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ABSTRACT

Cutaneous leishmaniasis is one of the most important health-threatening
: diseases in Iran and other countries. Glucantime is currently used to treat this disease, but due to its side
Received: 24 Apr 2022 effects and high resistance, alternative therapies such as the use of nanoparticles have been considered
Accepted: 19 Jul 2022 ¢ byresearchers. This study aims to investigate the anti-leishmania activity of silver nanoparticles on Leish-
: mania major in vitro.
[VETELE This is an experimental study on the anti-leishmania activities of silver nanoparticles at differ-
ent concentrations of 0.75-0.96 pg/ml after 24, 48 and 72 hours of exposure to 106 live Leishmania
major promastigotes. The numbers of live parasites were counted by Trypan Blue on a neobar slide
using optical microscope (Hemocytometer method). Glucantime and distilled water were considered
as positive and negative controls, respectively. The half-maximal inhibitory concentration (IC50) was cal-
culated by SigmaPlot™ software, version 13. All reactions were done three times and their average was
considered as final result.
TR All concentrations of silver nanoparticles had anti-leishmania activity, where the concentration
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Keywords: of 96 pug/ml had the highest effect (100%) 72 hours after exposure. The IC50 was obtained 36.67, 27.2
Silver, Nanoparticles, and 21.08 ug/ml after 24, 48 and 72 hours of exposure, respectively.

antileishmania activ- | [y Silver nanoparticles have an inhibitory effect on the growth of Leishmania major in differ-
ity, Leishmania major, ent concentrations. However, further in-vivo studies are needed to determine the effictivness of silver
In vitro techniques © nanoparticles.
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Extended Abstract

Introduction

eishmania strains cause a range of hu-

man diseases in tropical and subtropi-

cal regions around the world [1], which

are manifested in the form of cutaneous,

muco-cutaneous, or visceral leishmaniasis
or kala-azar [2]. This disease is caused by a type of obli-
gate intracellular protozoan called Leishmania from the
Kinetoplastida order. Approximately 350 million people
around the world are at risk of developing this disease,
and 2 million new cases are reported annually [4, 5].

Transmission of leishmaniasis to humans occurs by the
bite of specific ground mosquitos (sandflies) from the
subfamily of Phlebotominae and causes a wide range of
disorders, from a self-limited skin disease to widespread
skin or visceral disease. This disease occurs in two forms:
rural and urban cutaneous leishmaniasis [6]. During in-
fection, flagellated promastigotes are penetrated into the
vertebrate skin and are phagocytosed by local macro-
phages. When the parasites enter the phagolysosomes of
the macrophage, they can survive from enzymatic diges-
tion and transform into amastigote forms and multiply.
Therefore, one of the main challenges in the treatment of
cutaneous leishmaniasis is that the specific location of the
parasite in the phagolysosomes of the macrophage pre-
vents drug access through therapy [7].

Antimony-based drugs have been the first options for the
treatment of leishmaniasis in the past decades, but these
drugs have toxic properties on the liver, heart and kid-
neys, require frequent injections, cause resistance in the
parasite, and are not very effective [8-10]. Therefore, it is
necessary to prepare a more effective medicine, with few-
er side effects, and faster wound healing. In recent years,
researchers have become interested in using nanoparticles
to treat infectious diseases. Currently, nano-biotechnolo-
gy is considered as a new way to fight parasites and dis-
eases caused by them [11]. Silver nanoparticles are used
in various pharmaceutical and medical fields, textile indus-
tries, sanitary ceramics, water refinement, paint, agricul-
ture, animal husbandry, polymer composites for industrial
and household applications, and all kinds of water filters
[12]. The emergence of drug resistance in different micro-
organisms of silver nanoparticles caused new hope for the
treatment of human infections [13].

The antimicrobial effects of silver are increased with the

reduction of their size at nano level. Silver nanoparticles
are clusters of silver atoms with a diameter of 1-188 nm,
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which enter the microorganisms by binding to proteins
containing sulfur on the surface of their membrane and,
by changing the morphology and permeability of the
membrane and affecting the respiratory chain and cell di-
vision, causes cell death [14]. Considering the different
properties of these nanoparticles, this study aims to inves-
tigate the anti-leishmanial activity of silver nanoparticles
on Leishmania major parasite in a laboratory culture.

Methods

Leishmania major parasite culture

After obtaining the standard strain of Leishmania major
(MRHO/IR/75/ER) from Pasteur Institute of Iran, it was
cultured in a biphasic Novy-MacNeal-Nicolle (NNN) cul-
ture medium. Then, for multiplication, it was transferred in
RPMI-1640 culture medium (Sigma, USA) containing an-
tibiotics including penicillin (100 units/mL) and streptomy-
cin (100 pg/mL) (Gibeo Invitrogen, USA), as well as 20%
fetal bovine serum. The flasks of the culture medium were
transferred to the incubator at a temperature of 25+1°C and
were examined daily with an inverted microscope.

