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Abstract. In this experimental study, first the killing effect of silver nanoparticles alone or in
combination with 3mA of Half-Wave Rectified Sine current was assessed in promastigote
culture for 10 minutes. The survival rate of infected promastigotes was evaluated by Flow
cytometery. In the second step, BALB/c mice were infected experimentally with L. major,
followed by silver nanoparticles injected inter-lesion and simultaneously 3 mA a Half-Wave
Rectified Sine current induction was applied directly into the wound. Finally, the lesion size
and the mice body weight changes were measured during 5 weeks. Results indicated that
simultaneous use of nanoparticle and electricity increased the mortality of promastigotes
significantly. However, when 3 mA of HWRS and 160 pm/ml nanosilver were used alone in
medium culture only 73.4% and 32% of promastigotes were killed respectively but the combined
use destroys the promastigotes completely. The diameter of the lesions after six weeks in the
control group; group treated with meglumine antimoniate and the group treated with HWRS
increased to 6.01, 0.02 and 0.52 mm but in group treated with HWRS plus Nanosilver was
reduced to -0.14 mm. The results showed that, when silver nanoparticles with HWRS current
electricity were used in mice, the skin lesions were reduced in size but like Glucantime,

complete healing was not achieved.

INTRODUCTION

Leishmaniasis is a predominantly rural
disease that is prevalent in 98 countries
from 4 continents. The disease is reported to
cause 1.6 million new cases annually (WHO
2008, 2010), of which 1.1 million cases are
due to cutaneous leishmaniasis (90.0% of
them occurring in Afghanistan, Algeria,
Brazil, the Islamic Republic of Iran, Peru,
Saudi Arabia, Sudan and the Syrian Arab
Republic). Of the 1.6 million estimated cases,
only about 600 000 are actually reported
(WHO 2008). Since 1993, the distribution of
leishmaniasis has expanded, and there has
been a sharp increase in the number of cases
recorded (Desjeux 2001). This disease is the
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second most common insect-borne disease
in almost all parts of the country.

Effective treatment is one of the most
crucial ways that can greatly reduce the
pain, psychological, and social side effects
of the disease (Reithinger et al., 2007).
Various drugs, including chemical and
herbal compounds have been used to treat
leishmanial skin lesions. Several cases of the
disease have been reported, particularly in
patients with immunodeficiency and also due
to problems such as disease recurrence, drug
resistance, drug side effects, and secondary
bacterial infection. Sodium antimony
gluconate and meglumine antimoniate are
the most common used compounds in the
treatment of leishmaniasis. Due to the



appearance of Leishmania resistance to
antimony compounds (Brogden et al., 1998),
efforts are being made to find new effective
medications or therapies that are still
ongoing.

In addition to the chemical compounds,
some other methods such as thermotherapy,
cryotherapy (WHO 2010) or electrical
current were applied for the management of
Leishmania infections. There is considerable
evidence that electrical current can inhibit
the growth of microorganisms (Rowley et
al., 1974; Barranco et al., 1974). On the other
hand, electrical current has been used for
wound healing for many years (Reger et al.,
1999; Alvarez et al., 1983; Wolcott et al.,
1969; Gaulth and Gatens 1976; Carley and
Wainapel 1985; Gentzkow et al., 1991).

Rectification is defined as the process of
conversion of alternating current (AC) to
direct current (DC). In half wave rectification
of a single-phase supply, either the positive
or negative half of the AC wave is passed,
while the other half is blocked. Because only
one half of the input waveform reaches
the output, mean voltage is low. Half-wave
rectification requires a single diode in a
single-phase supply, or three in a three-phase
supply (http://en.wikipedia.org/wiki/Rectifier
Lander and Cyril 1993).

Currently there are limited number of
studies on the use of electrical current to
treat leishmanial ulcers. Shaquie et al. (1998)
and Hijazi et al. (2004) have used electricity
to treat leishmanial skin lesions.

