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Abstract. The foregut of Brachylaimus aequans. i.e. the oral sucker cavity, prepharynx, and pharynx
are lined with a tegument, which is essentially identical with the body tegument. The tegument
of the oral sucker and pharynx differs by the presence of a lacunal system in its basal part. This
lacunal system arises by the attachment of the tegument by hemidesmosomes to lamina basalis
at several points. Large lipid vacuoles are present in the tegument of the pharynx. The openings
of gland eells into the prepharynx have been demonstrated for the first time in an adult digenetie
trematode. Their ducts are reinforced by microtubules and attached to the prepharynx tegument
by septate desmosomes. The secretion granules are large, irregular, and electron-dense. The caeca
are lined with a syncytial epithelium, the apical part of which projects into long, thin microvilli
covered with glycocalyx. The cytoplasm contains numerous mitochondria,. large lipid vacuoles,
Golgi complexes, rougl endoplasmic reticulum, single electron-lucid vesicles, lysosomes, autophago-
somes, and residual bodies. The basal plasma membrane of the caecal syncytium forms numerous
invaginations. The functional importance of the struetures of individual parts of the digestive
tract is discussed.

This paper is a continuation of the histochemical studies of this trematode (Zdarsks
and Soboleva 1987) and it is a part of complex investigations of adult trematodes
of the superfamily Brachylaimoidea, the life cycle of which is bound to the terrestrial
environment. This is our first ultrastructural study of an adult trematode. The aim
of this study, as well as of the following ones, is to elucidate at the ultrastructural level
the changes in the morphology of adult trematodes whose previous developmental
stages are dependent on terrestrial snails. Some of the peculiarities of the life cycle
of this trematode is the cercaria freely moving in the terrestrial environment and non-
encysted metacercaria in the second intermediate host. At the beginning of its develop-
ment, the metacercaria actively feeds on the snail tissues. Therefore the digestive
system is well developed not only in the adult trematode, but already in the meta-
cercaria. The studies of the ultrastructure of the oral sucker, prepharynx, and pharynx
amplify our knowledge of the digestive system in adult trematodes.

MATERIALS AND METHODS

Adults of Brachylaimus aequans (Looss, 1899) at the age of 6—8 days were obtained by expori-
mental feeding of white laboratory mice with metacercariae of the snail Macrochlamys schmidti.
The trematodes isolated from the intestine were washed in saline and fixed in 3%, glutaraldehyde
in 0.1 M cacodylate buffer (pH 7.2) at 4 °C for 2 h, and postfixed in 19 OsO, at 4 °C for 2 h. After
dehydration through an aleohol series the material was embedded _through acetone in Du}‘cup&n.
Ultrathin sections were cut using LKB 8800 Ultrotome IIT ult;raml('zrotoxr.lt?, contrasted with ,29%
uranyl-acetate and Reynolds solution of lcad citrate, and examined in Philips EM 420 and Philips
EM 300 electron microscopes.
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RESULTS

1. Oral sucker

The oral sucker (Pl I, Fig. 1) is lined with a tegument identical with the body tegu-
ment, except for its basal part. The folded tegument surface is bordered by a plasma
membrane connected with a thin glycocalyx. The basal plasma membrane of the tegu-
ment does not adhere evenly to lamina basalis, but it is attached to it by hemidesmo-
somes only at some points. In this way there arise cavities between the basal plasma
membrane and lamina basalis forming a lacunal system in vhe whole posterior part
of the oral sucker. The same type of tegument occurs also inside the pharynx, but not
inside the prepharynx. The tegument cytoplasm of the oral sucker contains single
electron-lucid vacuoles, mitochondria, and a large number of rod-shaped electron-dense
granules arranged perpendicularly to the plasma membrane, particulatly near the
surface. The lipid vacuoles are lacking in the tegument cytoplasm. A thick connective
tissue layer is situated under lamina basalis and under this layer, there are strongly
developed meridional, equatorial, and radial muscles. The tegument of the posterior
part of the oral sucker passes to the tegument of the prepharynx (Pl I, Fig. 1).

