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In vitro effect of praziquantel on Paragonimus westermani

by light and scanning electron microscopic observation
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INTRODUCTION

Paragonimus westermani is one of common
flukes of human in Korea. For treating its in-
fection, bithionol had been used since Yokogawa
et al. (1961 a & b) recommended it after their
in vitro and in vive evaluations. However, too
repeated doses and toxicity of bithionol limited
In 1970s,
recognized of its therapeutic efficacy on human
1976),
its use was abandoned because of

its practicability. niclofolan was
paragonimiasis (Rim, 1975; Rim et al.,
however,
narrow safety margin (Hong et al., 1982). Now-
adays, praziquantel is widely used for infections
of trematodes or cestodes including paragonimiasis
(Thomas et Gonnert, 1977; Davis et al., 1979;
Rim et Chang, 1980; Yokogawa ef al., 1980;
Rim et al., 1981; Soh et al., 1981).

It is known that the worms exposed to prazi-
quantel reveal immediate contraction followed by
relaxation and destruction of tegumental integrity
(Andrews et al., 1983). Especially the effect of
praziquantel on various trematodes, such as
Schistosoma, Dicrocoelium, Fasciola, Clonorchis,
Metagonimus, QOpisthorchis,
Fibricola was observed morphologically (Becker
et al., 1980; Kim et al., 1982; Mehlhorn et al.,
1983; Lee, 1985). Almost all of the worms
exposed in vitro or in wive were observed to
which
finally. However, any effect of the drug on other

Paragonimus and

make vacuoles in tegument ruptured
tissues or organs than tegument has not been
elucidated yet.

Although praziquantel was proved of its killing

activity on P. westermani in vivo, it had been
regarded that the tegument of this fluke was
least influenced (Mehlhorn et al., 1983) due to
thick tegument with stout spines (Lee et al.,
1981; Higo et Ishii, 1984; Choi et Yoo, 1985).
Therefore, it is necessary to ohserve iz wvitro
effect of praziquantel on various organs or tissues
including tegument of P. westermani to outline
the mechanism of action.

This study intended to observe the motility and
the destruction process of every organ of P.
westermani in various concentrations of praziqu-
antel.

MATERIALS AND METHODS

1. Experimental infection and recovery
of P. westermani
The metacercariae of P. westermani were iso-
lated from the crayfish which were collected at
Yangyang-gun, Kangwon-do on June 22, 1984.
A total of 153 metacercariae was obtained and
introduced per os to 2 dogs, 75 and 78 respecti-
vely. The dogs were killed after 11 weeks, and
total 128 adult flukes were recovered from their
lungs. The worms were washed in Tyrode's
solution and used for the experiment immediately.
2. Incubation of P. westermani in
praziquantel solutions
The stock solution of praziquantel was pre-
pared by dissolving praziquantel 500mg in ethanol
17.5ml and diluted with 50ml of water. This
stock was serially diluted with Tyrode’s solution
to make praziquantel concentration of 100pg/ml,
10pg/ml, 1pg/ml, 0.1pg/ml and 0,01pg/ml,



Table 1. Number of P. westermani prepared for light microscopy by praziquantel concentration and incu-

bation time

Praziquantel No. of worms incubated for
concentration
(pg/ml) 15min. 30min. 1hr. 6hrs. 12hrs. 26hrs. Total
0.01 — — 4 _ _ 4 A
1 — — 1 - - — 1
10 — 4 4 4 4 — 16
100 — — 4 - — _ A
Control — — 4 — — — 4
Total 0 7 21 4 4 4 40

Table 2. Number of P. westermani prepared for scanning electron microscopy by praziquantel concentration

and incubation time

No. of worms incubated for

Praziquantel
concentration
(pg/ml) 15min. 30min. 1hr. 6hrs. 12hrs. 26hrs. Total
0.01 — — 4 - _ ) s
0.1 3 3 4 — — — 10
1 — — 4 - - — 4
10 4 3 4 4 4 — 19
100 — — 4 — — — 4
Control — — 4 — — — 4
Total 7 6 24 4 4 4 49