Characteristics of silver nanoparticles and prepara-
tion of different concentrations

Silver nanoparticles as a black powder was purchased
from Pishgaman Nano Materials Company in Iran. The
size of nanoparticles was 25-100 nm; its actual density
was 10.5 g/em3 and its purity was 99.99%. Their charac-
teristics were determined by scanning electron microscope
(SE EM3200 KYKY Technology Development Ltd, Bei-
jing, China) and transmission electron microscope (TEM,
Leo 906, Zeiss 100 KV, Germany). Concentrations of 0.75
to 96 mg/mL were prepared from silver nanoparticles by
dissolving them in distilled water. The diluted nanoparti-
cles were sterilized using a 0.22-micron syringe filter with
a diameter of 25 mL (Sartorius, Germany).

Effect of silver nanoparticles on promastigotes of
Leishmania major and determining the half-maximal
inhibitory concentration

To investigate the lethal effect of silver nanoparticles on
promastigotes of Leishmania major, 106 parasites in the log-
arithmic phase were exposed to concentrations of 0.75, 1.5,
3,6, 12,24, 48 and 96 pg/mL. Glucanthium (40 ug/mL) and
distilled water were used as positive and negative controls,
respectively. Three flasks were used for each concentration
and for positive and negative controls. All groups were incu-
bated at a temperature of 25+1 °C. After 24, 48 and 72 hours,
the number of live parasites was counted by trypan blue on
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a neobar slide in an optical microscope (Hemocytometer
method). The cytotoxicity of each concentration on parasite
promastigotes was calculated by as: GI= (a-b/a), where a
shows the number of live parasites in negative control sam-
ple and b shows the number of live parasites in the sample

containing silver nanoparticles. Then, their half-maximal in-
hibitory concentration (IC50) was calculated.

Statistical analysis

The data were reported using mean and standard devia-
tion, and SigmaPlot ™ software version 13 (Systat Software
Inc., San Jose, CA, USA) was used to calculate the IC50.

Results

Results of repeated measures analysis of variance showed
that, due to the different effects of silver nanoparticles, there
was a significant decrease in the number of Leishmania para-
sites over time (P<0.05). The value of IC50 for silver nanopar-
ticles after 24, 48 and 72 hours was obtained 36.67, 27.2 and
21.08 pg/mL, respectively. The highest cytotoxicity (100%)
was observed at a concentration of 96 mg/mL after 72 hours
of exposure to the parasite. The numbers of Leishmania pro-
mastigotes in different concentrations of silver nanoparticles
after 24, 48 and 72 hours of incubation are shown in Table 1,
and the effects of different concentrations of silver nanoparti-
cles on Leishmania promastigotes are shown in Table 2. The
mean cytotoxicity of silver nanoparticles are shown in Figure
1. Figures 2 and 3 show the scanning and transmission elec-
tron microscopy images of silver nanoparticles, respectively.
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Discussion

According to the reports of the World Health Organiza-
tion (WHO), about 14 million people in Africa, Asia, Eu-
rope and America are directly affected by leishmaniasis
[15]. Antimony-based drugs have been recommended as
the main method for treatment of leishmaniasis, but they
have some limitations such as high costs, side effects,
the need for repeated injections, and incomplete effi-
cacy; therefore, preparing a new anti-leishmaniasis drug
is needed. The purpose of this study was to investigate
the anti-leishmanial activity of silver nanoparticles on
Leishmania major in laboratory conditions. The results
revealed that silver nanoparticles in different concentra-
tions had an inhibitory effect on the growth of Leishma-
nia major where the concentration of 96 mg/ml had the
greatest anti-leishmanial effect (100%) after 72 hours of
exposure. Silver nanoparticles can damage Leishmania
parasite by binding to sulfur and phosphorus groups and
also by releasing free oxygen radicals [16].

Mayelifar et al. incubated Leishmania major promastigotes
with silver nanoparticles for 1 hour and then 8 electric pulses
were applied to the samples by an electroporation device.
Their results showed that the presence of silver nanoparticles
and the simultaneous application of electric pulses provide a
significant decrease in parasite survival [17]. Akhzari et al.
used liposome and albumin nanoparticles containing activat-
ed melittin to treat leishmaniasis wounds caused by Leish-
mania major. Their results showed that the size of wounds in
this group was significantly reduced [18].

