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ARTICLE INFO ABSTRACT
Received 14/06/2023 The antimalarial drug mefloquine (Mef) has shown an evident antischistosomicidal ac-
Revised  24/02/2024 tivity. The most preferable way of drug administration is through the oral route through
Accepted 29/03/2024 which the total absorption of the drug is limited due to enzymatic degradation and the
physiological barrier PH. Thus, the current investigation was conducted to assess the po-
Keywords tential impact of Mef and chitosan nanoparticles (CS-NPs), which is known for its im-
portance as a drug delivery structure, on the histological variations of liver that were in-
Schistosomiasis duced in mice infected with Schistosoma mansoni. Fifty-six mice were grouped into sev-
Nanotechnology en separate collections with eight mice in each group; G1 (positive non-treated control
Granuloma mice). At the 7" day post infection (PI), the groups were divided as follows: G2 (Mef

dosage 400 mg/kg), G3 (CS-NPs dosage 500 mg/kg), G4 (Mef dosage 400 mg/kg with
CS-NPs dosage 500 mg/kg). At the 21% day PI, the groups from G5-G7 were treated with
the same previous doses respectively. The whole animals were managed to be sacrificed
on the 56™ day PI. Treatment with 400 mg/kg Mef at days 7 and 21 PI has reduced the
granuloma diameter by 24.85% and 69.65% respectively, while Mef loaded on CS-NPs at
days 7 and 21 PI showed a reduction in granuloma diameter by 57.18% and 100% respec-
tively. Meanwhile, Mef loaded on CS-NPs treatment has reduced the number of granulo-
mas in the liver. In conclusion, treatment of Mef loaded on CS-NPs is more effective than
free Mef especially when administered 21 days PI.
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Treatment of S. mansoni infected mice with mefloquine loaded to chitoszn nanoparticles 21%*day post
infection exhibited an exceeding raduction in granuloma size and number of the liver than those treated
with mefloquine alone reflecting z potency of nanotechnology in recovering the pathology of liver.
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1. Introduction

Schistosomiasis, an intravascular parasitic disease
prevalent worldwide, is acquired by the trematode flat-
worm Schistosoma with estimations of 237 million in-
dividuals worldwide infected; another 600—779 million
are in danger of being subjected to contagion [1, 2, 3].
Even though praziquantel (PZQ) is still used officially
as an effective and safe antischistosomal medication,
there are reasons why new drugs against schistosomia-
sis must be discovered and developed [4,5].

So, its extensive use in World Health Organization
(WHO)-recommended mass drug administration, which
is a serious means for the evolution of PZQ-resistant
schistosome strains [6], its restricted spectrum of action
where a second dosage must be administered directly
after a short period to remove parasites that have ma-
tured since it does not perfectly eliminate the premature
stages of Schistosoma [7], and the low water solubility
that affects its absorption, necessitating higher doses -
and eventually more risks - to achieve the desired effect
[8].

Since schistosomiasis and malaria are co-endemic in
many parts of Africa, it was suggested to test the anti-
malarial drug mefloquine (Mef) for its antischistosomal
possibilities [9]. Recently, Mef has been presented with
substantial potency in countering schistosomes, exhibit-
ing a decrease in the worm load percentage [10, 11, 12].
In vitro, the 4-quinolinemethanol derivative or arylami-
noalcohol mefloquine (Lariam, Mephaquin, or
Mefliam) appears less successful in mature forms than
in immature stages [13]. Scanning electron microscopic
findings indicated widespread tegumental damage in
mature and immature stages subjected to Mef including
enlargement, retraction and wrinkling [14]. Since nano-
particles can deliver toxic components or pharmaceuti-
cals to the target pathogen without hurting or damaging
the host tissues by enhancing medication pharmacoki-
netics [15], it was recommended to test the synergistic
effect of Mef and chitosan nanoparticles (CS-NPs) on
the liver of mice infected with Schistosoma mansoni.

2. Materials and Methods

Experimentation was accomplished at Theodor Bil-
harz Research Institute (TBRI) where the treatment and
handling of mice conformed with the international prin-
ciples of research ethics adopted by the institute.

2.1. Animals

Fifty-six female pathogen-free mice, C57BL/ 6 strain,
had similar ages of 42-56 days old with approximately
18-20 grams weight were used in this study. The mice
were maintained in cages of a nonporous, non-opaque
plastic material which is suitable for readily viewing
mice and can be easily sanitized. The cages were kept in
an air-conditioned animal room where temperatures
ranged between 20-25°C, and the mice were supplied
with a standard pelleted diet.

