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Abstract

Neuro-schistosomiasis can induce neurological symptoms and severe disability. Since the resistance against the chemotherapy
“praziquantel” was reported, the aim of the present study was investigating the anti-neuro-schistosomal effects of ZnO nanopar-
ticles and/or L-carnitine (as free radicals scavenger) on schistosome-infected mice, where technology of nanoparticles has come
to the forefront in the medical diagnosis and therapeutic drug delivery. In the human body, nanoscale-sized particles can move
freely and reveal unique biological, mechanical, electrical, and chemical properties. In the present study, mice were divided into
five groups. The first group served as the non-infected control group. Groups II, III, IV, and V were infected with cercariae of
Schistosoma mansoni. Mice of groups III and IV were treated with ZnO nanoparticles (5.6 mg/kg b. wt.) and L-carnitine
(500 mg/kg b. wt.), respectively, after 47 days post-infection. Finally, mice of the fifth group were injected with ZnO nanopar-
ticles and after 1 h, the mice were intraperitoneally injected with L-carnitine once daily for 5 days. On day 52, post-infection mice
of all groups were cervically decapitated. The treatment of ZnO nanoparticles and/or L-carnitine to schistosome-infected mice
decreased brain oxidative stress parameters, where glutathione level and catalase activity were significantly increased as com-
pared to schistosome-infected group. On the contrary, the treatment decreased nitrite/nitrate, malondialdehyde, and reactive oxygen
species levels significantly. In addition, ZnO nanoparticles and/or L-carnitine treatment restored DNA laddering profile and im-
proved the brain histopathological impairments resulting from neuro-schistosomiasis. Finally, the ZnO nanoparticle treatment and
the co-treatment of ZnO nanoparticles and L-carnitine revealed anti-neuro-schistosomal effects on the infected mice.
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Introduction

Neuro-schistosomiasis is a central nervous system disease af-
fecting the brain or the spinal cord (Coyle 2013). Schistosoma
mansoni, S. haematobium, or S. japonicum accounts for most
cases of neuro-schistosomiasis, and many reports concluded
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that S. mansoni induced cerebellar schistosomiasis (Braga
et al. 2003; Raso et al. 2006). Chronic schistosomiasis results
from the host’s immune response to the eggs lodged in the
central nervous system which prompts granulomatous reac-
tion and fibro-obstructive disease (Ranasinghe et al. 2018;
Abdelgelil et al. 2019).

The most common manifestations of the disease are head-
ache, motor deficits, visual abnormalities, seizures, altered
mental status, sensory impairment, speech disturbances, and
ataxia (Pittella et al. 1996; Ferrari et al. 2011). Infection with
S. mansoni may cause a tumor-like mass in any of the brain
lobes due to slowly expanding cerebral lesion; the most com-
mon sites of the tumor are the cerebellum and the occipital and
frontal lobes (Ferrari et al. 2008).

Praziquantel is a broad-spectrum schistosomicidal drug
that kills the adult female worms, resulting in a parasito-
logical cure in 70-90% of patients (Saconato and Atallah
2000). However, in some African countries, the parasite
has shown resistance against praziquantel (Coyle 2013).
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Therefore, the development of effective alternative drug is
important and can be achieved by nanoparticle-based drug
formulations.

According to Abaza (2016), the principles of nanotechnol-
ogy and applications of nanomaterials in medicine and tech-
niques were discussed; moreover, nanoparticles were used to
diagnose malaria, toxoplasmosis, leishmaniasis, and schisto-
somiasis mansoni.

It was reported that zinc oxide nanoparticles (ZnONPs)
are present in sunscreens and cosmetic products due to
their role in preventing skin cancers by protection from
ultraviolet light and promoting pH balance and flora re-
generation (Frederickson et al. 2005). Likewise, the Food
and Drug Administration reported that ZnONPs are non-
toxic to human (Emamifar et al. 2010). Additionally, zinc
is an important element for human health; it is used in
medicinal skin cream from 2000 BC, as mentioned in
Egyptian papyri (Frederickson et al. 2005; Emamifar
et al. 2010).