Each solution, 20ml was disposed to 5 petri
dishes. Control group was prepared by Tyrode’s
solution 20ml without praziquantel. Eight active
worms were introduced to each petri dish and
incubated at 37°C including control solution.
Motility and body shape of the worms were
observed for 3 minutes through a stereomicroscope
15, 30 minutes, 1, 6, 12 and 26 hours after
incubation.
3. Light microscopic observation
Four worms were removed from each group;
two of them were fixed under pressure and
stained with Semichon’s acetocarmine, and other
two were fixed in 10% formalin, embedded in
paraffin, cut serially in 5x¢m thickness and stained
with hematoxylin and eosin(HE). They were
observed with a light microscope. The numbers
of worms by group were presented in Table 1.
4. Scanning electron microscopic(SEM)
observation
Four worms of each group were washed in

0. 1M phosphate buffered saline 3 times after
incubation as shown in Table 2. They were
fixed in cold 2. 5% glutaraldehyde and dehydrated
in a freeze dryer. Each worm was mounted on
a stub and coated with gold in 200nm thickness.
They were observed with ISI-40 or ISI-60 (ISI
Korea Ltd.) under 10~30KV.

RESULTS

1. Gross features of worms exposed to
praziquantel

The worms of control group incubated in
Tyrode’s solution without praziquantel showed
active movements throughout the experimental
procedure of 26 hours. However, the worms in
praziquantel solutions showed significant changes
in their motility and shape. In 0.0Ipg/ml con-
centration, the worms shrank slowly to excrete
many eggs from exposure to 30 minutes later.
Thereafter, egg excretion decreased steadily up



Table 3. Chronological observations on the activity of P. westermani incubated in various concentrations

of praziquantel solution

Praziquantel No. of Activity of P. westermani by incubation time
concentration
(pg/ml) worms 15min. 30min. 1hr. 6hrs. 12hrs. 26hrs.
0.01 8 + -+ + + + +
0.1 8 — — — N N N
1 5 — — — N N N
10 8 — — — — — N
100 8 — — — N N N
Control 3 + + + + + +
* 4} very active movement -+ : active movement + : slow movement

— . no movement

to 26 hours. Although the movement of worms
became sluggish and weak, all of them main-
tained motility until 26 hours of incubation.

In 0. 1pg/ml praziquantel solution, the worms
shrank also slowly, regurgitated intestinal con-
tents and were immobilized within 10 minutes.
In solutions over 1pg/ml concentration, the
worms were immobilized and contracted immedi-
ately.

In the worms incubated in 10pg/ml solution
excretory bladder began to enlarge after 30 min-
utes, and became larger steadily by 12 hours to
result in swelling of posterior body. After an
hour incubation, however, the worms began to
be relaxed and the anterior part of worms, i.e.,
between oral and ventral suckers, was elongated.
After 12 hours they elongated more and pharynx
protruded out through oral sucker. In 100pug/ml
praziquantel solution, these changes occurred only
30 minutes after incubation and progressed more
quickly. These gross features are summarized in
Table 3.

2. Light microscopic findings
A) Control group

The adult worms of P. westermani incubated
in Tyrode’s solution were bean-shaped, 5. 8~8. 0
mm long and 3.8~4., Imm wide. In sectioned
specimens, their tegument consisted of homogen-
ous vesicular syncytium with obliquely inserted
spines which were covered with cytoplasmic
membranes up to its tip portion, thin basement
membrane, circular and longitudinal muscle layer
and tegumental cells (Fig. 1). The tegument

N : not observed

was thin in median line but thick in lateral.
Vitellaria located under the subtegumental layer
and were distributed throughout whole body
except along the median line. Intestinal ceca
showed 3 convoluticns with constant diameter.
Relatively thin intestinal epithelia were deeply
stained with hematoxylin and ecsin, and directly
connected to parenchymal layers by loose con-
nective tissue (Fig. 2).

A branched ovary was composed of numerous
follicles (Fig. 3) and was laid somewhat super-
ficially under the mid-dorsal tegument. Each of
ovarian lobes consisted of peripheral germinal
layer and medulla, and a number of eggs were
formed from the germ cells (Fig. 4). A pair of
testes were branched into 4-5 small lobules which
were elongated and their margins smooth (Fig.
5). Other parenchymal tissues were relatively
loose and the cells showed a variety in size and
shape. Cells of Mehlis’ gland revealed a centri-
fugal structure and the ottype lay at its center.
Epithelia of the excretory bladder were composed
of single layer of cells with irregular margin.

