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Introduction

It has already been revealed that the tegu-
ment of cestodes is an anucleated cytoplasmic
integument which plays a metabolically im-
portant role (Lee, 1966, 1972; Smyth, 1969;
Lumsden, 1975). The apical surface of the
tegument has microtriches which serve the
uptake of nutrients and many studies proved
the absorptive mechanism of the microtri-
cheal layer (Wright and Lumsden, 1968;
Morris and Finnegan, 1969; Reissig, 1970;
Threadgold and Read, 1970; Threadgold
and Arme, 1974; Conway-Jones and Roth-
man, 1978; Oaks and Mueller, 1981 ; Pappas,
1981; Schroeder, Pappas and Means, 1981).

The significance in function of the basal
membrane complex and subtegumental cells
remains at present to be proved. Many in-
vestigators reported on the tubular infoldings
formed by basal plasma membrane (Thread-
gold, 1965; Lumsden, 1966; Beguin, 1966;
Braten, 1968). Jha and Smyth (1969) spe-
culated that active mitochondrial biogenesis
took place in the basal membrane.

Meanwhile, ultramicroscopic studies have
been carried out on the morphology and
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function of various types of tegumentary
bodies which were produced in subtegumen-
tal cells (Oaks and Lumsden, 1971; Lums-
den et al., 1974). Threadgold and Hopkins
(1981) described that the three types of
tegumentary bodies might represent a con-
stant flux outward of membrane constituents
such as glycocalyx. Oaks and Mueller (1981)
proved the distribution of carbohydrate
among these various tegumentary bodies.
However, Conway-Jones and Rothman
(1978) suggested that the disc-like tegumen-
tary bodies were not secretory bodies but
stacks of discs which play a role in the trans-
port of the material absorbed.

Materials and Methods

The purpose of this study was to discuss
the ultrastructure of the basal membrane
complex, tegumentary bodies and subtegu-
mental cells observed by transmission and
scanning electron microscopy.

Plerocercoids of Spirometra erinacei were
obtained from subcutaneous tissue of the
snake, FElaphe quadrivirgata, and were
washed carefully in the physiologizal saline.
Five plerocercoids were cut into small pieces
before being fixed for 2hr in chilled 5%
glutaraldehyde (0.2 M phosphate buffer pH
7.2). The specimens were then post-osmi-
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cated in 1% OsO, for 2hr at 4C, de-
hydrated through ascending alcohol series,
and embedded in Epon 812. Ultrathin sec-
tions of plerocercoids were cut on a LKB
ultramicrotome II-B. Thin sections were
stained with uranyl acetate and lead citrate,
and viewed in a Hitachi HU-2 transmission
electron microscope (TEM).

Results

The styren-cracking technique was used to
observed cross fractures of the tegument
(Tanaka et al., 1974). Some pieces of plero-
cercoids were embedded in styren, cracked
under a stereoscope after the same procedure
as mentioned above. After the styren of
cracked specimens was dissolved by being
soaked in propylene oxide for 4 hr, the speci-
mens were dried according to the critical
point dry method, coated with Pt-Pd alloy
and observed with the Hitachi MSM-V or
S-450 scanning electron microscope (SEM).

Microtriches, 1-2um in length, grew
densely on the tegumental surface, forming
a brush border. Each microthrix was com-
posed of a tubular, proximal part and a
spine-like, distal part. The cross fracture of
the distal cytoplasmic layer of the tegument
exhibited a porous sponge-like structure con-
sisting of homogenous cytoplasmic matrix,
numerous vacuoles (pinosomes) and cyto-
plasmic membranous structures (Fig. 1, ar-
rowhead).

Transmission microscopic observations re-
vealed numerous electron-lucid  vesicles
(pinosome) and electron-dense disc bodies
in the distal cytoplasmic layer of the tegu-
ment. The elongated disc bodies which
showed fine striated structure were also dis-
tributed in the proximal part of microtriches
(Fig. 2). The internal plasma membrane of
the basal membrane complex arose in places
to form a meandering of membranous struc-
tures (Fig.3, small arrowheads). Several
phagosome-like vacuoles (Fig. 3, arrowheads)
were observed on the surface of the internal
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plasma membrane of the basal membrane
complex. Some of the vacuoles were observed
beneath the basal membrane complex. These
vacuoles were surrounded by a limiting mem-
brane which included fine granular matrix
distributed diffusely in the distal cytoplasmic
layer (Fig. 3).

