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ABSTRACT

The alimentary tract of adult Egyptian liver fluke Fasciola gigantica ways studied by
light and transmission electron microscopy, the intestinal caecum was found to be com-
posed of a single layer of epithelial cells, which contain numcrous organelles such as
mitochondria, well-developed granular endoplusmic reticilum, few secretory gransules,
and prominent nuclel, eacl containing a single nucleolus. The apical surface of the gut
hras numerons elongute lumellae extending into the lumen of the caccum. It was pro-
posed that the intestinal epithelium has both secretory and absorptive functions. The
localization of both carboliydrates and proteins within the intestinal cells of the fluke
ways diso demonstrated. Results were discussed and compared with other studies on di-

genetic trematodes.

INTRODUCTION

ln most digeneans the adult flukes pos-
sess a well developed gut, generally consisting
of a mouth, pharvnx, vesophagus and a single
or more frequently two intestinal caeca. The
trernatode intestinal caecum 15 lined with a
single layer of epithelial celis (mucosal laver)
that vary 1n height.

The cells are lylng on a than basal lamina,
and a subjacent muscular bilayer of circular
and longitudinal muscular fibers. The mor-
phology of the digencan cacca has been
studied both at the light microscopical and
ultrastructural  levels by Gresson  and
Threadgold (1939); Dawces (1962) for Fus-
ciola hepatica; Wotton et al. (1963) for
Uleptindiscies Kyphoris and C reticuiatus;
Halton et al. (71986} lor monogenetic trema-
tode Diclidophora merlangs; Thike (1969} for
Paragonimus kefficowi: Reader (19711 for
Bitmwmia tenticnfaia; Halton (1972) for Aspi-
dogasier conchicola; Hanna (1973) for Fasciola
hepatica; Byram et al. (1975) for Parcgronims
kellicotti; Dunn et al. (1987) for Gigamioconde
explanauim,  Gasyotfvlee crumenifer and
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Skivastavaia indica and Mc Michael-Phillips et
al. (1994, for Sanguinicola imernus. The ultra-
structure of the intestinal cacca of Fasciok: has
been also studied by Thorsell and Bjorknun
(1965), Gallagher and Threadgold (7975)
Bennett (1975) and Fujine and Ishn {1979}

Since 1t 1s not exactly known whether the
Egyptian popuiatins of Fasciala belong 1o a
single or several species. The present work
was carried out n order to characterize the
medically and veterinary important parasite,
Fasciola gigemiica 1solated from Egypt and to
clarify the descripancy i speciation within the
senus Fasciola based on both ultrastructural
and histochenucal characteristics of the intes-
tinal caecum of the flukes.

MATERIAL AND METHODS

Adult flukes were collected from Cairo
abattoir, washed in saline, each tluke were cut
transversely into three pieces. fixed in formal-
dehyde. [or histochemical observations, 3 p
sections were prepared i paraplast wax and
stained with Penodic Acid Schiff (PAS) for
demonstration of glycogen (Hotchkiss, 7948)
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or stamed with Mercurv Bromopheno! Blue
for demonstratran of proteins (Mana et al,
71953).

For wransmission  electton  microscopy,
the fluke were sliced transversty into two por-
tions and fixed in 3% glutraldehyde m 0.12 M
Millonig's phosphate buffer, pH 7.4, for 2-3
hours at room temperature. and post fixed for
5 hours in 1% Osmuum tetroxide m 0,12 M
Millomg’s phiosphate buffer, pH 7.4 at 4 C.
These specimens were dehydrated in a graded
series of ethanol, and then embedded n epoxy
resin, sermuthin and wltrathin sections were cut
on ultratome. The ultrathin sections were
stamed with both uranyl acetate and lead oit-
rate, and examined 1 Phiips 4007 electron
nucroscope at Ain Shams Specialized Hospi-
tal.

RESULTS

The abmentary canal of the adult Fas-
ctola generally consists of a most anteror
mouth openiny, a short pharynx, an extremely
short, thin vesophagus, which is less than half
ol the pharynx and the intestine. It divides into
two, nght and left branches called intestinal
caeca. Fach branch exiends to the posterior
part of the body giving rise to some short
branches calied diverticula, that end blindly.
Tistological examination showed that, the
walls of the ntcstinal cacca of Fasciola are
composed of a single laver of epithelial cells
resting upon a basa! lamina. These cells have
a more or less stumilar structure. The anly ob-
VIoUs variation in structure is in the height of
the cells.

Several cytoplasmic projections of the
plasma membrane of the caecal epithelium
extend into the caecal lumen forming lameilae
(Fig. 1). These lamellac appear numerous,
long and some of them are short, which ex-
tend mto the lumien Below the basement
membrane a thin extemal laver of muscie fi-
bers and a thick laver of interstitial matenials
are found. 1t was noticed that shallow celis
commonly line caeca that contain much food
and taller cells occur n other parts of the in-

testine in which there may be httle or no food.
The short cells are most conumonly secn 1 the
Jarger pnmary and secondary branches of the
miestine, while tafl cells are seen in the
smaller caeca.