Furthermore, various nanoparticles have
been evaluated against Leishmania in vitro
and in vivo (Soflaei et al., 2014; Beheshti et
al., 2013; Soflaei et al., 2012; Elmi et al.,
2013; Jebali et al., 2013; Delavari et al., 2014,
Torabi et al., 2012; Andreadou et al., 2014).
And several researchers have used silver

nanoparticles to treat leishmanial ulcers
(Baiocco et al., 2011; Allahverdiyev et al.,
2011; Mohebali et al., 2009).

The main objective of the present study
was to evaluate the efficacy of anew protocol
for the treatment of cutaneous leishmaniasis.
It consisted of using HWRS plus silver
nanoparticle in the killing of Leishmania
magjor promastigotes in vitro and in healing
the leishmanial ulcer.

MATERIALS AND METHODS

Parasite

The standard strain of Leishmania major
(e.i., MRHO/IR/75/ER) prepared from Razi
Vaccine and Sera Institute (Iran). The parasite
cultured in NNN medium, then into RPMI1640
culture medium (Gibco Company). To
prevent the growth of bacteria 100unit / ml
penicillin and 100pg / ml streptomycin and
fetal calf serum as a supplement (FBS)
15-12% was added to the medium. Then
incubated at 24°C, transferred to a flask and
was checked by invert microscope every day.
This was done until the required number of
parasites obtained. The Neubauer counting
slide was used for counting the number of
parasites.

Silver nanoparticle
The 3000ppm Nanosilver solution manu-
factured by the US Research Nanomaterials
Company was used. The particle size was
20 nm and its purity was 99.99%. The
concentrations of 20, 40, 80, 160 png/ml were
prepared from nanoparticles.

For in vivo assay, the nanoparticle was
injected at a concentration of 250mg/ kg into
three points of the wound.

Figure 1. Half-wave rectifier (http://en.wikipedia.org/wiki/Rectifier Lander and Cyril 1993).
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Assessment of apoptosis by flow
cytometry

Promastigotes exposed to nanoparticle for
10 minutes into 1.5 ml microtubes were
centrifuged at 4000 RPM for 5 minutes.
Supernatant was discarded and the
precipitate obtained, then according to the
kit instructions 500pL of Binding buffer
was added to the precipitation. Then 5pL
Propidium Iodide and 5pL annexin were
added to the samples and was incubated for
5 min at room temperature and darkness.
Annexin-V and Propidium Iodide staining
intensity absorbed by the cells were
measured by BD FACSCanto II Flow
cytometer. Finally, the results were analyzed
using FlowJo software.

Device for use in medium culture

A device was designed with optimized
voltage and current output to be used in
medium culture. Since, RPMI 1640 medium
containing water and salt so, two gold
wires as electrode was used with the
highest conductivity, the lowest level of
decomposition and the least amount of
heat. A multimeter device was used to
measure electrical current and voltage into
medium culture.

Mice

The 6-4 week old female BALB/c mice
purchased from Razi Vaccine & Serum
Research Institute (Iran). Animals were kept
in the animal house of the University. The
mice were divided into 4 groups of six mice
per group; infected control group without
treatment; infected control group treated with
meglumine antimoniate; infected group
treated with HWRS and infected groups
treated with HWRS plus silver nanoparticle.

Infected mice

To infect mice, 0.1 ml of a solution containing
2x10% promastigotes in the stationary phase
was injected subcutaneously at the base of
the tail of the mice by insulin syringe. After 2
weeks of infusion parasites, small nodules
at the injection site induration appeared. To
ensure the presence of Leishmania in the
wound, microscopy examination was used on
the direct smear taken from the wound.
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Inducing HWRS in the mice

The Variac Transformer device was used for
induction different voltages of HWRS in the
ulcer of the mice.

Course of treatment and measuring the
diameter of the ulcer

HWRS induction of 1 mA was applied for 10
min on alternate days for 6 weeks. It should
be noted that the mice were anesthetized with
ketamine 10 minutes before applying electric
current. To induce electrical current in the
ulcer, two gold wire electrodes were used.
To more accurately measuring the voltage a
multi-meter device and to measure the
diameter of the wound a digital caliper was
applied.

Statistical Analysis

The mean variables in the different
groups were analyzed using ANOVA. To
detect significant differences between the
two different test groups, T-test was used.
It is noteworthy that the one sample
Kolomogrov-Smirnov test was used to
check the assumption of normality of
variables. For data analysis, SPSS version
16 was used and the significance level was
set at 0.05.

