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Abstract
The present study was conducted to investigate the antileishmanial activity of biogenic silver nanoparticles (AgNPs) com-
pared to chemically synthesized AgNPs. A nano dimension size (10–15 nm) biogenic AgNPs was produced and character-
ized by UV–Vis spectroscopy and X-rays diffraction. The chemically synthesized AgNPs was recovering from our previous 
study with a nanoparticle (NP) size in the range of 10–40 nm. The antileishmanial activities were investigated through 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide cell viability assay. The infectivity was determined by Giemsa 
staining of the infected macrophages cells. Nitric oxide (NO) accumulation was measured by Griess reagent using NaNO2 
as a positive control. After 24 h of exposure with nanoparticles (NPs), a concentration-dependent growth inhibition was 
observed. The IC50 values were determined against promastigotes of L. infantum as 19.42 ± 2.76 µg/ml for leaves aqueous 
extract mediated AgNPs, 30.71 ± 1.91 µg/ml for stem mediated AgNPs and 51.23 ± 2.20 µg/ml for chemically synthesized 
AgNPs. It was also detected that all types of NPs produced NO at a significant level. However, the production of a high-level 
of NO in the biologically synthesized NPs activated macrophage cells, infected with L. infantum promastigotes indicates 
that NO radicals are mainly responsible for induced cell death and a decrease in the pathogenicity of the parasites. Since, 
biogenic nanoparticles are cost-effective, eco-friendly, simple to synthesize, and more effective than chemically synthesized 
silver nanoparticles, therefore, it could be used as a potential alternative for the development of antileishmanial drugs.

Keywords  Biological synthesis · Silver nanoparticles · XRD · Teucrium stocksianum Boiss. · Antileishmanial activities · 
Infectivity

Background

Leishmaniasis is a crucial parasitic disease which is caused 
by the leishmania parasites. Most frequent clinical forms of 
the disease are cutaneous leishmaniasis (CL) characterized 
by skin lesions and visceral leishmaniasis (VL), character-
ized by sores on internal organs have a serious burden on 
mammals (De Freitas et al. 2016). The diagnosis and treat-
ment of VL are difficult and 95% of VL cases are fatal if 
it is not treated properly (Gadisa et al. 2015). It has been 

estimated that nearly 350 million people are threatened and 
about 1.5 million cases appear in a year globally (Srivastava 
et al. 2016). Moreover, risk factors such as late wars, migra-
tion, hunger, climate changes and resistance to existing treat-
ment modalities carry an important role in the progression 
of the disease (Dawit et al. 2013).

So far, chemotherapy-based treatments are considered to 
control and prevent leishmaniasis. However, many disad-
vantages of current antileishmanial drugs including toxic 
side effects for humans, high cost and drug-resistance of the 
parasites (Beaumier et al. 2013; Das and Ali 2012). To over-
come these drawback, it is the prime interest of the scientist 
to focus on the development of new approaches to an ideal 
antileishmanial drug which prevent resistive immunity and 
present long-term T cell responses near safety and financial 
availability (Gillespie et al. 2016).

A possibility to treat or improve the therapeutic potency 
of drugs against leishmaniasis, nanobiotechnology-based 
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strategies is very promising and cost effective. The devel-
opment of nanoscale materials such as silver, gold, zinc and 
titanium has attracted significant attention in the field of 
medicine. Among these, silver nanoparticles have signifi-
cant importance due to their broad spectrum antimicrobial 
properties. Both chemical and physical methods are used 
for the synthesis of AgNPs (Zhu et al. 2000; Hiramatsu and 
Osterloh 2004; Rodriguez-Sanchez et al. 2000). However, 
chemical methods are costly and use toxic chemicals that 
are a potential risk for the environment and biological stakes 
(Li et al. 2011). Biomimetic synthesis of silver nanoparticles 
involves oxidation and reduction reactions. Utilizing plants 
as a source for the reduction of silver into silver nanoparti-
cles is easily accessible, safe and rich source of metabolites 
that help in the reduction of silver ions (Ahmad et al. 2003). 
Therefore, in the present study green chemistry approach 
was made to synthesize AgNPs using the aqueous extracts 
of Teucrium stocksianum Boiss.

