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Abstract. The roles of the tegumental cytoskeleton were tested by treating adult flukes with colchicine
and cytochalasin B. Following a short incubation period (10-20 minutes), colchicine disrupted microtubules
in the tegumental cells’ processes which, in turn, affected the transport of dense granules from the cells’
soma to the tegument; as a result some of these granules were fused together to form membrane-bound
vacuoles. In addition, at many spots microtrabeculae were also depolymerized, which resulted in the
formation of non-membrane-bound vacuoles and the distension of microvilli to form blebs, some of which
were disrupted. Afterprolonged incubation (120 minutes), general breakdown of the tegumental cytoskeleton
occurred, and parts of it were sloughed off. In cytochalasin B treatment, the responses were similar to those
of colchicine but with less severity. After a short incubation period (10-20 minutes), the microtrabeculae
were depolymerized which led to the formation of non-membrane-bound vacuoles in the apical and middle
zones of the tegument, Later, the tegumental microvilli were distended to form blebs but no evidence of
tegumental sloughing occurred even in prolonged incubation. From these obsevations, it was concluded that
microtubules played a role in the translocation of granules from the tegumental cells to the tegument which
modulated the synthesis of membrane and glycocalyx, while microtrabeculae were involved in the
maintenance of the structure and integrity of the tegument.

INTRODUCTION

The organization of tegumental cytoskeleton in
the adult Opisthorchis viverrini has been studied by
using conventional transmission electron
microscopy (TEM) and Triton X-100 extraction
(Sobhon and Apinhasmit, 1995). It was demon-
strated that the parasite’s tegument was composed
of microtrabeculae and microtubules. The former
formed the scaffold of the cytoplasm by appearing
as a highly cross-linked network of knobbed fibers,
and the latter formed bundles in the processes of
tegumental cells and splayed out into the basal and
middle zones of the tegument. The roles and rela-
tion of the tegumental cytoskeleton in trematodes
and cestodes have been studied by using a variety of
compounds known for their capacity to depoly-
merize various elements of cytoskeleton (Wilson
and Barnes, 1974; Borgers and Verheyen, 1976;
Bogitsh and Carter, 1980; Etges and Bogitsh, 1985;
Zhou and Podesta, 1989; Sobhon and Upatham,
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1990). Generally, the cytoskeleton is thought to
play important roles in maintaining the tegumental
architecture, transportation of tegumental granules
from tegumental cells to the tegument, and thus is
directly involved with the synthesis and turnover of
the outer plasma membrane. In addition, it may
exercise some control over the fluidity of the mem-
brane, and hence the position and distribution of
membrane components, such as surface antigens.
In the present study, the role of the tegumental
cytoskeleton of adult O. viverrini was investigated
by treating adult parasites with colchicine and
cytochalasin B, drugs known to depolymerize
microtubules (Wilson, 1975) and microfilaments
(Lin et al, 1980), respectively.

MATERIALS AND METHODS

Encysted metacercariae of O. viverini were ob-
tained from naturally infected cyprinoid fishes col-
lected from Khon Kaen Province in the Northeast-
ern part of Thailand. They were seperated from
minced and partially trypsinized fish muscle as
described previously (Apinhasmit et a/, 1993). Adult
flukes were collected from adult golden Syrian
hamsters, which were infected with 50 metacer-
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cariae peranimal by gastric intubation twelve weeks
previously (Tuti et al, 1982).

Freshly collected parasites were divided into
two groups; one group was incubated in Minimal
Essential Medium (MEM) containing 10 pg/ml of
colchicine (CL) (Fisher Co, USA) and the other
containing 10 pg/ml cytochalasin B (CB) (Sigma,
USA), for the periods of 10, 20, 30, 60, and 120
minutes at 37°C. In control group, flukes were in-
cubated in a similar culture medium devoid of the
drugs. Representative samples were taken at the
specified periods, and fixed in 2.5% glutaraldehyde
in 0.1 M sodium cacodylate buffer pH 7.2, over-
night, at 4°C, after which they were processed for
scanning (SEM) and TEM electron microscopy
using conventional methods.