RESULTS

In vitro:

HWRS plus nanosilver

The viability percent of promastigotes
under induction of different mA of HWRS
as well as under induction of 10 min of 3
mAmp HWRS plus different concentrations
(20, 40, 80, 160 pg/ml) of nanosilver is
shown in Figures 2 and 3 respectively. The
viability of promastigotes under induction
of 1 and 3 mA was calculated 40.53% and
26.6% respectively.

According to Figure 3, the use of
nanoparticle and electricity simultaneously
has increased the lethality of promastigotes
significantly. However, when 3 mAmp of
current half-wave and 160 pm/ml nanosilver
promastigotes were used alone in medium
culture only 73.4% and 32% were found
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Figure 2. The viability percent of promastigotes of L.major under
induction of different mA of HWRS.
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Figure 3. Viability percent of promastigotes of L.major under induction of 3 mAmp
HWRS plus using different concentrations of nanosilver and nanosilver alone (j1g/ml).

killed respectively but combine use of them
destroyed the promastigotes completely.

Flow cytometry result

Apoptosis occurs in 0.96% of promastigotes
of the control group 10 minutes after culture
(Figure 4). In the group treated with 3mAmp
HWRS 10 minutes after culture, apoptosis was
seen in 87.40% of promastigotes (Figure 4).
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In vivo:

Leishmanial ulcer diameters of the
treated and non-treated mice

The mean diameter of the lesions in treated
and non-treated mice during six weeks are
shown in Table 1. The ulcer did not fully
recover in the groups after six weeks.
According to the result, the diameter of the
lesions in the control group; group treated
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Figure 4. Flow cytometry result: Apoptosis in promastigotes of L.major in the control group (left) and

the group treated with 3mAmp HWRS (right).

Table 1. Mean leishmanial lesion diameters of treated and non-treated mice

Lesion Diameters (mm) in

Weeks Control Glucantime HWRS Nanosilver Plus HWRS

(Group 1) (Group 2) (Group 3) (Group 4)

Mean+SE Mean=+SE Mean+SE Mean+SE
1 6.56+1.59 5.19+1.24 6.72+2.18 7.30+£2.68
2 8.60+1.12 5.59+1.08 7.37+£2.21 8.44+2.65
3 9.44+1.35 5.44+1.45 8.94+1.48 8.76+2.42
4 10.01+2.42 5.38+1.94 9.44+1.66 8.12+1.64
5 11.69+2.74 5.32+2.04 8.48+1.58 7.91+£1.87
6 14.57+3.75 5.21+1.96 8.24+1.74 7.08+1.72

Sig. Diff. with Group* 2,3,4,5 1, 3 1, 2 1

*Significant Difference P<0.05.

with meglumine antimoniate and in the group
treated with HWRS were increased 8.01, 0.02
and 1.52 mm after six weeks but in group
treated with HWRS plus Nanosilver was
decreased about 0.22 mm. Between the group
treated with HWRS plus Nanosilver and the
group treated with meglumine antimoniate
no significant difference was observed.
(P<0.05). The image of skin lesions after 6
week treatment with Nanosilver plus HWRS
is shown in Fig. 5.
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Body weights of treated and non-treated
mice

The body weights of treated and non-treated
mice during six weeks are shown in Table 2.
According to the result, the body weights
after six weeks in the control group; group
treated with meglumine antimoniate; in the
group treated with HWRS1 and in the group
treated with HWRS plus Nanosilver were
increased 2.12) 3.78, 3.15 and 3.77 g. Between
the group treated with HWRS plus Nanosilver



Figure 5. Image of skin lesions after 6 week treatment with

Nanosilver Plus HWRS.