The nanosize of ZnO gives a higher exposure surface
of the atoms on nanoparticles, thus exhibiting different
physical, chemical, and very high level of biological
responses (Khan et al. 2015). In the same manner,
Chitra and Annadurai (2013) reported that ZnONPs
have a good biocompatibility with the human cells and
have antibacterial activity. In piglets, ZnONPs acted as
antimicrobial and immune-modulatory agent, where it
reduced the rate of diarrhea (Hongfu 2008). In addition,
Ahmadi et al. (2014) recorded that the dietary ZnONPs
improved the oxidant state and had positive effect on
several serum enzymes activity. Therefore, ZnONPs
have been used as a novel therapy against Leishmania
(Nadhman et al. 2014).

L-Carnitine (L-Carnt) is an L-lysine derivative (3-hy-
droxy-4-N-trimethylammoniobutanoate). Red meat and
milk diet is the main source of L-Carnt (Brevetti and
Perna 1992; Alzoubi et al. 2017). In the mammalians’
kidney, liver, muscles, and brain, L-Carnt is synthesized
from the essential amino acids lysine and methionine
(Pettegrew et al. 2000). According to Tamai (2013), L-
Carnt is taken into the cells by organic cation transporters
that act as endogenous substrates and L-Carnt transporters.
These transporters are localized in different organs of hu-
man and rats, such as the brain, heart, intestine, kidney,
liver, lung, pancreas, placenta, thyroid, and trachea.
Across the mitochondria, L-Carnt acts as a mediator of
long-chain fatty acid transport to facilitate 3-oxidation
cycle, and it has shown antioxidant activities against re-
active oxygen species (ROS) produced in the body (Rani
and Panneerselvam 2002; Alzoubi et al. 2017).

Consequently, the aim of the present study is inves-
tigating the neuro-anti-schistosomal effects of ZnONPs
or/and L-Carnt on infected mice with S. mansoni.
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Materials and methods
Characterization of ZnONPs

ZnONPs, white powder, were purchased from International
CO. for Scientific and Medical Supplies, Cairo, Egypt.
According to Dkhil et al. (2015a), the ZnONP sample was
characterized at room temperature (25 + 1 °C) with transmis-
sion electron microscopy (TEM) equipped with a high reso-
lution at an accelerating voltage of 200 kV (JEOL JEM-2100,
JEOL Ltd., Tokyo, Japan). In ethanol, the nanostructures of
white ZnONP powder was sonicated for 10—15 min, then a
carbon-coated copper grid (400 mesh) was dipped in the sus-
pension solution of nanoparticles and dried at room tempera-
ture 25+ 1 °C), to analyze the crystallinity and structural
morphology at 200 kV.

Animals and neuro-schistosomiasis infection

Forty-five male Swiss albino mice (9 to 11 weeks, weighing
20-25 g) were bred under specified pathogen-free conditions
in the Schistosome Biological Supply Center at the Theodor
Bilharz Research Institute, Imbaba, Giza, Egypt. Mice were
fed a standard diet; water and diet were provided ad libitum.
The experiments were approved by state authorities and
followed Egyptian rules for animal protection. From the
Theodor Bilharz Research Institute, S. mansoni cercariae were
obtained and mice were infected subcutaneously by 100+ 10
cercariae (Oliver and Stirewalt 1952).

Nanoparticles ZnO injection

ZnONPs were intraperitoneally (i.p.) injected to schistosome-
infected mice for 5 days at a dose level of 5.6 mg/kg (Xie et al.
2012). A stock solution was prepared by dissolving 0.756 mg
of ZnO nanoparticles in 5.4 ml (0.9%) normal saline and
stored at 5 °C for daily injection.

L-Carnitine preparation

L-Carnt was purchased from a local pharmacy in Cairo.
According to Yapar et al. (2007), L-Carnt was i.p. injected to
schistosome-infected mice at a dose level of 500 mg/kg b. wt
for 5 consecutive days.

Experimental design

Animals were divided into five groups. Nine mice are in each
group. The non-infected mice served as the control (group ),
where each mouse was i.p. injected (100 pul—0.9% saline) for
5 days. Groups IL, II1, TV, and V were subcutaneously infected
with 100 £ 10 S. mansoni cercariae. The animals of groups III
and IV were i.p. injected with 100 pl ZnONPs (5.6 mg/kg b.
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wt.) and L-Camnt (500 mg/kg b. wt.), respectively, after 47 days
post-infection (p.i.). Finally, the animals of the 5th group were
i.p. injected with ZnONPs and after 1 h, the mice were i.p.
injected with L-Carnt once daily for 5 days. On day 52, p.i.
with S. mansoni, the animals of all groups were cervically
decapitated.