RESULTS

The surface appearance and ultrastructure of
the tegument in control groups

In control groups, in which the drugs were omit-
ted from incubating MEM solution, the surface of
parasites exhibited normal topography as described
previously (Apinhasmit et al, 1993) at all incuba-
tion periods (Fig 1A, B). Under TEM observations,
the tegument in all control groups exhibited close to
normal ultrastructural features as described by our
group (Apinhasmit et al, 1994) (Fig 1C, D). There
were numerous light granules, dense granules, and
mitochondria scattering among the network of
microtrabeculae in the syncytial tegument (Fig 1C,
D). However, after prolonged incubation periods
some dense granules began to lose their content
(Fig 1D).

SEM observations of changes in the surface in
response to colchicine

The changes induced by CL were observed over
all the surface. After 10 to 20 minutes incubations,
the changes consisted of swelling of microvilli,
some of which ballooned out to form blebs, and
some were burst to form debris on the surface (Fig
2A). However, a majority of normal-looking
microvilli still remained among these blebs (Fig
2A). At 30 minutes incubation, the swelling of
microvilli and blebbing became more pronounced
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Fig 1-SEM and TEM micrographs of the tegument of
adult O. viverrini in the control groups, incubated
in MEM for 120 minutes.

A) Low magnification of a SEM micrograph of the
lateral tegument of the parasite’s body exhibiting
corrugated surface and numerous sensory papillae
(Pa).

B) An enlargement of the area in A, illustrating the
numerous normal-looking stubby microvilli (Mv)
and sensory papillae (Pa).

C) Low magnification of a TEM micrograph exhibit-
ing the tegument which is formed by fusion of the
processes (Tp) of tegumental cells located under-
neath two layers of muscle (CMu and LMu).

D) An enlargement of the tegument in C, exhibiting
its components including, light granules (1g), dense
granules (dg), mitochondria (Mi) and a network of
microtrabeculae among organelles. The tegument
rests on the basal lamina (BL) and two layers of
muscles (Mu).

and increasing in number (Fig 2B), and in some
areas adjacent blebs were so disrupted that patches
of lesion appeared on the tegument (Fig 2C, D).
After 60 minutes incubation, the damages were
more pronounced; the blebbing and shedding of the
tegument became more extensive, so that in some
areas the underlying basal lamina were exposed
(Fig 2E). After incubation for 120 minutes the
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Fig 2-SEM micrographs of the tegument of adult flukes
incubated in MEM containing 10 pg/ml of CL.

A) After 10 minutes incubation, microvilli are swol-
len to form small-sized blebs (B1), and the surface
shedding is evident.

B-D) After 30 minutes incubation, the tegument exhib-
its various-sized spherical blebs (B1), disrupted
blebs (arrows), and sloughing (arrow heads) down
to the level of the basal lamina (BL).

E) After 60 minutes incubation, large patches of the
tegument are sloughed off (arrow heads) exposing
the underlying basal amina (BL).

F) After 120 minutes incubation, some areas of the
tegument show sloughing of the tegument (arrow
heads) down to the level of the underlying muscu-
lature (Mu).

damages became even more extensive and large
pieces of the tegument were torn off, exposing the
basal lamina and the muscle layer underneath (Fig
2F).