B) Experimental group

1) Tegument: Several vacuoles appeared in
the subtegument between oral and ventral suckers
of a worm incubated in (.01 pg/ml praziquantel
solution for an hour but the remained portions
were still normal. Such vacuolization was more
extensive in median and ventral tegument than
in lateral and dorsal tegument. Numerous tiny
vacuoles were observed in syncytial layer or
subtegument between two suckers and around the



genital atrium after an hour in 0.1 pg/ml
solution. After 30 minutes incubation in 10pg/ml,
it was observed that the postero-lateral syncytium
was destroyed by rupture of vacuoles and the
spines were retracted within the syncytial layer
After an hour, the
vacuolization expanded throughout the whole

to be hardly recognizable.

subtegument but especially severe in the lateral
portion, and small vacuoles were forming from
the syncytium of dorsal tegument.

After 6-hour incubation, the syncytium be-
tween two suckers was destroyed by massive
and even
Also
the postero-lateral syncytium was swollen by the

vacuolizations followed by rupture,
muscle layer became vacuolized (Fig. 6).

vacuoles formed at the base, and a vacuole rea-
ching to the basement membrane was ruptured.
After 12-hour incubation, a number of vacuoles
were formed in the muscle layer to make muscle
fibers separated.

It was observed that the syncytium of a worm,
incubated in 100pg/ml praziquantel solution for
an hour, was so severely vacuolized and destroyed
that their syncytial layer was detached from the
basement membrane and a narrow space between
spines was exposed. The longitudinal muscle
bundle also became loose and the subtegument
was severely vacuolized.

2) Intestine: In the worms incubated in 0. 01
pg/ml praziquantel solution for an hour, intesti-
nal lumen became narrower due to thickened
intestinal epithelia and small or medium sized
vacuoles appeared in microvilli. Margins of the
intestinal wall became irregular. Slight swellings
were found at 2-3 loci of the posterior part of
intestine of a worm incubated in 0. 1xg/ml prazi-
quantel for an hour. They became balloon-like
swellings in 1pg/ml 1-hour group and in this
case, also the anterior part began to be swollen.
In 10gg/ml 1-hour group, such swellings appea-
red to be more elongated and enlarged, however,
the intestinal lumen was still narrower than con-
trols. The balloon formation was found very
severe in worms incubated in 10pg/ml praziqu-
antel for 12 hours but still not ruptured (Fig.

7). Vacuoles appeared in connective tissues

around the intestine as well as in intestinal
villi, in worms of 10pg/ml 30-minute group.
According to the increase of drug concentra-
tion and incubation time, vacuolization be-
came extensive and diffuse so that the stretched
epithelia of balloons were vacuolized (Fig. 8).
Eosinophilic substance was observed in the dila-
tated intestinal lumen of worms incubated for
30 minutes in 10 pg/ml concentration and in-
creased more and more to fill up the swollen
intestinal lumen.

3) Ovary: In worms incubated in 0. 01 pg/ml
concentration for 1 hour, digited irregular margin
of ovarian branches disappeared and its configu-
ration became almost elliptical. According to the
increase of drug concentration to 10 pg/ml the
branches were remarkably swollen to be round.
Margins of round lobules became blur and indi-
stinctly outlined (Fig. 9). vacuoles
appeared in the germinal layer of ovary in worms

Many

incubated in 0.01 pg/ml concentration for 1
hour. In Q. I pg/ml and 1-hour incubation group,
the vacuoles were increased in size and number,
and extended into the medullar portion (Fig.
10). Such vacuolization became more severe
according to subsequent increase of the drug
concentration and incubation time and the ovary
lost its entire configuration in high drug con-
centrations.

4) Testis: In 0.1 gg/ml I-hour group,
terminal portion of testis began to be transformed
into small ball-like lobules and the germinal layer
was vacuolized. Such ball shaped testicular bran-
ches became much more round-up according to
increase of the drug concentration (Fig. 11). In
10 pg/ml and 1-hour incubation group, two balls
were formed in each branch and their proximal
parts stretched to be disintegrated. Disintegration
of testicular branches progressed from the pro-
ximal part to distal one, the stainability became
poor and its size was reduced in 10 pg/ml 12-
hour incubation group. From a worm incubated
in 100 pg/ml concentration for an hour, two
balls, a larger and a smaller ones, were formed
and the margin of the larger one became blur
and translucent in the median portion. The



vacuolization was also severe in the germinal
layer as well as in the medulla (Fig. 12).

