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Abstract. Five types of gland cells — ventral, lateral, suboesophageal, dorsal, and proper cysto-
genic — were revealed in the body of developing cercaria of Echinostoma revolutum. The tail
contains one type of gland cells. Three types of holocrine gland cells in the body of cercaria (ventral,
lateral and dorsal) release their secretion into the body tegument still during their development
inside the redia. The tegument of cercaria represents a preformed outer layer of the cyst wall
of metacercaria. Two types of gland cells, suboesophageal and proper cystogenic, are preserved
in the body of cercaria leaving the first intermediate host. The tail is already without caudal
gland cells which disappeared at the time when the secretion was released into its tegument.
Histochemical studies revealed proteins with tyrosine, tryptophan, cysteine and cystine in the
secretion of ventral gland cells, acid phosphatase activity, proteins and a small amount of neutral
mucosubstances in suboesophageal gland eells, neutral and acid mucosubstances with sulpho-
and carboxy-groups and tyrosine in lateral gland cells, mostly neutral mucosubstances in dorsal
gland cells, and mostly proteins with cysteine and cystine and phospholipids in proper cystogenio
gland cells. In the redia, a nerve ganglion is well developed immediately behind the pharynx
and exhibits a high activity of acetyleholinesterase. The intestine of redia exhibits acid phosphatase
activity and contains cystine and phospholipids. Alkaline and acid phosphatase activity was
demonstrated in the tegument.

After twenty years, we again return to the studies on larval stages of Echinostoma
revolutum, namely the histochemistry of redia and cercaria. Our previous papers dealt
_ with the morphology of larvae of this trematode (Zd4rské 1964a) and partly with
the histochemistry of its metacercaria (Zdarsk4 1964b). This paper presents the
results obtained by means of more modern histochemical methods which enabled us to
study in detail the participance of secretions of different gland cells of cercaria in the
preencystation process, which has not yet been described in detail in this species. Also
the electron microscopy used in the paper by Nagincové (in press) supplied more detailed
information on the surface structures of both body and tail of this cercaria.

E. revolutum is the third species dealt with in our studies on the functionally morpho-
logical peculiarities of echinostome cercariae. Our previous papers concerned the larvae
of Echinoparyphium aconiatum (Zddrské 1968) and Moliniella anceps (Zdarské
1971).

MATERIAL AND METHODS!

The rediae and cercariae of Echinostoma revolutum (Frélich, 1802) Dietz, 1909 were obtained
from spontaneously infected snails, Planorbarius corneus. For the detection of proteins and m uco-
substances, the infected hepatopancreas of snail was fixed in Baker’s solution (Pearse 1968) at
laboratory temperature for 24 h. The same solution (at 4 °C for 2 h) was used for the fixation for
the detection of enzymes. Serial sections were used for the histological and histochemical methods.
The methods for the detection of mucosubstances and proteins were desoribed in the paper by
Zdérské and Panin (1977).
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RESULTS

A. REDIA

The body of redia has a muscular pharynx (Plate I, Fig. 2), short intestine,
collar, birth pore and ventral locomotory appendices. The body wall consists of the
tegument, circular and longitudinal muscles and layer of parenchyma. Subtegumental
cells are localized in the layer of parenchyma. The tegument, particularly in the anterior
part of body, gives positive reactions for tyrosine and tryptophan and exhibits a high
activity of acid and alkaline phosphatases. The subtegumental cells contain also tyrosine
and tryptophan, but only acid phosphatase was found in them. The parenchymal part
of body wall is filled with glycogen and the inner margin of the body cavity is covered
with a substance containing neutral and acid mucosubstances. The tegument of pharynx
has a high activity of acid and alkaline phosphatases and gives positive reactions for
tyrosine and tryptophan. The posterior part of pharynx is surrounded by a large nerve
ganglion (Plate 1V, Fig. 2). Short branches terminating at the anterior end of pharynx
project from the ganglion. Both the ganglion and branches exhibit non-specific esterase
and acetylcholinesterase activity. Several gland cells containing tyrosine, tryptophan
and cystine and exhibiting a high activity of acid phosphatase are localized around the
pharynx. The intestine contents has a high activity of acid phosphatase and gives
intensive positive reaction for phospholipids and cystine.