TEM observations of the tegument after
treatment with CL

After 10 minutes incubation, the tips of some
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microvilli were distended into blebs (Fig 3A), and
small membrane-bound vacuoles were observed in
the tegument (Fig 3A). Most dense granules lost
their content and became clear vesicles, whereas
light granules were swollen but still retained their
filamentous content (Fig 3A). After 20 minutes
incubation, the surface blebbing and vacuolization
appeared throughout all zones of the tegument (Fig
3B). In some areas depolymerization of microtra-
beculae occurred and non-membrane-bound vacu-
oles were formed; and swelling of basal infoldings
also began (Fig 3B). After 30 to 60 minutes
incubations, the membrane- and non-membrane-
bound vacuoles increased in number and size, and
the microtrabecular network between them ap-
peared looser (Fig 3C, D). Blebs occurred all over
the surface, and some were disrupted to form lesion
spots (Fig 3D). After 120 minutes incubation, most
of the tegument contained vacuoles, and some parts
were totally degenerated and sloughed off, expos-
ing the underlying basal lamina and muscle (Fig 3E,
F). Microtubules in the processes of tegumental
cells were completely depolymerized and the cells’
processes appeared empty (Fig 3F).

Fig 3-TEM micrographs of the tegument of adult flukes
incubated in MEM containing 10 pg/ml of CL.
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A) After 10 minutes, the tegument microvilli are swol-
len to form blebs (B1). A few membrane-bound

vacuoles (stars) are formed, with those in or under

the blebs appearing larger than others. Most dense
granules lose their content and become clear vesi-
cles, whereas light granules are swollen but retain
their filamentous content. Inset shows enlarge-
ment of membrane-bound vacuoles (stars) and
light granules (1g).

B) After 20 minutes, there are increasing vacuolization
(stars) in all zones of the tegument, and blebbing
(B1) over most areas of the surface.

C-D) After 30 minutes, numerous large vacuoles (stars)
are formed throughout the thickness of the tegu-
ment. Some areas exhibit foci of depolymeriza-
tion of microtrabeculae to form non-membrane-
bound vacuoles (Va). The microtrabeculae be-
tween vacuoles appear looser, and the cytoplasm
is lighter than normal. Surface blebbing (BI) is
present over all the surface and some are disrupted
(arrows).

E) After 120 minutes, the tegument is severely dam-
aged. Some regions show detachment of the apical
zone of the tegument (double arrow heads), whereas
the others exhibit sloughing of the whole tegument
(arrow heads) down to the level of the basal lamina
(BL).

F) The microtubules in a process of a tegumental cell
(Tp) are completely depolymerized and disappear
after 120 minutes incubation.

SEM observations of changes in the surface of
adult tegument after treatment with CB

After 10 minutes most of the surface appeared
unaffected, while only limited regions exhibited
the swelling of microvilli, the formation of blebs
and shedding (Fig 4A, B). After 20 to 30 minutes,
the changes were similar but occurred over more
extensive area than at 10 minutes (Fig 4C, D). After
60 to 120 minutes, blebs and surface shedding
occurred over the entire surface of the parasites
(Fig 3E, F). However, on most parts of the surface
there were only few disrupted blebs, and the
tegument was not sloughed off (Fig 4F). Generally,
the pattern of damages induced by CB was similar
to that occurred following the CL treatment, but the
degree was less severe.

TEM observations- of the tegument after the
treatment with CB

The earliest change that could be observed after
10 minutes incubation with CB was the depoly-
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Fig 4-SEM micrographs of the tegument of adult flukes
incubated in MEM containing 10 ug/ml of CB.

A-B) After 10 minutes, most areas of the tegument still
exhibits normal feature with short stubby microvilli
(Mv) and sensory papillae (Pa), but in some lim-
ited areas, the tegument shows surface blebbing
(B1) and shedding. Instet shows enlargement of
short stubby microvilli (Mv), sensory papillae (Pa)
and small-sized blebs (B1).

C-E) After 20 minutes (C), 30 minutes (D) and 60
minutes (E), the surface changes consist of blebbing
(B1) and shedding, which are similar to that of 10
minutes but cover more extensive area.

F) After 120 minutes, the tegument changes are com-
posed of blebbing (B1) over most of the surface,
and a few blebs are disrupted (arrows).

merization of microtrabeculae in the apical and
middle zones of the tegument, which resulted in the
formation of non-membrane-bound vacuoles (Fig
5A). The surface showed some breakdown and
shedding, while most light and dense granules, and
microtubules still exhibited normal appearance (Fig
5A). After 30 to 60 minutes incubation, large
vacuoles occurred throughout the tegument (Figs
4B-D). Most microvilli were distended, and some
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Fig 5-TEM micrographs of the tegument of adult flukes
incubated in MEM containing 10 pg/ml of CB.

