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ULTRASTRUCTURAL OBSERVATIONS ON THE REDIA
OF ECHINOSTOMA REVOLUTUM (FROELICH, 1802)
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Abstract. E. revolutum redia digestive and excretory system ultrastructure, as well as body wall
tegument were studied in TEM. The body tegument protrudes in short microvilli and contains uni-
and multiciliate sensory endings. The anterior part of the digestive system (pharynx, short oesopha-
gus) is lined with body tegument, the caecum being covered with a flat epithelium with sporadic
microvilll. Oesophageal gland cells are filled with minute electron-dense granules. The excretory
capillaries joined to large flame cells are composed of spirally wrapped cells, in the cytoplasm of
which there are clusters of microtubules. The special features of the digestive system of echinostome
rediae, as well as their significance in the antagonistic relationship to the partenitac of other families
of trematodes and their pathogenic effect on the intermediate host, are discussed.

The infection of molluses by echinostome rediae acquired practical importance
with the discovery of their antagonistic effect on the larval stages of other trematode
species and their strong pathogenic effect on the intermediate host. Echinostome
rediae are recommended by many authors (Lie 1966, 1967, Lim and Heyneman
1972, Ry8avy et al. 1974, Barus et al. 1974, Combes 1982 and others) as competi-
tive species for the biological control of human schistosomiasis. The basic principle
of the antagonistic relationship between the larval stages of various trematode species
in case of double infection is the predominance of rediae of more aggressive species,
which mechanically damage and counsume less aggressive sporocysts or rediac.
Echinostome rediae not only consume the sporocysts and rediae of other species, but
also the rediae (Wesenberg—Lund 1934, Nasir 1962, Lie et al. 1968, Dobro-
volskii et al. 1983) and the extraredial cercariae of their own species (K@ie 1987).
In a previous paper (Zdarské et al. 1987), we gave attention to the ultrastructure
of multiciliate receptors of Kchinostoma revolutum redia hitherto unknown in partheno-
genetic trematode stages. These receptors faciliate good orientation for the rediae
in the host in the case of attacking individuals of their own or another species. In
antagonistic relationship towards other partenitae and in the damage of the host
tissues, an important role is played, apart from the nervous system, by the digestive
system of the redia. As has emerged from our ultrastructural study, K. revolutum
rediae are not only morphologically but also functionally adapted to damage and
consume less aggressive partenitae and the tissues of the host.

MATERIALS AND METHODS

We obtained E. revolutum rediae from the hepatopancreas of naturally infected Planorbis corneus
(according to Kanev (1985), the larval stages from the family Planorbidae arc apparently not iden-
tical with E. revolutum which according to him develops only in the molluses of the family Lym-
naeidae). The hepatopancreas with rediae was fixed in 3 9, glutaraldehyde in 0.1 M cacodylate buffer
of pH 7.2 at 4 °C for 2 hours and postfixed in 1 9, OsO4 for 2 hours. The material was then dehydrated
in ethanol and aceton series and embedded in Durcupan. Ultrathin sections were obtained on Rei-
chert’s OM-U2 ultramicrotome, stained with uranyl acctate and Reynolds’ solution of lead citrate,
and examined in.a Philips EM 420 and a Philips EM 300 electron microscopes.
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RESULTS

A. Digestive system
1. Pharynx

K. revolutum redia has a robust pharynx (PL I, Figs. 1, 2) with strongly developed
radial, equatorial and meridional muscle fibres. The muscle fibres are joined by means
of hemidesmosomes to the lamina basalis. The muscle fibres are composed of both thin
and thick myofilaments. Among the groups of myofibrils, mitochondria are concen-
trated in rows, giving an impression in transverse section as if they formed sheats
dividing the content of the myocytes. The mitochondria have a small number of
cristae. The « and f glycogen particles are concentrated among the mitochondria.
The sarcoplasmic reticulum is formed of a system of vesicles and tubules in the muscle
cells of the pharynx. The vesicles are concentrated closer to the sarcolemma. In
transverse section the vesicles are flattened (Pl I, Fig. 2, Pl. VI, Fig. 3). Among the
muscle fibres there are situated sporadic cell processes with small spherical electron-
-dense granules (Pl I, Fig. 2). The pharyngeal cavity is lined with tegument which is
essentially identical with that of the redia body. The tegument (Pl I, Fig. 1) inside
the pharynx forms high folds and lacks microvilli. Under its apical plasma membrane
the rod-shaped granules are arranged perpendicularly to its surface. No sensory
endings were ascertained in the tegument of the pharynx.