The cytoplasmic bridges connected the dis-
tal cytoplasmic layer of the tegument and the
subtegumental cells which were located be-
neath the muscle layer, and were recognizable
by the presence of various typed bodies. Sub-
tegumental cells also extended prominent
cytoplasmic processes (Fig. 4, arrowhead).

The cross fracture of the tegument ob-
tained by the styren-cracking method showed
a fibrous complex net work connected with
the basal membrane complex (Fig. 5, arrow-
heads). The basal membrane complex was
composed of two structural elements: a thin
internal plasma membrane (Fig.6, arrow-
heads) and a basal lamina which consisted
of finely filamentous fibres (Fig. 6, small ar-
rowheads). Conglomerations of glycogen
particles were observed on the surface of the
basal membrane complex (Fig.6). A part
of the internal plasma membrane was thrown
into the distal cytoplasm (Fig.6, arrow-
heads), and also into the underlying basal
lamina (Fig. 7, arrow). Protoplasmic exten-
sions (Fig. 7, arrowhead) penetrated the
basal membrane complex, extending like
canals running between muscle layers into
the perinuclear cytoplasm (Fig.7, arrow-
head).

The surface of the basal membrane com-
plex showed small pores, globules and a net-
work of the fibrous basal membrane (Fig. 8).
Numerous concave, discoid bodies (Fig.9,
arrowheads) were observed in the pores
which were supposed to be the openings of
cytoplasmic bridges of subtegumental cells
(Fig.9). Discoid bodies (Fig. 10, arrow-
heads) conglomerated especially in pores
of the basal membrane complex, and showed
concave contours similar to the red blood
cells of vertebrates.



Subtegumental cells were characterized
with large nuclei and developed cytoplasmic
processes in which various types of tegumen-
tary bodies were packed. Numerous tegu-
mentary bodies, mitochondria and the Golgi’s
apparatus were densely distributed in the
cytoplasm of subtegumental cells. Various
types of tegumentary bodies were classified
as follows; “relatively electron-dense, ovoid
mottled bodies”, “electron-dense, ovoid, not-
mottled bodies,” “electron-dense, rod- or
discoid-shaped bodies”, and ‘‘electron-lucid,
ovoid bodies” which had limiting membranes.
Contrary to the dominant distribution of
electron-lucid vesicles and electron-dense disc
bodies in the distal cytoplasmic layer of the
tegument, the electron-dense, ovoid bodies
and electron-lucid, ovoid bodies were domi-
nant in the cytoplasm of subtegumental cells.
These bodies, especially electron-dense, ovoid
mottled bodies and electron-lucid, ovoid
bodies were densely observed around the
Golgi’s apparatus (Fig. 11, arrowheads).

A cracking fracture of subtegumental cells
also revealed that various-sized globules were
densely packed around a large nucleus in the
cytoplasm. Subtegumental cells had cyto-
plasmic processes which were connected with
the tegumental layer (Figs. 12, 13).

Discussion

Different types of bodies in the tegument
have been described by many researchers as
vacuoles, vesicles, membrane bounded bodies,
inclusions, tegumentary bodies, lamellated
bodies, rhabdiform organelles, disc-like bodies
and rod-shaped bodies. Hayunga and Mac-
kiewicz (1975) classified them into two types
of vesicles. One was ‘“rod-shaped bodies.”
These appeared to be homologous with the

“rhabdiform organelles” (Beguin, 1966),
“disc-like bodies” (Braten, 1968), ‘“rods”
(Rothman, 1963; Morris and Finnegan,

1969), “type I granules” (Lumsden et al.
1974) and with “type I bodies” (Threadgold
and Hopkins, 1981). These rod-shaped bod-
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ies were suggested as secretory vesicles by
Morris and Finnegan (1969). Oaks and
Lumsden (1971) described such vesicles
might be implicated in the renewal of glyco-
calyx.