The mice were randomly separated into seven groups
each of which had eight mice. 0.1 ml of S. mansoni cer-
carial suspension, attained from TBRI, was pipetted in a
small petri-dish where the numbers of cercariae were
determined. Infection of mice was done subcutaneously

with one hundred S. mansoni cercariae per mouse [16]
which were provided by the SBSP, TBRI.

2.2. Drugs and dose
2-2-1 Mefloquine (Mef):

(Mephaquin) tablet (Mepha Ltd., Aesch Basel, Swit-
zerland) lot 0850074) was used in a carrier of 3% (v/Vv)
Ethanol and 7% (v/v) Tween 80[10].

2-2-2 Chitosan nanoparticles (CS-NPs):

A 93% deacetylated chitosan was obtained from Sig-
ma Aldrich, USA (Batch no. 419419). Construction of
CS-NPs was through using the method of ionotropic
gelation [17].

2.3. Research plan

- Animals were divided as follows:

G1: Infected untreated control mice.

On the 71" day of PI, the groups were divided as fol-
lows:

G2: Animals were given a 400 mg/kg dosage of Mef.

G3: Animals were given a 500 mg/kg dosage of CS-
NPs.

G4: Animals were given 400 mg/kg Mef with 500
mg/kg CS-NPs.

On the 21% day of PI, the groups were divided as fol-
lows:

G5: Animals were given a 400 mg/kg dosage of Mef.

G6: Animals were given a 500 mg/kg dosage of CS-
NPs.

G7: Animals were given 400 mg/kg Mef with 500
mg/kg CS-NPs.

2.4. Histopathological examinations

Specimens of the hepatic tissue of all mice were set-
tled in buffered formalin for twenty-four hours for fixa-
tion followed by washing under flowing water. After
washing, they were dipped in ethyl alcohol in increasing
concentrations, and then cleared and purified in xylene
and inserted in paraffin wax. Each block of paraffin was
segmented into sections of 4-6 um and then 5 parts had
been removed for Haematoxylin & Eosin [18], and
Masson’s trichrome staining [19].

With an ocular micrometer, the mean diameter of
Schistosoma granulomas was measured in microns in
each hepatic section and the size was measured by ob-
taining the lesion in two right- angled to one another
diameters: firstly, the largest of which has been taken
where rotation 90° of the ocular micrometer was done
and the largest diameter vertical to the early one has
been obtained. The 10 largest granuloma diameters in
each hepatic section were taken for the calculation of
the average granuloma diameter for each mouse group
[20].

3. Results

The antischistosomal efficacy of the antimalarial drug
Mef alone or in combination with CS-NPs on granulo-
ma is summarized in Tables 1 and 2.

In all mice groups, granulomas consisted of ova with
miracidia which were surrounded by plasma cells and
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lymphocytes where worms were ringed with cellular
permeation in portal tracts.

As demonstrated in Table 1, there was an increase in
the ratio of degenerated eggs and a decrease of intact
eggs’ ratios in treated mice with a complete absence of
granulomas and ova in the groups of Mef loaded to CS-
NPs 21 days PI.

Table 2 shows that the treated group with Mef loaded
on CS-NPs has the greatest decline in granuloma count
at day 21 when compared with the afflicted untreated
group, Mef or CS-NPs treated mice. On days 7 and 21,
it was displayed an expressing decrease in granuloma
count in Mef mice comparable to the afflicted non-
treated mice. An insignificant decline in granuloma
count in the CS-NPs mice group was demonstrated at
day 7 when compared with the afflicted mice group and
significantly relative to the control group at 21 days PI.

The results showed that treatment with Mef loaded on
CS-NPs has the greatest decline in hepatic granuloma
diameter at day 21 comparable to the afflicted untreated
group, Mef or CS-NPs treated mice. The lowest reduc-
tions in hepatic granuloma diameter were in mice with
CS-NPs at days 7 and 21 when compared with the af-
flicted untreated group.

Liver sections in mice from G1 to G6 showed the por-
tal tracts including numerous granulomas where the
worms are enclosed and bounded by the cellular infil-
tration as shown in Fig. 1 to Fig. 6. The granuloma is
composed of an intact ovum which has a miracidium
bounded by macrophages, eosinophils, neutrophils and
histocytes. Liver section in mice from the group Mef
loaded on CS-NPs at day 21 Pl (G7) showing no hepat-
ic granuloma as shown in Fig. 7.