2. Oesophageal gland cells

The bodies of these cells (P. IV, Fig. 1) are localized around the pharynx and their
clucts open just behind the pharynx in the part termed oesophagus, which is covered
with the same tegument as the pharynx. In the cytoplasm of the gland cells there is
an abundance of small round electron-dense granules, cisternae of granular endo-
plasmic reticulum, Golgi apparatus and sporadic mitochondria. The nucleus has
chromatine concentrated under the nuclear membrane and contains a nucleolus.
The ducts of these cells are filled with electron-dense granules and are solidified
by microtubules running through the cytoplasm close under the plasma membrane.

3. The caecum

The caecum is lined with flat cells, the apical part of which protrudes in sporadic
short microvilli (PL. II, Figs. 1,2). The lumen of the caecum is filled with a highly
electron-dense substance (Pl II, Figs. 1,2; Pl III, Figs. 1,2), which is probably the
haemolymph of the host which contains haemoglobin in the case of the Planorbis
genus. The gastrodermal cells are interconnected by means of long septate desmosomes
(PL. IL, Fig. 1; PL. III, Fig. 1). The cytoplasm of these cells contains Golgi apparatus,
granular endoplasmic reticulum, Jysosomes, mitochondria, autophagosomes, membra-
neous corpuscles, vesicles and vacuoles. The nucleus contains a dense nucleolus.
Under the gastrodermis there is a thin lamina basalis, under which there are fine
muscle fibres, and processes of the parenchymal cells (Pl II, Figs. 1,2; Pl. III, Figs.
1,2). No special gland cells were observed in the gastrodermis.

B. Excretory system

.The flame cells (Pl. V, Figs. 1, 2) are attached to excretory capillaries (Pl. VI,
Fig. 1), which open into two collecting excretory ducts. The excretory ducts run
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along the redia body wall and open separately on its surface. There is no excretory
bladder. The flame cells and the excretory capillaries are larger than in the cercaria.
The nucleus of the flame cell, with chromatine situated in clusters under the nuclear
membrane, is surrounded by a narrow border of cytoplasm, in which at the pole
facing the excretory capillary, the rootlets and basal bodies of the cilia are embedded.
The plasma membrane of the flame cell is connected by gap junctions to the proces-
ses of the parenchymal cells. Microvillus-like processes (internal leptotriches) project
to the lumen around the flame (Pl. V. Fig. 1). They are apart of the flame cell. Si-
milar processes (external leptotriches) extend from the outer side of the first cell of
the excretory capillary into the intercellular substance. At the point where the flame
cells are connected to the first cell of the excretory capillary, the finger-like processes
of the cytoplasm of both cells fit into one another. The plasma membranes of these
interdigitations are joined by means of a very thin fibrous layer (Pl. V, Fig. 1). The
excretory capillaries are formed of spirally wrapped cells, the plasmalemma of which
is joined together by means of septate desmosomes at the point of contact (Pl. V,
Figs. 1,2). The wall of excretory capillaries is reinforced with clusters of microtubules
(PL. V, Fig. 2). The cytoplasm of the excretory capillary cells contains, in addition to
microtubules, granular endoplasmic reticulum, glycogen and sporadic mitochondria.
The nucleus is flattened. The collecting excretory ducts are provided with lamellae.

