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Abstract. The ultrastructure of the flame cell, excrefory capillaries, ducts, collecting ducts, excretory
bladder, and excretory pore of Brachylaimus aequans was studied 6—8 days p.i. The excretory ducts,
collecting ducts and excretory bladder are provided with numerous lamellae on the luminal side.
The cilia of lateral flames in the excretory ducts have a triated rootlet. The excretory pore is covered
by a tegument identical with the body tegument. The syncytium of the excretory bladder is connected
with the tegument of the excretory pore by means of a septate desmosome. No lipid or excretory
corpuscles have been demonstrated in the excretory system. :

The present study is a continuation of a previous paper dealing with the ultra-
structure of the digestive system of this trematode (Zd4rsk4 et al. 1988). Its aim
was to provide a deeper knowledge of the functional morphology of trematodes adapt-
ed at all their developmental stages to the existence in terrestrial animals.

MATERIALS AND METHODS

Adult specimens of Brachylaimus aequans (Loose, 1899) at the age of 68 days were obtained
from experimentally infected laboratory mice with motacercariae from the molluses M acrochlamys
schmidti, originating from the vicinity of Alma-Ata. The trematodes were released from the host
intestine, washed with saline and fixed in 3 % glutaraldehyde on 0.1 M cacodylate buffer (pH 7.2)
for 2 h at 4 °C, and then postfixed in 19, 0sO, for 2 h at 4 °C. After dehydration through alcohol series
the material was embedded into Durcupan through acetone. Ultrathin sections cut with Reichert’s
Om U2 ultramicrotome were contrasted by 209, uranyl acetate and Reynold’s solution of lead
citrate and examined in Philips EM 420 and Philips EM 300 electron microscopes.

RESULTS

L. The flame cell (Pl. I, Fig. 2) comprises a cup cell, the cytoplasm of which is con-
centrated mostly in the proximal part, whereas in the distal part, only a thin rim of
the cytoplasm surrounds the cavity in which a bundle of cilia (the “flame”) is situated.
In the proximal part of the cell, there is a nucleus with chromatin concentrated below
the nuclear membrane, granular endoplasmic reticulum, mitochondria, and electron-
lucid vesicles. The plasma membrane in this part of cell forms gap junections with
parenchymal cells. The thin rim of cytoplasm surrounding the basal part of the flame
projects into processes on the inner side. These procesgses resemble the microvilli and
are termed internal leptotriches (Pl. I, Fig. 1). The most distal part of this rim does
not form a coherent layer, but protrudes into internal ribs between which fit the
external ribs (Pl. I, Fig. 1) formed by the cytoplasm of the first cell of the excretory
capillary. The cilia of the flame are anchored by means of basal bodies and short
rootlets in the distal part of the cytoplasm near the nucleus. The cilia have a typical
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structure of 9 4 2 (PL. IT, Fig. 2). The proximal ribbed part of the first cell of excretory
capillary is attached to the distal ribbed part of the flame cell.

2. The excretory capillary (Pl. I, Fig. 2) consists of spirally wrapped cells. Each cell
forms an extracellular duct coiling spirally around the lumen. The margins of cells
are connected with one another by a dosmosome and interdigitations (Pl. I, Fig. 2).
The first cell of the excretory capillary is widened in form of a cup and its proximal
end protrudes into the external ribs which fit between the internal ribs of the flame
cell. The ribs are interconnected by a fine fibrous layer. This connection is well visible
in the transverse sections through this part (Pl. I, Fig. 1). No pores have been seen
between the ribs. The widened proximal part of the first excretory capillary projects,
in addition to external ribs, also into microvillus-like external leptotriches anchored
in the intersticial material. The cytoplasm of the cells of excretory capillaries contains
numerous mitochondria, granular endoplasmic reticulum, and electron-lucid vesicles.
The chromatin in the nucleus is situated below the nuclear membrane and contains
a nucleolus. The excretory capillaries open into wider excretory ducts.

