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KEYWORDS Abstract Leishmaniasis is a parasitic disease that can be transmitted to individuals by a species of
T — the Leishmania flagellated protozoan. Due to problems such as toxicity, high cost, long duration of
Nanoparticles; treatment, increased drug resistance, painful injections, and side effects, leishmaniasis is considered
Anti leishmanial effects; as an important epidemic in people with systemic deficits. Therefore, in this study, new core—shell
Lishmania major nanostructures were introduced as anti-leishmanial drugs for the first time. The expression of /FN-y,

TNF-o, IL-4, and IL-12 genes were evaluated by real-time PCR. Investigations revealed that CdO/
Chitosan core shell nanostructures decreased the proliferation of promastigotes (p < 0.0001). The
number of promastigotes were reduced in the presence of different concentrations of the nanostruc-
tures. The average value of 1Cs, for promastigotes was about 0.6 pg/mL. The concentration of the
drug that prevented the growth of 50% of macrophages for core shell nanostructures was 1.256 pg/
mL. The level of apoptosis in leishmania promastigotes in the presence of nanodots at the concen-
trations of 1, 0.5, and 0.25 pg/mL was 56%, 31%, and 23%, respectively. Furthermore, according
to the results, it can be concluded that the level of gene expression pertaining to Thl was signifi-
cantly up-regulated (p < 0.001). This study showed that the core—shell nanodots of chitosan/cad-
mium oxide inhibit the proliferation of promastigotes and increase the apoptosis of leishmania
promastigotes.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

* Corresponding author.

E-mail address: Mehdi.Ranjbar@kmu.ac.ir (M. Ranjbar). Nowadays, despite the many advances that have been made in
Peer review under responsibility of King Saud University. medicine and especially in the control of infectious diseases,
some of these diseases are still considered as health concerns.
Leishmaniasis, which is classified as a parasitic disease, has
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et al., 2018; Ghorbani and Farhoudi, 2018). The World Health
Organization (WHO) has included this disease in the list of six
important diseases in tropical and subtropical regions due to
its health importance (Edrisiyan, 1996; Kubba et al., 1987).
Leishmaniasis is a common disease of humans and animals
which occurs in three forms, cutaneous, visceral (kala-azar),
and cutaneous-mucosal leishmaniasis. The most common
cutaneous forms are the dry or urban (zoonotic cutaneous
leishmaniasis) and wet or rural (anthroponotic cutaneous
leishmaniasis) forms, which are caused by L. tropica and L.
major, respectively (Zink et al., 2006; Moemenbellah-Fard,
2003). The disease is widespread in all continents except Aus-
tralia. According to WHO, 12 million people worldwide are
infected with various types of leishmaniasis, and a population
of about 350 million people are at risk for the disease (Alrajhi,
2003; Khanjani et al., 2018; Kassiri et al., 2014). A number of
drugs such as antimonial pentavalent antimoniate, sodium sti-
bogluconate, pentamidine, and amphotericin B are used in the
first-line systemic treatment of leishmaniasis (Carvalho et al.,
2019; Croft and Olliaro, 2011; Tiuman et al., 2011). Problems
such as inaccessibility of these drugs, high toxicity, side effects,
and drug resistance are the important concerns in a leishmani-
asis epidemic (Belani et al., 2012). Chitosan nanoparticles
(NPs) enhance resistance to microbial infections due to their
antioxidant activity and immune-stimulating properties
(Akbari et al., 2017). Metal-based NPs are known for their
small size and high surface area (Aderibigbe, 2017). Today,
green synthesis of nanoparticles is one of the most effective
and least expensive methods of making nanoparticles in vari-
ous fields of application (Parveen et al., 2016; Hussain et al.,
2016; Raveendran et al., 2003). These particles exert their
antimicrobial activity by producing reactive oxygen species
(ROS) that cause microbial damage. The ability of these parti-
cles to bind to DNA or RNA also inhibits microbial replica-
tion processes (Arvizo et al., 2012; Zain et al., 2014). Core-
shell NPs are composed of two or more dlfferent compounds
(metal and metal oxide, polymer, element, or biomolecule);
one of these compounds acts as the nucleus and is located at
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the center of the particle and the other compound or com-
pounds are located around the nucleus and play the role of
the shell (Lopez-Lorente et al., 2011). A wide range of organic
and inorganic compounds such as polymers (Ng et al., 2013),
biomolecules, silica, and metallic as well as non-metallic com-
pounds can be placed on the surface of these NPs. The advan-
tage of covering NPs with different compounds can be more
than just protecting the core (Cortic and McDonagh, 2011;
Zhao et al., 2008). Stability, biocompatibility, selective func-
tion, targeted transfer, and identification of biological com-
pounds, such as cells (Ong et al., 2017), proteins, nucleic
acids (Shen et al., 2014), enzymes (Tdn et al., 2013), microbes,
etc., are some of the reasons that different compounds are
placed on the surface of these particles (Khatami et al.,
2018). Nanoparticle such as Ag NPs (Ma and Yang, 2016),
CuO Nps (Gopinath et al., 2016) and ZnO nanostructures
(Premanathan et al., 2011) plays important and influential role
on the apoptosis, toxicity effects. To our knowledge, based on
a review of scientific sources, there is no report on using core—
shell nanostructures that are electrostatically conjugated to the
CdO NPs for an anti-leishmanial study. In the present investi-
gation, apoptosis of Leishmania major was assessed at different
concentrations of CdO/chitosan core—shell nanostructures
with a control drug and amphotericin B. CdO/chitosan core—
shell nanostructures were characterized with dynamic light
scattering (DLS), scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM), energy dispersive X-ray
analysis (EDX), X-ray powder diffraction (XRD), Fourier-
transform infrared spectroscopy (FT-IR), and thermogravime-
try analysis (TGA).

