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INTRODUCTION
 

Cysticercuw fasciolaris is the larval form of the adult cat tapeworm,
 

Hydatigera tseniaeformis (Taenia taeniaeformis). It is of increasing
 

interest because of the considerable pathological conditions produced in a
 

rat or mouse host in which it is normally found. The larvae encapsulate
 

and develop on the ivar of rats and mice and as a result of this 

infection, a serious cancer-like growth may develop (Noble and Noble, 

1974). 

The surface teg.aent of cestodes like that of schistosomes is a 

highly active layer in which many processes occur (Smyth 1969, 1966). It
 

is a metabolically active syncytial, protoplasmic layer formed by
 

cytoplasmic extensions froi tegumental cells lying in the subtegumental
 

zone. The tegument has two major components, namely the distal cytoplasmic
 

zone (surface syncytium) and the perinuclear cytoplasmic zone (cytoplasm in
 

the region of tegumental cells). Under the light microscope the surface of
 

the distal cytoplasmic zone appears as a fringe of fine hair-like
 

processes (Smyth, 1969, Jones et al. 1977a, 1977b, Lumsden and Specian,
 

1980, Threadgold, 1984). At the electron microscope level, the distal
 

surface is revealed as spine-like processes which morphologically resemble
 

the brush border of many vertebrate and invertebrate cells and have been
 

referred to as microtriches, microvilli, or tegumental projections (Smyth,
 

1969, Shivers et al., 1986).
 

The tegument functions to: (1) iediate the absorption of nutrients
 

by the worm from the hort environment, (2) protect the integrity of the
 

worm against the alien environmeit of its host, and (3) bear the
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immunological mechanisms whereby the parasite is able to resist 

inactivation by antibodies produced against the invader by its host 

(Lumsden and Specian, 1980). 

As with most active drugs for parasitic diseases, the active drug
 

form, structure-function relationships, metabolites, mode and of
site 


action on the parasite's surface tegument are poorly understood (Fifth
 

Annual Report on Research and Training in Tropical Diseases, 1981).
 

In recent years, 
inter- has developed in two new antihelminthic
 

drugs, praziquantel (2-cyclohexylcarbonyl-1, 2, 3, 6, 7 llb-hexehydro-4-H
4-pyrazinol-[2,la]-isoquinolin-4-one) and oltipraz (4-methyl-5-[2

pyrazinyl]-3H-7,2-dithide-3-thinoel). Praziquantel been
has found
 

effective in a large number )f cestodes; Hymenolepis nana cysticercoids;
 

C. fasciolaris in mice; C. pisiformis in rabbits; Echinococcus granulosus
 

in dogs; C. tenuicollis in sheep and pigs; C. ovis in sheep; C. bovis in
 

cattle and C. cellulosae in pigs (Thomas et al., 1978; Hochner et al., 1979
 

and Anderson et al., 1985).
 

Praziquantel has also been reported to have high activity against
 

schistosomes and other parasites; Becket et al., 1980; Andrews, 1981;
 
Harinasuta et al., 1984; Wegner, 1984; Hassoud et al., 1984a, 1984b; Harcos
 

et al., 1985; and Schmahl et al., 1985.
 

Though Oltipraz has received less attention than praziquantel, recent
 

clinical and biological tolerance studies have shown that patients
 

administered the 
drug have shown a high proportion of egg reduction. The
 
mechanism of action of oltipraz is unclear but there are that
indications 


it might inhibit the parasite's glutathione levels (Cerf et al., 1982;
 

Bell& et Al., 1982; Lapierre et al., 1983; Rey et al., 1984; Kardaman et
 

al., 1985; Bieder and Jumeau, 1985).
 

The effects of radioactively labeled praziquantel has been reported
 

in experimental cysticercosis (Andrews it al., 1980). However, the effects
 

of oltipraz on the tegument of cestodes and schistosomes has received
 

little attention. Thus, the objective of this preliminary study is to show
 

the in vitro effects of oltipraz on the tegument of C. fasciolaris in
 

relation to dose and time using scanning electron microscopy. Though
 
experiments were also designed and carried out to examine of
the effects 


the drug on the tegument of S. mansoni, the data presented in this paper
 

will focus on C. fasciolaris. Both C. fasciolaris and S. mansoni appear to
 

be excellent model systems for studying the effects of oltipraz on the
 
surface tegument. Experiments are underway to determine the effects of the
 

drug on the tegument using ultrathin sectioned material, in addition to the
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incorporation of radioactively lab:'led oltipraz at the transmission
 

electron microscopy level.
 

