, f). The number of glial cell bodies is higher than the num-

ber of neurons in bulbar nerves. Processes of the glial cell have deep invaginations

between giant axons and other neurite profiles. 

The third type of glial cell is associated with the main cords (MCs, Fig. 2c, d).

These cells wrap the MCs in several layers; with the extracellular space between lay-

ers containing collagen-like cross-striated fibrils. Junctional contacts take place

between layers; the width of the cleft is 13 nm and contains dense material (Fig. 2d).
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Specialized contacts between nerve and glial processes were not found. Perikarya

and nuclei have irregular shape. The dense cytoplasm matrix contains lipids, free

lying ribosomes and beta-glycogen granules. Many processes extend from the

perykarion to the MC, and some of processes make contacts with the excretory ves-

sel (Fig. 2c). The third type cell bodies are located at some distance from the MC, in

the peripheral space between the lateral excretory vessel and the MC. Glial cell

processes wrap the central part of the MC and penetrate the neuropile but rarely were

observed around neurons. The cell bodies of neurons usually lie outside the glial

envelope of the MC. In addition to these 3rd type peripheral glial cells, glia-like cells

were also found in the conductive core part of the MC.

Fig. 1. Glial-neuron relation in cestodes. A, B, C – the schematic drawing of the glial cells in Grillotia

erinaceus: A type 1, in the CG; B type 2, in the bulbar nerve; C type 3, in the MC; D – the schematic

drawing of the main nerve cord in Triaenophorus nodulosus shows the excretory epithelium cells which

form unique envelopes of neurons and neuropile
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Fig. 2. Glial cells in the CNS of Grillotia erinaceus. A – the fibroblast-like glial cell (type 1) in the CG;

B – the gial process extract out fibrillar matrix and surround the ganglionar neuron; C – the MC with

multilayer’s envelope; it is shown the transverse section of the MC and main excretory vessel and part

of glial cell (type 3) what processes form the multilayer envelope; D – a long junction between glial

processes (arrow). E – ultrastructure of the glial cells (type 2) in the bulbar nerves; the nucleus and cyto-

plasm of the glial cell locating on the surface of the axons; F – the lamellar structure of the cytoplasm in

the glial process on the surface of the giant axons. Bars: μm
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Therefore, in conclusion: Trypanorhyncha cestodes have three types of glial cells

in the CNS which differentiate in the cerebral ganglia, the bulbar nerves and in the

MCs (Fig. 1).

To demonstrate the existence of glial cells in the nervous system of parasitic flat-

worms, an immunocytochemical and ultrastructural investigation of Ligula intesti-
nalis (Cestoda: Pseodophyllidea) was undertaken. Intensive S100b-like immunore-

action (IR) was found in the cerebral ganglion and in the main lateral cords of

L. intestinalis (Fig. 3). Immunoreacive-processes and varicosities were mostly locat-

ed asymmetrically on one side of the main cords, and no IR was found in the neu-

ropiles. In Fig. 3a, b it is possible to see the dark central part of the cerebral ganglia

– the neuropilar zone without IR. The central part of the MC also lacks S100b-like

IR (Fig. 3c). Additional immunostaining with an antibody against the neuropeptide

GYRFamide shows rich staining in the MC neuropile (Fig. 3d).

Small dark glia-like cells were found on the surface of the MC in L. intestinalis by

using TEM method. Small elongate cells have an oval nucleus and a dense cytoplasm

with two or more slim processes going around the neuropile and, thus, enclosing neu-

rons (Fig. 4a, b). The extracellular fibrillar matrix is observed in the space between

the slim cell processes. The perikaryon cytoplasm contains a dense matrix with rare

microtubules and small mitochondria, free ribosomes and many β-glycogen gran-

ules. There are clear empty cytoplasm zones within the slim processes which were

probably formed as result of metabolism (Fig. 4c). Long junctions are seen between

cell processes but with neurons they usually possess juxtaposition contacts (Fig. 4b,

c). Glial-like cells lack vesicles or synapse-like structures. The number of such type

of cells is higher than that of neurons, the ratio, for example, on one section is 5 : 1.

It appears that these cells have ultrastructural features which correspond to those of

glial cells and exhibit IR to glial protein S100b. In support of this is the location of

cells on the surface of the MC and their absence within the neuropile; its processes

enclose superficial neurons and the surface of the MC, but dence glial processes

within the neuropile were never observed. In addition, the cells are very small in

comparison to the size of neurons which are bigger. Also on histological sections, the

S100b-like-IR cell bodies look like “varicosities of fibres” in opposite to the large

size of the GYIRF-IR neuron cell bodies (Fig. 4b, d). The ultrastructural analysis also

is in support of considering these small cells as glial cells.
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←⎯⎯⎯⎯⎯
Fig. 3. Fluorescence image of IR for the S100b and GYIRFamide in the CNS of Ligula intestinalis. A –

left CG with the neuropile in the centre of ganglion (dark zone, no S100b-IR); B – part of the CG and

main cord, which fuse posteriorly; long arrow shows the dark neuropile zone; short arrows (black and

white) note the cellular varicosity within S100b-IR material; C – longitudinal section of the MC; S100b-

IR-processes and varicoses were mostly located on the periphery of the MC; D – a rich immunoreactiv-

ity for neuropiptide (GYRFamide) in the neuropile of the MC. Bars: μm
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DISCUSSION

The ultrastructural investigations showed that isolation of compartments in the flat-

worm CNS is achieved by the development of specialized envelopes which include

both specialized glial cells, and cells with other, unclear, functional potencies and

also intracellular components [4].