C. Tegument

The tegument of the redia body (PL IV, Figs. 1,2; P1. V, Fig. 1) protrudes in short,
less numerous microvilli. It is bordered by a surface and basal plasma membrane and
contains irregularly arranged, rod-shaped electron-dense granules, sporadic spherical
electron-dense granules, mitochondria, lipid droplets and granular endoplasmic
reticulum. The syncytial part of the tegument is connected by means of cytoplasmic
processes to the subtegumental cells situated underneath the muscle layer. In the
tegument of the anterior end of the redia there are numerous uniciliate (Pl. IV, Fig. 2)
and sporadic multiciliate (see Zdarsk4 et al. 1987) receptors. The uniciliate receptors
have a long cilium with a basal body and a well-developed striated rootlet, which is
anchored at the bulbous part of the nerve fibre. The bulb is reinforced with a dense
ring and contains sporadic mitochondria, neurotubules and electron-lucid vesicles.
The plasma membrane of the bulb is attached at the level of the dense ring by means
of a septate desmosome to the plasma membrane of the tegument. Under the basal
plasma membrane of the tegument there is a thick lamina basalis, to which the
tegument is attached by means of hemidesmosomes. Under the lamina basalis there
are well-developed both circular and longitudinal muscle fibres, which facilitate the
migration of the redia in the tissues of the host. The cytoplasmic parts of the myocytes
contain numerous mitochondria, glvcogen particles, nucleus with dense chromatine
under the nuclear membrane, and the nucleolus.

D. The embryonal epithelium

The inner part of the parenchymal layer of the redia body wall forms an embryonal
epithelium at the place of the germ balls. This epithelium consists of processes of the
parenchymal cells which envelop the embryos and later also the developing cercariae.
After the formation of definitive cercarial tegument the embryonal epithelium dege-
nerates and its remains, together with the released cercariae, are situated in the bo-
dy cavity of the redia.
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DISCUSSION

Whereas the trematode sporocysts feed only osmotically, the nutritional means
of rediae are diverse, as a result of the presence of a digestive system. In addition to
osmotic nutrition via the tegument, the rediae also absorb nutrients in the digestive
system consuming the tissues of the molluse. In this case then we can speak of histi-
ophsgia (Dobrovolskiiet al. 1983). If in case of double infections the rediae consume
the rediae, sporocysts and cercariae of other species, we can speak of predation (Lim
and Heyneman 1972), and if they consume individuals of their own species then it
is cannibalism (Wesenberg—Lund 1934; Nasir 1962; Lie et al. 1968; Dobrovol-
skii 1983; Kgie 1987). It has been histochemically proved that acid phosphatase
activity Is present in the pharynx, caecum and oesophageal gland cells of E. revolutum
rediae (Zdarska and Nasincovéa 1983), as is the case with other rediae (Cheng
1964, Probert 1966, Krupa et al. 1968, Dobrovolskii et al. 1983). We have de-
monstrated ultrastructurally in these parts of the digestive system the presence of
lvsosomes and dense secretory granules which probably also contain this enzyme.
From the morphological, histochemical and ultrastructural viewpoints it is evident
that E. revolutum rediae, like other rediac (Dobrovolskii et al. 1983), are able to
feed not only by resorption of nutrients via the tegument, but also by means of
active consumption of the host tissue (histiophagia) or of the partenitae and larvae
of trematodes (predation, cannibalism). This phenomenon has been observed, parti-
cularly in the case of double infections, by many authors (Lie 1966, 1967, Lim
and Heyneman 1972, Ry3avy et al. 1974, Baru$ et al. 1974, Combes 1982),
whose conclusions are recommended for application in the biological control of human
schistosomiasis.

The study of the ultrastructure revealed that E. revolutum rediae are equipped for
the consumption of tissues with well-developed nervous system with special sensory
endings (Zdarska et al. 1987) and digestive system with frontal gland cells, pharynx,
oesophageal gland cells and caecum with microvilli. They have highly developed mus-
culature, not only in the pharynx, but also in the body wall. Smyth and Halton
(1983), Rees (1966), Wilson (1972), Dobrovolskii et al. (1983) attribute a digestive
function to the oesophageal gland cells. The frontal gland cells, which open into the
tegument around the oral opening of the redia, can also he considered a part of the
digestive system. It is probable that the secretion of the frontal gland cells also
assists in extracorporal digestion in K. revolutum rediae as in the hermaphrodite
trematode generation (Zdarskd 1986). According to Kgie (1971) the extracorporal
digesticn of rediae is also facilitated by enzymes released from the tegument.