2. Prepharynx

The tegument of the prepharynx (PL II, Fig. 1) contains the same cellular organelles
as the tegument of the oral sucker. The rod-shaped granules are concentrated mostly
in its surface layer, whereas the mitochondria oceur mostly in its middle layer. Like
in the tegument of the oral sucker, there are no lipid vacuoles. The basal plasma mem-
brane forms single invaginations and adheres to lamina basalis. Under the lamina
basalis, there is a thick connective tissue layer and under it single muscle fibres. Pre-
pharyngeal gland cells (PL. II, Fig. 2) open into the prepharynx and they are localized
around it, i.e. between the oral sucker and pharynx. The prepharyngeal gland cells
contain large, irregular, electron-dense granules. Their ducts are reinforced by micro-
tubules below the plasma membrane (Pl. II, Figs. 1, 2; PL. VI, Fig. 1). The plasma
membrane of the duct of gland cells is fixed through a septate desmosome to the plasma
membrane of the tegument at the site of the opening near the tegument surface. The
tegument of the prepharynx passes to the tegument of pharynx (PL I, Fig. 1).

3. Pharynx

The tegument of the pharynx (Pl III, Fig. 1), in contrast to previous parts of the
foregut, contains in addition to a small number of rod-shaped granules (Pl I, Fig. 2),
mitochondria and electron-lucid vesicles, also large lipid vacuoles (Pl. I1I, Fig. 2),
which are most numerous in its upper part. The outer lamina of the trilaminal plasma
membrane of the tegument is connected with single filaments of the glycocalyx. The
basal plasma membrane forms some invaginations, passes to the septa of lamina basalis
and demarcates the lacunal system at the base of tegument (Pl 111, Figs. 1, 2) identical
with the lacunal system in the oral sucker. Lamina basalis forms septa projecting
into the tegument and between muscle fibres. The connective tissue layer is lacking.
The tegument is connected with lamina basalis through hemidesmosomes at some
points. Muscle fibres are attached by hemidesmosomes to the lamina basalis on the
opposite side. Cyvoplasmic processes occur between radial muscle fibres of pharynx.
They contain spherical, electron-dense structures with single cristae, inside which
a small spherical structure is present (Pl VI. Fig. 2).
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4. Caecys

The oesophagus is not developed in B. aequans. The pharynx tegument passes
imediately to the lining of the caeca. Their lining adheres to lamina basalis beneath
which is a thick connective tissue layer and beneath this longitudinal and circular
muscles (PL. V, Fig. 1). Cyvoplasmic processes of myocytes and parenchymal cells
penetrating through lamina basalis up to the base of caecal syncytium are visible in
some sections. They form gap junctions with the syncytium (Pl. V, Figs. 1, 2). The
basal plasma membrane of the caecal syncytium forms numerous invaginations. The
cytoplasm of the syncytium contains nuclei with a nucleolus (Pl IV, Figs. 1, 3),
numerous small mitochondria with an electron-dense matrix and single cristae, electron-
lucid vesicles, Golgi complexes, rough endoplasmic reticulum, lysosomes, autophago-
somes, residual bodies, and large lipid droplets (Pl. IV, Figs. 1, 3), which often cause
that the apical part of the caecal syncytium is evaginated into the microvillous zone.
The microvillous zone is formed by numerous long, thin microvilli (PL. IV, Figs. 1, 3)
covered by glycocalyx (PL 1V, Fig. 2).

DISCUSSION

The digestive tract of B. aeguans, like that of other trematodes (Robinson and
Halton 1983, Leitch et al. 1984), is bordered by two different components. The syn-
cytial tegument, which covers the body surface of the trematode, lines also the cavity
of the oral sucker, prepharynx, and pharynx, whereas the caeca are lined with syncytial
epithelium with long, thin microvilli.

C'onsidering that the superfamily Brachylaimoidea belongs to the order Strigeatoidea
La Rue, it may be supposed that the ultrastructure of the digestive tract will be most
similar to that of the members of the genus Schistosoma, which have been studied most
intensively. The ultrastructure of the tegument of individual parts of the foregut so-
mewhat differs from the ultrastructure of the body tegument in the presence of individual
organelles and in the thickness of glycocalyx. The rod-shaped granules are less numerous
and the glycocalyx is thinner. The morphology of mitochondria does not change in the
whole digestive tract — they possess an electron-dense matrix and single cristae.

Several authors (Lumsden 1975, Robinson and Halvon 1983 and others) have
demonstrated that the contents of rod-shaped granules are discharged by exocytosis
to the tegument surface and are used for the formation of glycocalyx. The rod-shaped
granules are produced in the Golgi apparatus of subtegumental cells and they are trans-
ported into the syncytium. The majority of these granules accumulate in the tegument
beneath its apical plasma membrane. When the contents of the rod-shaped granules are
discharging, both membranes fuse and the granule contents get to the surface (exocytos-
is). The discharged granule contents have a protective function during the change of
the surface membrane and the glycocalyx connected with it. There is unequivocal
autoradiographic evidence that the glycocalyx of parasitic plathelminths is elaborated
through the secretory activity of the tegumental cell bodies (Lumsden 1975), and is
becoming increasingly apparent from the ultrastructural immunochemistry studies
that the glycocalyx turnover in a number of these worms prevents host immune com-
plexes or inflammatory cells from damaging the parasite surface (Hanna 1980a, b).

