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Abstract

Schistosomiasis is the 2™ most common parasitic disease that causes around 300000 deaths
annually worldwide. The main antischistosomal therapy; praziquantel (PZQ) has many imper-
fections e.g. resistance, frail impact against premature stages and many side effects. This
raised the need to find a substitute or to repair PZQ defects. This work aimed to assess value
of loading PZQ to chitosan nanoparticles (CS-NPs) regarding usage of lower PZQ dose (to de-
crease side effects) and broadening its spectrum (to involve premature stages of Schistosoma
mansoni).
This study involved 11 mice groups. The first four groups served for schistosomula studies
(mice were euthanized 17 days post infection (d.p.i.). Group I served as positive schistosomula
controls. Groups II, 1l and IV received pre-maturation treatments 10 d.p.i. The last seven
groups served for adult worm studies (mice were euthanized 50 d.p.i.). Group V served as pos-
itive adult controls. Groups VI, VII and VIII received pre-maturation treatments 10 d.p.i.
Groups 1X, X and XI received post-maturation treatments 45 d.p.i.
Drug efficacy against schistosomula was assessed by counting and scanning electron micros-
copy (SEM) of the retrieved schistosomula. Efficacy against adult worms was assessed by
studying worm load, ova count, oogram, granuloma studies and SEM of adult worms. Results
showed that, PZQ loaded CS-NPs (PZQ/CS-NPs) significantly reduced schistosomula count
with no morphological changes. Regarding adults, PZQ/CS-NPs achieved a statistically signif-
icant higher reduction of all assessed parameters - compared to traditional PZQ - especially
when administered as a post-maturation treatment. Regardless of absent morphological chang-
es of schistosomula, clear morphological deformities appeared when these schistosomula were
permitted to develop into adults.
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Introduction

Schistosomiasis is the second most com-
mon human parasitic disease worldwide.
Reports of World Health Organization
(WHO) state that more than 240 million in-
dividuals are infected with Schistosoma (S.)
species and over 700 millions are at risk of
infection in endemic areas. Its mortality
records have surpassed 200000 individuals
in sub Saharan Africa alone with global an-
nual mortality ranging from 280000 to
500000 (WHO, 2010).

Humans can be infected by three main spe-
cies, S. haematobium, S. mansoni or S. ja-
ponicum (WHO, 2016). Infection begins by
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penetration of skin and/or mucous mem-
branes with Schistosoma cercariae upon con-
tact with contaminated water. Once penetra-
tion occurs, cercariae lose their tails and find
an access to the circulation to lodge in lung
vessels as pulmonary schistosomula (He et
al, 2002; 2005). After a period of around 15
days, schistosomula reach their final habitat
which is either urogenital venous plexus -in
S. haematobium- or mesenteric venous plex-
us -in other species-. Another 10 days usual-
ly pass before the juveniles mature into
adults capable of pairing and laying ova
(Gobert et al, 2007) that may lodge in tis-
sues causing granulomas and fibrosis of
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many vital organs (Pearce and MacDonald,
2002; Burke et al, 2009).

Many remedies were used to get rid of this
pathogen but praziquantel (PZQ) is still the
mainly used official therapy. Unfortunately,
it doesn't perfectly kill the premature stages
of Schistosoma and acts only after their mat-
uration and start of laying ova which by it-
self is not completely killed by PZQ (de
Oliveira et al, 2014). This occurs because
PZQ is immediately transformed into inac-
tive or less effective form after its admin-
istration (Tomiotto-Pellissier et al, 2017).
The low water solubility of PZQ markedly
influences its absorption with subsequent
need for higher doses - and eventually extra
hazards - to get a perfect action (Omar et al,
2005; Passerini et al, 2006). In addition to
tolerance and resistance that were reported
in some cases (da Silva et al, 2017).