3. The excretory ducts (Pl. [I, Figs. 1, 3, PL. IIT. Figs. 1, 2) consist of flat epithelial
cells, with numerous long lamellae protruding into the lumen (Pl TII, Figs. 1, 3).
The cells are interconnected by septate desmosomes (P1. IIT, Fig. 2). The cytoplasm
contains mitochondria and electron-lucid vesicles. Single lateral flames consisting
of long cilia are situated in excretory ducts. In the cytoplasm of cells forming the
lateral flames, the cilia are anchored by means of short striated rootlets and basal
bodies (Pl. III, Fig. 1). The lamellae are lacking at the site where the lateral flame
is situated, but they surround it on its whole periphery. The lateral flames serve for
the flow of the filtrate to the excretory bladder. The epithelium of excretory ducts
lies on a thin lamina basalis. The basal plasma membrane does not form invaginations
in these ducts. The excretory ducts arc covered by alayer of connective tissue. Pro-
cesses of parenchymal cells penetrate this layer and lamina basalis and form gap
junction with the epithelial cells of the excretory ducts (Pl 11, Fig. 3).

4. The collecting excretory ducts represcnt the last but one part of the excretory
system of this trematode. They have the form of two long, wide ducts running
along the trematode body from the ventral sucker up to the excretory bladder. Their
syneytial wall forms numerous long lamellae protruding into the lumen. These la-
mellae are identical with the lamellae in smaller excrctory ducts. The syncytium of
the collecting excretory ducts is surrounded by lamina basalis, connective tissue
layer, and thin muscle layer. The processes of parenchymal cells penetrate through
basalis and their plasma membrane forms gap junctions with the plasma membrane
of the syncytium. The cytoplasm contains single mitochondria and electron-lucid
vesicles.

5. The excretory bladder (P). IV, Figs. 1, 2) has esscatially the same structure as
the collecting excretory ducts. Its syneytium is thicker than that of collecting excre-
tory duets and its basal plasma membrane forms numerous invaginations. The apical
part of syncytium cytoplasm forms numerous lamellae, which are shorter than that
in the collecting excretory ducts. The syncytium cytoplasm of the excretory bladder
contain numerous mitochondria, electron-lucid vesicles and single nuclei. No lipid
droplets or excretory corpuscles have been observed in it. Below the syncytium lies
lamina basalis and below it a well-developed muscle layer (PL 1V, Figs. 1, 2). The
plasma membrane of the syncytium and the plasma membrane of tegument are
interconnected by a septate desmosome at the site where the exeretory pore hegins
(Pl IV, Fig. 2).

6. The excretory pore (Pl. IV, Figs. 1, 3) is lined with a tegument essentially
identical with the body tegument. It differs from the bod; tegument only in a smaller
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number of dense rod-shaped granules. In addition to these granules, the teguments
contain also electron-lucid vesicles, granular endoplasmic reticulum, and mitochond-
ria. The apical part of the syncytium forms high folds and the basal plasma membrane
has numerous invaginations. Below the tegument lies lamina basalis and below it,
a thick muscle layer. The tegument of the excretory pore is connected by a septate
desmosome to the syncytium of the excretory bladder.

DISCUSSION

The flame cells of a B. aequans adult have a typical structure, which occurs in both
larvae and adults of trematodes (Senf et al. 1961, Reisinger and Graack 1962,
Pantelouris and Threadgold 1963, Wilson 1969, Rohde 1971, 1972). The
cilia of the flame are anchored by means of basal bodies and short rootlets into the
cytoplasm of the flame cell. The flame cell forms a rim around the flame which is
connected by the internal ribs to the first cell of the excretory capillary. The proximal
end of the capillary projects into the external ribs behind which the external lepto-
triches project. The internal and external ribs are connected by a thin fibrous layer
in which no pores werc demonstrated. On the luminal side. the cytoplasmic rim of the
flame cell projects into microvillus-like internal leptotriches. The flame cell is separat-
ed from the surrounding parenchymal cells by a layer of interstitial material. This
layer is lacking only at the sites of gap junction. Bennett (1977) described a pino-
cvtotic activity in the flame cells of Fasciola hepatica. However, this activity was not
demonstrated by us in the flame cell of B. aequans, but it was evidently present in the
excretory capillaries and ducts.