2. Materials and methods

2.1. Preparation of CdO|/chitosan NPs

To prepare the CdO/chitosan NPs, at the first, 0.05 g of Cd
(NO3),-4H,0O was dissolved in double-distilled water and

1) DMSO

2+ 2)C6H1206
ey Cd(OH)

2

3 Br
H3C(H2C)1<—N —CH3

R

The mechanism of the formation process of the CdO/Chitosan core shell nanostructures.
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dimethyl sulfoxide with a ratio of 2:1 under a reflux system at
50 °C for 30 min and stirred at a speed of 400 rpm using a mag-
netic stirrer. Then 0.001 g of C¢H;,Og, as green reductant and
capping agent, as well as 5 mL of sodium hydroxide 2 M, to
adjust the pH in the reaction medium, were added to the solu-
tion for 30 min at 50 °C and 400 rpm. Then, after adding 5 mg
of sodium dodecyl sulfate (CTAB) to stabilize the electrostatic
atmosphere of the ions, 2 mL of NaOH was added dropwise to
the reaction medium for 30 min. Then the mixture was placed
in a microwave oven at a power of 300 W for 10 min. In the
next step, 0.05 g of chitosan powder was added to double-
distilled water and ethanol with a ratio of 1:4. The solution
was stirred for 30 min on a heater at 50 °C using a magnetic stir-
rer. Then 0.03 g of CdO NPs from the first step was added to the
mixture from the previous step drop by drop for 30 min at 50 °C
with the help of a magnetic stirrer. After that, the reaction mix-
ture was heated for 30 min in a reflux system. Finally, the result-
ing mixtures were placed in a microwave at 100 W for 10 min.
We predict that the formation process of the CdO/Chitosan core
shell nanostructures can be according to Scheme 1. In this study
CsH 20 was used as the green reductant, according to the rela-
tion of the following equation (Engelbrekt et al., 2009; Tabrizi
and Varkani, 2014; Liu et al., 20006):

Cd(NOs), + 2NaOH — Cd(OH), + 2Na NO; (1)

Cd(OH), + CH,OH—(CHOH),—CHO —

2
CH,OH—(CHOH),—COOH + CdO + 1/2H, @

2.2. Preparation of Leishmania major parasites and macrophage
cells

Leishmania major promastigotes were cultured in a 25-mL
flask containing RPMI-1640 medium, 10% fetal bovine serum
(FBS), and the antibiotics penicillin and gentamicin at 24 °C.
Macrophages were obtained from the Pasteur Institute of
IRAN. The macrophages were placed in a flask in an incuba-
tor at 37 °C with 5% CO,. The flask was removed from the
incubator daily and after observation under an inverted micro-
scope, under sterile conditions, the supernatant of the cells was
removed and fresh RPMI-1640 medium plus 10% or 50% FBS
was added to the flask.