Teucrium stocksianum is a well-known medicinal herb 
used in folklore medicine for the treatment of hypertension, 
diabetes, epilepsy, skin rashes, pain in the throat and as a 
blood purifier (Iqbal and Hamayun 2004). In scientific lit-
erature, various studied shows that its leaves crude extract is 
having antispasmodic properties, cytotoxic and anthelmin-
thic effects (Ali et al. 2011), hepatotoxicity (Rasheed et al. 
1995), anti-ulcerogenic and gastric cytoprotective (Wasfi 
et al. 1995; Islam et al. 2002). Teucrium stocksianum is a 
rich source of biomolecules that has excellent reducing/
capping ability for the synthesis of silver nanoparticles and 
its associated kinetics would benefit to prepare desired size 
ranges of nanoparticles. In this study, for the first time, we 
report, the comparative antileishmanial activities of chemi-
cally synthesized and green synthesized AgNPs mediated 
by leaves and stem aqueous extract of T. stocksianum Boiss.

Materials and methods

Synthesis of silver nanoparticles (AgNPs)

The silver nanoparticles were prepared from leaves and stem 
aqueous extract of T. stocksianum Boiss as described previ-
ously (Ullah et al. 2017a). Briefly, 10 ml aqueous extracts 
(5 mg/ml) was added to a vigorously stirred 90 ml aque-
ous solution of AgNO3 (1 mM) at 90 °C in the dark. The 
reduction of the Ag ions, took place rapidly as indicated 
by the dark brown color of the solution. The UV–visible 
spectra were recorded on a Jasco V-550 UV–visible spectro-
photometer with samples in a quartz cuvette. The colloidal 
solution of the nanoparticles (NPs) was rapidly centrifuged 
13,000 rpm for 15 min and washed with distilled water. The 
pellet obtained was freeze-dried using lyophilizer machine. 
The size and crystallinity of AgNPs were determined using 

X-rays diffractometer (XRD). The chemically prepared silver 
nanopowder synthesized in our previous study, (Allahverdi-
yev et al. 2011) was used for comparative study.

Parasite culture

Parasites were cultured as described by Allahverdiyev and 
co workers (Allahverdiyev et al. 2013). Briefly, Leishma-
nia infantum promastigotes were cultured at 26 °C in cul-
ture flasks containing RPMI 1640 medium supplemented 
with 10% fetal bovine serum (FBS), (Gibco), l-glutamine 
(Gibco), and gentamicin (80 µg/ml). Cultures were passaged 
every 4 days during the study period. The growth of promas-
tigotes was monitored daily using an inverted microscope 
(Olympus CK 40). Samples of promastigote culture (2 × 106 
promastigotes/ml of medium) were transferred to a culture 
flask with 7 ml of RPMI 1640 + 10% FCS. They were fixed 
in formalin 2% (v/v) in PBS solution and counted using a 
hemocytometer with a 20× objective under standard light 
microscopy.

Cytotoxicity assay on L. infantum promastigotes

Parasites were resuspended in RPMI 1640 medium sup-
plemented with 10% FBS and gentamicin (80 µg/ml) and 
seeded (1 × 105 promastigotes/well) in 96-well flat bottom 
microplates with 100 µl of the medium (Allahverdiyev et al. 
2011). The parasites were exposed to different concentra-
tions of nanoparticles and incubated for 48 h at 27 °C. The 
parasites were washed with PBS, then incubated with MTT 
100 µg/well for 4 h in the dark at 37 °C. MTT solution was 
removed and the cells were resuspended in 100 µl of DMSO 
and the absorbance measured in an ELISA reader at 540 nm 
(Bio-Rad).