Another group was “lamellated bodies”
which were distinctly striated and found in
close association with the Golgi’s apparatus.
This type seems to be correspondent to “type
II granules” (Lumsden ¢¢ al., 1974) and “an
unusual laminar body” (Reissig, 1970) and
“ovoid granule” (Specian and Lumsden,
1980). Lumsden et al. (1974) suggested that
the lamellated bodies were also implicated in
supplying raw materials for microthrix syn-
thesis. Reissig (1970) supposed that these
lamellar bodies played a role in the transport
process, and described an interesting resem-
blance between the structures of these lamel-
lar bodies and the laminar bodies in neurons.

Recently - Conway-Jones and Rothman
(1978) gave a description of stacks of tegu-
mentary discs. These discs showed a discoid
figure with a dense inner core surrounded by
lucid boundary, and appeared similar in sub-
stance and texture to the distal microtriches.
Concave disc bodies were often found as
conglomerate discs in pores of the basal
membrane complex in the present study.
Each disc revealed a concave form which
appeared very similar to the red blood cell
of vertebrates. The meandering appearance
of the stacks of these discs which were de-
scribed by Conway-Jones and Rothman
(1978) could not be defined.

In the present study the tegumental bodies
showed different five types. Electron-lucid
vesicles in the distal cytoplasmic layer of the
tegument are supposed to be pinocytotic
vesicles or pinosomes. These vesicles were
distributed abundantly in the distal cytoplas-
mic layer of the tegument, but the majority
disappeared in the cytoplasm of subtegumen-
tal cells. Blitz and Smyth (1973) described
that the fluffy vesicles in the tegument could
be pinocytotic vesicles, for they were clearly
seen fusing with “giant” vesicles in the peri-
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nuclear cytoplasm. Other types of bodies are
supposed to be secretory bodies, and are prob-
ably identical with the concave disc bodies
which were confirmed stereoscopically in
SEM micrographs (Fig. 10), for the concave
disc bodies exhibited round, discoid contours
on the whole and rod-shaped contours in a
side view in TEM micrographs (Fig. 2).

Functions of these bodies are unknown.
speculated that these
bodies serve the purpose of maintenance
of the tegumental surface (Braten, 1968;
Grammeltvedt, 1973; Threadgold and Hop-
kins, 1981). Trimble III and Lumsden
(1975) determined autoradiographically the
cytochemical localization of the material con-
taining carbohydrate within tegumental ve-
sicles. Conway-Jones and Rothman (1978)
described that the discs appeared similar in
substance and texture to the distal micro-
triches. Oaks and Lumsden (1971) and
Lumsden et al. (1974) also suggested that
tegumentary granules proceeded to become
a portion of the distal microtriches.

Some investigators

The distribution and the presence of mor-
phologically different types of the tegumen-
tary bodies in the present study might repre-
sent either the discontinuous, sequential syn-
thesis or continued differentiation of various
types of bodies. These secretory bodies may be
responsible for the maintenance and addition
of new, free-surface plasmalemma, or glyco-
calyx on the superficial cytoplasmic layer of
microtriches, or transport of some kinds of
enzymes which might serve the purpose of
membrane digestion on the superficial cyto-
plasmic layer or of the protective enzymatic
activity to the host-parasite response.

Functions of the subtegumental cells have
been discussed in connection with the tegu-
mentary bodies. Morris and Finnegan
(1969) described that subtegumental cells
were engaged in production of granular in-
clusions, rod-shaped bodies for subsequent
export to the distal cytoplasmic layer of the
tegument. Bréten (1968), and Oaks and
Lumsden (1971) indicated that the Golgi’s
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apparatus of subtegumental cells was the
major source of carbohydrate incorporation
into glycoproteins or mucopolysaccharides. A
close relationship between the subtegumen-
tal cells and the tegumentary bodies was also
ascertained in the present study.