Brain tissue preparations

After fast cervical decapitation, the brains were rapidly ex-
cised from the skulls and blotted with a filter paper. Then,
the brains were weighed and wrapped in plastic films and
quickly stored at —70 °C until used for biochemical
investigations.

The markers of the oxidative stress were estimated in the
brains of six mice. Consecutively, the brains of the remaining
three mice were used for histopathological investigations.

Brain oxidative stress estimation

To estimate the markers of brain oxidative stress, the brains were
homogenized in ice-cold medium containing 50 mM Tris—HCl
and 300 mM sucrose, at pH 7.4 (Tsakiris et al. 2004).

A reduced glutathione (GSH) level was determined in brain
homogenates. The method is based on the reduction of
Ellman’s reagent (5,5'dithiobis (2-nitrobenzoic acid)) with
sample GSH to produce a yellow compound. The chromogen
is directly proportional to the GSH concentration and its ab-
sorbance was measured at 405 nm (Ellman 1959).

To determine the activity of catalase (CAT), CAT reacts
with a known quantity of hydrogen peroxide. Exactly after
1 min of catalase inhibitor addition, the reaction between
CAT and hydrogen peroxide is stopped. In the presence of
peroxidase, the remaining hydrogen peroxide reacts with
3,5-dichloro-2-hydroxybenzene sulfonic acid and 4-
aminophenazone to form a chromophore with color intensity
inversely proportional to the CAT activity in the brain homog-
enate samples (Aebi 1984).

The level of nitrite/nitrate was determined, according to
the method of Green et al. (1982), where nitrous acid diaz-
otize sulfanilamide was formed in an acid medium and in
the presence of nitrite. Then, nitrous acid diazotize sulfanil-
amide is coupled with N-(1-naphthyl)ethylenediamine
forming azo dye (a bright reddish purple color) and it can
be measured at 540 nm.

The malondialdehyde (MDA) level was estimated in brain
homogenate, where trichloroacetic acid (1 ml, 10%) and thio-
barbituric acid (1 ml, 0.67%) were mixed and heated for
30 min in a boiling water bath. Thiobarbituric acid-reactive
substances were measured at 535 nm (Ohkawa et al. 1979).

The generation of reactive oxygen species (ROS) was de-
termined according to Vrablic et al. (2001), which is based on
the intracellular conversion of nitro blue tetrazolium (NBT)

into formazan by superoxide anion. Briefly, 200 ul
(1.0 mg/ml) NBT was added to the brain homogenate, and
after 1 h of incubation at 37 °C, solutions were treated with
100 pl (2 M) KOH. NBT reduced per gram of tissue expressed
in nanomole was determined by spectrophotometry at
560 nm. If radical scavenging compounds were present in
the tissue, less formazan blue would be formed.

DNA fragmentation assay

The DNA fragmentation assay was done by using agarose gel
electrophoresis. Firstly, DNA was extracted according to
Aljanabi and Martinez (1997); in Eppendorf tubes, brain tis-
sue (20 mg) was lysed with 600 pl buffer (50 mM NacCl,
1 mM Na2EDTA, 0.5% SDS, pH 8.3) and gently shaken.
Overnight, the mixture was incubated at 37 °C, and then
20 wl of saturated NaCl was added. The sample was shaken
and centrifuged for 10 min, at 12,000 rpm. Thereafter, the
supernatant was transferred to new Eppendorf tubes and cold
isopropanol (600 pl) was added to precipitate DNA. The mix-
ture was inverted several times until fine fibers appeared, and
the Eppendorf tubes were centrifuged at 12,000 rpm, for
5 min. After removing the supernatant, the pellets were
washed with ethyl alcohol (500 pl 70%) then centrifuged
(12,000 rpm, 5 min); after centrifugation, the ethyl alcohol
was decanted. On a Whatman filter paper, all tubes were plot-
ted to dry. The pellets were re-suspended in 50 ul or appro-
priate volume of TE buffer (10 mM Tris, 1 mM EDTA, pH 8).
The re-suspended DNA was incubated for 30-60 min with
loading mix (RNase + loading buffer) and then loaded into
the gel wells. The gel was prepared with agarose (2%) con-
taining 0.1% ethidium bromide (200 pg/ml). The samples of
DNA were mixed with loading buffer (0.25% bromophenol
blue, 0.25% xylene cyanol FF and 30% glycerol) and loaded
into the 20 pl wells of DNA/lane with a standard molecular-
sized ladder marker (Pharmacia Biotech., USA). At a current
of 50 mA for 1.5 h, the gel was electrophoresed using a sub-
marine gel electrophoresis machine. Finally, with illumination
under UV light, the DNA was visualized and photographed.