Macrophage (J774) culture

The J774 cells were grown in plastic 25 cm2 cell culture 
flasks in RPMI 1640 medium (Gibco) containing l-glu-
tamine, buffered with 10 mM HEPES, and supplemented 
with 10% heat-inactivated fetal bovine serum (FBS) and 
gentamicin (80 µg/ml), in a humidified incubator 5% CO2 at 
37 °C, and sub passaged once a week (Allahverdiyev et al. 
2013).

Cytotoxicity assay on macrophages

J774 macrophages were seeded (10,000 cells/well) in 
96-well flat bottom microplates with 100 µl of the medium. 
The cells were allowed to attach to the bottom of the dish 
for 24 h at 37 °C and then exposed to the different con-
centrations of extracts and nanoparticles for 24 h. After, 
the cells were washed with PBS and incubated with 
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3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) 100 µg/well for 4 h in the dark at 37 °C. 
MTT solution was removed, then cells were resuspended 
in 100 µl of dimethylsulfoxide (DMSO) and the absorb-
ance measured in an ELISA reader (Bio-Rad) at 540 nm 
(Ullah et al. 2017b).

Infectivity of L. infantum promastigotes 
in macrophages

Infectivity was investigated by the methods described by 
(Tanaka et al. 2007) with little modifications. Briefly, sta-
tionary phase L. infantum parasites were exposed to the 
IC50 concentration of the nanoparticles for 4 h. Nanoparti-
cles were then removed by washing twice by centrifugation 
(1.500g for 5 min) in PBS, at pH 7.2. Macrophage cells 
were transferred into 24-well cell-culture plates that con-
tain sterile cover-slips. Cells were then incubated at 37 °C 
with 5.0% CO2 for 2 h for adhesion. The cover-slips were 
washed with RPMI-1640 medium to remove unattached 
cells. An aliquot of 500 µl RPMI-1640 was added into the 
culture, and cells were incubated for an additional 24 h 
before the infection. The infection of macrophage cells 
was based on a ratio of ten parasites per macrophage, and 
this procedure was performed in triplicate. Promastigotes 
were added to macrophage monolayers and maintained for 
4 h in RPMI 1640 at 37 °C. Non-adherent parasites were 
removed by washing the monolayers with culture medium 
and incubated for additional 24 h. İn order to determine 
the infection index, the coverslips were washed with PBS, 
fixed in absolute methyl alcohol for 5 min, and stained 
with Giemsa for 45 min. The number of amastigotes in 
infected macrophage cells was counted under oil emersion 
microscope.

Determination of nitrite accumulation

After 24 h of macrophage–Leishmania interaction in cul-
ture, the supernatants (100 µl) were collected to evaluate 
the levels of NO production. The concentration of nitrite 
(NO2) released by macrophages as determined by the Griess 
reaction (Mauel et al. 1991) was used as an indicator of 
NO production. Equal volumes of cell culture medium 
were mixed with Griess reagents (1% sulfanilamide, 0.1% 
naphthyl ethylenediamine, and 2.5% H3PO4) for 10 min at 
room temperature. This mixture was distributed in a 96-well 
plate and the absorbance measured in an ELISA reader at 
540 nm (Bio-Rad). The results were expressed as µM of NO 
based on a standard curve formed by known concentrations 
of sodium nitrite (NaNO2 dilutions from 200 to 1 µM) dis-
solved in culture medium.

Data analysis

Each concentration was assayed in triplicate, and cor-
responding cell growth controls were used in each meas-
urement. Each assay was also performed in triplicate. The 
percentage of infected cells and the geometric mean of the 
number of parasites per infected cell were evaluated. The 
infection index was calculated by multiplication of both 
parameters to account for the overall parasite load. The 
graphs were made on GraphPad prism and Origen Pro soft-
wares. The cytotoxicity against leishmania parasites and 
macrophage cells was determined using the formula;

Results

Green synthesis and characterization of silver 
nanoparticles (AgNPs)

The silver nanoparticles were prepared by reducing AgNO3 
with an aqueous extract obtained from T. stocksianum leaves 
and stem parts. The optimal concentration of AgNO3 was 
1 mM combined with extract in the ratio of 1–10 (1 ml 
extract to 9 ml AgNO3). The color change was observed 
as the first indication of the reaction. The color of the col-
loidal solution is light and dark brown in leaves and stem 
mediated synthesis, respectively (Fig. 1 inset). The change 
in color indicates that the reduction and capping of silver are 

%Growth inhibition

=

[

1 −

(

Optical density of nanoparticles treated cells

Optical density of growth control cells

)]

× 100.