Considering that particularly the body tegument and of the digestive tract only oral
sucker tegument get into immediate contact with the host, the smaller number of
rod-shaped granules and thinner glycocalyx in the prepharynx and pharynx may be
explained.
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The gland cells localized hetween the oral sucker and pharynx and opening into the
prepharynx are the first finding of these glands in adnlt digenetic trematodes. They
are termed prepharyngeal gland cells. These glands are identical with the circumpharyn-
geal glands described by Halton (1972) in the aspidogastrid trematode, Aspidoguster
conchicola. These gland cells conform to Halton’s description not only in the localization
and opening into the prepharynx, but also in their ultrastructure. Similar gland cells
opening into the prepharynx are the prepharyngeal gland cells in Monogenea (Halton
et al. 1974, Smyth and Halton 1983). The secretion of the prepharyngeal gland cells
of B. aequans is of protein nature; it contains a large amount of tryptophan and exhibits
the activity of acid phosphatase (Zdarské and Soboleva 1987).

Similar gland cells, which surround the pharynx, but do not open into the digestive
tract, have been described by Halton (1967) and Halton and Dermott (1967) in
Haplometra cylindracea and Opisthioglyphe ranae. These cells are evidently identical
with the frontal gland cells, which open onto the body surface around the oral sucker
of digenetic trematodes. Their ultrastructure is identical also with that of frontal gland
cells in Leucochloridium paradoxum and L. perturbatum metacercariae (Zdarské and
Soboleva 1984, Zdarské 1986) and with penetration gland cells preserved in young
Gorgoderina vitelliloba (Hoole et al. 1983).

The prepharyngeal gland cells have already been demonstrated by histochemical
(Zd4rsks et al. 1984) and electron-microscopical (unpublished) methods in Leuco-
chloridium perturbatum metacercariae. Adult specimens of this trematode species have
not yet been studied by us. Also another morphological stiucture of the foregut is
identical in adults of B. aequans and metacercariae of L. perturbatum (Zdérské and
Soboleva 1984, Zd4irska 1986) and L. paradoxum (Zdarsks 1983). It is the lacunal
system at the base of tegument in the posterior part of the oral sucker and in pharynx.
The special arrangement of the basal part of the tegument in the oral sucker and pharynx
is explained by the presence of well developed muscles, for which the simple folding of
tegument at the moment of contraction would be insufficient. This type of tegunient,
which is attached to Jamina basalis only at some points, ensures its better flexibility.
This function of the lacunal system is indicated also by the fact that this system is
lacking in the prepharynx, where the muscles are not so developed. Remarkable is the
presence of large lipid vacuoles in the pharynx tegument of B. aequans. They have not
been observed in this region in any of the studied digenetic trematodes.

The caeca of B. aequans are lined with syncytial epithelium projecting in the apical
part in long, thin microvilli. In this way, the resorption surface of caeca is increased
several times. The microvilli are covered by a thin layer of glycocalyx. Similarly as in
other trematodes, the cytoplasm of caecal syncytium contains mitochondria, Golgi
complexes, rough endoplasmic reticulum, lysosomes, autophagosomes, residual bodies,
large lipid vacuoles, and nucleus with nucleolus at regular distances. The basal plasma
membrane forms numerous invaginations and eytoplasmic processes of musele and paren-
chymal cells penetrate through lamina basalis to the base of caecal syncytium forming
gap junctions with it.

A similar caecal syncytial epitheliuni has been described 2lso in Schistosoma mansons
(Senft et al. 1961, Morris 1968, Spence and Silk 1970), S. haematobium (Sodeman
et al. 1972), 8. japonicum (Fujino and Ishii (1979), Sckistosomatium douthitti (Shannon
and Bogitsh 1969), Gorgodera amplicava (Dike 1967), Gorgoderina attenuata (Davies
and Bogitsh 1971), Megalodiscus temperatus (Bogitsh 1972b, Morris 1973), Echino-
stoma hortense (Fujino and Ishii 1979), Eurytrema pancreaticum (Fujino and Ishii
1979), Corrigia corrigia (Panin et al. 1981), and Corrigia vitta (Robinson and Halton
1983). An intermediate form of the caecal epithelium of digenetic trematodes, i.e.
& combination of syncytizl and cellular gastrodermis, has been described hy Halton
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(1982) in Fellodistomum fellis. Other previously studied trematodes have a typical
cellular gastrodermis.