4. Discussion

Schistosomiasis is a devastating parasitic sickness ris-
ing due to the flatworm Schistosoma that influences
nearly 240 million annually which is treated as one of
the three greatly important human diseases in the Car-
ibbean, Asia, Africa and South America [21]. Over
200,000 individuals die due to schistosomiasis globally
each year, and in 2021, roughly 251,4 million people
required treatment for prevention [22].

The primary therapy for adult schistosoma worms and
their juvenile lesser forms is still praziquantel (PZQ);
nevertheless, it cannot prevent reinfection and has cer-
tain undesirable side effects, allergic reactions, and hy-
persensitivity reactions [23]. In addition, due to the
emergence of resistant parasites in the programs con-
ducted for controlling schistosomiasis through PZQ
medication, there is a persistent need for evolving new
drugs [24].

There were programs of studies that have shown that
several quinoline antimalarial medications have an-
tischistosomal characteristics and features, where the
highest reduction of S. mansoni worm’s rates have been
recorded in Mef [14]. According to the investigators,
Mef which is used for the prevention of malaria has also
shown satisfactory results against S. haematobium [25].

Nanoparticles are heavy particles that range in size
from 10 to 100 nm and can be made in a variety of
ways. Nanostructures, which are considered na-
nomachines, were shown in several studies to aid oral

drugs and genetic elements in reaching the targeted sites
of the organism, increasing the drug bioavailability and
solubility, and decreasing its toxicity [26, 27].

Some of the characteristics that set nanoparticles apart
from conventional drug delivery systems involve their
outstanding stability and specificity, ability to use mul-
tiple administration routes, and capability for controlled
release of drugs [28].

Recent research on the antiparasitic properties of na-
noparticles in vivo and in vitro has produced encourag-
ing findings about the use of nanoparticles in the man-
agement of parasitic illnesses [29, 30, 31, 32, 33].
Chitosan, a naturally occurring mucoadhesive, cationic
biocompatible polymer which is formed by the extrac-
tion of acetate moiety of chitin, is a diffusion booster
that facilitates drug conveyance through intercellular
and paracellular routes by loosening the epithelium’s
tight connections, so lowering the quantities of drug
used and their adverse effects [34, 35].

The present investigation is directed to estimate the
performance of medication transmitting procedure
through nanotechnology in encountering schistosomia-
sis with the aid of chitosan nanoparticles with Mef to
assess and analyze the effectiveness of Mef either alone
or in combination with chitosan for use as a therapy in
curing the disease. This evaluation is carried out by
histological investigations in the liver of mice.
Histopathological alterations in the infected hepatic
tissue due to schistosomiasis originate from Schistoso-
ma ova which are tucked into the presinusoidal gaps of
the liver stimulating around these eggs a granulomatous
inflammatory reaction [36]. The formation of granulo-
ma as an immune response serves a defensive purpose
[37]. Treatment with effective schistosomicidal medica-
tions destroys the worms and hence their egg produc-
tion is halted. In the meantime, these medicines may
influence the host’s immune system’s reaction to ova
[38].

Mef prohibits haem crystallization to a darkened
brown colour that is named haemozoin [39]. This repre-
sents a considerably important action of detoxification
in Schistosoma that performs a type of antioxidant
prophylactic defense role [40].

In the present study, examination of the hepatic histo-
pathology in mice dealt with Mef loaded on CS-NPs at
day 21 exhibited the greatest percentage in granuloma
diameter and count decrease (100%, 100%) respectively
where the histopathological alterations were quite little
and the structure of the liver was nearly natural while
Mef at day 21, the granuloma diameter and count de-
crease ratios were (69.65%, 88.2%) respectively.

Mice dealt with Mef loaded to CS-NPs at day 7 dis-
played ratios of decrease in granuloma diameter and
count (57.18%, 73.1%) respectively that are greater
than the decrease ratios of granuloma diameter and
count in Mef dealt mice at day 7 (24.85%, 67.9%) re-
spectively. In accordance with the present findings, El-
Lakkany et al. (2011) reported that Mef therapeutic has
diminished the granuloma diameter reaching 26.26%
[41]. The reduction in the diameter of granuloma may
be clarified briefly by granulomatous hypersensitivity
alterations that result from a considerable lack of the
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tissue reaction to soluble antigens of ova that was gen-
erated as a consequence of Mef influence on ova count.
Treatment with free CS-NPs at 21 days Pl showed a
significant relative reduction (P<0.05) in liver granulo-
ma number (31.6%) and a moderately significant differ-
ence (P<0.01) in liver granuloma diameter (10.61%). In
free CS-NPs dealt mice at day 7, the percentage of
granuloma count decrease was insignificant (12.8%). In
accordance with these results, Elawamy et al. (2019)
demonstrated a reduction in granuloma number and
diameter, so validating the function of chitosan nano-
particles in mitigating the harm done to the liver [42].
Decreased granuloma numbers may be referred to the
mature stages removal through the use of drugs that
cause a low number of deposited ova which results in
prompting the immunopathology [43].
It was concluded that Mef loaded on CS-NPs is exceed-
ingly efficient than Mef alone as regards of the hepatic
granuloma formation in S. mansoni. This may be due to
the increasing bioavailability of CS-NPs enclosed med-
ications in the host and improved absorptive consump-
tion through the S. mansoni membrane.