In the cerebral ganglia of Stenostomum leucops a thin sheet of extracellular mate-

rial is observed between the neurons and the neuropil; but no extracellular material

occurs between the neuropilar fibres [16]. Putative glia cells were found in the CNS

of Geocentrophora (Prorhynchida, Platyhelmintes) [6] and Strongilostoma simplex
[1]. Their cytoplasm has thin processes which penetrate between the nerve cells.

Concentrically arranged lamellae are further recognized in the CNS of otoplanids [9]

and around axons in Multicotyle purvis [18]. According to the data by Reuter, the

lamelled material is regarded as a type of invertebrate neuroglia [16].

In some cestodes it was shown that the epithelium cells of the excretory vessels

can exert glial function [5] and form unique envelopes of the CG and MCs (Fig. 1d).

Isolation of the CNS compartments starts from the early stages of cestode ontogeny.

In the procercoid stage the envelopes are not completely formed yet; in the plerocer-

coid stage, however, the specialized envelope is completely evolved and achieved by

excretory epithelium processes and by intracellular fibrillar matrix [4].

Glial cells of amphilinids have a distinct structure in different compartments of the

CNS [2]. Namely, near the CG, glia cells contain more mitochondria and ribosomes,

while in the MCs they are poorly equipped with organelles.

Within the nervous tissue of both vertebrate and invertebrate organisms, glial cells

are known to secrete extracellular signal molecules, and to control the volume and

ionic composition of the extracellular space [8]. The cells exhibit a vast range of

structural and functional specializations including mechanical support and removal

of neurons, wrapping of axons to speed up impulse conduction, and guidance of

migrating neurons [15]. Flatworms have several structural components correspond-

ing to the concept of glial functions. Mechanical support and protection of neurons

is realized by glial cells containing and extracting fibrillar matrix (type 1 in G. eri-
naceus). In many higher flatworms extracellular material forms capsules in the brain

[9, 16] which are suggested to represent some form of collagen [16]. Wrapping of

axons to speed up impulse conduction occurrs in giant axons in cestodes and also in

the neuropiles of cerebral and caudal ganglia in amphilinids [2]. This kind of glial

cell (type 2 in G. erinaceus) has a peculiar laminar cytoplasm. A function of these

glial cells in cestodes and amfilinids may be similar with other invertebrates like

crayfish, snail, leech which have multiple signaling pathways between giant axons
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←⎯⎯⎯⎯⎯
Fig. 4. The ultrastructure of the glial cell on the surface of the MC in Ligula intestinalis. A – the perikary-

on and processes of the glial cell and the neuron; B – the contacts between glial processes; C – the

juxtaposition contact between neurolemma and glial process. Bars: μm
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and their Schwann glial cells [7]. Multilayer glial cells (type 3 in G. erinaceus) had

been observed in a wide range of free-living and parasitic flatworms. It is suggested

that these cells contribute to the functioning of the CNS and maintain the appropri-

ate concentrations of ions and neurotransmitters in a neuronal environment and fur-

ther take part in the metabolism of the CNS. The observations of glia-like wrapping

of neurons in flatworms indicate that such a separating material with similarities to

the glia of higher animals may have evolved in the flatworm evolutionary line [16].

Furthermore, the guidance of migrating neurons is an important function of glial cells

in cestodes, because adult cestodes are constantly growing and its nervous system

has to be modified together with newly formed proglottids. Undifferentiated cells

migrate from the parenchyma to the surface of the main cords. Growth of main cords

and peripheral compartments occur due to stem cells from the neck region [5].

Data about immunocytochemical investigations of glial cells in worms are scarce

[14, 17]. The presence of S100b-immunoreactive material, a typical marker of verte-

brate glia, is demonstrated in the nervous system of free living flatworm Crenobia
alpina [11]. In frozen sections of A. foliacea only weak IR by staining with the S100b

antibodies was, however, found close to MCs [3]. In this investigation intensive

S100b-like-IR has been shown in the cerebral ganglia and main cords of L. intesti-
nalis (Cestoda) for the first time. Results from ultrastructural research of the CNS of

the above-mentioned parasitic flatworms support the immunocytochemical date and

showed glial cells in the MCs and CG. Some authors [18, 20], while acknowledging

the difficulty in distinguishing glia per se in acoelomate organisms, argue that the

cells derive from mesenchyme cells within the parenchyma. According to the data by

Sukhdeo and Sukhdeo [20], glia in lower invertebrates may have evolved indepen-

dently from those found in the Eubilateria, as specific functional adaptations seem to

be independent of embryological origin. New immunocytochemical and ultrustruc-

tural evidence of the existence of glial cells and the presence of protein S100b

immunoreactive material in the CNS of studied cestodes are of fundamental impor-

tance for further discussion.
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