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Abstract

To evaluate the anti-leishmanial activity of gold nanoparticle against Iranian strain of Leishmania major
(MRHo/IR/75/ER): In vitro and In vivo study. Gold nanoparticle was prepared by heating 20 ml of HAuCl4 (1.0 Mm)
on a moving hot plate and concentrations of 100, 500 and 1000 ppm. parasites were added in different wells and 20
μL of each concentration were added in medium. Live and dead Promastigotes were counted after adding 0.1%
eosin stain. Moreover, the efficacy of gold nanoparticle was examined in BALB/c mice infected with Iranian strain of
L. major. The gold nanoparticle had completely effective at concentration of 500 and 1000 ppm on promastigote
from L. major after 180 min. In in vivo study, the mean size of lesions was significantly decreased in the groups
treated with gold nanoparticle in comparison with the control group. Gold nanoparticle was predictable as an
appropriate candidate among natural antileishmanial agents.
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Introduction
The infection of the cutaneous leishmaniasis, caused by a protozoan

of the genus Leishmania, is transmitted by some species of female
phlebotomine sandfly. This disease is observed in three forms
including cutaneous, mucocutaneous and visceral Leishmaniasis [1].
The cutaneous leishmaniasis is the most common form of the
Leishmaniasis that it can observe in both dry (urban) and wet (rural)
forms. Annually, 1.5 million people are infected by the cutaneous
leishmaniasis in the world and it is estimated that about 12 million
people are suffering from the cutaneous leishmaniasis in different
regions of the world [2]. The number of people, who is annually
infected with cutaneous leishmaniasis in Iran, has been reported about
15 thousand that the actual number of the infected people is 4-5 times
higher than reported numbers [3].

The wet ulcer is generally formed by L. major which is also called
the cutaneous leishmaniasis because this type of leishmaniasis is
mostly found in rural areas where the infectious agent tends to the
rodents rather than the humans [4]. The treatment of people who live
in endemic areas is not considered as a serious issue because the
spontaneous recuperation is associated with creating a protective
immune in these people; however, the treatment should be performed
when the ulcers are created on people's faces or inflammation of the
lymphatic vessels be observed [5,6]. The local treatment should be
prescribed for the primary and non-inflamed ulcers and the systemic
treatment should be performed for the multiple or undetectable ulcers
[7]. The antimony meglumine (Glucantime) and Sodium
stibogluconate (Pentustam) are considered as the selective drugs to
treat the disease; but, their performance has reduced from 20%-50% in
recent years [8]. The emergence of the resistant forms against these
drugs is the major problem of the treatment which is caused to
introduce new anti-leishmanial such as Ketoconazole, Paromomycin,
Amphotericin B, Miltefosine and other chemical compounds [9].

However, all of these drugs exhibit various side effects. The toxicity of
these drugs, the sustainability of the adverse effects even after the
modification of dose and long-term treatment are of their defects [10].
Besides, these treatments, especially in rural areas, are not suitable due
to the high costs and lack of access. Hence, the use of new compounds
without the mentioned issues seems to be essential.

Nanotechnology is the understanding and controlling of the
material at dimensions of 1 to 100 nm, which is brought unusual
physical, chemical and biological properties and is led to the possibility
of the unique and innovative applications [11]. The gold nanoparticles
are utilized as anti-HIV [12], anti-arthritic [13], anti-malarial [14] and
angiogenesis [13]. In addition, since the nanoparticles are used in
various fields, especially in the biological and medical sciences, the
electrical properties of gold nanoparticles can be changed in various
aspects such as size, nature of coating agent and the distance between
the nanoparticles that it is dependent on the synthesis method used
[12]. There are several methods for the synthesis of gold nanoparticles
which is classified in chemical, physical and biological groups [15]. The
chemical reduction has been identified as a most practical and effective
method for the preparation of metal nanoparticles [16]. Similar to the
silver, the gold is a chemical element which has the anti-bacterial
properties in addition to its application for jewellery. It has achieved
more popularity to use as drug in industry and medical and etc due to
the anti-bacterial properties [17,18]. This metal is used as medicines to
treat some diseases such as rheumatoid arthritis. Recently, the anti-
tumor effect of gold has detected and it has also used in the treatment
of cutaneous leishmaniasis [19,20]. In addition, various researches
have been conducted to study the effect of metals such as gold, as
ligand, along with some drugs including chloroquine, Pentaamine,
clotrimazole and Ketoconazole to treat the malaria, leishmaniasis and
trypanosomiasis [21]. This study was to investigate the effect of nano-
gold against L. major. The results of this study can be used to discover
a suitable alternative drug in the treatment of L. major which it is
without the disadvantages of drugs used to treat, especially the side
effects of chemical drugs.
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Materials and Methods

Nano gold preparation
Gold nanoparticle was prepared by heating 20 ml of HAuCl4 (1.0

Mm) on a moving hot plate and bringing the solution just to 140ºC by
thawing process and to it 1% sodium citrate solution was added to the
heated solution. Then the solution became dark red and the
nanoparticles were detached [22].