5. Conclusion

Based on the output of the present study, mefloguine
loaded with chitosan nanoparticles established a poten-
cy in recovering the pathology of the liver. Using mef-
loquine loaded to chitosan nanoparticles in the treat-
ment of S. mansoni is preferable and more effective
than mefloquine alone since the histopathological ex-
aminations of the liver showed an exceeding decrement
of granuloma in both number and diameter during the
treatment by Mef loaded to CS-NPs three weeks Pl than
in those treated with Mef three weeks PI.
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Animal Granuloma
groups diameter (HE)
Control 359.12+12.9
infected
(G1) fig. 1
FAR ML P
a)Mice hepatic section
100).
Mef 7 days  269.87+22.37
Pl.
(G2) fig. 2

c) Liver section in mice fom the group Mef
after 7 days (G2) showing a granuloma with
decreased diameter and mild hydropic de-

©1)

7

Haematoxylin & Eosin staining

v

i
i

displaying a
considerable granuloma consisting of a
tissue filled with eosinophil, and an egg with
clearly visible undegenerated miracidium (x

Masson's Trichrome staining
(MT)

b) Mice hepatic section from the positive
control group (G1) showing large fibro cellu-
lar granuloma exhibiting ovum and many
epithelioid cells with fibrous tissue(x 100).

Vi AR S -

d) Liver section in mice from the group Mef
after 7 days (G2) showing a granuloma with
decreased diameter (x 100).
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CS-NPs 7
days PI.
(G3) fig. 3

Mef loaded
to CS-NPs 7
days PI.
(G4) fig. 4

Mef 21 days
PI.
(G5) fig. 5

319.1+15.52

153.77+35.14

109+23.27

e) Liver section in mice from the group of
CS-NPs 7 days (G3) showing a tiny fibrocel-
lular granuloma displaying a noticeably
diminished miracidium, and the outline of
granuloma is consistent and obviously dis-
tinguishable out of the adjacent cells (x
100).

Mef + CS-NPs 7 days (G4) illustrating a
fibro cellular granuloma containing in-
flammation which is displayed as closely
arranged cells (x 100).

i) Liver section in mice from the group Mef
after 21 days (G5) showing a tiny fibrocellu-
lar granuloma displaying a noticeably di-
minished response. The outline of granulo-
ma is consistent and distinguishable out of
the adjacent cells (x 100).

f) Liver section in mice from the group of

CS-NPs 7 days (G3) showing large fibrocel-
lular granuloma surrounding intact ovum
and encircled by scattered lymphocytes (x
100).

h) Mice hepatic section from the group of
Mef + CS-NPs 7 days (G4) showing a small
demarcated granuloma with less inflamma-
tory cells and dead ovum in the center (x

j) Liver section in mice from the group Mef
after 21 days (G5) displaying a diminutive
fibro cellular granuloma in addition to the
beginning of a degenerative process of the
egg (x 100).
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CS-NPs 21 221+25.47

days PI.
(G6) fig. 6
k) Liver section in mice from the group
Mef + CS-NPs after 21 days (G6) showing a
small well-demarcated granuloma with less
inflammatory cells and a degenerated ovum
in the center (x 100).
Mef loaded 0
to CS-NPs 21
days PI.
(G7) fig. 7

m) Liver section in mice from the group
Mef after 21 days (G7) showing no hepatic
granuloma (x 100).

1) Liver section in mice from the group CS-
NPs only after 21 days from infection (G6)
showing more than one fibrocellular granu-
loma each of which consists of intact ovum
and encircled congested blood vessels (x

n) Liver section in mice from the group Mef
after 21 days (G7) showing no granuloma
with hydropic degeneration of the hepato-
cytes (x 100).