Absence of an intense medication that can
supplant PZQ defects encouraged studies to
improve its pharmacokinetics. Nanoparti-
cles (NPs) have the potential to deliver toxic
components or drugs to the target pathogen
without harming the host tissues by improv-
ing pharmacokinetics of drugs (Bergquist et
al, 2017). Among the various sorts of NPs,
polymeric NPs are considered a critical type
because of their good biocompatibility, bio-
degradability and available formulation me-
thods. Chitosan (CS) based polymeric NPs
have been recently introduced to the field of
nanotherapeutics as an important candidate
for drug delivery (Mohammed et al, 2017).
Chitosan is produced from chitin of crusta-
cean shell and fungal cell walls (Berger et
al, 2004; Tikhonov et al, 2006). It proved
many antimicrobial, immune stimulant and
cancer resisting properties. Its low toxicity
and muco-adhesive properties made CS it-
self and its NPs good candidates for drug
delivery systems. They act as penetration
enhancers by opening the tight epithelial
junctions (Pattani et al, 2009; Abdel-Latif et
al, 2017; Mohammed et al, 2017; Umair et
al, 2017). They proved better stability and
cellular uptake than solid lipid nanoparticles
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(SLNs) (Wang et al, 2014; Luo et al, 2015).
The present work was designed to assess
the value of loading PZQ to CS-NPs, regard-
ing the use of a lower dose to decrease risk
of its adverse effects and broadening its
spectrum to involve premature schistosomu-
la stages, thus mending two major defects in
the main antischistosomal drug, PZQ.
Materials and Methods

Ethics statement: All animal experiments
were performed at Theodor Bilharz Resea-
rch Institute, TBRI (Giza, Egypt). Mice were
kept under standard housing conditions and
standard commercial diet in animal house of
TBRI. Room temperature was kept at 20-
22°C. Experimental procedures were per-
formed in accordance with international eth-
ical guidelines after approval of institutional
ethical committee of TBRI. Also, the auth-
ors assert that all procedures contributing to
this work comply with the ethical standards
of relevant national and institutional guides
on the care and use of laboratory animals.

Study design: The mice groups were used
to study drug efficacy on two developmental
stages of S. mansoni; schistosomula and
adults. That’s why two types of studies were
performed. Schistosomula included the first
four groups and their mice were euthanized
17 d.p.i., and Adult worms: included the last
seven groups that received either pre- or po-
st-maturation treatment, and their mice were
euthanized 50 d.p.i.

Schistosomula (mice euthanized 17 d.p.i.,
of 10mice each): Gl: S. mansoni infected un
treated mice (positive schistosomula contro-
Is). GllI: S. mansoni infected then received
PZQ full dose at 10" day p.i. (PZQ™"),
GlII: S. mansoni infected then received PZQ
/CS-NPs at day 10 p.i. (PZQ/Cs-NPs 197),
GIV: S. mansoni infected then received un-
loaded CS-NPs at day 10 p.i. (CS").

Adults (mice euthanized 50 d.p.i. of 10 mi-
ce each): GV: S. mansoni infected untreated
mice (Positive adult controls), GVI: S. man-
soni infected then received a pre-maturation
treatment of PZQ at day 10 p.i. (PZQ'**?),
GVII: S. mansoni infected then received a



pre-maturation treatment of PZQ/CS-NPs at
day 10 p.i. (PZQ/CS-NPs¥%) GvIII: S.
mansoni infected then received pre-ma-
turation treatment of unloaded CS-NPs at
day 10 p.i. (CS'®°), GIX: S. mansoni infe-
cted then received a post-maturation treat-
ment of PZQ full dose at day 45 p.i. (Tradi-
tional PZQ treatment; PZQ***%), GX: S. ma-
nsoni infected then received a post-ma-
turation treatment of PZQ/CS-NPs at day 45
p.i. (PZQ/CS-NPs**%) GXI: S. mansoni in-
fected then received a post-maturation trea-
tment of unloaded CS-NPs at day 45 p.i.
(CS45/50).

Experimental animals and S. mansoni in-
fection: 110 male pathogen free BALB/c
mice (6-8 weeks old, 18-20 gm) were in-
fected by subcutaneous injection of 80-100
cercariae/mouse of an Egyptian strain of S.
mansoni (Peters and Warren, 1969).