The intestinal wall 15 supported with sys-
tems of transverse and longitudinal muscles
which may modify the eprthehium by ther
vartous contractions and relaxations.

Transmitssion  electron micrographs  of
transverse sections passing through the mtes-
tinal caeca revealed that, the intestime of
fasciola gigantica 1s formed of a single laver
of epithelial cells, which has pyranud-shaped
and distinct laleral membranes separating the
cells. Its cytoplasm includes numerous mito-
chondria which are rounded or elongate with
short cristae, and dense matnx, well devcl-
oped granular endoplasmic reticulum (GER],
few secretory granules, and septate desmo-
somes are clearly seen at the apex of adjacent
Heells”.

The nucleus has an iregular boundary
and is Jocated in the middle or near the apical
surface of the cvtoplasm, it has distinct nucle-
oli, the nucleclus contaims a considerable
amount of dense matenal. Granules and ir-
regularly  shaped bodies are distnbuted
throughout the nucleoplasm (Fig. 2). The api-
cal border of the cells has numerous long thin
microvilli or lamellae. which extend into the
lurmnen.

The lamedac are relathvely long and
straight being well separated at their origm,
some of the lamellae branch. In cross-section.
the lamellae appear as round or ovai bodies
according to the angle at which they are cut
(Fig. 3). Each lamella 1s tubular and bounded
with a typical trlaminar membrane or {(unit
membrane). The outer surface of the lamcliae
was found covered entirely with a thin dense
glycocalyx-like coat, from which fine fila-
ments extend and join with the adjacent
famellac forming ladder-like connections (Fig,
43 A distinet core was also seen running
medially along each lamella. This was clearly
seen n both longitudinal and transverse sec-
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tions of the lamelize. Desmosomes joining
caecal cells were also seen (Fig. 3).

Membrane vesicles were scen situated
between the caecal lamellae, which may en-
close other vesicles or laminar bodies. The
epithelial cells rest on a thin, dense basement
membrane, below, which is @ thick layer of
intesunal material enclosing the circular mus-
cle laver of the inestine. These muscles are
presumably responsible for the vigorous peri-
staltic movement of both caecal and
parenchymal tissues. A finger like projections
of surrounding parenchymal cells pass be-
tween the muscle lavers and penctrate the
mnterstitial to form close junctions with the
base of caecal cells.

The surtace of the lamellae and the apical
margm of the ccll assumed a deep pink
coloration when sections were treated with the
PAS technique demonstrating high concentra-
nons of carbohydrates (Fig. 3).

The intestinal caeca displayed a fairly
hugh concentration of protein in the apical cy-
toplasm (Fig. 6).

DISCUSSION

Transmission  clectron  microscope
(TEM) studies on the gut epithclium of adult
Fgyptian Fasciola were found basically re-
sembling the ultrastiucture of the intestinal
caeca of most other digenetic trematodes.

The mtestinal caecum in most digeneans
13 formed of a single layer of epithelial cells
that rest on a relatively thun basal lamina. The
present result 1s in agreement with that pre-
sented by Halton (1972) on Aspidogaster
conchicola, Fupno and Ishii (1979) on Fas-
ciola hepatica, and Dunn et al (/987) on
Gigantocotvle  explanatum;  Gastrothyle
crumenifer and Srivastenaia indica.

Protoplasmic projections in the form of
lamellae, occur at the free surface of intestinal
caeca of the present Fasciola and although
sinnlar structures appear to be of general oc-
currence In the gut of digenetic trematodes
(Thorsell and Birokman, 7965, Halton 1966,
ke 1967, Morms, 1968 and Davis and Bo-

aish,  1971).  These lamellac have a
surrounding unit membrane and an mnner core,
and rootlets extending into the apical region of
the cell. The inner central core of the lamellae
consists of an 1l defined narrow strand. Fujino
and Ishn (1979} similarly reported the pres-
ence of a central core n the species of the
genus Paragonimus. Threadgold (19278) con-
cluded, after a close examunation of the
lameltae in Fasciols hepatica with TEM that
the central cores were fine fibers running from
side 1o side of the lamellae in parallel with
each other. He mentioned that, “the fibers™ are
also attached laterally to the plasma mem-
brane and perhaps to adjacem “fibers by
amorphous matenial”. 1t may be inferred that
the cores of the lamellae are mvolved in the
movement of the lamellae themsclves. Dikc
(1967) observed lamellae engulfing luminal
substances in Haematolechus medioplesus.

The function of the lamellae is probably re-
lated to the increase n surface area of the
ntestinal epithelium, or act as an absorbing sur-
face (Sheffield, 7964, Thorsell and Bjorkaman,
1965; Halton, 1972 and Robinson and
Threadgold, 71975} The presence of nucrovilli
or lamellac projecting from the luminal surface
is similar 1o the structure of those lining the ali-
mentary wact of vertcbrates,

The presence of abundant ribosomes,
sranular endoplasmic reticulum (GFER), and
mitochondna in the intestinal epithelium are
related to the active fonmnation of sceretory
granules or bodies which according to Dike
(1969} and Davis and Bojitsh (1971), are sup-
posed to be digestive enzymes.