Fig. 1   Characterization of silver nanoparticles (AgNPs) using UV–
Vis spectrophotometer. The figure shows the UV–Vis spectrum of 
leaves and stem extract mediated AgNPs and color of the reaction 
mixture after 2 h of incubation (Fig. 1 inset)
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proceeding into the formation of the nano-metallic complex. 
Figure 1 shows the UV–visible spectra of the silver nanopar-
ticles obtained after 2 h of the reaction. The surface plasmon 
resonance of the colloidal solution indicates peaks at 424 
and 431 nm in the leaves and stem extract mediated syn-
thesis, respectively. The specific surface plasmon resonance 
observed by the reduction of Ag+ into Ag0 by UV confirm 
the synthesis of silver nanoparticles in the nano range.

The powder AgNPs was obtained by repeated washing and 
centrifugation at 13,000 rpm for 15 min. The pellet obtained 
was freeze dried using lyophilizer. The size was further con-
firmed by X-rays diffraction (XRD). The XRD pattern of 
powdered AgNPs is shown in Fig. 2a, b. The intensity of 
diffraction was counted in the range of 20°–80° at 2θ angles. 
The characteristic crystalline face-centered cubic nature of 
the silver nanoparticles diffraction peak was compared to 
JCPD card (04-0783) of silver nanoparticles. The character-
istic peak was observed at a 2θ angel of 38.15° (111), 46.20° 
(200) and 64.57° (220) in leaves mediated silver nanoparti-
cles. Whereas in stem mediated synthesis the brag reflection 
was observed at 2θ angle 27.78° (101), 32.22° (111), 46.19° 
(200) and 66.19° (220). The average size of leaves mediated 
silver nanoparticles was calculated as 13.12 nm, whereas for 
stem AgNPs it was 14.13 nm. The XRD pattern shows pure 
silver crystals. Our XRD pattern confirmed that the silver 
particles formed are nanocrystals with an average size in the 
nanometer scale as calculated by Scherrer equation.

Chemically synthesized AgNPs was used for the com-
parative study that we prepared in our previous study (Allah-
verdiyev et al. 2011). The transmission electron microscopy 
(TEM) revealed an average size in the range of 10–40 nm. 
The nanoparticle was in rounded shape with a smooth 
surface morphology. The dynamic light scattering (DLS) 
analysis reveals an average hydrodynamic zeta size of about 
65 nm.

Anti‑leishmanial activity of silver nanoparticles

The efficacy of the tested nanoparticles was determined 
as percent growth inhibition against different concentra-
tion (6, 12, 25, 50, 100, 200, 300, 400 µg/ml). MTT cell 
viability assay was performed to investigate the growth of 
L. infantum promastigotes. Twenty-four hours after incuba-
tion with the nanoparticles, concentration-dependent growth 
inhibition was observed (Fig. 3). A very fewer formazan 
crystal formed at a higher concentration of the nanopar-
ticles. Each concentration has a suppressive effect on the 

Fig. 2   XRD pattern of green synthesised silver nanoparticles a 
Leaves aqueous extract and b stem aqueous extract mediated AgNPs