The excretory system of E. revolutum rediae differs from that of miracidia, cercariae
and adults in the conspicuously large size of the flame cells, excretory capillaries and
ducts. Dobrovolskii et al. (1983) have already drawn attention to the striking
large size of the flame cells of some partenitae. Apart from some details, the excretory
system of rediae is ultrastructurally identical with those of other trematode develop-
mental stages. The excretory capillaries of rediae differ in the presence of clusters of
microtubules both from the excretory capillaries of miracidia (Chia-Tung 1980),
in which microtubules were demonstrated only in the cytoplasm of the flame cells,
and from the excretory capillaries of cercariae (Ebrahimzadeh and Kraft 1971)
as well as from mature digenetic trematodes (Senft et al. 1961, Pantelouris and
Threadgold 1963, Soboleva et al. 1988), where they have not been demoristrated
at all. Owing to the presence of clusters of microtubules in the walls of the excre-
tory capillaries, the excretory system of E. revolutum rediae most closely resembles
that of the Aspidogastrea, in which groups of microtubules are present both in the
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flame cells and in the cxcretory capillaries as well as in the collecting excretory ducts
(Rohde 1971). As in other trematode stages, the flame cells of E. revolutum rediae
are likewise provided with both internal and external leptotriches, and there are no
pores among the interdigitations.

As far as, the tegument structure of K. revolutum redia is concerned, it is evident
that it is less dependent upon feeding through the tegument than the sporocysts and
rediae with short caecum (Krupa et al. 1967, Ginetsinskaya 1968, Reader 1972).
The microvilli are short and their density is low. Otherwise the basic structure of the
tecgument corresponds to the structure generally known in rediae and sporocysts.
The thin synticial layer of tegument is joined by means of cytoplasmic processes with
the subtegumental cells situated under the layer of strongly developed circular and
longitudinal musculature. Ultrastructurally, however, K. revolutum rediae differ
from hitherto described rediae in the equipment of the anterior body and tegument
with special multiciliate sensory endings (Zdarska et al. 1987) similar to the sensory
endings of free-living miracidia and cercariae (Zdarsk4 et al. 1988). The presence
of these receptors in the tegument of £. revolutum rediac indicates that the partenitae
are capable of good orientation in their environment, particularly when obtaining
food, whether by histiophagia, predation or cannibalism.
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HABJICOEHUWE 3A YJIBTPACTPYKTYPOW PEOAUMU
ECHINOSTOMA REVOLUTUM (FROELICH, 1802)

7. BankoyHoBa, 3. JKgsapckau B HamuHaIOBaA
Pestome. C MOMOINBIO METOXA TPAHCMMCHMOHHOM 3NEKTPOHHOM MHMKDOCKONMM U3ydalin
YIbTPACTPYKTYPy MNUIUEBAPMTEABHON M SKCKPETOPHOM CUCTEM M TE€rymeHnta peauu E. re-
volutum. TerymeHT Tena 0DOpa3yeT KOPOTKME MMKPOBODCMHKMU M COJEPXUT OAHO M MHO-
FOPECHMYHBIC YYBCTBUTCIBHBIC OKOHUAHMA. lTepejHMI1 OTHEN NMILLEBAPUTEJIBHOV CHUCTEMBI
(r10TKa, KOPOTKMI MMILEBOL) MOKPBIT TETYMEHTOM, KMUICUHMK IMOKPBIT IGIOCKMM 3MMTE-
JIMEM € ORMHOYHBIMU MHKPOBODCMHKAMM. B MMINEBOA BIAJAOT NUINEBOAHBIE >XEJIE3UCTHIC
KJNETKM 3alOJHEHHBIE MEJKMMM 3JCKTPOHIMOTJIOUIAIMMM TIPaHyjlamu. HKCKPETODHBIC
TyOyJibl, SBASIOIIKMECA NPOAOCIDKEHMCM OGOJBIUMX MEPLATEIbHBIX KICTOK, 00pa30BaHBl CIM-
PalbHO 3aKPYUECHHBIMM KJETKAMM, B LUTOIUIA3ME HAXOXATCA CKOMJIECHUS MMKPOTPYOOUEK.
B paboTte anCKyTMPYOTCS OCOGEHHOCTM MMUILEBAPUTEISHOIO TPAKTA PEAMI 3XUHOCTOM
M MX 3HAYEHME INA AHTOTOHMCTMYECKOrO OTHOWICHHMS K MApTEHUTAM APYTMX CEMENCTB
TPEMATOA M ANIA MATOTEHHOTO 3(P@EKTA MO OTHOWCHUIO K MPOMEXKYTOUOHMY XO3SAMHY.