Praziquantel treatment: PZQ (Egyptian In-
ternational Pharmaceutical Company, E.I.P.
C.0.) was suspended in 2% cremophore
(Sigma Aldrich, USA). It was administered
orally starting at day 10 p.i. for 2 consecu-
tive days at a dose of 500mg/kg (El-Lakkany
etal., 2012) by Gll and GVI and 45 d.p.i. by
GIX (Pearce and James, 1986).

Chitosan nanoparticles preparation and
loading with PZQ: CS-NPs were purchased
from TBRI Parasitology Department. CS-
NPs were synthesized via the ionotropic ge-
lation of CS with tripolyphosphate (TPP)
anions (Gaafar et al, 2014).

PZQ/CS-NPs were formed by addition of
CS solution to TPP solution containing 250
mg concentrations of PZQ. PZQ/CS-NPs
were separated from the aqueous suspension
by centrifugation at 13,000g and 4°C for 30
minutes. The supernatant was collected, its
protein content (i.e. PZQ) was determined
by Bradford protein assay spectrophotomet-
ric method at 595 nm (Ding et al, 2017).

Unloaded CS-NPs were orally administer-
ed started at day 10 p.i. for 2 consecutive
days (El-Lakkany et al., 2012) by GIV,
GVIIl and 45 d.p.i. (Pearce and James,
1986) by GXI at a dose of 33 mg/kg (Akhtar
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et al, 2012). PZQ/CS-NPs were orally ad-
ministrated started at day 10 p.i. for 2 con-
secutive days by Glll and GVII and 45 d.p.i.
by GX at a dose of 250 mg/kg (half of the
traditional dose).

Euthanizing mice and sample collection:

At day 17 p.i., mice groups of schistosomula
study (from GI to GIV) were decapitated
then post lung schistosomula were retrieved
by liver perfusion (Pearce and James, 1986).
Retrieved schistosomula were counted then
preserved in glutaraldehyde for further elec-
tron microscopic studies.
At day 50 p.i., mice groups of adult worm
studies (GV to GXI) were decapitated. Adult
worms were retrieved by liver perfusion as
above. Intestinal (ileum) and liver and sam-
ples were removed for tissue egg load and
oogram studies. Liver samples were re-
moved, rinsed with physiological saline and
preserved in formalin 10% for histopatho-
logical studies. Retrieved adult worms were
preserved in glutaraldehyde for further elec-
tron microscopic studies.

Schistosomula count: For groups I, 11, 111
& 1V, retrieved schistosomula were collect-
ed in petri dishes and counted using a stere-
oscopic microscope.

SEM of schistosomula: Retrieved schisto-
somula were fixed with 2.5% (v/v) glutaral-
dehyde in a phosphate-buffered saline (PBS,
pH 7.4) for 24 h at room temperature. Later,
they were rinsed three times with PBS be-
fore storage in PBS at 4°C until use. Before
SEM, schistosomula were twice washed
with distilled water, dehydrated in ascending
ethanol concentrations, and critically point
dried. They were placed on aluminum stubs,
sputter coated with 20 nm gold nanoparti-
cles, and examined in a high-resolution SEM
(jol 5200 lv, Japan) at an accelerating volt-
age of 5 kV in Electron Microscope Unit,
Faculty of Medicine, Tanta University (Ma-
nneck et al, 2011).

Adult worms count: Adults S. mansoni
were recovered from livers of groups V to
XI by normal saline perfusion of hepatic and
porto-mesenteric vessels through cannula-



tion of inferior vena cava of euthanized
mice. Then, male, female and coupled
worms were counted using a stereoscopic
microscope (Duvall and DeWitt, 1967).

Tissue egg load and oogram studies: Liver
and intestinal (ileum) samples of GV to GXI
were collected, weighed and digested in 5%
KOH at 37°C for 16 hours. Ova were count-
ed using light microscopy at x40. Develop-
mental stages of ova were identified for
oogram studies (Pellegrino et al, 1962; Her-
bert et al, 2010).