A) After10 minutes, microtrabeculae in the apical
and middle zones of the tegument are
depolymerized to form small sized non-membrane-
bound vacuoles (Va). The tegumental cytoplasm
becomes lighter but most dense and light granules,
and microtubules (Mt) still appear intact. The
tegument also exhibits some degree of surface
shedding.

B-D) After 30 minutes, large vacuoles (Va) are scattered
throughout the tegument and the surface shedding
is more extensive. Microvilli are distended, with
some expanded to form various-sized blebs (B1).

E) After 120 minutes, the tegumental changes are
similar to those of 30 and 60 minutes but cover
more extensive area.

F) The higher magnification shows depolymerization
of microtrabeculae to form non-membrane-bound
vacuoles (Va) after 120 minutes incubation. The
vacuole contains a very loose network of
microtrabeculae and tegumental granules (Tg) with
still denser area of microtrabeculae surrounding
the vacuole.

were enlarged to form blebs (Fig 4C). The surface
shedding became more extensive (Fig 4B, C). At
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120 minutes most vacuoles were of large size and
scatterred throughout all zones of the tegument;
however, microtrabeculae and tegumental granules
in areas between the vacuoles appeared normal (Fig
4E, F). While the blebbing and shedding of the
surface were visible, the tegument still maintained
its general structure (Fig 4E, F).

DISCUSSION

The roles of the cytoskeleton in the eukaryotic
cells have been deduced from the studies using a
variety of compounds to depolymerize elements of
cytoskeleton (Wilson, 1975; Goldman, 1976; Lin et
al, 1980; Ken and Wolf, 1988). Based on the same
rationale, these drugs have been used to study the
teguments of trematode and cestode parasites. It
has been reported that the drugs which can depoly-
merize microtubules also prevent the translocation
of secretory granules from tegumental cells to the
tegument in several parasitic flatworms (Borgers
and Verheyen, 1976; Bogitsh and Carter, 1980;
Etges and Bogitsh, 1985; Zhou and Podesta, 1989;
Sobhon and Upatham, 1990). Borgers and Verheyen
(1976) demonstrated tegumental degeneration in
Hymenolepsis nana and Taenia taeniaeformis when
the worms were treated with mebendazole which
was believed to have an inhibitory effect on micro-
tubules located in the subtegumental cells and their
cytoplasmic processes. It was hypothesized that
the inhibition of the microtubule formation pre-
vented the transport of secretory granules from the
subtegumental areas to the tegument, where they
contributed their content to the repair and mainte-
nance of the tegument. Autoradiographic studies
displayed a significant decrease in the amount of
[*H]-proline incorporation into the tegument of S.
mansoni (Bogitsh and Carter, 1980) and of H.
diminuta (Etges and Bogitsh, 1985) following the
treatment with CL. Morphological changes in-
duced by CL were also exhibited in S. mansoni,
such as, the disappearance of microtubules from the
cell processes,the accumulation of discoid bodies
and membranous bodies in the tegumental cells
(Bogitsh and Carter, 1980). In this species, it was
also hypothesized that microtubules in the cell
processes facilitated the movement of granules from
tegumental cells to the tegument. Further support
for this notion was demonstrated by Zhou and
Podesta (1989) who treated adult S. mansoni with
serotonin or complement C, following the pre-
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incubation with 0.5 mM CL. The microtubules
within the cell processes were disrupted, and the in-
creased number of discoid and membranous bodies
synthesized in response to serotonin or complement
C, were accumulated in the cell bodies, instead of
being translocated to the tegument as normal. Thus,
the authors suggested that the transport of these
granules to the tegument was dependent upon the
action of microtubules. Recently, Sobhon and Upa-
tham (1990) also demonstrated the effect of CL in
schistosomula and adults of S. japonicum and S.
mekongi. The responses to the drug expressed by
both species were similar, in that both microtu-
bules and microtrabeculae were depolymerized
which resulted in the vacuolization and the general
breakdown of the tegument and finally the slough-
ing of some parts of the tegument. Hence, micro-
tubules might be instrumental in the transport of
granules that were involved in the synthesis of the
surface membrane and the maintenance of the
tegumental structural integrity, from the tegumental
cells to the tegument.