REFERENCES

BARUS V., MORAVEC F., RYSAVY B,
YOUSIF F., 1974: Antagonism of Echino-
stoma revolutum against Schistosoma mansoni
in the snail Biomphalaria alexandrina. Folia
parasitol. 21: 143 —154.

CHENG T. C., 1964: Studies on phosphatase
systems in hepatopancreatic cells of the
the molluscan host of Echinoparyphium sp.
and in the rediae and cercariae of this
trematode. Parasitology 54: 73—79.

CHIA-TUNG P. 8., 1980: The fine structure of
the miracidium of Schistosoma mansoni.
J. Invertebr. Pathol. 36: 307 —372.

COMBES C., 1982: Trematodes: antagonism
between species and sterilising effects on
snails in biological control. Parasitology 84:
1561 —175.

DOBROVOLSKII A. A.,, GALAKTIONOV K.
V., MUKHAMEDOYV G. K., SINKHA B. K.,
TIKHOMIROV 1. A., 1983: Rediae and dau-
ghter sporocysts. In: T. A., Ginetsinskaya,
Parthenogenetic generations of trematodes.
Tr. Leningrad. obshch. estestvoispitatelei 82,
4: 52— 74. (In Russian.)

GINETSINSKAYA T. A.,: Trematodes, their
life—cycles, biology and evolution. Publ.

29



House Nauka, Leningrad, 441 pp. (In Rus-
sian.)

EBRAHIMZADEH A., KRAFT M., 1971:
Ultrastrukturelle Untersuchungen zur Ana-
tomie der Cercarien von Schistosoma mansoni.
II. Das Exkretionssystem. Z. Parasitenkd.
36: 265—290.

KANEYV I, 1983: On the morphology, biology,
ecology and taxonomy of Echinostoma revolu-
tum group (Trematoda: Echinostomatidae:
Echinostoma). D. Sc. degree thesis, Central
Helminthological Laboratory, Bulgarian Aca-
demy of Sciences, Sofia. (In Bulgarian.)

KOIE M., 1971: On the histochemistry and
ultrastructure of the redia of Neophasis
lageniformis (Lebour, 1910) (Trematoda,
Acanthocolpidea). Ophelia 9: 113—143.

—, 1987: Scanning electron microscopy of
redine, cereariac, metacercariae and adults
of Mesorchis denticulatus (Rudolphi, 1802)
(Trematoda, Echinostomatidac). Parasitol.
Res. 73: 50—56.

KRUPAP. L., BAL A. K., COUSINEAU G. H.,
1967: Ultrastructure of the redia of Crypto-
cotyle lingua. J. Parasitol. 53: 725 -734.

—, COUSINEAU G. H., BAL A. K., 1968:
Ultrastructural and histochemical observa-
tions on the body wall of Cryptocotyle lingua
rediac (Trematoda). J. Parasitol. 54: 900 —
908.

LIE K. J., 1966: Antagonistic interaction bet-
ween Schistosoma mansoni sporocysts and
echinostome rediac in the snail Australorb.s
glabratus. Nature 221: 1213 —1215.

—, 1967: Antagonism of Paryphostomum segre-
gatum rediae to Schistosoma mansoni sporo-
cysts in the snuil Biomphalaria glabrata.
J. Parasitol. 53: 969 —976.