Gresson and Threadgold (7939}, Thorsell
and Bjorkman (7963) and Robmnson and
Threadgold (1973), pointed out that in /. Jwe-
patica epithelial cells showed a cyclical
transformation between scerctory and absorp-
tive forms.

The intestinal material may have a role in
bringing precursors within the range of the
transport membranes since it occurs as a thick
fayer immadiately beneath the basal lanmuna of
the cells. On the other hand the inpushings of
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the parenchymal celis into the base of the gut
epithelial cells may be a more important re-
gion of transfer and the junctional complexes
between parenchymal and gut cells may be the
sites of precursor transport and are known to
contain acd and alkaline phosphatases (Galla-
gher and Threadgold, 7967 and Threadgold,
1968). The presence of mitochondria and Iv-
sosomes 1n the parenchyma beneath the gut may
hiave a role in the processing of nutrients in tran-
sit between the gut and deeper tissues (Dunn et
al., 1987).

Secretory granules are commonly found n
the intestinal cells of digeneans including Gor-
godera amplicava (Dike, 1967), Haemaiolechus
medioplexus (Dike, 1967 and Davis ¢t al., 1968)
/. hepatica (Thorscll and Bjorkman, J963.
Robinson and Threadgold, 1975). Gorgoderinc
atteimate (Davis and Bogtsh, 7971) and Sen-
gumicola mermis (Mc Michael-Philis et al,
1994).

There 15 hittle precise information on the
nature of secretory matcnal in the intestinal
cacca of digeneans, although assumption was
made that secretory bodies contain hydroiytic
enzymes. Degitsh (1972) and Hanna (1975)
suggested that the secretory bodies contain
both carbohydrates and proteins possibly indi-

caung the presence of a gveoprotem. The
proteoiytic and enzvmatic nature of the secretory
granules m Fesciola hepatico was provided by
Gresson and Threadgold (7959). Thorsell and
Byorkiman (1963} and Hahon (7967)

‘Threadgold (7968) has linked the fre-
quent occurrence of phosphatases in digencan
tegument, intestinal caeca and excretory svs-
tems with sites of active trangport, In the
junctional complexes where intercellular ex-
change takes place.

Gallagher and Threadgold (£967) and
Threadgold and Gallagher (7966) reported the
presence of close contact between the base of
the caccal cell and parenchyma cells. which
project into the caecal cells.

In the absence of a circulatory system this
intimatc intercellular contact might provide a
route by which nutrients pass from the gas-
trodermis nto the surrounding tissues.

The cells of the trematode mtesunal epi-
thehum have been described as subject to
transtormation between absorptive and secre-
tory stages {Gresson and Threadgold, 7959,
Dawes, 1962. Thorsell and Bjorkiman, 7963,
Halton, 7967k and Robinson and Threadgold,
1973)

Fig. (1): Section of intestinal caeca of adult fluke showing the apical plasma membranc of
the caecal epithelium, forming lamellae (1a) and projecting into the lumen (lu).

(x580)
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Fig. (2): TEM of the gut epithelium of Egyptian Fasciola at view of apical part of epithe-
lium in intestinal caeca showing lameliae (la), lumen (lu), a flattened apithchal
cell contaiming a nucleus {n), nucleolus (nu), and invaginated nuclear mem-
branc (nm), mitoohondria (m), secretory granules (se), lateral plasma
membrane separating the caeca (Ip). The basal cytoplasm of the intestinal
caeca forms a pseudopodium-like process which projects into the underlyving
parenchymal tissue, basal invagination, (b1). (X7600)

1. a%

Fig. (3). T.E. micrograph of the gut cpithelium of adult Egyptian F. gigantica, showing
the apical plasma membrane which 1s extended into numerous lameliae (la),
secretory granules (se), desmosome (d) are present. (X: 16000)
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Fig. (4): T micrograph of intestinal caeca of Fasciola gigantica showing high magnifi-
cation view of the lamellae (la} which are numerous, long and well spaced at
their origin, and some of the lamellae branch Note the ladder-like connection
of glvcocalvx-like filaments (solid arrow), leaf arrows indicate crass section of
lamcllar extensions, secretory granules (se) and desmosomes (d) ar¢ present
close to the apical plasma membrane, mitochondria () arc present. (X
44000)

!

Fig. (3}: Thin section n . giganfica from sheep stained with PAS demonstratng the
presence of high concentrations of carbohvdrates in lymphatic duct (ly), and
gut lamellae (al), while it 1s scarce in the tesns (ie). (X: 200)
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Fig. (6): Transverse section n . gigantrca from sheep stained with Bromophenol blue 1o
demonstrate the presence of proteins (pr) in the intestinal epithelium. (X0 430)
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