MATERIALS MID METHODS
 

Maintenance of the Infection
 

Animals used in this study were housed and maintained at the Center
 

for Laboratory Animal Resources at the Science Research Institute of the
 

Atlanta University Center. A cat was used for maintaining the adult
 

tapeworm, H. taeniaeformis. Gravid segments or proglottids were collected
 

weekly from an infected cat and macerated with a mortar in order to
 

liberate the onchospheres. This material was then administered to twenty

day old male albino sprague-dawley and long evan rats. After 10 to 60
 

weeks, infected rats were sacrificed at intervals as needed for drug
 

experiments. Adult schistosome worms (S. mansoni) were obtained from the
 

Helminthic Disease Branch, Parasitology Section, Centers for Disease
 

Control in Atlanta, Georgia.
 

Treatment of Worms with Oltipraz
 

The drug, oltipraz, was obtained from Miles Pharmaceutical Company in 

New Jersey. The cysts of tapeworms were dissected intact from infected 

livers of rats and washed in cold 0.85% physiological saline. The 

strobilocerci were liberated by gently rupturing the cyst walls with fine
 

point scissors. Worms were divided into several groups, incubated and
 

gently agitated in a 370 C water bath in solutions of oltipraz at the
 

following concentrations: 25, 50, 100, 250, 500, 1000 and 1500 micrograms.
 

Time interv ls ranged from 30-150 minutes. Control worms were incubated
 

parallel to experimental worms in an equivalent amount of physiological
 

saline. Following incubation, worms were prepared for scanning electron
 

microscopy.
 

Scanning Electron Microscopy
 

The scolex, strobila and bladder of the strobilocerci were fixed in
 

2.5 - 4% glutaraldehyde buffered with 0.1 N sodium cacodylate at pH 7.4, 

rinsed in buffer, postfixed for two hours in buffered 2% osmium tetroxide 

and dehydrated in a graded series of ethyl alcohol (i.e., 30, 50 70, 80, 

90, 95 and 100%). Specimens were then critical point dried with carbon 

dioxide and coated with gold-palladium. The worms were examined in an 

Etec-Omniscan Scanning Electron Microscopy and pictures were taken at
 

desirable magnifications using Polaroid 55 P/N film. Schistosome worms
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were proressed 
for scanning electron microscopy according 
to the same
 
procedure.
 

RESULTS AND DISCUSSION
 

Control Worms
 
Electron scans of control tapeworms revealed certain distinct surface
 

features of the scclex, 
strobila and of
bladder C. fasciolaris. The
 
suckers were comprised of 
large folds, depressions and 
ridges. Numerous
 
short-studded and regularly distributed microtriches were apparent over the
 
entire 
scolex and neck region (Figures I and 2). At higher magnifications
 
microtriches could be 
seen within the cavities and well distributed around
 
the rims of the suckers (Figure 2).
 

When the scolex of the worm is in 
a projected state, the double crown
 
of hooks 
embedded in the rostellar sac of the rostellum can be seen
 
(Figures 1 and 3). Rees (1951) published the first detailed paper on the
 
anatomy of C. Fagciolaris at the light microscopic 
level and found that
 
there were 22 biconcave hooks present 
in the rostellar sac. Control 
worms
 
in this study showed that the surface cushion of the rostellum consisted of
 
pit-like depressions and microtriches. The surface cushion of the
 
rostellum also exhibited a porous-like appearance (Figuie 3).
 

Further studies are needed on 
the retractability of the scolex and
 
rostellum of C. fasciolaris. 
 Previous studies have revealed 
that when the
 
rostellum is in a fully retracted state, all four suckers around the scolex
 
can be seen; however, the rostellar 
hooks are no longer visible and the
 
muscular cushion the
of rostellum shows a hexagonal-like shape. The
 
anterior surface 
of the scolex also shows constriction when the rostellum
 
is in a retracted state (Jones et al., 1977a; 1977b).
 