In vitro anti-leishmanial activity study
Promastigotes at log phase were centrifuged at 2000 rpm for 5 min,

diluted in fresh culture medium to a final density of 2 × 106 cells/mL.
200 μL of parasites were added in different wells and 20 μL of each
extract were added in medium. Two rows of 96-well plate were left for
1% (w/v) acetic acid and 1 mol NaOH as negative controls. Live and
dead promastigotes were counted after adding 0.1% eosin stain with
light microscope.

In vivo anti-leishmanial activity study
Fifteen 6-7-weeks-old female BALB/c mice were used in current

investigation. All mice were inoculated subcutaneously in the base of
tail with approximately 1.6 × 106 in stationary stages promastigotes of
L. major. Mice were divided into three groups with each group
containing 5 mice. The groups were categorized as follows: Group 1
was treated with the 100 µg/ml of nano gold; Group 2 was treated with
the 400 µg/ml of nano gold; Group 3 was untreated (control group).
Treatment was started when local lesions were obvious. The mice were
treated topically once in a day for 28 continuous days. The lesion size
was measured weekly before and after treatment by dial micrometer in
two diameters (a,b) and comparing it with that of untreated lesions.
The wound size was considered by the formula:

Correspondingly; before treatment and 7, 14, 21 and 28 days after
treatment, slides of infected lesions were prepared and fixed with
methanol, stained with Giemsa and examined by oil immersion and
light microscope (1000X). Nano gold effectiveness was evaluated by
comparing the diameters of wounds and the number of slides with
amastigotes, between treated and untreated groups.

Cytotoxicity assay
The 2, 5-diphenyl tetrazolium bromide (MTT) colorimetric

technique was utilized to display the cytotoxic activity of nano gold.
Summery, the macrophage cells (1 × 104 cells/ml) were cultured for 24
hours on cell culture plates and were then exposed to 3 different
concentrations (100, 500 and 1000 ppm) of nano gold. Additionally;
metronidazole and DMSO were used as positive and negative controls,
respectively. For analysis of the viability, 10 μL MTT reagents in 5.0
mg/mL PBS was added to each well and then kept at 37°C for 3 h and
after incubation, centrifugation at 1300 rpm for 5 min was done.
DMSO was added to the sediment and after 20 min, the optical density
(OD) of each well was measured at 550 nm. All experiences were done
in triplicates [23].

Statistical analysis
All in vitro experiments were performed in three times. The mean

and standard error of at least three experiments were determined.
Statistical analysis of the differences between mean values gotten from
experimental groups was done by means of χ2, ANOVA and Paired T
test. In this study, p<0.05 was considered as the significant level.

Results

In vitro study
The effect of low molecular weight nano gold at different

concentrations (50, 100, 200 and 400 ppm) on promastigotes of L.
major after 30, 60, 120 and 180 min is presented in Table 1. In all
concentrations, the effect of nano gold is time dependent that in all
times, living promastigote decreased in different tubes in comparison
to past time. Also, the effect of nano gold on L. major was significantly
differenced from negative control controls (P<0.001). In all time
intervals, the use of any concentration of nano gold-controlled L.
major more successfully by increasing in concentration.

Times Nano gold concentration Controls

100 ppm 500 ppm 1000 ppm 1% acetic acid 1 mol NaOH

30 min 100 ± 0.0 100 ± 0.0 100 ± 0.0 100 ± 0.0 100 ± 0.0

60 min 52.16 ± 2.88 80.48 ± 2.16 95.47 ± 1.49 93.6 ± 1.04 96.3 ± 1.09

120 min 39.25 ± 1.44 26.77 ± 2.12 21.14 ± 3.25 91.64 ± 1.32 91.54 ± 0.95

180 min 6.35 ± 0.75 4.66 ± 2.56 0.00 ± 3.25 91.9 ± 1.62 89.01 ± 1.45
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P-value 0.002 0.001 0.001

Table 1: The effects of nano gold in concentrations of 100, 500 and 1000 ppm on the viability of the promastigotes of L. major after 30, 60, 120 and
180 min, in vitro, in comparison to 1% acetic acid and 1 mol NaOH as negative controls.

In vivo study
The mean size of lesions was decreased in the groups treated with

nano gold in comparison with the control group (Table 2). The mean
lesions size in the control groups was 8.74 mm, whereas it was 2.07
mm and 1.05 mm in groups treated with the 100 ppm and 1000 ppm
concentration of nano gold, respectively. The mean difference between
treated and control groups was significant (p<0.05).

Groups Concentratio
n

Lesion size
(mm)

Lesion size after intervention

µg/ml Before
intervention

After 7
days

After
14
days

After
21
days

After
28
days

Nano
gold

100 ppm 7.12 ± 2.41 5.9 ± 1.35 4.12
± 0.8

2.25
±
1.25

2.07
±
0.86

Nano
gold

1000 ppm 11.2 ± 1.28 10.8 ± 2.50 7.66
±
2.77

5.24
±
2.00

1.05
±
1.05

Control
group

untreated 8.25 ± 2.18 8.1 ± 2.2 8.9 ±
2.12

8.8 ±
2.85

8.47
±
1.42

Table 2: The effects of nano gold in concentrations of 100 and 1000
ppm in BALB/c mice infected with Iranian strain of L. major after 7,
14, 21 and 28 days of treatment, in vivo, in comparison to controls
groups.