Brain index

At the end of the experimental period, each mouse was
weighed and the weight of the brains was recorded after
removing the brains from the skulls. The brain index
was calculated as ratio of brain weight (mg) to mice
body weight (g). Also, the percentage change was cal-
culated as:

Mean of treated—Mean of infected control
%Change = - x 100
Mean of infected control

@ Springer
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Histopathological investigations

After a fast cervical decapitation, brain tissue samples for 3
mice from each group were immediately fixed in 10% neutral
buffered formalin, then dehydrated and processed for paraffin
sectioning. Sections were then de-paraffinized and stained
with hematoxylin and eosin (Slaoui and Fiette 2011).

Statistical analysis

The obtained data were presented as means + standard error.
The statistical comparisons among the groups were fulfilled
by using a one-way ANOVA which was performed with
Duncan’s test using a statistical package program (SPSS ver-
sion 17.0). P<0.05 was considered as low, moderate, and
highly significant for all statistical analyses in this study.

Results

TEM for ZnONPs showed that the size of NPs was 25-40 nm,
with a spherical shape and smooth surfaces (Fig. 1). The
schistosome-infected mice revealed a significant reduction in
the brain GSH level and CAT activity. Injection of ZnONPs to
the schistosome-infected mice caused a significant decrease in
the level of GSH and activity of CAT as compared with the non-
infected control group. On the other hand, ZnONP treatment
increased the GSH level and CAT activity in the brain of infected
mice recording 61.83% and 56.83%, respectively, as a percent-
age change versus the corresponding infected group (Table 1).
L-Camt treatment of the schistosome-infected mice showed
a significant reduction (P <0.05) in GSH level as compared
with the non-infected control group. However, in comparison
with the schistosome-infected mice (group II), L-Camt injec-
tion caused a significant increase in the brain GSH level
(83.79%) and CAT activity (254.3%). Moreover, ZnONP
and L-Carnt co-treatment of the infected mice resulted in a

Fig. 1 A transmission electron microscopy (TEM) image of the ZnONPs
illustrates their shape and size

@ Springer

significant raise in the brain GSH level and CAT activity with
the percentage change of 141.7% and 288.7%, respectively, as
compared with the infected group. A non-significant change
was observed in the GSH level and CAT activity as a result of
ZnONP and L-Carnt treatment of the infected mice as com-
pared with the non-infected control group (Table 1).

A significant elevation was found in the levels of nitrite/
nitrate, MDA, and ROS as a result of schistosomiasis infection
versus the non-infected control group. The infected mice treat-
ed with ZnONPs showed a significant increase in ROS levels
as compared with the non-infected control group. Oppositely,
in a comparison with the schistosome-infected mice, a signif-
icant decrease was observed in levels of nitrite/nitrate, MDA,
and ROS as a result of ZnONP treatment of the infected group
recording —31.90%, —39.48%, and — 13.33%, respectively,
as the percentage change (Table 1).

A non-significant increase was found in the nitrite/nitrate
and MDA levels as a result of L-Carnt injection to the
schistosome-infected mice, while the ROS level showed a
significant increase as compared with that of the non-
infected control group. Meanwhile, in comparison with the
infected group, treatment of schistosome-infected mice with
L-Carnt induced a significant reduction in all levels of nitrite/
nitrate, MDA, and ROS recording —37.40%, — 46.86%, and
—55.00%, respectively, as the percentage change (Table 1).