Table 2. Mean body weights of treated and non-treated mice infected with L.major

Mice Body Weights (gr) in

Weeks Control Glucantime HWRS Nanosilver Plus HWRS

(Group 1) (Group 2) (Group 3) (Group 4)

Mean+SE Mean+SE Mean+SE Mean+SE
1 23.74+1.06 24.85+2.69 25.26+0.85 22.39+4.13
2 24.42+1.24 24.89+2.45 26.11+1.21 23.85+3.74
3 25.05+1.40 25.81+2.51 26.47+0.13 23.91+3.81
4 25.54+1.80 26.19+3.09 26.92+0.66 24.01+3.25
5 25.79+1.60 28.12+3.23 27.36+1.20 25.74+3.54
6 25.86+2.20 28.63+3.67 28.41+2.19 26.16+5.01

Sig. Diff. with Group* 2,3, 4 1 1 1

*Significant Difference P<0.05.

and the group treated with meglumine
antimoniate no significant difference was
observed. (P<0.05).

DISCUSSION

In general, the impact of electricity on the
ulcer healing process can be attributed to
the following reasons. Electrical stimulation
of epidermal cell causes migration and
recruitment of neutrophils and macrophage
cells that can stimulate proliferation of
fibroblasts and DNA synthesis. (Bourguignon
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& Bourguignon1987; Orida & Feldman 1982).
The cell migration to the site of damage is
done by the negative electrode. Usually the
charge around the cells are positive.
Electrical stimulation of the lateral cutaneous
nerve activation by negative electrode can
cause increased blood circulation in the
region. What is striking is that if the intensity
of stimulation is caused by excessive
electrical activity it may cause intense
muscle contraction (Baker et al., 1997). So
the low-intensity electrical stimulation
should be applied to prevent pain caused
by muscle contraction (Baker et al., 1997).



The electricity effect on ulcer healing
can be justified due to the following points:
If a tissue is damaged in the body, lesion
improvement will happen spontaneously
under biological phenomena. In fact, a series
of modifications and electrical mechanisms
occurs during wound healing. The lesion
initially becomes a positive charge after the
injury, but four days after healing, it changes
to the negative charge, and it remains
negative till complete healing (Burr et al.,
1940)

So, the healing is associated with
negative electric potential. Most cells are
electrically active in that they generate a
membrane potential. This electrical potential,
which is negative inside the cell compared
with the outside, is generated by active
pumping of ions across the membrane
(Brighton 1977; Burr et al., 1940).

This study was conducted in two stages;
in the first, promastigotes were cultured in
RPMI1640 medium to reach their proper
developmental stage, then they are exposed
to the influence of electric currents plus
different concentrations of silver nano-
particles concurrently. The combined use
of a 3 mAmp of HWRS and 160 pm/ml of
nanosilver destroys the promastigotes
completely in medium culture. However,
when the 3 mA of the current half-wave and
160 pm/ml nanosilver were used alone only
73.4% and 32.0% of promastigotes were
found killed respectively in media culture.

Electricity currents were applied for a
period of 6 weeks on alternate day for all
groups. The results obtained in this phase of
the study groups were significant. The
electricity was applied for 150 minutes on
average to each mouse for a period of 6 weeks.
The wound almost completely recovered and
the leishmanial ulcer was not observed in any
of the mice after treatment.

In Hejazi et al. (2004) study’s, direct
electric current was found to be effective
for the treatment of ulcers in BALB/c mice
infected with Leishmania magjor. The voltage
of direct current electricity was 3, with an
average current of 0.065 mA and the average
time of 30 minutes (range of 10-50 minutes)
(Hejazi et al., 2004). Full improvement of the
mice was achieved with the improvement
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of 42.69% in the week and mean of 1.5 weeks.
In addition to differences in the type of
electricity and the use of silver nanoparticles
used in this study was different from Hijazi
et al. (2004). In Hijazi et al. (2004) study,
stainless steel electrode was used and the
initial ulcer size was very small, only about
2 mm (Hejazi et al., 2004). However, in our
study, gold electrode was applied and an
average diameter of the ulcer was about
6 mm. These can be effective factors in
achieving different results in the two studies.

CONCLUSION

The survival rate of promastigotes reaches
zero after using 160 pm/ml of silver
nanoparticles plus HWRS simultaneously.
The results of study in animal model showing
that silver nanoparticles plus HWRS can limit
growth or reduce the diameter of leishmanial
ulcer in treated mice.
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