5) Mehlis’ gland: Small vacuoles appeared
in the Mehlis’ glandular organ near the ovary,
of a worm incubated in 0. 01 pg/ml concentration
for an hour. The size and numker of vacuoles
increased as the drug concentration was increased.
Consequently, higher drug concentrations than
10 pg/ml, the Mehlis’ gland was entirely vacuo-
lized and vacuolization reached even to the ootype
(Fig. 13).

6) Excretory bladder: From all experimental
groups, it was observed that epithelia of the
excretory bladder were slightly thickened, its
rough digitations became shortened and numerous
vacuoles appeared (Fig. 14). Eosinophilic material
was observed in the lumen of the excretory
bladder of a worm incubated in 0.1 pg/ml
concentration for 1 hour, and they increased in
number according to the increase of drug con-
centration and incubation time.

3. Scanning electron microscopic
findings
A) Control group

The tegument of adult P. westermani was
covered with cobblestone-like cytoplasmic pro-
cesses which had pits in their center portion.
Between oral and ventral suckers it was more
velvety in texture than that of other parts. A
number of grouped spines into 4-5 small ones
were observed to constitute a band-like zone at
base of ventral sucker and they covered whole
surface of oral sucker (Fig. 15). The tips of
single pointed spines were covered with cytopla-
smic membranes (Fig. 16). The spines were
densely distributed on the whole tegument except
between oral and ventral suckers where they
were especially sparse in distribution. Solitary
and/or grouped sensory papillae into 2-6 in
number, each having a cilium, were distributed
most densely around ventral sucker followed by
oral sucker but their distribution was sparse on
other parts. A few large elevations with a bumpy
dome were also observed on the rim of oral and
ventral sucker, which were regarded as another
type of sensory papillae.

B) Experimental groups
1) 0.01 pg/ml concentration group: Very
small-sized blebs appeared on the tegument be-
tween oral and ventral suckers. Spines were
retracted within the
papillae were not affected by an hour after in-
cubation. After 26 hours, although the blebs

grew slightly in size, the tegument appeared to

tegument but sensory

be nearly intact.

2) 0.1 pg/ml concentration group: In a
worm incubated for 15 minutes, it was observed
that numerous small blebs were formed and spines
retracted into the syncytium between oral and
ventral suckers (Fig. 17). The blebs ruptured to
form craters in spine-free zones at the base of
two suckers.

After 30-minute blebs on the
tegument between the suckers were increased in

incubation,

size and number, and a few of them were rup-
tured. In the postero-ventral tegument, several
minute blebs were seen of the cytoplasmic mem-
branes covering retracted spines and cytoplasmic
processes lost their normal cobblestone-like con-
tour and showed a rough and granular surface.
Sensory papillae were not affected by the bleb
formation. Several blebs appeared on the dorsal
tegument but not ruptured.

After an hour, the bleb formation was extended
throughout the whole ventral tegument and large
blebs with thin membrane were ruptured (Fig.
18). On the dorsal surface, blebs on the cyto-
plasmic membranes grew in size but without
increase in number, while minute ones on spines
were enlarged and increased in number (Fig.
19). The genital atrium was everted outwards
revealing many ejected sperms and its tegument
was covered with many craters to show honey-
comb appearance (Fig. 20).

3) 1 pg/ml concentration group: Although
worms were still round in shape, their oral

sucker was slightly protruded anteriorly and the
length of the posterior body, from the ventral
sucker to posterior end, was longer than that
of the anterior one, between oral and ventral
suckers. Disintegration of the tegument by crater
formation was prominent at the base of two



suckers (Fig. 21).
remarkable on the antero-ventral tegument than
other parts, and the blebs were ruptured so that
destruction of the syncytium was accelerated. A

Bleb formation was more

few sensory papillae lost their cilium and several
blebs were observed at their base portion under
the dome (Fig. 22). Dorsal tegument still revea-
led normal structures except for small blebs for-
med on the postero-lateral surface.

4) 10 pg/ml concentration group: The
length of the posterior body of worms incubated
for 15 minutes became the double of the anterior
portion. The oral sucker was widened and the
pharynx protruded out through the mouth.
Numerous blebs on the antero-ventral tegument
were minute to medium in size but not ruptured.
On the antero-dorsal tegument there appeared
small club-shaped blebs with tubular neck part.
After 30-minute incubation, the worms were
relaxed and elongated so that the ratio of ante-
rior to posterior body length became about 1.
Blebs of various sizes were on the antero-ventral
tegument and their membranes showed small
wrinklings (Fig. 23).
lateral teguments were more enlarged than those

Blebs on posterior and

in worms incubated in lower concentrations of
praziquantel and several ruptured ones were
transformed into large craters. The dome of
sensory papillae was shrunk and their cilia were
rooted out.