In the neck region or zone of proliferation of the worm at low and
 
high magnifications an interesting 
structure was observed 
(Figures I and
 
4). This structure appeared as 
a distinct and well-defined center "opening"
 
surrounded 
by two lateral lobe-like features. Extraneous material which
 
could possibly be food and other foreign matter was observed at 
some of the
 
site openings (Figure 4). This is the 
first time such a surface opening
 
has been reported in the neck region of C. fasciolaris.
 

The tegument of the strobila was 
studded with bosses of uniform size
 
which were 
revealed as microtriches at higher magnifications (Figures 5 and
 
6). A new structure was also observed on lateral
the surface of the
 
proglottids near 
the bladder. This 
structure had the appearance of an
 
opening, circular in shape surrounded by a ruffled-like microvillus surface
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Figure 1. Control Scanning Electron Hicrograph (SEM) of Scolex Region of
7-v 
Cysticercus fasciolaris: (r). Rostellum; (arrows-a), Hooks;
 

(a), suckers; (arrows-b), New Unidentified Structure in the
 

Neck Region. Marker, 264 ram.
 

Figure 2. Higher Magnification of Scolex Showing Hicotrichem (Microvilli). 

Marker, 310 pro. 
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Figure 3. Rostellum (r) showing Double Crown of Hooks. Marker, 169 Pm.
 

Figure 4. Close-up Views of New Unidentified Structure in Neck Region
 

(box). Marker 166 pm.
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Figure 5. 	Strobila showing Proglottids of Segments. Marker, 1 p.
 
Figure 6. 	Close-up view of Strobila (Box) and Higher Magnification showing
 

Hicrotriches. Marker, 4 pm.
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(Figures 7 and 8). Extraneous material was observed from the opening
 

(Figures 7 and 8). Such material may be excretions of waste products.
 

In younger tapeworms, microtriches were less apparent on the
 

strobilar surface (Figure 9). The bladder of C. fasciolaris showed a pear

like shape and was located at the terminal posterior end of the worm. 

Previous studies by Jones et al. (1977b) have revealed that the bladder of 

older worms (i.e., 6-12 month infections) consist of lateral and terminal 
"excretory pores" and densely compacted microtriches. However, such
 

structures were not always seen on the bladder of younger tapeworms (Figure
 

10). Electron scans of control worms were somewhat in accord to previous
 

studies by Jones et al., 1977a, 1977b, 1979, 1980 and 1982.
 

Experimental Worms
 

Worms incubated in both low and high concentrations of oltipraz at 

varying time intervals r~vealed certain distinct surface tegument zhanges 

or alterations that were not found in controls. Such morphological changes 

varied in the intensity of damage in relation to the drug concentration and 

incubation time. As the concentration of oltipraz was increased, the more 

surface tegumental damage was observed. Worms treated in concentrations of 

the drug lower than 25 micrograms at time intervals ranging from 30 to 60
 

minutes showed little damage. The tegumental damage observed with the use
 

of both low and high concentrations of the drug was more pronounced on the
 

scolex and strobilar regions of the worm (Figures 11-22).
 

The scolex showed a moderate amount of hypertrophy and the formation
 

of numerous, irregularly distributed spherical knob-like structures heavily
 

concentrated on the surface of the rostellum and sucker areas (Figure 11).
 

We postulate that these structures are microtriches that have become
 

altered due to the drug. The surface of the scolex, neck and strobilar
 

region showed progressive degeneration and necrosis after the incorporation
 

of low concentrations of the drug (Figures 12-14 and Figure 19).
 

Other pronounced changes on the surface strobilar tegument of the
 

tapeworm consisted of the following: irregularly distributed patch-like
 

structures (Figures 15 and 16), formation of spine-like spicules (Figure
 

17), large irregular shaped goblet-like cells adhering to the strobila
 

(Figure 18) and pronounced shrinkage, degeneration, presence of crater-like
 

structures and necrosis (Figures 19, 20 and 21). Scans of inner tegument
 

cells of the worms using low concentrations of the drug revealed no
 

apparent damage (Figure 22).
 