Table 1. The number of Leishmania promastigotes in different concentration of silver nanoparticles after 24, 48 and 72 hours

Concentration(ug/ml) 24h 48h 72h P

0.75 1823 3666 4967

1.5 1712 3351 4568

3 1563 3036 4111

6 1470 2878 3768

<.0004

12 1339 2562 3311

24 1209 2247 2912

48 911 1419 685
96 279 1354 0
Positive control 0 0 0

Negative control 1861 3943 5710
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Table 2. The effect of different concentrations of silver nanoparticles on Leishmania major promastigotes after 24, 48 and 72 hours

incubation
Concentration(pg/mL) 24h 48h 72h P
0.75 2 7 13
1.5 8 15 20
3 16 23 28
6 21 27 34
<.000021
12 28 35 42
24 35 43 49
48 51 64 88
96 85 91 100
Positive control 0 0 0
Negative control 10 100 100

Casa et al. reported that albumin nanoparticles contain-
ing amphotericin B. reduced the toxicity of the drug. The
histotoxicity of drug against liver, spleen, heart and kid-
ney was also significantly reduced; therefore, they sug-
gested this drug as an alternative to amphotericin B [19].
In another study, Haddad et al. examined the anti-leish-
manial effect of curcumin-loaded chitosan nanoparticles
on Leishmania major and Leishmania infantum in vitro.
By counting the number of parasites, they found that the
synthesized nanoparticles had a favorable inhibitory ef-
fect on the growth of leishmania major and Leishmania
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infantum [20]. Torabi et al. showed that gold nanoparticles
reduced the number of Leishmania major amastigotes in
leishmaniasis wounds and the mortality rate of mice was
decreased [21]. The effects of selenium nanoparticles on
Leishmania infantum were investigated by Soflaei et al.
[22], and the IC50 of nanoparticles against amastigote
and Leishmania infantum promastigote was reported as
10 and 25 mg/mL, respectively. This indicates that the an-
ti-leishmanial effect of selenium nanoparticles is greater
than that of silver nanoparticles.
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Figure 1. Mean cytotoxicity of different concentrations of silver nanoparticles on Leishmania major promastigotes after 24, 48 and 72 hours
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Figure 2. Electron microscopy image of silver nanoparticles (size= 25 nm)

In a study conducted by Faizabadi et al. on the anti-
leishmanial effects of chitosan nanoparticles loaded
with excretory-secretory antigens of Leishmania major
on the number of apoptotic macrophages, it was shown
that chitosan could increase the ability of infected macro-
phages to eliminate parasite by reducing apoptosis [23].
Another study by Sazgarnia et al. on the effectiveness of
heat therapy in the presence of gold nanoparticles and mi-
crowave radiation on the survival of promastigotes and
amastigotes of Leishmania major showed that the pres-
ence of gold nanoparticles during microwave radiation
caused more toxicity against promastigotes and amasti-
gotes. Therefore, they suggested heat therapy using mi-
crowave rays in the presence of gold nanoparticles as a
new treatment approach [24]. Jamei et al. investigated
the effect of selenium and silver nanoparticles in heal-
ing the wound caused by Leishmania major and found
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that the diameter of wounds in the group treated with
selenium nanoparticles showed no significant difference
compared to the control group, while the wound diameter
in the group treated with silver nanoparticles showed a
significant difference, but it was larger than in the group
treated with glucantime (positive control) [25]. The study
by Baiocco et al. on inhibitory effect of silver nanoparticle
on visceral leishmaniasis showed that silver nanoparticle
had a greater effect in killing Leishmania than antimony
[26]. In a review study by Elmi et al., it was reported that
nanoparticles of silver, gold, chitosan and metal oxides
had a inhibiting effect on Leishmania [27]. In the study
by Jebali and Kazemi on the effect of silver and gold
nanoparticles, titanium dioxide, zinc dioxide, and mag-
nesium dioxide under ultraviolet, infrared and dark con-
ditions showed that silver nanoparticles had the highest
anti-leishmanial activity, although both ultraviolet and
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infrared light had anti-leishmania activity as well [28].
El-Khadragy et al. in a study using silver nanoparticles
biosynthesized by Moringa oleifera leaf extract showed
their anti-leishmanial activity in a murine model of Leish-
mania major infection and concluded that treatment with
silver nanoparticles biosynthesized using Moringa oleif-
era extract had a clinically higher and faster effect than
standard pentavalent antimonial treatment, probably due
to increased antioxidant activity [29]. The discrepancy in
the results of different studies can be due to the difference
in nanoparticles and the measurement units such as mi-
crograms, milligrams, etc.

Discussion

All concentrations of silver nanoparticles have anti-
leishmanial activity, where the concentration of 96 mg/
mL has the highest anti-leishmanial effect (100%) 72
hours after exposure to Leishmania major. Further in-
vivo studies are needed to determine the efficacy of silver
nanoparticles.
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