The cytoplasmic processes of muscle and parenchymal cells in the adult B. aequans
terminating in the syncytial epithelium by the gap junctions enable, like in other tre-
matodes, a transport of nutrients from the caecal epithelium into body parenchyma.
According to Morris (1973), the caecal syncytium is connected by junctional complexes
with the muscle cells enabling the distribution of nutrients into the whole body by means
of the same connections with other tissues. Similar junctional complexes have been
described by Gallagher and Threadgold (1967), Bennett (1975) and Robinson
and Threadgold (1975) in Fasciola hepatica, by Morris (1968) and Spence and Silk
(1970) in Schistosoma mansoni, by Bogitsh (1972a) in Haematoloechus medioplexus,
by Matricon-Gondran (1980) in Echinostoma caproni, and by Panin et al. (1981)
in Corrigia corrigia. According vo Smyth and Halton (1983), the parenchymal cells
are structurally connected not only with one another, but also with the tegument,
digestive, excretory and reproductive systems, and muscles by means of gap junctions.
These junctional complexes should be considered sites of intercellular communications,
which, due to the absence of a circulatory system, enable the transport of nutrients in
the whole body of the trematode.
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YIBTPACTPYRTYPA NNIMEBAPHTLE IBHOWN CUCTEMBI
TPEMATOIBl BRACHY LAIMUS AEQUANS (TREMATO D A:
BRACHYLAIMOIDEA)

3. 3Kaspera, I Wrepda, T. H. CoGoaesa n M. Ba:ikoyHoBa

Pesove. Ilepeamsan wacT, nMIMEBAPUTETBLHOM vilcTeMnl TpeMmatoust Brachylaimus aeguans,
T. ¢. I0J0CTL POTOBOI LPHCOCKH, HIPEUVIOTRA W 1MIOTKA, BBICTISHBl TEUYMEHTOM, KOTOPHIA
B ¢VIUOCTH ¢OBAAIACT ¢ TCI'YMEHTOM TC.Ja. OH OTJIHYAETCSI TONBKO TeM, U4TO B 0a3a ILHOM YacTH
TCIYMEHTA POTOBOI HPHCOCKM H INTOTKH HaXOJMTCH JTAKYHAPHAst cHcTeMd. TeryMeHT IIOTKH
COJNEPIKHUT, KPOMe TOI'0, Tawke GOJNbAINe JAMIIABIC Bakyoau. Bnepsre OLLTO 06HApYMeHO
BIT4;ICHHE JKeJIe3MCTHX KICTOK B NMPEINTOTKY. DBLIBOJHLIE NPOTOKI 3THX HPerfOTKOBLIX H#elle-
BUCTHX KJAETOK COUCPIKAT MHKPOTPYOOYKM H UPHKPENICHH! K TEIYMEHTY IIPe/rJOTKM CEeUTH-
posaHHOIl fgecmocomoil. CexpeT oOpasyer O0oiIbLIE, HEpelryJspHbE, 3.T€KTPOHHOMIOTHEIS
rpaHyiel. BeTBil KMUICUHMKA BBICTIAHBL ¢ HHIHTHAALHBIM SIATEIHMEM, ANHKAJILHAA YacTh
KOTOPOTO Mepexo;(AT B ;LINHHLIC, TOHKHE MHKDOBODCHHKH, IOKPHITbE INIAKOKATHKeoM. fixpa
COTCPIKAT  AJIPHIMRO M IUTOMIASMA MHOI'OUHCJICHHBIC MHTOXOHAPHM, OOIbLUME IIUIMIHBIC
BAKRYO./IM, KOMILTCKCBL ['0MbKH, SHIOUIa3MATHUCCKIIL PETHRYJYM M OT/\e/lbHble 3.IEKTPOHHO-
HPO3PAYHLIE BE3UKY:IbI, JTMB0COMMI, AYTOPAIOCOMBI M PE3ILIYAILHBIC TETd. basassHas miasmMartn-
uecKash MeMOpaHa CHHIHTHAJIRHOIO SMUTEIUs BeTBCI KRMICYHWEX 06Pa3yeT MHOIOYHCICHHKIC
uEBArHHAIMH, O0cysnaerca (yHKIMOHANBLHAOE 3HAYEHIEe CTPYKTYP OT/IENLHLIX YacTeil Nulle-
BADHTCTLHON CHeTEMBL.
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Fig. 1. Prepharynx (A), prepharyngeal gland cells (B) and pharynx muscles (C) of B. aequans. Lamina.
basalis (arrows) and thin muscle layer are beneath the prepharynx tegument (a). (G, Os, UTAe,Ph)
(% 6,500). Fig. 2. Oblique section through the opening of prepharyngeal gland cell (a) in the tegument