After an hour, oral sucker protruded slightly
and had grape-like grouped blebs and its whole
tegument was destroyed by an extensive vacuoli-
zation (Fig. 24). On the ventro-lateral tegument,
there were many club-shaped blebs with elonga-
ted neck (Fig. 25).
worms became pyriform as a result of relaxation

After 6-hour incubation,
between two suckers and expanding of the
posterior portion. Large blebs appeared on the
whole tegument and a number of large craters
were formed on the lateral tegument (Fig. 26).

After 12 hours, elongation of anterior body
and crater formation on the lateral tegument
progressed remarkably. The everted oral sucker
was severely damaged on the whole tegument
especially at its base. Blebs and swellings of

cytoplasmic processes were also observed at the
tegument around the excretory bladder.

5) 100 pg/ml concentration group: Worms
incubated for an hour were markedly relaxed
but their anterior part was not elongated. The
base of two suckers were severely destroyed and
numerous large blebs appeared on the postero-
ventral tegument. On the dorsal surface, all
spines were retracted within the tegument. Large
craters were observed on the postero-lateral

tegument.
DISCUSSION

The findings of the present study revealed that
praziquantel had excellent iz vitro killing activity
on P. westermani. Six worms out of 8 incubated
in 0. 01 pg/ml solution maintained motility during
26 hours of incubation. Contrary to this, all of
8 worms lost motility in 0. 1 pg/ml praziquantel.
Therefore, EDgo(or LDjo) of praziquantel on P.
westermani was Dbetween (.01 pg/ml and 0.1
pg/ml.

The worms exposed to praziquantel showed
immediate contraction paralysis and later relaxa-
tion. The contraction occurred within 10 minutes
in 0.1 pg/ml, however, it occurred immediately
after incubation, in solutions over 1 pg/ml. Such
rapid contraction was supported by the fact that
praziquantel was rapidly absorbed and distributed
into parasites(Andrews et al., 1980). This muscle
paralysis looks like a functional derangement due
to stimulatory blocking because its nature is
contraction and occurs instantaneously.

Anterior elongation of the flukes by praziquan-
demonstrated in Clonorchis
sinensis(Kim et al., 1982), Opisthorchis viverrini
(Sirisinha et al., 1984), Schistosoma mansoni
(Mehlhorn et al., 1981) and Fibricola seoulensis
(Lee, 1985; Seo et al., 1985). This elongation
was also found in P. westermani about an hour

tel treatment was

after incubation in this study. This proceeded
more rapidly in higher concentration of drug.
Such elongation appears to be due to relaxation
as a result of cell death after immediate con-
traction.



Vacuolization or bleb formation in tegument
is a well-known effect of praziquantel on various
kinds of trematodes or cestodes. By Chiu et al.
{1982) and Yoon et al. (1984) who observed in
vivo effect of praziquantel cn P. westermani,
vacuolization of tegumental syncytium was origi-
nated from vesicles in sensory papillae around
suckers. In adult worms, many blebs were made
on tegument posterior to ventral sucker, where
spines were distributed sparsely. Through disin-
tegrated tegument, numercus host cells invaded
to kill and to absorb the worms. As for in vitro
effect of praziquantel Mehlhorn e al. (1983)
observed vacuolization in tegument of several
flukes, however, P. westermani showed only a
little vacuolization and preserved tegumental in-
tegrity after an hour incubation in 1-100 pg/ml
solution. They interpreted it due to thick tegu-
ment with compact elastic fibers and spines. This
was also found in Fasciola hepatica(Becker et
al., 1980). However, the worms of the present
study revealed numerous vacuoles or blebs in or
on tegument, which ruptured finally to disrupt
tegumental integrity. Even the living worms in
0.01 pg/ml solution showed vacuoles in their
tegument. The difference between the finding of
the present experiment and that of Mehlhorn et
al. (1983) can hardly be explained, however,
it can be said that P. westermani must undergo
vacuolization and eventual disruption of tegument
when it is exposed to praziquantel.