Treatment of the schistosome-infected mice with both
ZnONPs and L-Carnt revealed a significant increase in brain
nitrite/nitrate and ROS levels versus that of the non-infected
control group. However, a non-significant change was record-
ed in MDA level as a result of ZnONP and L-Carnt treatment
to infected mice. On the other hand, a significant reduction
was obtained in the levels of brain nitrite/nitrate, MDA, and
ROS as a result of ZnONP and L-Camt co-treatment of the
infected mice with the percentage change —28.58%, —
50.15%, and —45.00%, respectively, as compared with that
of the schistosome-infected group (Table 1).

The parasite infection induced apoptotic DNA fragmenta-
tion in the brain of mice, where the apoptotic DNA fragmen-
tation was clearly indicated on the agarose gel as detected by
ethidium bromide fluorescence (Fig. 2); the raw data are
showed in Supplementary Fig. 1. However, the DNA of nor-
mal brain tissue showed no ladder (Fig. 2, lane 1). A genomic
DNA ladder was formed and observed in mice infected with
S. mansoni (Fig. 2, lane 2). Moreover, ZnONP treatment of
the schistosome-infected mice showed a partial DNA frag-
mentation (lane 3). Treatment of infected mice with L-Carnt
alone and with nanoZnO and L-Camt (Fig. 2, lanes 4 and 5,
respectively) restored the DNA laddering profile induced by
schistosomiasis mansoni.

Mice infected with the parasite showed significant histo-
pathological impairments which induced nuclear pyknosis,
vacuolization, and brain edema. The brain of infected mice
showed vascular cognition as well (Fig. 3b). Finally, the last
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§§§ three schistosome-infected groups that were treated with
aIaRs ZnONPs, L-Carnt, and ZnONPs and L-Carnt showed improve-
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g § § g g § the 1nfectred group and the non-infected control group, respec-
SRR tively (Fig. 3c—.e). . . o
glcgzaa As shown in Fig. 4, the calculation of the brain index
showed a non-significant change in the infected group as com-
pared with that in the non-infected control group. Likewise, a
FAS non-significant change was found in the brain index of the
g4 infected mice treated with ZnONPs or/and L-Carnt versus
_ % ? % the control group. However, a significant increase was record-
= ey ed in the brain index of the schistosome-infected mice treated
E| 2235 with L-Carnt compared with that of the infected group.
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Discussion
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Sl 2| SF4as (Zaboli et al. 2013). Moreover, atoms of ZnO nanoparticles
2 E ; 5 ; % 5 give a higher surface exposure, thereby exhibiting different phys-
% Z | e=zgdg ical, chemical, and a very high level of biological responses
S| (Wahab et al. 2010; Jin et al. 2014). All the characteristics of
g the ZnONPs such as absorption and distribution depend on some
3 Se § factors like the size and shape of particles, where the decreased
§ % Q% size is more effective (Siddiqi et al. 2018). Additionally, it was
8 2das reported that ZnONPs have minimal or no adverse effects on the
B =13 2 i:ﬁ_; ; human cells, but is toxic to the microorganisms (Reddy et al.
g1 5| +# j? T 2007; Chitra and Annadurai 2013).
% 5 § it é © In the present results, neuro-schistosomiasis increased
é U | =RY&= g MDA, nitrite/nitrate, and ROS levels significantly in the brain
«% % tissues; however, the GSH level and CAT activity showed a
§ R % significant decrease versus the non-infected control group.
3 § § f§ %: Moreover, treatment of neuro-schistosomiasis by ZnONPs
5 e < or/and L-Carnt showed a significant decrease in MDA, ni-
£ - PP % S trite/nitrate, and ROS levels; in addition, a significant increase
% 5y § 5 § i g £ 9 e of the GSH level and CAT activity in brain homogenate was
i i dadand g Qc% S recorded as compared with the infected group. These results
% Z g § g é % 2. % % are in agreement with many studies (Rani and Panneerselvam
= éﬂ Eo ) 2002; Chitra and Annadurai 2013; de Oliveira et al. 2013;
E s B go Bauomy 2014; Dkhil et al. 2015a, b; Nazarizadeh and Asri-
£ 2 SR Rezaic 2016; Alzoubi et al. 2017).
2 :«g E" % § According to de Oliveira et al. (2013), schistosomiasis
§ 8 £ ‘}é’ B mansoni—infected mice altered the non-enzymatic antioxidant
é § o & ag status in the brain. Likewise, Bauomy (2014) and Dkhil et al.
It 588 a % s (2015b) demonstrated that neuro-schistosomiasis induced a
g" gg @ g §_ '§D 'gn significant imbalance in the non-enzymatic and enzymatic
S 3 % ; % % 2 g g antioxidants. GSH, total antioxidant capacity, level and CAT
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2| 2| 28833 22855 fected mice. On the contrary, MDA and nitrite/nitrate levels
S| 5| ZEEEE S A showed a significant increment versus the non-infected group.
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Fig. 2 Effect of ZnONPs and/or L-
Carnt treatment in the schistosome-
infected mice on agarose gel elec-
trophoresis photograph of DNA
extracted from brain tissue of nor-
mal and treated mice. M, marker.
Lane 1—normal control group
showed no DNA laddering; lane
2—schistosome mansoni—infected
(Inf) group showed DNA laddering
band; lane 3—Inf + ZnONPs group
showed a partial laddering band;
and lanes 4 and 5—Inf + L-Carnt—
and Inf + ZnONPs + L-Camnt—treat-
ed groups, respectively—restored
DNA laddering