The apical processes of ciliary membranes, which have been demonstrated by
Rohde (1971, 1972) only in Aspidogastrea, are not developed in the flame cells of
B. aequans or other parasitic platyhelminthes — Digenea, Monogenea, and Cestoda.
Like those of Digenea, Aspidogastrea, and Monogenea (but not Cestoda), the flame
cells of B. aequans possess the external leptotriches.

The excretory capillaries are composed of cells spirally wrapped around a lumen
which is therefore extracellular. No lamina basalis is developed. The cells of the
excretory capillary are surrounded by interstitial material. Single microvilli are
situated on the luminal side of these cells, like in Fasciola hepatica (Bennet 1977).

The lateral flames in larger excretory ducts of B. aequans differ from hitherto
described lateral flames of Digenea (Bennet 1977), Aspidogastrea, and Monogenea
(Rohde 1971, 1972, 1973) in that their cilia have a striated rootlet. According to
Bennet (1977) the lateral flames are significant only in the metacercaria, where
they pump the liquid toward the excretory bladder. The author does not consider
them to be important in the adult specimens. In our opinion; the lateral flames are
equally important in both adults and metacercaria. The accumulation of lipid droplets
recorded in other trematodes (Bennet 1977, Smyth and Halton 1983) was not
observed in collecting excretory ducts and excretory bladder of B. aequans. The
excretion of lipids from the exretory bladder has been observed in Fasciola hepatica
(Burren et al. 1967). Cyathocotyle bushiensis (1967), and Echinostoma revolutum
(Fried and Appel 1977). Although Smy th and Halton (1983) state that the charac-
teristic inclusion in the excretory system of Digenea are lipid ‘droplets, we have not
managed to demonstrate them in B. aequans, either histochemically (Zd4rsk4 and

Soboleva 1987) or in ultrastructural studies. We assume that in this trematode the

lipid droplets are removed from the body only through the digestive tract, by the
caecal syncytium, and the pharynx tegument (Zd4rsks et al. 1988), in which an
accumulation of lipids has been demonstrated. The fate of lipid droplets excreted into
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the lumen of the digestive system remains uncleared. The lipids excreted by the
excretory system leave the body of the trematode. Lipid droplets are considered to be the
waste products, which in the form of molecules passed through the parenchymal
cells into the syncytium of the excretory or digestive system, either through the gap
junctions or through the interstitial material.

Not even the excretory corpuscles, demonstrated in adults of Podocotyle stafford;
and Hemiurus ocreatus (Gibson 1973) and in very young adults of Cyathocotyle
bushiensis (Erasmus 1967, 1972) and Fasciola hepatica (Bennett 1977), could be
demonstrated in the excretory bladder of B. aequans.

Our observations showed that the lining of the excretory bladder is distinctly
separated from that of the excretory pore. The plasma membrane of the excretory
bladder syncytium is connected by a septate desmoseme to the plasma membrane
of the excretory pore tegument.

The epithelium of excretory ducts and syncytium of collecting ducts are connected
with parenchymal cells by gap junctions. In this way a potential circulating system
arises (Gallagher and Threadgold 1967). Numerous lamellae of the cpithelium
of excretory ducts and syncytium of collecting ducts and excretory bladder protruding
into the lumen enlarge the resorption area (like the microvilli in the digestive system).