The results reported in this study are somewhat in accord with the
 

effects of praziquantel on the surfaces of C. fasciolaris and S. mansoni.
 

Thomas et al. (1982) observed that radioactively labeled 14 C-praziquantel
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Figure 7. New Unidentified Structure (arrow) on the Lateral Surface of a
 

Proglottid believed to be Excreting Material (em). Marker, 2
 

pm. 

Figure 8. Higher Magnification of New Unidentified Structure showing
 

Hicrotrichial-like Outer Surface (arrows) and Micotriches m) on
 

the Proglottid. Marker 4 pm.
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Figure 9. Strobila of a Younger Tapeworm. Marker, 317 pm.
 

Figure 10. Bladder of C. fasciolaria (arrows). Marker, 428 pm.
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Figure 11. 

Figure 12. 

Scolez Region of C. Fasciol ari, Oltipraz-treated, 500 

Hicrogramm/60 Minute.. Note the formation of bleb-like 

structures believed to microtriche. (arrows). M4arker, 170 

em. 

Scole, Oltiprax-treated, 150 Microgram./90 Minutes showing 

Tegumentary Damage to the Suckers. Marker, 183 psm. 
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Figure 13. 
 Scolex, Neck and Strobilar Region, Oltipraz-treated, 100
 
Micrograms/120 Minutes, showing Necrosis. 
 Marker 313 im.
 

Figure 14. Scolex, Oltipraz-treated, 25 Microgram/120 Minuets. 
 Marker 175
 

pam.
 

672 



r7 

Figure 15 and 16. Strobilar Region Oltipraz-treated, 50 Micrograms/150
 

Minutes showing Pronounced Patch-like Structures on
 

the Tegumentary Membrane Surface. Marker, 2 pm, 1
 

pm. 
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Figure 17. 
 Strobilar Region, Oltipraz-treated 50 Micrograms/150 Minutes
 
showing the Formation of Spicule-like Structures.
 
(microtriches). Marker, 1 pm.
 

Figure 18. 
 Strobilar Region, Oltipraz-treated, 1500 Micrograms/60 Minutes
 
showing unusual Goblet-like Structures Adhering to the
 
Surface. Marker, 2 pm.
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Figure 19. Strobilar Region, 01tipraz-treated, 25 Xicrograms/90 Minute. 

shoving Necrosis. Marker, 171 pm. 
F,'gure 20. Strobilar Region, Oltipraz-treated, 100 Microgramnsl60 Minutes
 

showing Irregular Distributed Crater-like S~.ructures
 
(arrows). Marker, 82 jm.
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Figure 21. 
 Strobilar Region, Oltiprat-treated, 50 Hicrograms/150 Minutes.
 
Marker 223 Ia. 

Figure 22. 
 Scan of Inner Tegumenta Cells, Oltipraz-treated, 25
 
Hicrogra s/60 Minutes showing Little Apparent Damage. 
Marker
 
91 Im. 
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in vitro and in vivo caused marked destruction of the tegument along the
 

whole pseudo-strobila and scolex of C. fasciolaris. These investigators
 

also found that the drug had similar effects on the tegumental surface of
 

schistosomes, liver flukes and adult tapeworms. In addition, their studies
 

showed that when the drug was taken up by the parasites, it was distributed
 

evenly throughout the tegument and no selective accumulation in certain
 

organs was exhibited autoradiographically. As the concentration of the
 

drug was increased, surface tegumental damage was more pronounced. Similar
 

findings were exhibited with the use of oltipraz on the surface tegument of
 

C. fasciolaris. However, low concentraticns of the drug revealed marked
 

surface changes on Lhe tegr'ient.
 

Studies by Thomas et al. (1982) showed that the cyst wall was a
 

barrier to the penetration of 14C-praziquantel. The concentration of the
 

drug was 4 to 10-fold higher in the cyst wall than larval tissue contained
 

in the cyst. Experiments are underway in our laboratory to examine the
 

uptake of radioactively labeled oltipraz (i.e. in vitro and in vivo) on the
 

cyst well and the larval parasite.
 