Cytotoxicity
In this study cytotoxicity was evaluated on macrophage cells, nano

gold showed no hemolytic activity, with less than 5% lysis within 180
min of incubation when it was used at 1000 ppm. Treatment of the
positive control with glucantime showed a hemolytic effect, with 17%
lysis after 180 min, whereas 0.5% DMSO did not cause lysis.

Discussion
The findings of this study showed that the gold nanoparticles have

the appropriate antileishmanial effects. The gold nanoparticles are a
series of metallic components with different sizes. Today, the gold
particles are successfully applied to treat a broad spectrum of micro-
organisms [12]. In this study, the effect of different dosages of gold
nanoparticles on the elimination of L. major has evaluated based on its
properties at in vivo and in vitro condition. Based on the results of
present work, it was detected that the different dosage of gold
nanoparticles has a significant effect on the promastigotes of L. major;
so that the increasing of the gold nanoparticles dosages in the certain
times, especially in 60 and 180 min, increase the lethality percentage.
Furthermore, it was observed that the increasing of the contact time
increases the lethality percentage and the elimination level of the
promastigotes of the L. major, especially in dosages of 500 ppm; so that
the highest lethality percentage is observed in the gold nanoparticle

dosage of 1000 ppm in the contact time of 180 min which it was higher
than the control group. Moreover, the results showed that the lethality
effect of the glucantime is 99% in the 180 min. As a result, the
comparison of the observed performance of the gold nanoparticles
with the performance of glucantime, which the medicinal dosage of
glucantime, illustrates that the lethality effect of gold nanoparticles in
lower dosage, was close to the results of glucantime as the selective
drug for treatment of Leishmania.

In the study, the gold nanoparticles have used as a therapeutic agent
for cutaneous leishmaniasis caused by Iranian strains of L. major. In
this study, the effect of two different dosages of gold nanoparticles has
studied against L. major strains in the 25 mice. The gold nanoparticles
in dosages of 500 ppm and 1000 ppm were consumed to treat the mice
twice in a day for 28 days. The results showed that the number of
parasite amastigote in the ulcers is significantly decreased. Also, the
gold nano-particle solution has a significant role in reducing the death
rate in mice. In addition, despite the significant reduction of the
amastigote, the lethality percentage of the parasite has not been
reported.

In recent decades, the researchers have conducted several in vitro
studies to evaluate the anti-parasitic properties of metal nanoparticles
e.g. silver and also other substances e.g. chitosan on L. major [24,25].
For example, Saeed et al. has surveyed the potential of silver
nanoparticle and curcumin chitosan to eliminate the L. major in 200
rats [26]. Their study illustrated that the simultaneous use of silver
nanoparicle and chitosan nanoparticles had greater efficiency to
destroy the promastigotes of L. major. Mohebali et al. has investigated
the effect of different dosages of nanosilver on the in vitro and in vivo
elimination of L. major [27]. The results of their study showed that the
various dosages of silver nanoparticles can reduce the amastigotes
compared to control group, but it was not significant. Also, the
different dosage of nanosilver has not significant effect to decrease the
mean size of the ulcers.

In the study of Karima et al., the use of the silver nanoparticle has
significantly reduced the mean growth of ulcers diameters; so that the
ulcers sizes in the treated group with silver nanoparticles decreased to
about one second of the negative control group (without treatment)
after 5 weeks. Since, a single strain has studied in both of these studies,
thus the strain has not effective role on the performance of the
nanosilver against L. major [28]. Jebelli et al. have compared the
potential of nano-materials including silver, gold, TiO2, MnO2 and
ZnO2 under ultraviolet and infrared lights on Leishmania species.
They have observed that the highest antileishmania activity is related
to silver nanoparticles [29]. It is also found out that the antileishmania
activity of the both ultraviolet and infrared is lesser than the silver
nanoparticles activity. They also reported that the silver nanoparticles
were better than gold in the context of the elimination of leishmaniasis.
However, based on the results of Jamee and Jebelli and also the results
of recent studies, it seems that the gold has the better antileishmania
effect than the silver. The use of gold nanoparticles can be considered
as one of the innovative therapeutic method with low side-effects
issues to eliminate the CL.
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Conclusion
According to the results of this study, the 1000 ppm of the gold

nanoparticles can effectively use to eliminate the L. major in both in
vivo and in vitro. Thus, it can be concluded that the metal
nanoparticles such as gold, in suitable dosages, can be used for in vivo
elimination of the promastigotes of L. major in order to the therapeutic
uses or to perform the complimentary studies on other blood-tissue
parasites in the animals. In addition, this study can be considered as a
suitable approach to find the proper alternative to the drugs used as a
therapeutic agent for the CL since it can be a method without the
issues related to the chemical drugs such as glucantime.
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