M (b

In pathogens, ZnONPs exhibit a strong tendency to gener-
ate ROS and oxidative stress; thus, they are used as antibac-
terial agents (Yu et al. 2013). Abdel-Daim et al. (2019) report-
ed that the spherical and rod shape of ZnONPs (size < 100 nm)
at a dose 50 mg/l for 30 days increased the MDA level in
serum, the liver, and the kidney of Nile tilapia, but decreased
the GSH level and SOD activity. Moreover, Kirthi etal. (2011)
was the first who reported on the anti-parasitic activity of the
synthesized ZnONPs. Likewise, Gandhi et al. (2017) conclud-
ed that synthesized ZnONPs possess excellent anti-parasitic
activity, and in the same manner, Dkhil et al. (2015a) reported
that the nanoparticles of ZnO revealed anticoccidial and
antioxidant activities. Khan et al. (2015) and Nazarizadeh

Fig. 3 Histological picture of mice brain infected with S. mansoni on day
47 p.i. a Non-infected brain tissue. b Infected brain with schistosomiasis
mansoni. ¢ Brain of schistosome-infected mice treated with ZnONPs. d

@ Springer

1 2 3 4 5

and Asri-Rezaie (2016) decided that in vitro ZnONPs in-
creased ROS, MDA, and nitric oxide levels that induced the
oxidative stress in Gigantocotyle explanatum and Toxocara
vitulorum; the authors attributed that the generated oxidative
stress targets the lipids that initiate lipid peroxidation in the
parasite organelles and macromolecules like nucleic acids and
protein, and consequently, the contractile movement of worms
was affected by ZnONPs.

Additionally, Sabir et al. (2014) and Nazarizadeh and Asri-
Rezaie (2016) concluded that ZnONPs exert anthelmintic and
antibacterial effects via induction of oxidative/nitrosative
stress. Finally, Khan et al. (2015) reported that several kinds
of nanoparticles have been proposed as anti-parasite agents. In

Infected mice treated with L-Carnt. e Brain tissue of schistosome-infected
mice treated with nanoZnO and L-Carnt. Bar=50 pm
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Fig. 4 Effect of ZnONPs and/or 1.6 7 b
L-Carnt treatment to schistosome- 14 1
infected mice on the brain index. '
Values are presented as mean =+ 12 -
SE. "Significance against the in-
fected (Inf) group é 17
=
g°®
£
) 0.6
0.4 1
0.2 1
0 -
Cont Inf Inf+ZnONPs Inf+L-Carnt Inf+ZnONPs+L-Carnt

the same manner, some reports concluded that gold and sele-
nium nanoparticles showed anti-schistosomal activity in dif-
ferent mice tissues such as the brain, liver, kidney, and spleen
(Dkhil et al. 2015b, 2016a, b, 2017).