Data in this paper are in agreement with studies by Shaw ef al 

(1983). They reported that praziquantel administered in vivo causes 

tegumental damage to S. mansoni at concentrations ranging from 10, 25, 50, 
100, 200 and 500 mg/kg body weight of mouse. Such changes included surface 

bleeding, swelling, wrinkling, constriction and surface lesions. It was. 

found that in male worms, in particular, the number of worms exhibiting 

damage and the amount of tegumental surface damage depended, mai'ly, on the 

concentration of praziquantel, although, at any given dose level, the 

extent of the damage increased with post-treatment. In the current study 

similar changes were exhibited after in vitro treatment of S. mansoni with 
oltipraz. Andrews (1981) and Becker et al. (1980) reported that intensive
 

vacuolation occurred in distinct sites of S. mansoni tegument after in vivo
 

and in vitro treatment of praziquantel. Stch data was revealed in thin 

sectioning material.
 

The findings in our study are similar to the effects of other 

antihelminthic drugs such as mebendazole on the tegument of C. fasciolaris
 

using scanning electron microscopy. Verheyen et al. (1978) reported time

related topographical changes in mature cysticerci of Taenia taeniaeformis
 

induced after medication of infected mice with 250 ppm of mebendazole. The
 

changes included the gradual disappearance of microtriches and progressive 

degeneration of the tegument resulting in an irregular surface with 

grooves, holes, and crater-like structures. Host cells were reported as 
adhering to the altered areas and the number of these cells increased when 

more severe changes became apparent. Finally, the necrotized cysticerci, 

which lost their tegument completely, were almost entirely covered with 
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host cells. A difference in the time sequence of the reported changes
 

occurred between the scolex, the pseudoproglottids and the bladder.
 

We found similar changes in oltipraz treated worms. The unusual,
 

large goblet-like structures adhering to the surface of the strobila
 

tegument in figure 18 are practically identical to the host cells reported
 

by Verheyen et al (1978) in C. fasciolaris. However, since experiments in
 

this study were designed to examine the effects of oltipraz in vitro in the
 

worms, it is possible that such structures are accumulations and aggregates
 

of the altered destructed tegument of the parasite.
 

The mechanisms by which various antihelminthic drugs such as
 

praziquantel, oltipraz and mebendazole cause changes in the tegument of
 

cestodes and schistosomes are not clear. The data in this study suggest
 

that oltipraz in vitro at low and high concentration in relation to time
 

induced surface ultrastructural changes in the tegument of C. fasciolaris.
 

The microtriches oitthe tegument undergo pronounced and marked changes.
 

These structures increase the absorptive surface area of the worm, thereby
 

aiding in certain metabolic processes thnt take place across end throughout
 

the tegument. Therefore, any interference or changes in these structures
 

may effect the overall absorption, transport mechanisms and process of the
 

parasite.
 

SUMMARY
 

The tapeworm, Cysticercus fasciolaris appears to be an excellent
 

model system for studying the effects of anti-schistosomal drugs and for 

correlative studies on schistosomes. Preliminary data in this study 

revealed that the drug, oltipraz at low and high concentrations (i.e. 25, 

50, 100, 150, 250, 500, 1000 and 1500 micrograms) in relation to time (i.e. 

30, 60, 90, 120 and 150 minutes) induces pronounced changes on the surface 

tegument of the tapeworm. The most marked changes were observed on the 

scolex proper and strobilar regions. Such changes included some of the 

following: hypertrophy of the scolex, numerous spherical knob-like 

structures heavily concentrated on the rostellum and suckers, formation of 

blebs, craters and spiny, spicule-like structures on the tegument; and 

large, aggregated goblet-like cells adhering to damaged tegumental areas. 

The entire surface tegument of the worm showed progressive degeneration and 

finally necrosis as the concentration of the drug and time was increased. 

More detailed data are needed to further examine these changes in vitro and 

in vivo. Studies incorporating the use of labeled oltipraz and
 

transmission electron microscopic studies are underway.
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