Table 1 The specific primers and reference genes sequences.

Template Forward and reverse sequences (5'-3")

Ifn-y F-ACAGCAAGGCGAAAAAGGATG R-
TGGTGGACCACTCGGATGA

1L-12 F-CTGTGCCTTGGTAGCATCTATG R-
GCAGAGTCTCGCCATTATGATTC

Tnf-o F-CAGGCGGTGCCTATGTCTC R-

CGATCACCCCGAAGTTCAGTAG
IL-4 F-GGTCTCAACCCCCAGCTAGT R-
GCCGATGATCTCTCTCAAGTGAT
F-AGGTCGGTGTGAACGGATTTG R-
TGTAGACCATGTAGTTGAGGTCA

GApdh

2.3. Evaluation of drug toxicity to macrophages

Flow cytometry was used to measure the drug toxicity. To do
this, 10° macrophages were counted under a microscope and
plated in a 6-well microplate and incubated at 37 °C in a
CO, incubator for 24 h. After the incubation, 100 pL of differ-
ent dilutions of the drug were added to the macrophages and
the volume was increased to 1 mL with culture medium. Then
the cells were incubated again at 37 °C in a CO, incubator for
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Fig. 1 XRD analysis of the CdO nanoparticles (Foroughi et al.,

2017) (a) and as-synthesized CdO/Chitosan core shell nanostruc-
tures (b).
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72 h. After this incubation period, the cells were scrapped and
transferred to 0.5-mL microtubes and centrifuged to settle the
macrophages. Then they were washed twice with the PBS solu-
tion and 1 mL of binding buffer was added to them. Next,
100 mL of the whole mixture was removed and 5 pL of
annexin V-IFTC and 5 pL of 7-aminoactinomycin D
(AAD7) were added to it and the mixture was subsequently
evaluated by a flow cytometer (BD FACSCalibur™, San Jose,
California, USA).

2.4. Assessment of parasitic apoptosis by flow cytometry

To quantify the apoptosis of parasites, the Calbiochem apoptosis
diagnosis kit was used. According to the kit instructions, the par-
asites were stained by annexin V-IFTC and 7AAD and analyzed
using a Becton Dickinson flow cytometer. To perform this assay,
first, the test specimens containing about one million parasites
per milliliter of total reaction volume and 100 pL of different
concentrations of amphotericin B and chitosan/cadmium oxide
NPs were added to sterile microtubes. The microtubes were cen-
trifuged at 14,000g for 15 min, and then the supernatant was dis-
carded and the sediments in all the microtubes were washed three
times with the PBS solution. The binding buffer solution was
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added to the washed precipitate and kept in a dark place at
26 °C for 20 min. In the last step, antibodies were added to each
microtube, mixed well, and tested using a flow cytometer (BD
FACSCalibur, San Jose, California, USA).

2.5. RNA isolation and analysis

In this study, RNA was extracted with the RNeasy Mini Kit
(Qiagen, Chatsworth, California, USA) according to the man-
ufacturer’s instructions at various concentrations of effective
drug combination and untreated control. The quality and
quantity of the extracted RNA was determined by a Nanodrop
spectrophotometer (ND-2000, Thermo Scientific Fisher, US)
and 2% agarose gel electrophoresis, respectively. The cDNA
was synthesized by the RT reagent kit (Takara, Japan) using
100 ng of the extracted RNA in a FlexCycler (Analytik Jena,
Germany) at 37 °C for 15 min. Table 1 indicates the specific
primers and reference gene sequences. For the normalization
purposes,  glyceraldehyde  3-phosphate  dehydrogenase
(GAPDH) was used as a reference gene and they were detected
by quantitative real-time PCR (q-PCR) assay; also a no-cDNA
sample was used as a negative control in each run. The qPCR
reactions and treatments were run in a total volume of 15 pL

D3 =18.77 nm

D2 =20.81 nm

D1 = 42.56 nm

Det: InBeam MIRA3 TESCAN|

Fig. 3 SEM images of chitosan (a), CdO/Chitosan NPs (b), TEM image of CdO/Chitosan core/shell structure with scale 200 nm (c) and

with scale 100 nm.
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using SYBR® Premix Ex TaqTM II (Takara, Japan) based on
the recommended protocol in a qPCR system (Rotor-Gene Q,
Qiagen) (Parizi et al., 2019).

