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Abstract

Background: The persistent problem of canine infection with Dipylidium caninum, in spite of the wide accessibility
of drugs proposed essentially to kill cestodes, recommends the need to discover other effective alternative therapy.
The present study aimed to explore the role of Balanites aegyptiaca fruits against the adult D. caninum, and
whether its methanolic extract had any effect on the tegument of adult cestode which is essential for the
protective function, following 12- and 24-h incubation in vitro. The tegumental alterations were assessed by using
both light and scanning electron microscopic studies.

Results: The Balanites extract exhibited cestocidal effect in vitro on D. caninum, and the tegument of the adult
worm appeared to be its primary target. This finding was supported by differences in extract response depending
on the exposure period. After 12-h incubation in vitro with Balanites extract, the tegumental changes concerned
the scolex other than the proglottides, while by 24-h incubation, the changes in the adult cestodes concerned the
whole body surface.

Conclusion: The tegumental distortion appeared to be the main changes induced by treatment with the tested
extract. This alteration would obviously disrupt the protective function of the tegument and facilitate expelling of
the adult cestode from the dog’s intestine.
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Introduction
Helminthic infection is the most common disease in dogs
everywhere in the world. Despite the accessibility of suc-
cessful medications to treat helminthes, most helminthes
of dogs have exceptionally advanced life cycles that make
their disposal unthinkable. Besides, dogs are routinely in-
fected with gastrointestinal helminthes, sometimes with-
out obvious evidence of the infection. Dipylidium
caninum is the most common tapeworm of dogs that re-
quires the participation of an arthropod in its life cycle. It
is transmitted by ingesting an intermediate host, flea,
which carries the larval forms or cysticercoids. The in-
fected dogs shed proglottids in their feces, and these

proglottids in the environment are consumed by flea lar-
vae (Wani et al. 2015). Human infections have also been
reported from many areas of the world and usually identi-
fied in children 1 to 5 years old (Szwaja et al. 2011). In
spite of the wide accessibility of effective ectoparasiticides
which ought to eliminate exposure to infected fleas, ca-
nine infection with D. caninum keeps on being to be a
persistent problem (Barnett et al. 2013). This disease in
canines has been generally treated with drugs proposed
essentially to kill cestodes, for instance, praziquantel, pyr-
antel, and oxantel (Grandemange et al. 2007). Yet, there
are helminthes that showed resistance to some of these
drugs (Kopp et al. 2007). Moreover, experimental studies
have shown that these drugs have side effects such as nau-
sea, vomiting, and hepatomegaly (Yangco et al. 1987),
which recommends the need to discover other effective
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alternative therapy that is safe and economical. A number
of medicinal plants are known to give a rich source of nat-
ural anthelmintics. To date, there are no past studies cover-
ing the utilization of Balanites aegyptiaca fruit against
cestodes. Yet, in light of the previously described anthelmin-
tic activity (Shalaby et al. 2010; Shalaby et al. 2012, 2016) and
its safety highlights, it is proposed in this investigation the
Balanites extract’s conceivable use against diphylidiasis. On
the other hand, progressing levels of pet possession all over
the world raises the significance of dogs. Besides, commercial
and official uses of dogs in security and military increase the
demand and attention to these animals. The prevalence of
D. caninum in dogs worldwide ranged from 0.1 to 44% (Bar-
utzki and Sohaper 2003; Dalimi et al. 2006), with rising the
potential of dissemination of D. caninum eggs out the envir-
onment and risk-infecting diphylidiasis in human. The
present study aimed to explore the role of B. aegyptiaca
fruits against the adult D. caninum, evaluating its in vitro ef-
fects on adult worm tegument which is essential for the pro-
tective function, through microscopical approaches to define
the mechanism of B. aegyptiaca fruits’ actions in the
parasite.

Materials and methods
Plant extract
B. aegyptiaca fruits were obtained from the nearby mar-
kets in Aswan, Upper Egypt, and validated at the Herbar-
ium of National Research Centre. Their methanolic
extract was acquired as prescribed by Shalaby et al. (2010).

Adult D. caninum
Adult D. caninum were collected from the intestines of
naturally infected stray dogs that were executed by the
Egyptian police. After recovery, the worms were identi-
fied based on the macroscopic appearance of proglottids
(Edwards and Herbert 1981) and washed in body-warm
normal saline.