Table (1): The types of granuloma and the form of ova during treatment with Mef * + CS-NPs* 7 and 21 days PIS.

Ova condition %

Infected animal groups Granuloma sort
cellular  fibrocellular

% %

(G1) controls 22 76

(G2) Mef 7 days PI. 30 70

(G3) CS-NPs 7 days P1. 24 76

(G4) Mef loaded to CS-NPs 7 days PI. 35 65

(G5) Mef 21 days PL. 21 79

(G6) CS-NPs 21 days PI. 25 75

(G7) Mef loaded to CS-NPs 21 days PI. 0 0

fibrous
% entirely intact  degenerated
2 89 11
0 52 48
0 78 22
0 45 55
0 30 70
0 70 30
0 0 0

+ Mef stands for mefloquine
1 CS-NPs stands for chitosan nanoparticle
§ PI stands for post-infection
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Table (2): The granuloma diminution in count and diameter during treatment with Mef = CS-NPs at days 7 and 21.

Granuloma diameter

No. of granulomas in successive

Infected animal in pm (M + S.D) Reduction power fields (10x10) (M £ S.D) Reduction

group % %

(G1) controls 359.12+£12.9 _ 10.62 £2.91 _

(G2) Mef 7 days PI. 269.87 £ 22.37%** 24.85 341 £ ] 4%k 67.9

(G3) CS-NPs 7 days 319.1 + 15.52%%* 11.14 9.26+0.14 12.8

PI.

(G4) Mef loaded to 153.77 £35.14%** 57.18 2.86 + 1.07*** 73.1

CS-NPs 7 days PI.

(G5) Mef 21 days PL. 109 £ 23.27%** 69.65 1.25+0.18*** 88.2

(G6) CS-NPs 21 days 221 £ 25.47%* 38.46 7.26 £2.11* 31.6

Pl.

(G7) Mef loaded to 0 £ O*** 100 0 £ O*** 100

CS-NPs 21 days PI.

*** Referring to strongly significant difference (P < 0.001) in comparison to positive non-treated mice (G1).
** Referring to medium significant difference (P < 0.01) in comparison to positive non-treated mice (G1).
* Referring to relatively significant (P < 0.05) in comparison to positive non-treated mice (G1).

References

1.

L. Chitsulo, D. Engels, A. Montresor, L. Savioli,
The global status of schistosomiasis and its control.
Acta tropica, 77(1) (2000) 41-51.
https://doi.org/10.1016/S0001-706X(00)00122-4
[2] P. Steinmann, J. Keiser, R. Bos, M. Tanner, J.
Utzinger, Schistosomiasis and water resources de-
velopment: systematic review, meta-analysis, and
estimates of people at risk. The Lancet Infectious
Diseases, 6(7) (2006) 411-425.
https://doi.org/10.1016/S1473-3099(06)70521-7
World Health Organization, Weekly Epidemiologi-
cal Record, 2012, vol. 87, 15 [full issue]. Weekly
Epidemiological Record= Relevé épidémiologique
hebdomadaire, 87(15) (2012) 145-152.

C. R. Caffrey, Chemotherapy of schistosomiasis:
present and future. Current opinion in chemical bi-
ology, 11(4) (2007) 433-439.
https://doi.org/10.1016/j.cbpa.2007.05.031

G. Ribeiro-dos-Santos, S. Verjovski-Almeida, L. C.

Leite, Schistosomiasis—a century searching for
chemotherapeutic drugs. Parasitology Research,
99(5) (2006) 505-521.
https://doi.org/10.1007/s00436-006-0175-2
M. J. Doenhoff, P. Hagan, D. Cioli, V. Southgate, L.
Pica-Mattoccia, S. Botros, G. Coles, L. A.
TCHUEM TCHUENTE, A. MBAYE, D. Engels,
Praziquantel: its use in control of schistosomiasis in
sub-Saharan Africa and current research needs. Par-
asitology, 136(13) (2009) 1825-1835.
https://doi.org/10.1017/S0031182009000493
R. N. de Oliveira, V. L. G. Rehder, A. S. S. Oliveira,
V. D. L. S. Jeraldo, A. X. Linhares, S. M. Allegretti,
Anthelmintic activity in vitro and in vivo of Baccha-
ris trimera (Less) DC against immature and adult
worms of Schistosoma mansoni. Experimental para-
sitology, 139 (2014) 63-72.
https://doi.org/10.1016/j.exppara.2014.02.010
N. Passerini, B. Albertini, B. Perissutti, L. Rodri-
guez, Evaluation of melt granulation and ultrasonic

10.