2.6. Statistical analyses

Statistical data analyses were performed using two-way analy-
sis of variance (ANOVA) and t-test in the SPSS software ver.
20 (Chicago, Illinois, USA). IC50 and CC50 were measured by
probit analysis in SPSS software and the results were consid-
ered significant at P < 0.0001.

3. Results and discussion

3.1. Characterization of CdO/chitosan NPs

In order to investigate the crystalline properties and determine
the phase of the CdO/Chitosan core shell nanostructures X-ray
powder diffraction (XRD) analysis was performed. The XRD

results show that the structure formed is a combination of
CdO structures and the factors such as CTAB, chitosan and
glucose which are used in the preparation of the CdO/Chitosan
core shell nanostructures. XRD analysis for the CdO nanopar-
ticles (Foroughi et al., 2017)and as-synthesized CdO/Chitosan
core shell nanostructures are shown in Fig. la and b
respectively.

In this study, the DLS method was used to determine the
hydrodynamic diameter. The particle size of the CdO/chitosan
NP sample was analyzed by DLS under the following condi-
tions: the wavelength of 657 nm, diffusion coefficient of
12.35 pm?/s, and intensity of 93.59%. To measure the particle
size, 0.1 mL of the CdO/chitosan NP solution in 2 mL of
deionized water (DI H,O) was poured into a polystyrene cuv-
ette and the particle size was calculated at 25 °C. Fig. 2a shows
the size distribution by the intensity of CdO/chitosan NPs in
the solution. The size of the CdO/chitosan NP sample was cal-
culated at about 120 nm. According to the DLS data analysis,
Dn 10%: 74.39 nm, Dn 50%: 93.73 nm, Dn 90%: 123.7 nm
were obtained. The particle size determined by the DLS detec-
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tor was slightly larger than the nominal size, probably because
this method measures the hydrodynamic size rather than the
physical size. To obtain the exact percentage of elements in
the final products, EDX was used. EDX analysis is a non-
destructive test for the CdO/chitosan NP sample, which is
shown in Fig. 2b. Elements such as C, N, and O can be related
to the presence of chitosan. Moreover, elements such as Br,
Na, and Ca can be related to the presence of CTAB, NaOH,
and distilled water, respectively.

The shape and size of the CdO/chitosan NPs were mea-
sured using SEM. The results of SEM imaging of chitosan
and CdO/chitosan NPs are shown in Fig. 3a and b, respec-
tively (with the magnification of 200 nm). As can be seen,
SEM images of chitosan structures show an agglomerated
zone with a uniform dispersion with a nanoparticle size of
about 33 nm to 67 nm. The CdO/chitosan NP samples were
shown to have quite a small size (about 18 nm to 40 nm) with
uniform spherical shape. TEM was used to further investigate
the particle size and shape of the structures. Fig. 3c shows the
TEM image for CdO/chitosan NPs. The TEM images are in
good agreement with the SEM images. Smaller-sized CdO/chi-
tosan NPs have many positive aspects such as good conductiv-
ity, chemical stability, and catalytic and antibacterial activities,
which would make these NPs suitable for many practical
applications.