B. CERCARIA
1. Participance of gland cell secretion in the formation of tegument

Five types of gland cells develop inside the body of cercaria and their contents
gradually increase with the growth of the cercaria. In a fully formed cercaria, the ventral
gland cells are the first to release their secretion into the tegument on the ventral side
from where it spreads also to the dorsal side. As soon as the ventral gland cells are
empty, the lateral gland cells start to release their secretion into the tegument on the
ventral side. The secretion also spreads in the tegument of the whole cercaria body. Final-
ly the dorsal gland cells start to release their secretion on the dorsal side and it again
spreads on the whole body surface. At that time also the caudal gland cells release their
secretion into the tail tegument. Consequently, the body tegument of cercaria before
leaving the redia contains the secretions of ventral, lateral and dorsal gland cells and the
tail tegument contains the secretion of caudal gland cells. The mentioned types of cells
disappear during holocrine secretion. In the body of a fully developed cercaria, the proper
cystogenic gland cells and suboesophageal cells are preserved and the tail is without
gland cells. The tegument of cercaria with different secretions inside represents a pre-
formed outer layer of the cyst wall. The inner layer of the cyst wall arises during the
encystation from the secretion of proper cystogenic gland cells, the outer layer arises
from the secretions contained in the tegument of cercaria.

2. Histology and histochemistry of individual gland cells

a) Ventral gland cells (Plate I, Fig. 1; Plate II, Fig. 1) are the smallest of all and are
localized on the ventral side immediately below the body wall from pharynx up to poste-
rior end, except for the sites where the suboesophageal and lateral gland cells, ventral
nerve trunks (see Plate I, Fig. 1 and Plate IV, Fig. 1) and suckers are situated. They
are club-shaped and their narrowed end is directed to the fibres of body wall muscles.
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Their homogeneous cytoplasm stains red with Van Gieson’s method and gives positive
reactions (Table 1) for proteins with tyrosine, tryptophan, cysteine and cystine.

b) Suboesophageal gland cells (Plate II, Fig. 2) are localized on the ventral side below
the oesophagus. They form a medially situated longitudinal band between the oral sucker
and ventral sucker. The narrowed end of their club-shaped body touches the muscles
of the body wall. Their cytoplasm is finely granulated, exhibits acid phosphatase activity

and gives slightly positive saliva test-resistant PAS reaction and reaction for proteins

with tyrosine, tryptophan, cystine and cystine (Table 1).

c) Lateral gland cells (Plate III, Fig. 1) are localized on the ventral side, around the
oesophagus and oral and ventral suckers. Their oval to spherical bodies contain a large
amount of vacuolized secretion. The secretion is strongly positive in PAS and Best’s
reactions (even after saliva test) and in the reaction with AB pH 2.6 weakened after
demethylation. Consequently, these glands contain neutral and acid mucosubstances
with carboxy- and sulphogroups. The secretion is also strongly positive in Morel —Sisley’s
reaction for tyrosine (Table 1). The tegument, in which the secretion of these cells was
released, reacts in the same way to the histochemical tests (Plate I11, Fig. 2).

d) Dorsal gland cells (Plate III, Fig. 1) are localized on the dorsal side immediately
below the body wall. They are star-shaped and their processes penetrate into inter-
cellular spaces between the other cells. Their finely granulated cytoplasm gives strongly
positive saliva test-resistant PAS and Best’s reactions. Their secretion released into the
tegument reacts in the same way (Table 1, Plate III, Fig. 2).

e) Proper cystogenic gland cells (Plate III, Fig. 2) fill the middle part of body along
its whole length. They are club-shaped and their narrowed part is directed towards the
body wall on the dorsal side. The contents of these cells stain yellow by Van Gieson’s
method. The granules contain mostly proteins with cysteine and cystine and phospho-
lipids (Table 1).

f) Caudal gland cells are distributed along the longitudinal axis of tail and form
processes directed towards tegument. At the later phase of cercaria development, their
secretion is pressed through the processes into the tegument. The caudal gland cells
fill the inner part of tail except for the narrowed end. They are strongly positive for
neutral mucosubstances and acid mucosubstances with carboxy- and sulphogroups.
The secretion released into the tail tegument reacts in the same way (Table 1).