In vitro treatment
The entire worms, under sterile conditions in a laminar
flow cabinet, were transferred to a normal saline solu-
tion containing B. aegyptiaca extract at a concentration
of 240 μg/ml. This concentration was chosen based on
concentrations utilized in vitro with trials involving
Toxocara vitulorum (Shalaby et al. 2012) and Para-
mphistomum microbothrium (Shalaby et al. 2016). A
stock solution of methanolic extract at 10 mg/ml was
prepared with a mixture of liquid paraffin and Tween 80
(v/v) for immediate use. Then, the entire worms were in-
cubated for 12 and 24 h at 37 °C in an atmosphere of 5%
CO2. Solvent control worms were incubated for 12 and
24 h in normal saline solution containing 0.2 % (v/v)
mixture of liquid paraffin and Tween 80. Normal control
worms were fixed immediately following the initial

washing. Five worms were examined for each time
period. The activity of worms was checked at 12- and
24-h incubation by visual observation and if necessary
by physical excitation of the worms via gently agitating
the culture media. The percent inhibition of motility of
Balanites-treated cestodes was estimated using the fol-
lowing formula:

Inhibitory activity ¼ C−E
C

� 100

where
C, mean number of control motile worms
E, mean number of exposed motile worms

Statistical analysis
Analysis of data was performed using the statistical pro-
gram for the social sciences SPSS version 11. The signifi-
cance of Balanites extract-induced inhibition in the
motility of the cestodes was assessed using one-way ana-
lysis of variance (ANOVA) for each period of
incubation.

Light microscopy
Following incubation, the gravid segments of Balanites-
treated and untreated worms were cut into small, 5-mm
pieces before being fixed at 10% buffered formol saline, and
processed according to the method of Bancroft et al. (1996).
The body wall of the gravid segments was studied and
photographed using an Olympus CX41 microscope.

Scanning electron microscopy (SEM)
Following incubation, the anterior end of Balanites-
treated and untreated worms was fixed intact for 12 h in a
3:1 mixture of 4% (w/v) glutaraldehyde in 0.12M Millo-
nig’s buffer, pH 7.4 and 1% aqueous osmium tetroxide.
After this, the specimens were processed for SEM follow-
ing a method previously reported (Shalaby et al. 2012).

Results
Worm activity
The control group exhibited no loss of activity during
the whole period of incubation (24 h) and more sensi-
tively reacted to changes in the surrounding conditions
than the treated group. However, the latter group
showed complete loss of motility after 24 h of incuba-
tion, even after being removed from the test medium
and dipped in slightly warm normal saline and on gentle
incitement; the paralyzed worms had not recovered their
motility (Table 1). The inhibitory activity of Balanites
extract on the motility for each period of incubation was
significant (P ˂ 0.005). To determine the mechanisms by
which Balanites extract affected the adult worm activity,
the possible tissue damage induced after treatment was
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evaluated analyzing histological sections of the tegument
of D. caninum gravid segments and structures of the
tegumental surface.

Light microscopic observations of the tegument
transverse section
On examining using light microscopy, the tegument of
the solvent control worms showed normal features similar
to that of the fresh control specimen. A short description
of a portion of the vital tegumental features was important
to evaluate the alterations resulting from Balanites extract
treatment. The tegument showed an intensively stained
syncytial layer, lay on a thick basement membrane of
amorphous material containing granular inclusions. The
basement membrane appeared to be continuous with the
general filling material which lay between parenchymal
cells of the interior of the proglottis. Beneath the base-
ment membrane were two layers of smooth muscle, the
outer occurring as circular bundles and the inner as longi-
tudinal bundles. These layers were not massively

developed and pursued by the subtegumentary layer of
branching parenchymal cells (Fig. 1a–c).
After 12-h incubation in vitro with 240 μg/ml Bala-

nites extract, the tegument lost its normal aspect show-
ing prominent wrinkles, accompanied by the appearance
of focal areas of erosion and disruption of the muscle
cells (Fig. 1d–f). These changes became more severe
with the disruption of some areas of the outer tegumen-
tary layer following 24-h incubation with Balanites ex-
tract. In these specimens, the tegument appeared to be
swollen and showed extensive damage towards its sur-
face and severe disruption of both muscle bundles and
parenchymal tissues (Fig. 1g–i).

Scanning electron microscopic observations of the adult
worms
On examining using SEM, no abnormal changes could
be observed in the solvent control worms which showed
normal body features. Its anterior end had a conical sco-
lex with four suckers and an armed rostellum (Fig. 2a),
forming the organs of attachment. Its body was an elon-
gated ribbon-like structure (strobila) consisted of a chain
of segments (proglottids). The segments budded from
behind the scolex and were immature (Fig. 2b). As they
were pushed back, they became mature and filled with
eggs (Fig. 2c). The mature proglottid was longer that it
was wide, and contained a common genital pore on ei-
ther side (Fig. 2c inset).