It may be concluded that the excretory system of B. aequans differs significantly
from the excretory system of hitherto studied trematodes in that no lipid droplets
have been found in its wall or lumen. Lipid droplets are excrcted only in the digestive
system in this species (see Zdirska et al. 1988).
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YJIABTPACTPYKTYPA B LBIAEJAUTEJALHONR CUCTEM I BRA CHYLAIMUS
AEQUANS (TREMATO DA: BRACHYLATIMOIDTA)

T. H. Cobonesa, 3. uapera, A. Mirep6a u I, Banxoyrosa

Pesiome. Hsyuanu YALTPACTPYKTYDY MEPIATeIBHOH KIIETKHM, KamiliLiapos, IOPOTOKOB, cobupa-
TEJBHEIX KAHAJIOB, SKCKPCTOPHOIO UY3bIPSI U SKCKPETOPHOM TOPLL TPEeMATOALL Brachylaimus
aequans Ha 6—8 meHL mocae 34 PaKeHNA. IKCKPETOPHRKIC IPOTOKH, COOHpPATE IbHBIE KAHANBL
M SKCKPCTOPHBIA TY3BIDh CHAGHGEHHL MHOLIOTHCJICHHLMH JAAMENVSIMM HA CTOPOHE IIPOCBOTA.
Hryrake matepanpEEIX nyukoB B ORCKPCTOPHLIX  11DOTOKAX MMEIOT MCUCPYEHHLI KOpeH’.
IKCKPeTOPHAA TOpa IIOKPHITA TOryMCHTOM, KOTODKIA COOTBETCTBYET TeI'yMeHTY Te.a. CHHLMTHIL
SKCKPETOPHOTO MY3LIPA COEJUMHSETCS ¢ TeryMeHTOM OKCKEPTOPHOH IOpKL uepes CeNTHPOBATIHY 1>
HecMocoMy. B arcKperopHOit crcteMc He Gninn O0HAPYIKCHBI HN JHIWIHLIE KANCILEA HI HKC-
KPETOPHEIe TeJIbla.
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Fig. 1. Transverse section through the flame cell of B, dequans at the level of ribs. o internal ribs, Fig. 1. Transverse section through the excretory duct (A) of B. aequans. B processes of parenchy-
h — external ribs, ¢ — internal leptotriches, d cilia, arrows — fibrous layer (G, Os, UAe, Ph) mal cells, a — lamellae, b —— cilia of lateral Alame, ¢ — nucleus, d — nucleolus (G, Os, UAc, Ph)

(< 42 300). Fig. 2. Transverse section through the first cell of the excretory (H.l}i”lll"\ at the lovel

(11 600). Fig. 2. Detail of cilia of flame cell (< 88 800). Fig. 3. Detail of lamellae and evtoplasm of
of distal end of lame. Arrows — septate desmosome and interdigitation ((i, Os, UAe, Ph) (< 35 000).

epithelial cell of the excretory duct with gap junction {a) of parenchymal cell (G, Os, UAe, Pb)
(= 34 350).
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Fig. 1. Detail of bases of cilia of lateral lame (A). B — processes of parenchymal cells, a — intersti-
tial material, b — cytoplasm of epithelial eell, ¢ — cilia, d — basal bodies, arrows — striated rootlets
of eilin. (G. Os, UAe, Pb) (% 26 300). Fig. 2. Detail of junction of epithelial cells by septate desmosome
(arrow) and gap junction with parenchymal cells {(double arrows). a — lamellae, b — interstitial
material (G, OS, UAc, Pb) (x 48 400).
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Fig. 1. Transition of exeretory bladder (A) to excretory pore (B), C —mus:les (G, O3, UAc, Ph)
(< 9 000). Fig. 2. Datail of excretory bladder from Fig. 1. a — lamellae of excretory bladder, b —

muscles, ¢ — excretory pore, arrow — desmosome connecting the tegument with the synevtium of
excretory bladder (G. OS, UAe, Pb) (% 15 100). Fig. 3. Detail of the tegument (a) of excretory pore
from Fig. 1. b — museles, ¢ — invagination of basal plasma membrane of tegument (G, Os, UAe,

Pb) (< 15 100).
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