Hematoxylin and eosin (H&E) staining of
liver for granuloma studies: Liver samples
of euthanized mice (GV to GXI) were fixed
in formalin 10%, paraffinized and stained
with H&E (Goyal et al, 2013). Granulomas
were counted, and their diameters were digi-
tally measured using a multi-head micro-
scope, Olympus SC100 and analysis getlT
software. Diameter of granuloma with a sin-
gle ovum was the only considered.

SEM adult studies: Isolated adult worms
(GV to GXI) were prepared and examined
by SEM as mentioned above for schisto-
somula.

Statistical analysis: Data entry, coding,
and analysis were conducted using SPSS
(20), IBM Corp. Released 2011. IBM SPSS
Statistics for Windows, Version 20.0. Ar-
monk, NY: IBM Corp. Data of this study
were of both quantitative and qualitative
types. Quantitative data were expressed in
mean (X), and standard deviation (SD).
ANOVA (for parametric data) and Kruskal
Wallis (for non-parametric data) tests were
used to estimate the difference between
means of more than two quantitative varia-
bles. Qualitative data were expressed as
number and percent (%). Chi-square test
(X?) was used to assess the relationship be-
tween qualitative parameters. The level of
significance of our data was 95%, so, p val-
ue >0.05 was considered a non-statistically
significant difference, while p value <0.05
was considered significant difference.

Results
Pre-maturation euthanasia of mice (Gl to
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GIV, 17 d.p.i.) showed that, schistosomula
count was significantly reduced in both
groups that received CS-NPs either sole or
loaded with PZQ compared to PZQ treated
group (p< 0.01) without significant differ-
ence between the former two groups (Fig.
1). No morphological changes were detected
by SEM in any of the schistosomula of all
treated groups.

Administration of PZQ/CS-NPs as a post-
maturation treatment achieved the highest
reduction percent of total worm load with
statistically significant differences when
compared to other treated groups (p<0.01)
followed by pre-maturation PZQ/CS-NPs
which showed no significant difference
when compared to traditional PZQ (p>0.05).
Similar results were recorded regarding
male, female and coupled worm loads (Fig.
2).

Reduction of PZQ/CS-NPs to worm load
was reflected on numbers of the laid ova.
So, similar to worm load, post-maturation
treatment with PZQ/CS-NPs achieved the
highest percent of both intestinal and liver
egg load reduction followed by pre-
maturation PZQ/CS-NPs treatment with a
statistically significant difference between
both groups (p<0.001). Despite that differ-
ence, both groups were statistically higher
when compared to other studied groups in-
cluding traditional PZQ treated group that
ranked 3" (p<0.01) (Fig. 3).

The killing efficacy of PZQ/CS-NPs ex-
ceeded adult worms to involve the laid eggs.
So, the highest percent of dead eggs was
recorded with post-maturation treatment
with PZQ/CS-NPs followed by traditional
PZQ with a statistically significant differ-
ence between both groups (p<0.001). Pre-
maturation PZQ/CS-NPs treated group
ranked 3" with a significant difference com-
pared to the former two groups (p<0.001).
The reverse was detected regarding percent
of mature eggs (Fig. 4).

The reduction of tissue egg load by post-
maturation PZQ/CS-NPs was presented his-
topathologically in the form of reduced



number of hepatic granulomas that was sub-
sequently the highest reduction followed by
traditional PZQ treatment when compared to
other treated groups (p<0.01) with a statisti-
cally significant difference between both
groups (p<0.001). Mice which received pre-
maturation treatment with PZQ/CS-NPs
ranked 4™ after sole post-maturation CS-NPs
treated group with a statistically significant
difference between both groups (p<0.001).
Effects of post-maturation treatment with
PZQ/CS-NPs on liver granulomas exceeded
reduction of their numbers to involve their
diameters and possessed the 1% rank with a
statistically significant difference when
compared to all other studied groups. The
second rank was for both sole CS-NPs post-
maturation treatment and traditional PZQ
with no statistically significant difference
between both groups (p>0.05) (Figs. 5, 6).