In the present study, vacuoles and blebs were
found firstly and more at the portion of ventral
surface between oral and ventral suckers than
any other part. It could be explained that tegu-
ment of the portion is relatively thin and is
active in metabolism. This part is also primarily
responsible for the activity of two suckers in
flukes, and especially there are many papillae.
Disintegration of this part tegument is regarded
as more critical than destruction of other part
tegument.

There is still a debate that vacuolization in
tegument is no more than a secondary change
after death of worms, while many authors regard

it as a primary effect of praziquantel. Present

study found many vacuoles or blebs in the living
worms, and this finding supported vacuolization
as a primary process by the drug.

Vacuoles are not essentially terminated bursting
out to form crater. Metagonimus yckogawai was
observed to make vacuoles in tegument by incu-
bation in praziquantel, but without disintegration
(Mehlhorn et al., 1983; Lee et al., 1984). This
preservation of morphological integrity in spite
of vacuolization by drug effect was regarded as
due to mechanical support by scale-like spines
which covered tegument compactly.

Such vacuolization was also found in other
tissues than tegument, i.e. in intestine, ovary,
testis, excretory bladder, Mehlis’ gland and
parenchyme. Lee (1984) found also vacuoles in
intestinal epithelium as well as in tegument of
P. westermani infected in cats after chemothe-
rapy. These findings suggest that the flukes
exposed to praziquantel be damaged of all tissues.
Especially reproductive organs were disintegrated
distinctively. The worms incubated in 0. 01 pg/ml
praziquantel solution lost the configuration of
ovary or testis and their germinal layer was
vacuolized although they were still moving.
Accordingly, the worms may lose their activity
of egg production by praziquantel treatment
although they are not expelled from the host.
Such phenomenon was observed in C. sinensis
infection of guinea pigs(Yang, 1986). The flukes
remained intact in the liver 4 weeks after prazi-
quantel treatment, but contained few eggs in
their uteri. This suppressive activity of prazi-
quantel on oviposition is an important finding.
It suggests the possibility of discrepancy between
egg negative conversion and worm expulsion after
chemotherapy. So called parasitological cure or
egg negative conversion does not essentially mean
complete deworming. This is a theme for further
evaluation,

Although considerable research effort has been
invested, the mechanism of action of praziquantel
is not defined at the molecular level. Only a few
secondary findings were noted. However, immedi-
ate contraction induced by praziquantel has been
explained on the basis of a change in divalent



cation fluxes, especially calcium. It has been
shown that uptake of calcium by schistosomes
was increased by praziquantel while that of
potassium was reduced. Depletion of external
calcium or an excess of magnesium abolished
contraction in schistosomes but not in cestodes.
Calcium concentration rises actually within
muscle cells contracting under the influence of
praziquantel (Andrews et al., 1983). Calcium
seems to play a role in vacuolization too. Further
mechanism is not fully understood yet. Prazi-
quantel has anthelmintic efficacy against trema-
todes or cestodes but not nematodes. Therefore,
its mode of action looks like related with tegu-

mental structure.
SUMMARY

The effect of praziquantel on P. westermani
exposed in vitro was observed by stereomicro-
scope, light microscope and scanning electron
microscope. Following results were found.

1. The worms incubated in (.01 pg/ml prazi-
quantel were moving after 26-hour incubation.
However, all of them were immobilized immedi-
ately after incubation in solutions over 0.1 pg/ml
concentration.

2. All of the exposed worms showed severe
vacuolization not only in tegument but in subte-
gument, intestine, ovary, testis, Mehlis’ gland
and excretory bladder.

3. Vacuoles in tegument burst out to form
craters. As incubation time went on, tegumental
structure was disintegrated severely.

The worms exposed to praziquantel were
observed to be immobilized and be vacuolized of
all tissues. Disintegration of reproductive organs
suggests that praziquantel have suppressive effect
on egg production when the flukes are not killed.
The drug effects were found more related with
incubation time than with drug concentration.
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EXPLANATIONS FOR FIGURES

Fig. 1-14. Photographs of light microscopy

Fig. 1. Tegument of control worms, hematoxylin and eosin(HE) stained, X 200.

Fig. 2. Intestinal epithelium of a control worm, HE stained, X 200.

Fig. 3. A branched ovary(OV) of control worms with digited irregular margins, Semichon’s acetocarmine (SAY
stained, x40.