Moreover, Rani and Panneerselvam (2002) attributed the L-
Carnt capacity in prevention of free radical-induced damage to
its antioxidant activity. According to Giilcin (2006), L-Carnt
scavenges hydrogen peroxide and superoxide radicals, thus
protecting the endogenous antioxidant enzymes (CAT) from
peroxidative damage and protecting tissues from damage by
repairing the oxidized membrane lipids (Alzoubi et al. 2017).
Additionally, it exhibits neuroprotective effects on aging animals
and neurodegenerative disorders (Rani and Panneerselvam 2002;
Shenk et al. 2009). Therefore, Rani and Panneerselvam (2002)
reported that L-Carnt supplementation causes a dramatic reduc-
tion in the MDA formation and increased the overall antioxidant
enzyme status in different brain regions. Also, L-Camnt protects
cells from ROS damage by inhibiting free radical propagation
and by contributing to the repair of oxidized membrane phos-
pholipid (Arduini 2008). Moreover, Hu et al. (2017) concluded
that L-Carnt supplementation reduced inflammation in coronary
artery disease due to its antioxidant activity. Therefore, authors
decided that L-Carnt high levels could be one of the mechanisms
by which Microtusfortis mediates protection against
S. japonicum.

The apoptotic DNA fragmentation was recorded in the
brain of schistosome-infected mice. However, the treatment
of infected mice with nanoZnO or/and L-Carnt restored
DNA laddering profile induced by schistosomiasis. Since
schistosomiasis induced oxidative stress (de Oliveira et al.
2013; Bauomy 2014; Dkhil et al. 2015b), and the DNA dam-
age was mediated by ROS (Blair 2008), the oxidative stress
could contribute to the degree of DNA fragmentation (Jeng
et al. 2015). In addition, the activity of caspase-3, a marker of
apoptosis, was estimated in lymphocytes after incubation with
the schistosomula (Chen et al. 2002). On the other hand,
Shoae-Hagh et al. (2014) reported that in the isolated rat

pancreatic islets, ZnONPs reduced the apoptosis and
oxidative stress. Moreover, Evans and Halliwell (2001) re-
ported that the dietary antioxidants maintained an appropriate
antioxidant balance in the case of many infections like
malaria.

Concerning the histopathological picture, neuro-
schistosomiasis caused significant histological impairments
that were alleviated by ZnONP or/and L-Carnt injection.
These results are in agreement with some studies (Giilcin
2006; Bauomy 2014; Dkhil et al. 2015a, b).

The authors Bauomy (2014) and Dkhil et al. (2015b) report-
ed that neuro-schistosomiasis mansoni induced significant his-
tological responses in the form of neuronal loss, distortion of
the neuronal architecture, disorganization of the pyramidal
cells, and nuclear hyperchromasia. In addition, authors ob-
served marked dilated congested blood capillaries as compared
with the non-infected control group. However, Dkhil et al.
(2015a) deduced that treatment with ZnONPs alleviated the
histopathological impairments in the jejunum of mice infected
with Eimeria sp. and increased the number of goblet cells as
compared with the parasite-infected group. Regarding the ef-
fect of L-Carnt, Giilcin (2006) reported that it inhibited free
radical generation, prevented the impairment of fatty acid
beta-oxidation in mitochondria, and protected tissues from
damage, by repairing oxidized membrane lipids.

The brain oxidative stress and histopathological impair-
ments in schistosome-infected mice may be explaining the
reduced brain index in the present study. However, treatment
with L-Carnt increased the brain index as compared with the
schistosome-infected group. This increment may be due the
antioxidant activity of L-Carnt.

Interestingly, the present study revealed the novel therapeutic
potential of ZnONPs, as well as co-treatment of nanoZnO and L-
Carnt against neuronal disorders induced by S. mansoni infec-
tion. NanoZnO and/or L-Carnt treatment reduced the brain levels
of oxidative stress, restored DNA laddering profile, and im-
proved the histological distortion. The obtained curative effects
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of nanoZnO and L-Camt are associated with their role as free
radical scavengers. Moreover, more investigations are needed to
determine the ameliorative cellular mechanisms of nanoparticles
on schistosome-infected mice.
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