—,BASCH P. F., HEYNEMAN P. F., FITZ-
GERALD D., FITZGERALD F., 1968:
Antagonism between two species of echino-
stomes (Paryphostomum segregatum and
Echinostoma lindoense) in the snail Biompha-
laria glabrata. Z. Parasitenkd. 30: 117 —125.

LIM H. K., HEYNEMAN D., 1972: Intramol-
luscan inter-trematode antagonism: a review
of factors influencing the host-parasite
system and its possible role in biological
control. Adv. Parasitol. 10: 191 —268.

NASIR P., 1962: Further observations on the
life cycle of Echinostoma nudicaudatum
Nasir, 1960 (Echinostomatidac: Trematoda).
Proc. Helm. Soc. Wash. 29: 115 —127.

PANTELOURIS E. M., THREADGOLD L. T.,
1963: The excretory system of adult Fasciola
hepatica. Cellule 64: 63 —67.

PROBERT A. J., 1966: Histochemical studies
on the redine and cercariae of Kchinopary-

Received 20 May 1987

30

phium  recurvatum Linstow. Nature 210:
550 —551.

READER A. J. T., 1972: Ultrastructural and
cytochemical observations on the body wall
of the redia of Sphaeridiotrema globulus
(Rudolphi, 1819). Parasitology 65: 537 —546.

REES G., 1966: Light and electron microscope
studies of the redia of Parorchis acanthus
Nicoll. Parasitology 56: 589- 602.

ROHDE K., 1971: Untersuchungen an Madti-
cotyle purvisi Dawes, 1941 (Trematoda:
Aspidogastrea) — VIII. Elektronenmikro-
skopischer Bau des Exkretionssystems. Int.
J. Parasitol. 1: 275 286.

RYSAVY B., BARUS V.. MORAVEC F,
YOUSIF F., 1974: On some problems of the
biological control of hwmnan schistosomes in
Egypt. Folia parasitol. 21: 161 —168.

SENFT A. W., PHILPOTT D. E., PELOFSKY
A. H.. 1961: Electron microscope observa-
tions of the integument, flame cells and gut
of Schistosoma mansoni. J. Parasitol. 47:
217 —229.

SMYTH J. D., HALTON D. W., 1983: The
physiology of trematodes. Second edition.
Cambridge University Press. Cambridge,
London, New York, New Rochelle, Mel-
bourne, Sidney, 446 pp.

SOBOLEVA T. N., ZDARSKA Z., STERBA J.,
VALKOUNOVA J., 1988: Ultrastructure
of the excretory system of Brachylaimus
aequans. Folia parasitol. 35: 335 —339.

WESENBERG —LUND C., 1934: Contributions
to the development of the trematoda digenea.
Part II. The biology of the fresh water
cercariae in Danish fresh waters. Mém,
Acad. Roy. Sci. Let. Danemark, Sect. Sci.,
9: 1-223.

WILSON R. A., 1972: Gland ceclls in the redia
of Fasciola hepatica. Parasitology 65: 433 —
436.

ZDARSKA Z., 1986: Evolution of morpholo-
gical features in larval stages of digenetic
trematodes. Studie CSAV 20, Publ. House
Academia, Praha, 140 pp.

—,NASINCOVA V., 1986: Histological and
histochemical studies on the cercaria and
redia of Echinostoma revolutum. I'olia parasi-
tol. 32: 341 —347.

—, —, STERBA J.. VALKOUNOVA J., 1987:
Ultrastructure of a new type of sensory en-
dings in Echinostoma revolutum cercaria (Tre-
matoda: Echinostomatidae). Folia parasitol.
34: 311--315

—, —, VALKOUNOVA J., 1988: Multiciliate
sensory endings in the redia of K. revolutum
(Trematoda, Echinostomatidae). Folia para-
sitol. 35: 17—20.