11.

12.

13.

14.

15.

spray congealing as techniques to enhance the disso-
lution of praziquantel. International journal of
pharmaceutics, 318(1-2) (2006) 92-102.
https://doi.org/10.1016/j.ijpharm.2006.03.028

J. Keiser, J. Utzinger, Artemisinins and synthetic
trioxolanes in the treatment of helminth infections.
Current opinion in infectious diseases, 20(6) (2007)
605-612. DOI: 10.1097/QC0.0b013e3282f19ec4

J. Keiser, J. Chollet, S. H. Xiao, J. Y. Mei, P. Y.
Jiao, J. Utzinger, M. Tanner, Mefloquine—an amino
alcohol with promising antischistosomal properties
in mice. PLoS Neglected Tropical Diseases, 3(1)
(2009) e350.
https://doi.org/10.1371/journal.pntd.0000350

K. Ingram, W. Ellis, J. Keiser, Antischistosomal
activities of mefloquine-related arylmethanols. An-
timicrobial agents and chemotherapy, 56(6) (2012)
3207-3215. https://doi.org/10.1128/AAC.06177-11
C. W. Zhang, S. H. Xiao, Histopathological changes
of juvenile Schistosoma japonicum harbored in mice
treated orally with mefloquine at a smaller single
dose. Parasitology Research, 110(6) (2012) 2281-
2288.

https://doi.org/10.1007/s00436-011-2762-0

M. C. Holtfreter, M. Loebermann, S. Klammt, M.
Sombetzki, P. Bodammer, D. Riebold, R. Kinzel-
bach, E. C. Reisinger, Schistosoma mansoni: schis-
tosomicidal effect of mefloquine and primaquine in
vitro. Experimental parasitology, 127(1) (2011) 270-
276. https://doi.org/10.1016/j.exppara.2010.08.008
T. Manneck, Y. Haggenmiiller, J. Keiser, Morpho-
logical effects and tegumental alterations induced by
mefloquine on schistosomula and adult flukes of
Schistosoma mansoni. Parasitology, 137(1) (2010)
85-98. https://doi.org/10.1017/S0031182009990965
R. Bergquist, J. Utzinger, J. Keiser, Controlling
schistosomiasis with praziquantel: How much long-
er without a viable alternative? Infectious diseases
of poverty, 6(1) (2017) 1-74.
https://doi.org/10.1186/s40249-017-0286-2



https://doi.org/10.1016/S0001-706X(00)00122-4
https://doi.org/10.1016/S1473-3099(06)70521-7
https://doi.org/10.1016/j.cbpa.2007.05.031
https://doi.org/10.1007/s00436-006-0175-2
https://doi.org/10.1017/S0031182009000493
https://doi.org/10.1016/j.exppara.2014.02.010
https://doi.org/10.1016/j.ijpharm.2006.03.028
https://doi.org/10.1371/journal.pntd.0000350
https://doi.org/10.1128/AAC.06177-11
https://doi.org/10.1007/s00436-011-2762-0
https://doi.org/10.1016/j.exppara.2010.08.008
https://doi.org/10.1017/S0031182009990965
https://doi.org/10.1186/s40249-017-0286-2

402

International Journal of Theoretical and Applied Research, 2024, 3(1)

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

M. A. Stirewalt, C. H. Dorsey, Schistosoma manon-
si: cercarial penetration of host epidermis at the ul-
trastructural level. Experimental parasitology, 35(1)
(1974) 1-15.
https://doi.org/10.1016/0014-4894(74)90002-2

M. R. Gaafar, R. F. Mady, R. G. Diab, T. I. Shalaby,
Chitosan and silver nanoparticles: promising anti-
toxoplasma agents. Experimental parasitology, 143
(2014) 30-38.
https://doi.org/10.1016/j.exppara.2014.05.005

J. D. Bancroft, A. Stevens, Histopathological stains
and their diagnostic uses. Churchill Living Stone,
Edinburgh, (1975)7-46.
https://doi.org/10.1136/jcp.28.10.841-b

P. Masson, Some histological methods: trichrome
staining and their preliminary technique. J Tech
Methods, 12 (1929) 75-90.

F. V. Lichtenberg, Host response to eggs of S. man-
soni: I. Granuloma formation in the unsensitized la-
boratory mouse. The American journal of pathology,
41(6) (1962) 711-731.