Table 1 Effect of B. aegyptiaca fruits’ extract on motility of adult
D. caninum

Worms Percentage of motility inhibition after incubation

12 h 24 h

Control 0.0 0.0

Treated 53.3 ± 9.4 100

Fig. 1 Light micrographs of the tegument transverse section of adult D. caninum gravid segments. a–c Normal fresh cestodes. d–f Following 12-
h incubation with Balanites extract. Note the tegumental wrinkles and disruption of the muscle cells. g–i Following 24-h incubation with Balanites
extract. In this specimen, the tegument appears to be swollen and shows extensive damage towards its surface. T tegument, ML muscle layer,
P parenchyma
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After 12-h incubation in vitro with 240 μg/ml Bala-
nites extract, the tegumental changes concerned the sco-
lex other than the proglottides. The scolex, in most of
the examined specimens, showed severely folded tegu-
ment with distortion of both suckers and rostellum so
that closure of their openings had occurred (Fig. 2d). In
the proglottides, the tegument lost its normal aspect and
appeared to be swollen than normal (Fig. 2e), accompan-
ied with areas of blebbing occurred along its lateral mar-
gins (Fig. 2f). By 24-h incubation, and almost of all
specimens examined, the changes in adult cestodes con-
cerned the whole body surface. The scolex showed se-
verely distorted tegumental surface and extreme damage
to both suckers and rostellum that no structure could be
recognized (Fig. 2g). In the proglottides, the distortion of
the tegumental surface appeared to be more extensive
than that described for the 12-h time period. The tegu-
ment might bear a number of lesions, where large blebs
had burst leading to the appearance of the genital tu-
bules (Fig. 2h, i).

Discussion
In this study, we explored the role of B. aegyptiaca fruits
against the adult D. caninum, evaluating its in vitro ef-
fects on the adult worm tegument which is essential for
the protective function. Our results show that Balanites

extract exhibits cestocidal effect in vitro on D. caninum,
and the tegument of the adult worm appears to be its
primary target. This finding is supported by differences
in extract response depending on the exposure period.
After 12-h incubation in vitro with Balanites extract, the
tegumental changes concerned the scolex other than the
proglottides, while by 24-h incubation, the changes in
the adult cestodes concerned the whole body surface.
The tegumental alterations were assessed by using both
light and scanning electron microscopic studies. The dis-
tortion of the tegumental surface appeared to be the
main changes induced by treatment with the tested ex-
tract. No reports of B. aegyptiaca effectiveness against
cestodes are found. Yet, a previous in vitro study showed
cuticular distortion of canine nematode, Toxocara canis,
following its exposure to B. aegyptiaca fruit extract, with
the result of decreased motility (Shalaby et al. 2018). On
contrary, our finding revealed complete loss of cestode motil-
ity after 24-h exposure. The higher effectiveness to inhibit
motility in this study may be attributed to the means by
which the cestodes can nourish (Quiroz-Romero 2003), un-
like the nematodes. Cestodes feed throughout the tegument,
which means that the absorption surface of the extract may
be higher, and because of the higher dose absorbed, the ef-
fective time is shorter. In this study, the tegumental alter-
ations occurred in particular series in response to the

Fig. 2 Scanning electron micrographs (SEMs) of the adult D. caninum. a–c Normal fresh cestodes. Note the appearance of eggs’ capsule at the
common genital pore (head arrow). d–f Following 12-h incubation with Balanites extract. d SEM of the scolex showing severely folded tegument
with distortion of both suckers and rostellum. e, f SEMs of the mature segments showing swollen tegument accompanied with areas of blebbing
(white arrow). g–i Following 24-h incubation with Balanites extract. g SEM of the scolex showing severely distorted tegumental surface (inset)
and extreme damage to both suckers and rostellum. h, i SEMs of the mature segments revealing extensive tegumental damage and appearance
of genital tubules (white arrows)
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exposure time, consisted of swelling, blebbing that was later
ruptured, resulting in erosion and peeling of the tegument.
Similar series of tegumental changes occurred in specimens
of trematode, P. microbothrium, which affected ruminants,
following their exposure to methanolic extract of B. aegyp-
tiaca fruits (Shalaby et al. 2016). Such tegumental changes
had been observed in other cestodes following their ex-
posure to either synthetic or natural anthelmintics and
seemed to be as a common countenance of drug-treated
helminthes (Shalaby et al. 2018). Those changes might be
referred to passive drug diffusion through the body wall of
helminth (Moltier et al. 2003) and increased efforts on the
portion of the helminth to spill and exchange the external
tegumental membrane disrupted by the drug action (Stitt
and Fairweather 1993). Previous studies had pointed to B.
aegyptiaca fruits’ methanolic extract as a potential source
of natural anthelmintic because of its saponin constituents
(Shalaby et al. 2016). Gnoula et al. (2007) confirmed the
anthelmintic activity of a steroidal saponin isolated from
B. aegyptiaca. The surface active and highly cytotoxic
properties of saponins could be the most probable reason
for the tegumental destructive effects of B. aegyptiaca
fruits’ methanolic extract on D. caninum adult worms.

Conclusion
Our study shows that B. aegyptiaca fruits’ methanolic
extract exhibits cestocidal effect in vitro on D. caninum,
and the tegument of the adult cestode appears to be its
primary target resulting in its damage. This damage
would obviously disrupt the protective function of the
tegument and facilitate expelling of the adult cestode
from the dog’s intestine. It seems that natural product
obtained from Balanites extract may be a viable alterna-
tive for control of cestodes in dogs.
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