As regards SEM, adults revealed marked
deformities of tegument and suckers in the
form of loss of normal tegument architec-
ture, rough tegument, erosion of some tuber-
cles, loss of spines, and swelling of tuber-
cles. Sucker changes appeared as blebs for-
mation, distortion of ventral sucker shape
and disturbance in direction of spines. These
changes were observed in groups that re-
ceived either pre- or post-maturation treat-
ments either with PZQ/CS-NPs or sole CS-
NPs. These deformities were less severe in
the group that received traditional PZQ and
totally absent in the group that received pre-
maturation PZQ treatment. Gynecophoric
canal changes were detected with all post-
maturation treatments especially PZQ/CS-
NPs in the form of roughness of canal with
blebs formation. Swelling deformity of the
whole worm was only detected in pre-
maturation CS-NPs treated groups either
sole or loaded with PZQ. It was detected in
both groups (Fig. 7).

Discussion

In the present study, schistosomula count
was significantly reduced in groups that re-
ceived CS-NPs either sole or loaded with
PZQ as compared to positive controls and
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PZQ treated ones. PZQ treatment did not
cause any significant reduction of schisto-
somula count when compared to positive
control group. This agreed with Vimieiro et
al. (2013) who found that PZQ administered
at the day 14 p.i. caused only little reduction
of immature S. mansoni worms. Contrarily,
Issa (2007) reported that pre-maturation tra-
ditional PZQ treated gave significant reduc-
tion of schistosomula count as compared to
positive controls.

In the present study, there were no detect-
able SEM changes in schistosomula of all
treated groups. Morphological changes were
only revealed after reaching adult stage in
groups that received pre-maturation CS-NPs
treatment either alone or loaded with PZQ
when mice were euthanized 50 d.p.i. Such
adult changes were in the form of edema and
whole tegument swelling. But, Silva et al.
(2003) recorded relative resistance of the
larval stages of S. mansoni to schistosomici-
dal drugs. On contrary, immunofluorescence
study done by Flisser and McLaren (1989)
after recovering of lung-stage larvae of S.
mansoni after treatment with PZQ, revealed
mild tegumental lesions with exposure of
parasite antigens.

In the present study, despite using PZQ
only in half dose, PZQ/CS-NPs achieved the
highest reduction percent of both worm and
egg loads whether given as a pre- or post-
maturation treatment preceding traditional
PZQ that ranked 3" in most of comparisons.

To the authors’ knowledge, none usage of
CS-NPs as delivery vehicles for PZQ but
many studies used it for other drugs that
agreed with the ability of CS-NPs increased
therapeutic effect of the drugs loaded. Du et
al. (2009) reported improved antibacterial
properties of many metal ions when loaded
to CS-NPs especially against gram negative
bacteria. Also, Akhtar et al. (2012) reported
a significant improvement of curcumin load-
ed CS-NPs’ bioavailability in addition to
decrease degradation and better uptake by
RBCs compared to free curcumin in malaria
treatment. Ability of CS-NPs to enhance cel-


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vimieiro%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=24271044

lular internalization of drugs was reported
by Chaubey and Mishra (2014) on Leishma-
nia. They found that Mannose conjugated
CS-NPs assisted delivery of rifampicin to
the interior of macrophages which acted as a
shield for the parasite against the host's im-
mune system. Jain et al. (2014) reported bet-
ter internalization of the anti-leishmanial
drug, amphotericin B into murine macro-
phage cell culture when the carriers SLNs
were coated with CS.

de Souza et al. (2014) reported improved

schistosomicidal activity of PZQ loaded on
SLNs at lower concentrations than free PZQ,
and improved intestinal permeation and
lowered cytotoxicity on cultured hepatocytes
than free PZQ. It worth mentioning that
Ying et al. (2011); Wang et al. (2014) and
Luo et al. (2015), reported that CS coating
improved stability, drug loading, release and
cellular uptake of SLNs themselves.
Frezza et al. (2013) studied the effect of en-
capsulating PZQ within liposome NPs and
reported highest percent of worm load re-
duction achieved by full dose liposome NP
encapsulated PZQ either given before or af-
ter adults' maturation. The same was record-
ed for ova count. Compared to our results,
CS-NPs worked well with only half dose of
PZQ. This can raise an idea that the syner-
gistic effects of CS-NPs are better than lipo-
some-based NPs.