The nerve system of the cercaria exhibits a high activity of acetylcholinesterase. The
cells of eosophagus and ceca are positive to PAS and Best’s reactions and exhibit a high

activity of acid phosphatase.. The excretory granules are positive to Késsa’s test for
calcium salts.

DISCUSSION

The histochemistry of Echinostoma revolutum redia is almost identical with that of
Neophasis lageniformis (Koie 1971), Sphaeridiotrema globulus (Reader 1972) and
Fasciola hepatica (Moore and Halton 1975). The basic structure of the wall of K.
revolutum redia conforms in its morphology to that of the rediae of Parorchis acanthus
(Rees 1971, 1980), which was studied in detail, and to those of Acanthoparyphium
spinulosum (Bils and Martin 1975), echinostome rediae described by Vercammen-
Grandjean (1960) and rediae of Petasiger neocommensis ((inetsinskaya 1968),
Cryptocotyle lingua (Krupa et al. 1967, 1968, Irwin et al. 1978), Aporocotyle simplex
(Kopie 1982), Philophthalmus rhionica, and Metagonimus yokogawai (Ginetsinskaya
1983). Like in other rediae, also in . revolutum redia the body muscles and muscles
of pharynx are strongly developed. Both the pharynx and -body wall contain a large
amount of glycogen. The body cavity is covered with a substance containing neutral
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and acid mucosubstances. The presence of alkaline phosphatase in the tegument of
E. revolutum redia, like in that of Sphaeridiotrema globulus (Reader 1972), confirms
the transport of substances through the body wall, though the receipt of nutrients
takes place in the intestine.

The histochemistry of developing E. revolutum cercaria has not yet been dealt with.
Only the enzyme activity in the free-swimming cercaria was studied by LeFlore et al.
(1984) and Fried et al. (1984). Individual types of gland cells of echinostome cercariae
have been studied only occasionally (Lie 1966).

The main goal of this work was to elucidate the participance of the secretion of indivi-
dual types of gland cells present in the body and tail of cercaria in the formation of
tegument and to compare the mode of their gradual emptying with that of earlier
studied echinostome cercariae — Echinoparyphium aconiatum (Zdérské 1968) and
Moliniella anceps (Zd4rské 1971). The cercaria of E. revolutum is most closely related
to that of M. anceps in the number of types of gland cells participating in the formation
of body tegument. Three types of gland cells, ventral, lateral and dorsal, participate
in the formation-of tegument in the cercariae of these two species, whereas in E. aco-
niatum cercaria, only two types, ventral and dorsal, are involved in it. In the cercariae
of E. revolutum leaving the redia, only two types of gland cells (proper cystogenic and
suboesophageal) are completely preserved. In M. anceps, three types (suboesophageal,
dorsal proper cystogenic and caudal proper cystogenic) are preserved completely and
one type incompletely (a part of the secretion of dorsal gland cells remains localized
in their bodies). The tegument of E. revolutum and M. anceps cercariae contains the
secretions of three types of cells, whereas that of E. aconiatum cercaria contains the
secretion of two types (ventral and dorsal) of gland cells. The dorsal gland cells in
E. aconiatum cercaria, like in that of E. revolutum, are completely emptied. No caudal
proper cystogenic gland cells (present in M. anceps cercaria) have been demonstrated
in E. revolutum cercaria, though Gulka and Fried (1979) in their ultrastructural studies
observed a different structure at a site in the inner layer of the cyst wall, which seems
to correspond to the plug in the cyst wall of M. anceps metacercaria. It consists of the
secretion of caudal proper cystogenic gland cells. However, we have not managed to
detect histochemically different cystogenic gland cells in the caudal part of the body
of E. revolutum cercaria.