2

< g " . of prepharynx (b). The duct contains irregular large, dense granules and is reinforeed by microtubules.
Fig. 1. Semithin section thl:DUgh _the anterior part of B. deq g ors] aml;erl;::‘ — phar YOy {arrow) beneath the plasma membrane. Note a large number of mitochondria withye]actmn-dense
“‘I"“’“" — prepharynlxu;c 4, :nt.a::ltme (toluidine blufgl(x“.’ﬁ.l)].ll‘tg. 2. J‘eggﬂent_(? fg ynx ndopnm!lm matrix and rod-shaped granules in the tegument of prepharynx. ¢ — prepharynx muscles, d —
< > beneat me| e (le icul ; bl : :
:o"‘i‘::“: d.ense‘r(;::l(;a’ %"A‘!ﬁ‘;} F;?E’:ggg;d RAL ARICe . A IO IR perpe y transverse seetion through the duet of prepharyngeal gland cells in the parenchyma with conspicuous.

microtubules, e — pharynx (G, Os, UAe, Pb) (x 21,800).
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Z. Zdarski, J, Stérba, T. N. Soboleva. J. Valkounova, Ultrastructure of the digestive , ., Plate III

Fig. 1. Transverse section through syneytial gastrodermis of B. aequans with microvillous zone

Fig. 1. Tegument (A) and museles (B) of pharynx of B. aequans. Note the lacunal system (a) at the (right). Thin lamina basalis (arrows) beneath the gastrodermis and connective tissue and musele
base of tegument. Arrows-lamina basalis (G, Os, UAe, Fb) (x8,250). Fig. 2. Section through the layer beneath lamina basalis (left) (G, Os, UAe, Pb) (% 7.650). Fig. 2. Dntﬂ.l'! Ofmicrnvillulﬂ surrounded
tegument of pharynx at the site with a large number of lipid vacuoles (a); arrows — lamina basalis, by glycoealyx (G, Os, UAe, Pb) ( x 147.000). Fig. 3. Detail of gastrodermis of caecum in the region
b — pharynx muscles (G, Os, UAe, Pb) ( x 13,650). of nucleus (a): b — electron-dense nueleolus, ¢ — microvillous zone, d — lipid droplets, arrows —

lamina basalis, e — connective tissue layer, f — muscle layer (G, Os, UAe, Pb) (% 10,000),



Z. Zdairské. J. Sll'ﬂ-bﬂ.. T. N. Soholeva. J. Valkounovid, Ultrastructure of the digeative « Plate V z. Zd'é.rsks'l,, 1. Stérba. T. N. Soboleva, .J. Valkounovd, Ultrastrueture of the lligf‘n‘tj\‘l‘ . . Plate VI

Fig. 1. Transverse seetion through the basal part of gastrodermis (A), musele layer (B) and vitelline Fig. 1. Section th " ; :
eell (C). Muscle layer (B) consists of contractile {a) and eytoplasmie (b) parts of myocytes. Cyto- p;lga.ry;l.gezligl]land;m(f;j it:e?r:‘l(::?gt:—;);{;: "("-asl'_’:;f:v:-;'o‘;?):ill‘ 1';’}-‘11‘}’-1?’; » “:ufl}l]rf:]lme?:}?a ldu;:ta OS d
lasmic processes of m tes penetrate not only into the basal part of gastrodermis (arrow), but = O
plasmic p yocytes penetrate n Uy 1n L. 8 Ba . secretory granules (b) (G, Os, UAe, I'b) (< 31,000). Fig. 2. Seetion through pharynx museles with
also into the p..nrenchyma (double arrow), where they form gap junctions with other c?lia: e —nuciel._ls numerous spherical structures with cristae and a sphericz] structure situated inside between the
of gastrodermis, d — nueleus of vitellir.e cell (G, Os, UAe, I b) (> 8.900). Fig. 2. Detail of eytoplasmic musele fibres (a) (G, Os, UAe, Pb) (22 8{)-0] 1 1 strue 5 : |

process with gap junetions from Fig. 1 (G, Os, UAe, I'b) (X 18,100).
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