In the present work, the mean number and
size of hepatic granulomas were the least in
mice group that received post- maturation
PZQ/CS-NPs. Granuloma number reduction
was explained by decreased ova count caus-
ed by this drug while decreased granuloma
size was due to the CS anti-inflammatory
properties (Davydova et al, 2016).

In the present study, SEM of adults re-
vealed severe tegument and sucker changes
with pre- and post-maturation treatment with
PZQ/CS-NPs in addition to pre- and post-
maturation treatment with sole CS-NPs that
also induced similar changes. These find-
ings explained the reduction of worm load
and ova count because tegument deformities
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lead to increased exposure of Schistosoma
antigens to be readily destroyed by host im-
mune response especially with immune
stimulating agent, CS (Smith et al, 2014).
Frezza et al. (2015) found severe tegument
and sucker changes in S. mansoni infected
mice treated with liposome encapsulated
PZQ in presence of hyperbaric oxygen.
Conclusion

Loading PZQ to CS-NPs improves PZQ
effects on the premature stage; schistosomu-
lum. Also, it improved all adult therapeutic
properties of PZQ even when used in half
the therapeutic dose. Its effects on morphol-
ogy are detected after worm maturation in
the form of swelling deformities of adults
besides tegument, sucker and gynecophoric
canal changes.
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Explanation of figures
Fig. 1: Comparison between groups of schistosomula regarding mean schistosomula count. N.B. Groups with same letter without significant
difference, those with different letters with significant difference. PR = reduction %.
Fig. 2: Comparison between mean adult worm loads in groups of adult worms. N.B. Groups with same letter without significant difference,

those with different letters with significant difference. PR = reduction %.

Fig. 3: Comparison between mean ova count in intestinal and hepatic tissues in adult worms. N.B. Groups with same letter without signifi-
cant difference, those with different letters with significant difference. PR = reduction %.
Fig. 4: Comparison between oogram patterns in adult worms. N.B. Groups with same letter without significant difference while those with

different letters with significant difference. PR = reduction %.

Fig. 5: Comparison between mean hepatic granulomas number and diameter in adult worms. N.B. Groups with same letter without signifi-
cant difference while those with different letters with significant difference. PR = reduction %.

Fig. 6: a- Liver tissue of positive adult control showed large sized fibrocellular granuloma surrounding S. mansoni ova (Green arrow), b-
Liver tissue of a mouse treated with traditional PZQ showed moderate sized granuloma surrounding ova. c- Liver tissue of a mouse treated
with post- maturation PZQ/CS-NPs showed small sized granuloma surrounding ova (H&E stain; scale bar = 100 pum).
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Fig.7: a- SEM of normal tegument of male S. mansoni from positive adult control. Regularly arranged coarse tubercles bearing spines with
naked apex, Spines sharp and apically directed (x1000), b- SEM of tegument of male S. mansoni received post- maturation PZQ/CS-NPs
showed spines loss (x1000), c- SEM of S. mansoni from positive adult control showed normal oral sucker concerning shape, thickness and
direction of spines (inwards toward mouth) and normal ventral sucker (tyre like with numerous hairy spines on internum & outer prominent
rim) (x350), d- SEM of S. mansoni suckers from group received post-maturation unloaded CS-NPs showed spines loss of oral and ventral
suckers (x700), e- SEM S. mansoni positive control showed normal gynecophoric canal (x1000), f- SEM of S. mansoni received post-
maturation PZQ/CS-NPs showed roughness of gynecophoric canal (x1000), g- SEM of male S. mansoni positive adult control showed nor-
mal size (x100), h-SEM of male S. mansoni received pre-maturation PZQ/CS-NPs showed marked swelling (x1000).
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