J. V., Védeckovyzkumnd laboratof
tropického lékatstvi,

Institut pro daldi vzdeldvani
1lékait a farmaceutt,

Ruské 85, 100 05 Praha, CSSR



Fig

with folded

pher brari

f whi

tomument (A). contaming rod <h ||r"l| and "|-!:|l ricn

m thiroueh the

rtsele

fibros

pharynx of K. rew

() are

A,

{ niFrawsa) I"” WS |]I‘ =it I;I:.I "‘.ljl' =1
I the rad

ibstantinlly developed Luming basalis (B) on the opposite

ittnchwed by e

I

ytoplasmic pu

13 56U

uns 0f henpde

SITOK01e8

dutm redia. The pharynx

avity 18 bordered

I dense granules. The basal plasma

(tdouble wrrows).

etion :]u:nll,-_rh AT ]-||.'| vix muscles.

A

equatorial

Fig. 1. Transverse section through the diluted wall of E. revolutum redia cagcum. The lumen of the
cacenm (A) is filled with dense liquid eontaining haemoglobin of the host. The apical part of the
epithelinl cells of the gastrodermis protrudes in short microvilli (b). The cells are interconnected by
a septate desmosome (arrows). Under the lamina basalis there are sporadic fine muscle fibres (double
arrow) and under these processes of ].I:I!'l‘lll"l!_\'lll!l-l cells (B), » nuelens of l'].}ithl'iilll cell, C body
cavity of redin (G, Os, UAe, Ph) (%6 460). Fig. 2. Detail of epithelial cell of gastrodermis with nu-
Iumen of the caceum, B — redia body cavity, a

merous dense vesieles in the apical part, A
nucleus, b microvilli, o fine muscle fibres, arrows, laumina basalis (G, Os, UAe, Ph) (12 450)



Fig. 1. Section through thoe contracted eaecum of E. revolutum redia, A — lumen of eaccum, a —
microvillous zone of t"].!ilht'linﬂ cells, arrows desmosomes joining individual cells, double arrow —
lamina basalis, B — muscle layer, C parenchymal cell processes (G, Os, UAe, Pb) (<10 600). Fig.
2, Horizontal section through cell of gastrodermis at the level of the nucleus (a) with nucleolus (b).
Note the large sbundance of o« — glycogen particles (top right), ¢ — microvillous zone, d — redia
body cavity, ¢ — fine muscle fibres, arrow — lamina basalis (G, Os, UAc, Pb) (10 600).

Fig. 1. Body wall (A) and oesophageal gland cell (B) of E. revolutum rediz. The body tegument of the
redin proteades in short microvilli (arrows). The oesophageal gland cell (B) contains a nucleus (a)
with nucleolus (b), cisternae of granular endoplasmic reticulum {c). Golgi apparatus (d) and spherical
electron-dense granules (double arrow) (G, Os, UAc, Pb) (<7 840). Fig, 2. Detail of redia body te-
gument with unicilinte receptor, a — microvillous zone of tegument, b — circular muscle fibres,
It cilium, d — basal body, arrows — electron-dense rings in the receptor (G, Os, TAc, Pb)
(= 38 400),
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Fig. 1. Transverse section through Qame cell of K. revolutum n*uliul. a — part of first cell of excretory
capillary in the region with septate desmosome, b — huHrq bodics of l‘llllil. 8 |111',t"1'r|.u.]‘. ribs, lT! -
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Pb) (16 800). Fig. 2. Detail of cilia (A) and internul leptotriches (a) from Fig. 1. (G, Os, UAc, Ph)
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J. Valkounovi, Z, Zdirskd, V. Nudincovi, Ultrastruetural ohsorvations | Plate V1

Fig. 1. Detail of excretory duct (A) and excretory eapillavies (B) of . revolutim redin. The spivally
wrapped cells of the capillaries and the duct cells are joined by means of septate desmosonies
{urrows), b — mitochondria (G, Os, UAe, Ph) (<20 000). Fig. 2. Detail of excretory capillary, the
wall of which is reinforeed with clusters of microtubules (arrows). Note the desmosome joining the
edges of the spirally weapped cell of the exeretory capillary (double arrow) (G, Os, UAc, Ph) (272 000)
Fig. 3. Detail of flattened vesicles of sarcoplasmic reticulum (arrows) of pharynx musele fibres from
Plate I, Fig. 2. (G, Os, UAe, Pb) (29 600).
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