Fig. 4. Ovary(OV) of a control worm. Note the compact germinal layer and medulla, HE stained, x200.

Fig. 5. Testes(T) of control worms elongated with smooth margin, SA stained, x40.

Fig. 6. Antero-ventral tegument of a worm incubated in 10pg/ml praziquantel for 6 hours, with destruction
of syncytium, muscle and subtegument by vacuoles(V), HE stained, X 400.

Fig. 7. Intestine of a worm incubated in 10ug/ml praziquantel for 6 hours showing constriction, and balloon
(Ba) formation, and rough margin of wall, SA stained, x40.

Fig. 8. Intestinal epithelium of a worm incubated in 10pxg/ml praziquantel for 1 hour was thickened and
vacuolized (arrow heads), HE stained, x400.

Fig. 9.

Ovary(OV) of a worm incubated in 10gzg/ml praziquantel for 12 hours showing ball formation at
distal part of every branch by constriction and disintegrated of proximal part, HE stained, x40.
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10.

11.

12.

13.

14.

Ovary of a worm incubated in 0.1ug/ml praziquantel for 1 hour. Note large(V) and small vacuoles
(arrow heads) in medulla, HE stained, X 100.

Testes(T) of a worm incubated in 1lxg/ml praziquantel for 1 hour. Note the single ball formed at
the distal part of every testicular branch, HE stained, X 40.

Testis(T) of a worm incubated in 0.1xg/ml praziquantel for 1 hour showed vacuoles(arrow heads)
in periphery, HE stained, x100.

Mehlis’ gland(MG) in 10xg/ml praziquantel for 6 hours was vacuolized(arrow heads), HE stained,
X 200.

Epithelium of excretory bladder showing shortened digitation (arrow heads) with eosinophilic excretion
(EM) incubated in 0. 1pg/ml praziquantel for 1 hour, HE stained, x 200.

15-26. Photographs of scanning electron microscopy (SEM) after gold coating.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ventral surface between oral and ventral suckers of a control worm showing velvety cytoplasmic
processes, minute grouped spines(GS), and solitary or grouped papillae with a cilium(P), Bar=20gm,
X1, 000.

Postero-ventral tegument of a control worm. Note the cytoplasmic processes, single tipped spines(S)
covered with cytoplasmic membrane and a solitary papilla(P) with a cilium, Bar=5um, x 3, 300.
Beginning of bleb-formation(arrows) on the tegument between oral and ventral suckers of a worm
incubated in 0. 1lpg/ml for 15 minutes, Bar=20um, X 600.

The ruptured blebs(B) and small ones on the anteroventral tegument of a worm incubated in 0.1xg/
ml praziquantel for 1 hour, Bar=20gm, x 1, 000.

Minute blebs(arrow heads) on tips and grouped ones on base of spines in postero-ventral tegument
of a worm incubated in 0.1pg/ml praziquantel for 1 hour, Bar=10gm, X 2,010.

Genital atrium of a worm incubated in 0.1pg/ml praziquantel for 1 hour. Note the honeycomb-like
craters(arrows) in tegument of dome and sperms(SP) in the genital opening, Bar=20um, x980.
Disintegration of base of oral sucker by the ruptured blebs in a worm incubated in 1pg/ml prazi-
quantel for 1 hour, Bar=20pm, x990.

Antero-ventral tegument of a worm incubated in 1pg/ml praziquantel for 1 hour. Note the blebs
(arrow heads) around papillae(P) and the autolysis of swollen tegument, Bar=10gm, X2, 000.

The wrinkled large blebs(B) on the postero-ventral tegument of a worm incubated in 10pg/ml
praziquantel for 30 minutes, Bar=30pm, x500.

A worm incubated in 10pg/ ml praziquantel for 1 hour, the inner and outer tegument of oral sucker
(OS) was destroyed by numerous blebs and a grape-like blebs(GB) appeared in oral cavity, Bar=
50p¢m, X 300.

A few rubber bulb-like (club-shaped) blebs(RB) which had cylindrically extended tubular proximal
part were observed on the ventrolateral tegument of a worm incubated in 10ug/ml praziquantel for
1 hour, Bar=20gm, x1,010.

The very large craters(CR) reaching to basement membrane layer and smooth surface disintegrated
by the vacuoles formed from syncytium was observed in ventrolateral tegument of a worm incubated
in 10gg/ml praziquantel for 6 hours, Bar=20um, X720,
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