Fig. 3   Anti-leishmanila activity of nanoparticles using MTT cell via-
bility assay a % growth inhibition and b IC50 values of biogenic and 
chemically synthesised silver nanoparticles
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growth and metabolic activity of L. infantum promastigotes. 
The highest percent growth inhibition was calculated for 
leaves mediated silver nanoparticles at highest concentra-
tion followed by chemically synthesized silver nanoparticle 
and stem mediated biogenic silver nanoparticles, respec-
tively. Cell viability decreased with increasing AgNPs 
concentration. The IC50 was determined for promastigotes 
of L. infantum as 19.42 ± 2.76 µg/ml for leaves mediated 
AgNPs, 30.71 ± 1.91 µg/ml for stem mediated AgNPs and 
51.23 ± 2.20 µg/ml of chemically synthesized silver nano-
particles. The IC50 values indicate that biogenically syn-
thesized AgNPs are more effective to inhibit the growth of 
L. infantum promastigotes than the chemically synthesized 
AgNPs.

Cytotoxicity assay on J774 macrophage cells

The inhibition of cell growth was assessed by cultivating 
macrophage J774 cell lines with increasing concentration of 
the nanoparticles. MTT cell viability assay was performed 
after 24 h of incubation. Figure 4 demonstrates the percent 
growth inhibition and IC50 value of the respective green syn-
thesized and chemically synthesized AgNPs. Figure 4 shows 
that the respective nanoparticles are not much toxic to mac-
rophage cells as compared to Leishmania parasites (Fig. 3). 
IC50 values described that 50% of macrophages maintained 
their viability at 100.02 ± 5.67 µg/ml (Leaves-AgNPs), 
116.81 ± 7.32 µg/ml (Stem-AgNPs) and 62.99 + 8.24 µg/ml 
(Chem-AgNPs) concentration of nanoparticles. The figure 
also describes that leaves and stem extract mediated silver 
nanoparticles are less toxic compared to chemically synthe-
sized silver nanoparticles.

Infectivity of Leishmania parasites on macrophages 
cells

After 4 h, the L. infantum promastigotes treated with differ-
ent types of silver nanoparticles was used to infected mac-
rophage cells J774. The amazogenesis of promastigotes into 
amastigotes was observed by Giemsa staining in the infected 
macrophages.

Table 1 shows the infection percentage for macrophages 
cultured with L. infantum amastigotes after 24 h of incuba-
tion. Intracellular amastigotes were observed as 2.32, 2.81 
and 2.4 in the nanoparticles synthesized from leaves/stem of 
T. stocksianum and chemically synthesized silver nanoparti-
cles, respectively. In contrast, 80% of control macrophages 
were infected (average 3.9 amastigotes/macrophage). The 
viability of the macrophages was intact, as this concentration 
of nanoparticles as shown in the MTT viability assay. The 
highest infectivity index was calculated in the control group 
that was 312, leaves extract mediated silver nanoparticles 
(85.84), and stem extract mediated nanoparticles (112.4) and 

100.8 in the chemically synthesized AgNPs. However, the 
MTT cell viability assay shows that chemically synthesized 
silver nanoparticles are toxic at a lower concentration to 
macrophage cells as compared to biogenically synthesized 
AgNPs.

Nitrogen oxide (NO) production

Nitric oxide production in cell supernatants of nanoparti-
cle-treated macrophages was monitored after 24 h of treat-
ment. Figure 5 describes the production of nitric oxide in 
the nanoparticles activated macrophage cells, infected with 
L. infantum promastigotes. The figure indicates that NO is 
produced at a significant level by macrophage cells activated 
with all types of silver nanoparticles as compared to control 
group. From the infectivity index it also clear that the infec-
tivity of amastigotes is also less in nanoparticles activated 
macrophage cells than control groups (Table 1). The pro-
duction of nitrogen oxide species is dependent on the size 
of the nanoparticles. The leaves extract mediated AgNPs 

Fig. 4   Cytotoxicity of nanoparticles using MTT cell viability assay 
a % growth inhibition and b IC50 values of biogenic and chemically 
synthesised silver nanoparticles against macrophage cells (J774)
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with small size (13.12 nm) produce an elevated level of NO 
as compared to stem AgNPs (14.13 nm). Similarly, there is 
a significant difference in the NO production of chemically 
synthesized and biologically synthesized NPs. the produc-
tion of NO is directly related to the antileishmanial activity 
of the nanoparticles as demonstrated in Fig. 3 with less IC50 
value for biological nanoparticles as compared to chemical 
nanoparticles.