M. J. Bockarie, L. A. Kelly-Hope, M. Rebollo, D.
H. Molyneux, Preventive chemotherapy as a strate-
gy for elimination of neglected tropical parasitic
diseases: endgame challenges. Philosophical Trans-
actions of the Royal Society B: Biological Sciences,
368(1623) (2013) 2012-2144.
https://doi.org/10.1098/rsth.2012.0144

World Health Organization, Schistosomiasis. Ac-
cessed July 1, (2020).

J. de. Moraes, Antischistosomal natural compounds:
present challenges for new drug screens. Current
Topics in Tropical Medicine, (2012) 333-358.
http://doi.org/ 10.5772/27740

A. Akbarzadeh, R. Rezaei-Sadabady, S. Davaran, S.
W. Joo, N. Zarghami, Y. Hanifehpour, M. Samiei,
M. Kouhi, K. Nejati-Koshki, Liposome: classifica-
tion, preparation, and applications. Nanoscale re-
search letters, 8(1) (2013) 102.
https://doi.org/10.1186/1556-276X-8-102

A. W. Cheever, J. A. Lenzi, H. L. Lenzi, Z. A. An-
drade, Experimental models of Schistosoma man-
soni infection. Memorias do Instituto Oswaldo Cruz,
97(7) (2002) 917-940.
https://doi.org/10.1590/S0074-02762002000700002
M. J. Doenhoff, D. Cioli, J. Utzinger, Praziquantel:
mechanisms of action, resistance and new deriva-
tives for schistosomiasis. Current opinion in infec-
tious diseases, 21(6) (2008) 659-667.
https://doi.org/10.1097/QC0.0b013e328318978f

T. Elmi, S. Gholami, M. Fakhar, F. Azizi, A review
on the use of nanoparticles in the treatment. Journal
of Mazandaran University of Medical Sciences,
23(102) (2013) 126-133.

S. L. Pal, U. Jana, P. K. Manna, G. P. Mohanta, R.
Manavalan, Nanoparticle: An overview of prepara-
tion and characterization. Journal of Applied Phar-
maceutical Science, 1(6) (2011) 228-234.

T. Zaheer, M. M. Ali, R. Z. Abbas, K. Atta, I. Am-
jad, A. Suleman, A. I. Agib, Insights into nanopesti-
cides for ticks: the superbugs of livestock. Oxidative

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Medicine  and  Cellular ~ Longevity, (2022).
https://doi.org/10.1155/2022/7411481

A. Keyhani, N. Ziaali, M. Shakibaie, A. T. Kareshk,
S. Shojaee, M. Asadi-Shekaari, H. Mahmoudvand,
Biogenic selenium nanoparticles target chronic tox-
oplasmosis with minimal cytotoxicity in a mouse
model. Journal of Medical Microbiology, 69(1)
(2020) 104-110.
https://doi.org/10.1099/jmm.0.001111

A. E. Albalawi, A. D. Alanazi, P. Baharvand, M.
Sepahvand, H. Mahmoudvand, (2020). High poten-
cy of organic and inorganic nanoparticles to treat
cystic echinococcosis: an evidence-based re-
view. Nanomaterials, 10(12) (2020) 2538.
https://doi.org/10.3390/nan010122538

F. Ezzatkhah, A. K. Khalaf, H. Mahmoudvand,
Copper nanoparticles: Biosynthesis, characteriza-
tion, and protoscolicidal effects alone and combined
with albendazole against hydatid cyst protoscole-
ces. Biomedicine & Pharmacotherapy, 136 (2021)
111257,
https://doi.org/10.1016/j.biopha.2021.111257

T. Zaheer, R. Z. Abbas, N. Perveen, O. A. Spara-
gano, S. R. Khan, T. U. Rehman, M. I. Arshad, Ap-
plication of Cypermethrin-Coated ZnS and ZnO Na-
noparticles against Rhipicephalus
Ticks. Pathogens, 12(6) (2023) 807.
https://doi.org/10.3390/pathogens12060807

M. A. Mohammed, J. T. Syeda, K. M. Wasan, E. K.
Wasan, An Overview of Chitosan Nanoparticles and
Its Application in Non-Parenteral Drug Delivery.
Pharmaceutics, 9(4) (2017).
https://doi.org/10.3390/pharmaceutics9040053

A. Grenha, S. Al-Qadi, B. Seijo, C. Remufan-
Lépez, The potential of chitosan for pulmonary drug
delivery. Journal of Drug Delivery Science and
Technology, 20(1) (2010) 33-43.
https://doi.org/10.1016/S1773-2247(10)50004-2