The FT-IR spectroscopy is a non-destructive technique that
can be used not only for qualitative analysis (identification) of
materials but also for quantitative analysis (measuring the
amount) for characterization of the chemical composition
and functional groups in the CdO/Chitosan core shell nanos-
tructures. The FT-IR analysis peaks were measured in the
range of 500 cm™' to 3500 cm™' for CdOj/chitosan NPs.
Fig. 4a shows narrow and sharp peaks at the area of

3100 cm ™! up to 3500 cm ! which can be due to the moisture
in the structure and the O—H bonds in NaOH and also N—H
and H—N—H bonds related to cetyltrimethylammonium bro-
mide (CTAB) with H+ ions free in the reaction environment
(Boeckx and Maes, 2012). The peaks at the 1652 cm ™! region
belonged to the N—H functional group in the chitosan poly-
mers. The peak at the 2923 cm ™' region was related to the
C—H bonds in the chitosan polymer. In addition, the presence
of peaks in the range of 400-700 cm ™! indicated the bonding of
Cd and O elements. To investigate mass loss with time under
certain temperature conditions, TGA was used under nitrogen
atmosphere with a heating rate of 10 °C/min from 25 °C up to
400 °C. The main principle of TGA is that mass change for a
sample can be studied under programmed conditions. Fig. 4b
shows the TGA diagram for as-synthesized CdO/chitosan
NPs. The TG curve demonstrated a single stage of weight loss
or decomposition. The temperature of about 50 °C represented
the onset of the decomposition of CdO/chitosan NPs, which
can be related to the decomposition of intermolecular bonds
between chitosan structures and CdO NPs. At the temperature
of about 120 °C the decomposition reaction was terminated or
completed, and it is anticipated that the vaporization, sublima-
tion, decomposition, oxidation, and reduction probably
happened.

3.2. Toxicity of CdO/chitosan NPs to macrophages

To evaluate the toxicity and cytotoxic effects of CdO/chitosan
NPs and amphotericin B NPs the flow cytometry analysis was
used in this study. The concentration of the CdO/Chitosan
core shell nanostructures that prevented the growth of 50%
of the macrophages was 1.256 pg/mL. The international selec-
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Fig.5 The percentage of the apoptosis macrophages at different concentrations of the CdO/Chitosan NPs such as 0.25 pg/ml, 0.5 pg/ml

and 1 pg/ml with control sample (Mean + SD, n

2).
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Table 2 Toxicity of CdO/Chitosan NPs on macrophages and
the lethal effect on Leishmania major promastigotes.

Compound 1Cso CCs SI
Promastigotes Macrophages (ng/
(ng/ml) ml)

chitosan/cadmium  0/6 1/256 2.09

oxide

tivity index (SI) in Eq. (1) was estimated at about 2.09 for
nanostructures. Therefore, it can be concluded that CdO/chi-
tosan NPs have low toxicity to macrophages. Fig. 5 shows
the percentage of the apoptotic macrophages at different con-
centrations of CdO/chitosan NPs such as 0.25 pg/mL, 0.5 pg/

a) CdO/Chitosan NPs

mL, and 1 pg/mL with the control sample (mean+SD, n = 2).

The SI for CdO/chitosan NPs is estimated in Table 2.
SI (selectivity index) = CCsq (macrophages

(promastigotes) > 1, not toxic (Neira et al., 2019) (1)

IC50

Fig. 6a and b shows the percentage of apoptosis of Leish-
mania major at different concentrations of 0.25 pg/mL,
0.5 pg/mL, and 1 pg/mL with the control sample
(mean £ SD, n = 2) of CdO/Chitosan core shell nanostruc-
tures and amphotericin B, respectively. The results indicated
that due to the exposure of the parasites to nanostructures,
promastigotes were killed by programmed cell death. The per-
centage of programmed cell death was increased with respect
to drug concentrations; although, these levels were lower than
when the parasites were exposed to amphotricine B, so that at
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Fig. 6 The percentage of the apoptosis of Leishmania major in different concentrations such as 0.25 pg/ml, 0.5 pg/ml and 1 pg/ml with
control sample (Mean + SD, n = 2) of (a) CdO/Chitosan NPs and (b) amphotericin B.
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Table 3 The effect of different concentrations of the CdO/
Chitosan NPs on the number of macrophages repeated twice.

Concentration pg/ml

CdO/Chitosan core shell nanostructures

Table 4 The effect of different concentrations of CdO/
Chitosan NPs and Amphotericin B on the number of
promastigotes.