The basal membrane complex was com-
posed of an internal plasma membrane and a
fibrous basal lamina. The internal plasma
membrane covered the fibrous basal lamina,
having many projections towards the distal
cytoplasmic layer of the tegument (Thread-
gold, 1965; Reissig, 1970; Yamane, 1968).
Morris and Finnegan (1969), and Thread-
gold and Read (1970) described the multi-
tubular complex which was a unique speciali-
zation of the basal plasma membrane. On
the basis of its morphological similarity to
the invaginations of the basal plasma mem-
brane in kidneys or salt glands of marine
birds, they suggested that it might be in-
volved in water or ion transport.

In the present study fibrous infoldings
arose showing a meandering of the unit
membrane and a close connection with the
phagosome-like tegumentary vacuoles. From
the observations that the pinosome and
phagosome-like bodies were often attached
to the tips of the invaginated basal plasma
membrane, it can be speculated that the basal
membrane complex could serve itself for the
active uptake of materials and the transpor-
tation from the distal cytoplasmic layer into
the perinuclear cytoplasm.

Summary

Using a scanning and a transmission elec-
tron microscope, various types of tegumen-
tary bodies, the basal membrane complex
and subtegumental cells of the plerocercoid
of Spirometra erinacer were observed. The
tegumentary bodies showed various different
types, but were supposed to be pinosomes and
secretory vesicles. The differences of electron
density, form and distribution of these bodies
may be attributable to the degree of maturi-



ty or differentiation of the bodies themselves.
The subtegumental cells which produced
tegumentary bodies and had the character-
istic cytoplasmic processes were stereoscopic-
ally observed by the scanning electron micro-
scopy (SEM).
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Explanation of Figures

A cracking fracture of the tegument, showing dense growth of microtriches (M),
vacuoles (V) and the membranous structure (arrowhead) in the distal cytoplasmic
layer. (x9,500).

A TEM micrograph of the tegumentary bodies in the distal cytoplasmic layer. Some
elongated discoid bodies (arrow) and pinosomes (arrowhead) distributed in the
proximal part of microtriches (M). (X 32,500).

A TEM micrograph of the tegument, showing the distal cytoplasmic layer (DC), and
the basal membrane complex (BM). Note the phagosome-like vacuoles (arrowheads)
and meandering of the internal plasma membrane complex. ( X 8,500).

A TEM micrograph of the perinuclear, cytoplasm immediately beneath the basal
membrane complex, showing the cytoplasmic processes (arrowhead), cytoplasmic
bridges (CB), muscle layers (ML) and glycogen particles (G). ( X9,100).

A cracking fracture of the basal membrane complex (BM) and the muscle layers
(ML). Note the fibrous network of the internal plasma membrane (arrowheads) in
connection with the distal cytoplasmic layer (DL). (X 12,500).

The basal membrane complex (BM), showing an internal plasma membrane (arrow-
heads), glycogen particles (G) and fibrous basal lamina (small arrowheads).
(x18,000).

The basal membrane complex (BM), showing the invagination of the internal plasma
membrane (arrow) and the canalicular cytoplasmic bridge (arrowhead) of the sub-
tegumental cell. (x21,000).

A SEM micrograph of the basal membrane complex (BM), showing the fine network
and globules (G). (x4,500).

A SEM micrograph of the pores of the basal membrane complex. Note the concave
discoid bodies (small arrowheads) and round globules (G). (X 12,000).

A higher magnificaiton of the concave discoid bodies (arrowheads), showing similar
contours to the red blood cells. ( X 24,000).

The subtegumental cells with complicated cytoplasmic processes (CP), showing a
large nucleus (N) with a nucleolus (No). Note conglomerations of glycogen particles
(G) and the various types of bodies around the Golgi’s apparatus (arrowheads) in
the cytoplasm. (X 13,500).

A cracking fracture of the subtegumental cells (SC), showing complicated cyto-
plasmic processes (CP) and many globules (arrows) on the cell surface. ( x 16,900).
A cracking fracture of the subtegumental cell (SC), showing numerous globules
around large nucleus (N) in the cytoplasm. ( X 17,400).
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