A. Basra, G. Mombo-Ngoma, M. Capan Melser, D.
Akerey Diop, H. Wiirbel, J. R. Mackanga, M.
Fiirstenau, R. Manego Zoleko, A. A. Adegnika, R.
Gonzalez, C. Menendez, P. G. Kremsner, M. Ram-
harter, Efficacy of mefloquine intermittent preven-
tive treatment in pregnancy against Schistosoma
haematobium infection in Gabon: a nested random-
ized controlled assessor-blinded clinical trial. Clini-
cal Infectious Diseases, 56(6) (2013) 68-75.
https://doi.org/10.1093/cid/cis976

J. R. Ngaiza, M. J. Doenhoff, E. A. Jaffe, Schisto-
soma mansoni egg attachment to cultured human
umbilical vein endothelial cells: an in vitro model of
an early step of parasite egg excretion. Journal of In-
fectious Diseases, 168(6) (1993) 1576-1580.
https://doi.org/10.1093/infdis/168.6.1576

K. S. Warren, E. O. Domingo, R. B. Cowan, Granu-
loma formation around schistosome eggs as a mani-
festation of delayed hypersensitivity. The American
journal of pathology, 51(5) (1967) 735.

J. B. Correa Soares, D. Menezes, M. A. Vannier-
Santos, A. Ferreira-Pereira, G. T. Almeida, T. M.
Venancio, S. Verjovski-Almeida, V. K. Zishiri, D.
Kutter, R. Hunter, T. J. Egan, M. F. Oliveira, Inter-



https://doi.org/10.1016/0014-4894(74)90002-2
https://doi.org/10.1016/j.exppara.2014.05.005
https://doi.org/10.1136/jcp.28.10.841-b
https://doi.org/10.1098/rstb.2012.0144
https://doi.org/10.1186/1556-276X-8-102
https://doi.org/10.1590/S0074-02762002000700002
https://doi.org/10.1097/QCO.0b013e328318978f
https://doi.org/10.1155/2022/7411481
https://doi.org/10.1099/jmm.0.001111
https://doi.org/10.3390/nano10122538
https://doi.org/10.1016/j.biopha.2021.111257
https://doi.org/10.3390/pathogens12060807
https://doi.org/10.3390/pharmaceutics9040053
https://doi.org/10.1016/S1773-2247(10)50004-2
https://doi.org/10.1093/cid/cis976
https://doi.org/10.1093/infdis/168.6.1576

El-Qabbany et al.

403

40.

41.

ference with hemozoin formation represents an im-
portant mechanism of schistosomicidal action of an-
timalarial quinoline methanols. PLoS Neglected
Tropical Diseases, 3(7) (2009) 1-16.
https://doi.org/10.1371/journal.pntd.0000477

M. F. Oliveira, B. L. Timm, E. A. Machado, K.
Miranda, M. Attias, J. R. Silva, M. Dansa-Petretski,
M. A. de Oliveira, W. de Souza, N. M. Pinhal, J. J.
F. Sousa, N. V. Vugman, P. L. Oliveira, On the pro-
oxidant effects of haemozoin. FEBS letters, 512(1-
3) (2002) 139-144.
https://doi.org/10.1016/S0014-5793(02)02243-3

N. M. El-Lakkany, S. H. S. el-Din, A. N. A. A
Sabra, O. A. Hammam, Pharmacodynamics of mef-
loquine and praziquantel combination therapy in

42,

43.

mice harbouring juvenile and adult Schistosoma
mansoni. Memorias do Instituto Oswaldo Cruz,
106(7) (2011) 814-822.
https://doi.org/10.1590/S0074-02762011000700006
W. E. Elawamy, A. F. Mohram, M. M. Naguib, H.
S. Ali, S. M. Kishik, F. F. Hendawi, Therapeutic
role of chitosan nanoparticles in murine schistoso-
miasis mansoni. Journal of Medicinal Plants Re-
search, 13(18) (2019) 443-451.
https://doi.org/10.5897/JMPR2019.6842

E. J. Pearce, Priming of the immune response by
schistosome eggs. Parasite immunology, 27(7-8)
(2005) 265-270.
https://doi.org/10.1111/j.1365-3024.2005.00765.x



https://doi.org/10.1371/journal.pntd.0000477
https://doi.org/10.1016/S0014-5793(02)02243-3
https://doi.org/10.1590/S0074-02762011000700006
https://doi.org/10.5897/JMPR2019.6842
https://doi.org/10.1111/j.1365-3024.2005.00765.x