In the present study, the responses to CL by the
adult O. viverrini tegument were studied. Changes
were firstly observed at 10 minutes incubation,
when some microtubules particularly those in the
tegumental cells’ processes were depolymerized,
and most dense geanules lost their content and
turned into clear vesicles, whereas light granules
were swollen but still retained their filamentous
matrix. [t was suggestive that the disruption of
microtubules by CL affected the trarisport of the
dense granules from the tegumental cells to the

tegument where they usually contribute their con-

tent to form the new surface membrane (Apinhasmit
etal, 1994). Most of the unutilized dense granules
might lose their content, and some fused together
to form larger membrane-bound vacuoles. After
incubation in the drug for 20 minutes, microtra-
beculae at many spots were also depolymerized
which resulted in non-membrane-bound vacuoles
in their places. After 120 minutes incubation, a
generalized breakdown of the tegument occurred
and some parts were sloughed off. Therefore, the
drug also affected the integrity of the tegument in
addition to the transport of its granules.

CB has been shown to cause depolymerization
of microfilament system within eukaryotic cells
(Lin et al, 1980). In parasites, such as adult S.
mansoni, the incubation for 5 hours in a medium
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containing CB induced the collapse of its tegument
(Wilson and Barnes, 1974). Furthermore, when
this parasite was exposed to CB followed by sero-
tonin or complement C,,» the discoid and membra-
nous bodies accumulated in the cell bodies similar
to the CL treatment, and the tegumental layer was
almost completely devoid of these bodies (Zhou
and Podesta, 1989). Studies in schistosomula and
adults of S. mansoni and S. mekongi also indicated
that CB caused the depolymerization of microtra-
beculae which, in turn, resulted in the vacuoliza-
tion, and eventually the breakdown and detachment
of the tegument from the parasites’ bodies (Sobhon
and Upatham, 1990).

The ultrastructural changes in adult O. viverrini
tegument after the treatment with CB were similar
to that of CL but with less severity. The depoly-
merization of microtrabeculae occurred first in the
apical and middle zones of the tegument after 10
minutes incubation, and this later led to the forma-
tion of non-membrane-bound vacuoles. However,
in contrast to CL there was no apparent effect on the
structure of both types of tegumental granules and
microtubules. After 30 minutes incubation large
vacuoles occurred throughout the tegument, and
most microvilli were distended to form blebs. These
changes might be resulted from the weakening of
the microtrabecular network and the influx of fluid
into the tegument. However, in contrast to CL
treatment no tegumental sloughing occurred even
in the longer period of incubation.

SEM observations confirmed corresponding
changes on the surface of adult O. viverrini in
response to both CL and CB. These changes con-
sisted ofthe swelling of microvilli, blebbing, lesion
spots which might be formed by the disruption of
blebs and eventually the surface shedding. Like in
TEM observations the general breakdown of the
tegument occurred only in CL treatment, Blebbing
might be due to the dilatation of the surface micro-
villi as the result of the vacuoles formed by the
depolymerization of microtrabeculae as demon-
strated by TEM. This pattern of changes has also
been observed following the treatment of adult O.
viverrini with anthelminthic drugs, such as 'pra-
ziquantel (Mehlhorn et al, 1983; Sirisinha et al,
1984) and amoscanate (Sobhon e? al, 1986), which
suggested that one primary mechanism of actions
of these drugs might be the destruction of the
integrity of the tegument cytoskeletal elements.
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