Discussion

Nanobiotechnology is gaining much interest in the 
development of nanomaterials that have leishmanicidal 
properties and other significant application in the field 
of medicines. Among the various nanomaterials, silver 
nanoparticles possess a broad spectrum of antimicrobial 
properties. Therefore, silver nanoparticles have been used 
as an alternative treatment agent against various emerging 
microbial resistance (Ahmad et al. 2016). We synthesized 
silver nanoparticles mediated by T. stocksianum aqueous 
extract. The UV–visible spectrum shows a characteristic 
surface plasmon resonance of silver nanoparticles. The 
XRD pattern shows a crystalline nature of the nanoparti-
cles with an average size of nanometer scale. The slight 
difference in the surface plasmon resonance in leaves 
and stem nanoparticles may be due to the difference in 

the biomolecules found in the leaf tissues and stem tis-
sues of the plant, that ultimately results in differences in 
capping and reduction of silver ions into silver nanopar-
ticles. The corresponding biogenic silver nanoparticles 
were used to evaluate the antileishmanial activities of the 
silver nanoparticles compared to chemically synthesized 
nanoparticles. There are many reports about the antileish-
manial effects of biogenic silver, gold and titanium oxide 
nanoparticles (Ahmad et al. 2016; Rossi-Bergmann et al. 
2012; Zahir et al. 2015) and chemically synthesised metal 
nanoparticles (Allahverdiyev et al. 2013; Baiocco et al. 
2010). However, there is no study to our knowledge that 
reports the comparative antileishmanial effects of biogeni-
cally and chemically synthesized silver nanoparticles. In 
this study, we for the first time report that biogenically 
synthesized silver nanoparticles of T. stocksianum aqueous 
extract are more effective in killing leishmania parasites 
and nontoxic to macrophage cells as compared to chemi-
cally synthesized silver nanoparticles. The antileishma-
nial potential of the nanoparticles after 24 h of evaluation 
indicates that a viable number of parasites are decreasing 
and the nanoparticles inhibit the growth of the parasites 
in a concentration-dependent manner. Biogenic AgNPs 
exhibit a maximum of inhibition (98% in leaves AgNPs), 
(81% in stem-AgNPs) and chemically synthesised silver 
nanoparticles (95% inhibition) at at higher concentration 
(400 µg/ml). Similar in vitro anti promastigote activity 
was obtained by Rossi-Bergmann in the silver nanopar-
ticles chemically synthesized (AgCHEM), biogenic sil-
ver nanoparticles (AgBIO) and amphotericin B. They 
observed that the parasitic load decreased up to 13, 61, 
and 68%, in chemical, biogenic and amphotericin B treated 
cells, respectively. They found the IC50 of Chem-AgNPs 
and Biogenic AgNPs as 103.5 ± 11.5 and 31.6 ± 8.2 μM, 
respectively (Rossi-Bergmann et al. 2012). Similarly, we 
observed that biogenic AgNPs are effective at lower IC50 
values (Fig. 3), than chemically synthesized silver nano-
particles. A number of studies are available that report 
the antileishmanial effect of different metal nanoparti-
cles (Minodier and Parola 2007; Visbal et al. 2008; Zahir 
et al. 2015; Ghosh et al. 2015; Kalangi et al. 2016). The 

Table 1   Infectivity of 
Leishmania parasites on 
macrophages cells

Infectivity index was calculated as number of amastigotes in infected macrophages cells multiplied by total 
number of infected cells
Each value is the mean of three experiments done in duplicate; ± standard error

Parameters Teucrium stocksianum Chemically synthe-
sized AgNPs

Control/blank

Leaves mediated 
AgNPs

Stem mediated AgNPs

Infected 37 ± 1.13% 40 ± 1.25% 42 ± 1.4% 80 ± 1.8%
Parasite load 2.32 2.81 2.4 3.9
Infectivity index 85.84 112.4 100.8 312

Fig. 5   Nitrogen oxide estimation in nanoparticles activated mac-
rophages (J774) cells against L. İnfantum parasites
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non-toxicological concentration of the biogenic nanoparti-
cles and chemically synthesized nanoparticles was higher 
for macrophage cells than leishmania parasites. However, 
there was a significant difference in the toxicity of chemi-
cally synthesized nanoparticles to macrophage cells com-
pared to biogenic nanoparticles (Fig. 4).