Histochemical properties of the secretions of individual types of gland cells in the
studied cercariae of the three echinostome species are substantially identical. In Z.
revolutum cercaria, like in the other two species, the ventral gland cells contain mostly
proteins with tyrosine, cysteine and cystine and the same amino acids are present in
the secretion of suboesophageal gland cells which contain, in addition to them, neutral
mucosubstances and acid phosphatase activity at the early phase of development. The
secretions of lateral gland cells of E. revolutum and M. anceps cercariae contain neutral
and acid mucosubstances with carboxy- and sulphogroups. The secretion of dorsal
gland cells in E. revolutum cercaria differs from that in E. aconiatum and M. anceps
cercaria in that it does not contain acid mucosubstances, but only neutral muco-
substances. The proper cystogenic gland cells in all the three species contain proteins
with cysteine and cystine and phospholipids. Large caudal gland cells are developed
in the tail of E. revolutum cercaria, like in earlier studied cercariae of E. aconiatum and
M. anceps (Zdarsks 1969). The secretion of these cells in all the three species is identi-
cal — it contains mainly neutral mucosubstances and acid mucosubstances with carboxy-
and sulphogroups.

The ducts of gland cells opening on the dorsal side of anterior end of oral sucker, which
have often been described in morphological studies of echinostome cercariae, could
not be demonstrated in E. revolutum cercaria by any of the histological and histochemical
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methods used. This may be due to the fact that the ducts are not filled with the secretion
or the amount of secretion is so small that it cannot be detected histochemically. A similar
situation is in case of the detection of plug in the cyst wall of E. revolutum metacercaria
which cannot be detected histochemically, but is distinctly visible in the electron micro-
scope, as reported by Gulka and Fried (1979). It remains uncleared at what site of
the cyst the plug is formed. Is this predilection site the caudal pocket of cercaria like
in M. anceps? This site does not seem to be fortuitous, but it is related to a certain
part of the body tegument of cercaria or to the localization of somewhat different proper
cystogenic gland cells, which cannot be histochemically differentiated from the others.
The solution of this question requires detailed ultrastructural studies of the tegument
and gland cells of . revolutum cercaria.

FTRCTOJOTUA U TUCTOXHUMU A HEPRAPHI U PEJHII
ECHINOSTOMA REVOLUTUM

3. Haapcka u B. Hamnnrosa

Pestome. BB reste passmpalomieiicsn neprapun Echinostoma repolutum BCTPEUAETCA O THIOB
HEJACIUCTLIX KICTOR ~— BEHTPAIbAbIC, [1ATEPATRHLIC, LIOAMMITICBOAHbIE, [OPIATLHBIC H HACTO-
jAlge LHCToreHHeie. I3 xBocre Toabk0 ojun tun. Tpu Tma TOJIOKPUHHBIX FKE/I€3HCTLIX KJIETOK
UEPRAPHE — BEHTPA.TLHBIC, JATEPATHHKIC ¥ 0P3AILHNE — BRLIETHIOT CEKPET B TCIyMENT TelTa
CIlle B TedeHNne PASBUTHA B peiin. TeryMeRT HepkapHU mpeicraBiser codoi npedopMApOBaAH-
HEH BHEMHAN CJIOH CTEHRM I(HCTHL MeTaTleprapuit. B Terte mepkapum, BBIXO(sITei H3 mepBoro
NPOMEKYTOYHOTO XO3fIMHA, COXDAHEHBI [Bd THIA MKE.IC3UCTLIX KICTOR O, {IAUICBO;{HbIE
M HACTOAIIIE WHCTOrCHHELE. XBOCT YiKe 63 KayIa IBHBIX HKCIC3HCTLIX KACTOR, KOTOPBI® HCYE3IH
BO BDEMHA BLIUEJIEHHAS CGKPETA B ero TeryMCHT. [UMCTOXMMMTCC KMMI METOaMM Obi [ obHapy-
EHLl B CCKDETY BEHTPAJLHLIX /KOICAICTBIN KICTOK OEINA ¢ THPOSHHOM, TPHITOHAHOM, ITHC-
TCHHOM M TUICTUHOM; B IIOANMHUICBO; (HBLX 3KETe3HCTRIX KJIETKAX OGHADYMEHA AKTIHBHOCTL KHCIOM
docdaTaskr, Gearut 1 HeGOMBIIOe KOMMUCCTBO HEHTPaILERIX MY KOCYGCTARIU; B /1ATePATLHLIX sKe-
FICBUCTBIX KICTKAX — HEHT DA ILHLIE H RHCIThIe MY KOCY GCTA ITHH ¢O ¢y IB(o- 1 KRapOOKCUrpYIIaMy i
TUPO3NH; B 10P3A-THHBLX AC.IeBHCTBIX KTCTRAX — GO IBINCH YaC THI0 HCHTPAbHBIC MYROC yocTaHnuy
1 BHACTOSAMHUX MUCTOT@HABIX KIIETKAX — 00JIBIIel YaCThIO GEIIKH ¢ LUICTeNHOM I IHCTHHOM M docdo-
STATABL Y penuH, HelocpeicTBeHHO 3a [IOTKOH, HaXO0MTe A XOPOIIO PABBHTLIN HePBHLUI I'aHI -
anil, 00JATAIONUI BEICOKOH AKTHBHOCTBIO aVeTHIIXONUMHACTCPpasl. Wumeunk penu obmaaer
AKTUBHOCTLIO KUCTOH GochaTassl it cOACPHUT MUCTHH 1 docgoimmubl, Toria KAk B Terymenre
BCTPEYAIOTCSI RACTAst W INe109Has Pocdarasm.
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Z. Zdarska, V. Na&incovd, Histological and histochemieal studies . . . . . . . . .  Plate I