Concentration pg/ml

Mean + SD, p < 0.0001

Mean + SD p-Value
Negative control 8.425 £+ 0.181 p < 0.0001
0.25 20.26 £ 0.068 p < 0.0001
0.5 32.26 + 0.068 p < 0.0001
1 36.04 £ 0.002 p < 0.0001

the concentrations of 0.25 pg/mL, 0.5 pg/mL, and 1 pg/mL,
the percentage of apoptosis was equal to 23%, 30%, and
56%. According to this study, the rate of control apoptosis
was 8% and the rate of apoptosis caused by amphotericin B
in similar concentrations was about 67%, 84%, and 88%,
respectively.

Table 3 presents the effect of different concentrations of
CdO/chitosan NPs on the number of macrophages (repeated
twice). As shown by the results, by increasing the concentra-
tion of CdO/chitosan NPs from negative control up to
0.25 pg/mL, 0.5 pg/mL, and 1 pg/mL, the number of macro-

phages significantly increased (mean =+ SD) (p-value
iNOS
6_
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Fig. 7 The gene expression levels of interleukin-12 (IL-12 p40)
and inducible nitric oxide synthase (iNOS gene) as representative
of the Th-1 pathway significantly up-regulated (P < 0.001).

Ampbhotericin B Chitosan/CdO
Negative control 7.235 £ 0.055 7.235 £+ 0.055
0.25 67.07 = 0.005 23.16 + 0.026
0.5 84.275 £+ 0.076 31.02 £ 0.0004
1 88.365 £ 0.133 56.085 £ 0.007

<0.0001). Considering that resistance to drugs in cutaneous
leishmaniasis is increasing and due to the toxicity of these
drugs, the results of the present study showed that CdO/chi-
tosan NPs reduce the number of promastigotes. This function
can be due to the direct effect of the drug on promastigotes, the
immunomodulatory properties, inducing the expression of
stimulatory genes such as metacaspase, inducible nitric oxide
synthase (iNOS), interleukin-12 (/L-12), interferon gamma
(IFN-y), tumor necrosis factor-o. (TNF-o)), and inhibiting the
expression of the IL-10 gene. Table 4 presents the effect of dif-
ferent concentrations of CdO/chitosan NPs and amphotericin
B on the number of promastigotes. The aim of this study was
to evaluate the effect of different concentrations of CdO/chi-
tosan NPs compared with the selected and common drug (am-
photericin B) on the survival and activity of Leishmania major
promastigotes using flow cytometry.

3.3. Gene expression

The gene expression levels of IL-12 p40 and iNOS, as the rep-
resentative of the Thl pathway, were significantly up-regulated
(P < 0.001) with the increase of drug concentrations from
0.25 pg/mL to 1 pg/mL (Fig. 7). In this study, it was investi-
gated that whether CdO/chitosan NPs mediate iNOS and
cytokines induction in L. major parasites as a possible mode
of action contributing to cell death. Treatments with CdO/chi-
tosan NPs for 72 h greatly increased IL-12 and iNOS gene
expression. Considering that resistance to the drugs used for
treating cutaneous leishmaniasis is increasing and due to the
toxicity of these drugs, the results of this study revealed that
chitosan/cadmium oxide NPs reduce the number of promastig-
otes. This function is due to the direct effect of the drug on
promastigotes and also through the immunomodulatory prop-
erty and inducing the expression of stimulatory genes such as
iNOS and IL-12.

4. Conclusion

In this study, two different methods (DLS and SEM) were
used to determine the size and distribution of CdO/Chitosan
core shell nanostructures. The green synthesis of nanoparticles
is one of the most effective and least expensive methods of
making nanoparticles (Zhao et al., 2021) which used in this
study. These nanostructures can be used as therapeutic drugs
in various treatments such as antibacterial, antifungal, antivi-
ral, biofilm eradication, and cancer treatments. According to
the findings, it can be concluded that CdO/chitosan NPs
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caused the apoptosis of promastigotes of the Leishmania major
parasites. One of the limitations of using anti-leishmaniasis
drugs is their high toxicity. Studies performed to identify effec-
tive and safe anti-leishmaniasis drugs have proven that there is
a strong correlation between the results of in vitro mammalian
cell toxicity and the results of in vivo toxicity; the toxicity eval-
uated as the SI parameter higher than one shows the specificity
of the proposed NPs on the parasite and its non-toxicity to
macrophages.
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