Living organism protect themselves from invading intra-
cellular parasites by activating macrophages and or Kupffer 
cells in the liver (James 1995). Macrophages act as phago-
cytic agent for the invading pathogen and produce various 
reactive oxygen and nitric oxide species that act as leishman-
icidal (Carneiro et al. 2016; Roma et al. 2016). The infectiv-
ity of Leishmania promastigotes and the formation of amas-
tigotes in macrophage cell was assessed by prior incubation 
of the parasites with the IC50 concentration of the nanopar-
ticles. The results show that the infectivity of the parasite 
decreased on exposure to NP as compared to control group. 
The possible mechanism for the increase in the antileish-
manial activity of the biological nanoparticles is due to its 
small size compared to chemically synthesized nanoparti-
cles. There is also a significant difference in the infection 
index of the parasites against all type of NPs as compared 
to control group (Table 1). However, a slight difference were 
observed in the infection percentage and parasite load in all 
the three groups of NP. Our observations shows that after 
exposure to the NPs, leishmania promastigotes lost their 
ability to infect the in vitro cultured macrophage cells. This 
could be the fact that NPs change the surface morphology, 
chemical composition or structure of the parasitic cell by 
producing a high level of nitric oxides (NO).

Previously, the in vitro cytotoxicity studies reports that 
intracellular form of the leishmania is killed by the pro-
duction nitric oxide species (Green et al. 1991; Elcicek 
et al. 2013; Cunningham 2002). Nitric oxides (NO) is a 
free radical, produced in the biological system. It reacts 
with superoxides in a living organism to produce harmful 
nitrite (NO2

−) and nitrate (NO3
−) that have toxic effects on 

microbes and parasites. NO free radical stimulate multiple 
cellular processes that cause DNA damage (Jaiswal et al. 
2000), damage to the cell membrane, alteration in protein 
structure, inhibition of protein synthesis and lipid peroxida-
tion (Banuls et al. 2014; Ullah et al. 2017b; Ahamed et al. 
2010). NO production can be measured by various methods. 
The simplest method is detecting the level of NO in activated 
macrophage cells by Griess reaction (Green et al. 1982; 
Shavandi et al. 2011). We detect a significant difference in 
the production of NO level in all types of NPs activated 
macrophage cells. However, sufficient amount of NO pro-
duced by all types of nanoparticles that lead to decrease in 
the parasite load in the macrophage cells. This indicates that 
biogenically synthesized AgNPs of T. stocksianum leaves 
and stem aqueous extracts and chemically synthesized sil-
ver nanoparticles kills the Leishmania parasite on the same 

mechanism by producing NO free radicals in Leishmania 
and macrophage cells. However, the elevated amount of NO 
produced by biological nanoparticles indicates its potential 
therapeutic efficacy in the development of antileishmanial 
drugs in the future.

Conclusion

The strong antileishmanial activity of biogenic silver nan-
oparticles as compared to chemically synthesized silver 
nanoparticles may be due to the inhibitory effect of some 
metabolically active enzymes responsible for the growth of 
Leishmania or due to the production of nitrite-free radicals 
that kill Leishmania parasites. Furthermore, it is suggested 
that biogenic silver nanoparticles are easy to synthesize, 
cost-effective and biologically more active in low concen-
tration than chemically synthesized silver nanoparticles, and 
thus T. stocksianum extract-mediated silver nanoparticles 
can be a promising agent for the development of antileish-
manial drug in the future.
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