Fig. 1. Transvorse scction through anterior part of fehinostome revolutum corcaria with ventral
gland eeolls (a) intensively stained red by Van Gieson’s method; arrow unstained wventral
nerve trunk ( x 750). Fig. 2. A. Transverse section through a fully developed cercaria of E. revolu-
tum. The secretion of ventral gland cells is already in the tegument. B. Longitudinal section
through anterior end of redia. a — pharynx, b — intestine. Van Gieson { x 480).

Z. %ddrskd, V. Nagincov4, Histological and histochemical studies . . . . . . . . . Plate IT

(

200

Fig. 1. A. Longitudinal section through young cercaria of ¥. revolutum with developing ventral
gland cells (arrows). B. Longitudinal section through younger cercaria in which the gland cells
are not yet developed. a — oral sucker, b — ventral sucker, ¢ — tail. Van Gieson (% 370). Fig. 2.
Seetions through E. revolutum cercariae with well visible eystogenic gland cells intensively stained
by PAA-aldehyde fuchsine method for the detection of eystine. Suboesophageal gland eells (arrow)
are well visible in the transverse section right at the top. a — ventral sucker, b — pharynx of

redisa { X 200).



Z. Zdarska, V. Nasincova. Histological and histochemical studies . . . . . . . . . Plate TIT Z. Zadbrskd, V. Naﬂmcnvnjmﬁln_glcul a'n_'l h'Htﬁ}_“m"ca! studios

. Plate TV

¥

Fig. 1. Transverse (A) and longitudinal (B} sections through E. revelutum cercaria stained with
the method for the detection of acetyleholinesterase (Karnovsky and Roots). a — ventral nerve

Fig. 1. Longitudinal (A) and transverse (B) wm.i”nd t}irnugh 8 young cerearia of . revolutum. trunks, b — ganglion, ¢ — tegument of oral suckor ( x 550), Fig. 2. Longitudinal section through
Dorsal (arrows) and lateral (a) gland eells B mt(:.nswel_\f _si'ame(l by Best's method. b — oral redia stained by the same method as in Fig. 1, with well visible ganglion (a) and processes of nerve
sucker, ¢ — ventral sucker ( x 380). Fig. 2. Longitudinal section through a fully developed £. revo- fibres into anterior part of pharynx (arrows). b — pharynx, ¢ — intestine { x 670)

tutum cercaria, The secretion of dorsal and lateral gland cells is already in the tegument, a — oral
sucker, b ventral sucker, ¢ — tail, d — oesophagus. Best’s method { = 350).
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