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Abstract Article Info. 

Visceral leishmaniasis (VL) is a chronic infection caused by protozoa. Drug-resistant 

cases require an urgent solution to drug resistance and a therapeutic improvement 

strategy. Nanoparticles (NPs) containing synthetic plant extract exhibit 

antileishmanial potential as therapeutic agents. This study aims to investigate the 

synergistic antileishmanial effect of silver: selenium (Ag: Se) core-shell NPs 

synthesized using the plasma jet technique in combination with Plantago lanceolata 

leaf extract against Leishmania donovani. The Ag:Se NPs were synthesised and 

applied at two concentrations, 125 and 250 µg/mL, to assess their potential activity in 

vitro. The control treatment was miltefosine, an anti-leishmaniasis medication. P. 

lanceolata extract at concentrations of 125 and 250 µg/mL was used to produce Ag 

NPs as a core and add selenium as a shell. The generated Ag:Se NPs were 

characterised using UV-Vis spectroscopy, X-ray diffraction (XRD), transmission 

electron microscopy (TEM), and scanning electron microscopy (SEM). The anti-

leishmanial activity of Ag:Se NPs was evaluated. Ag:Se NPs were assessed at 125 

and 250 μg/mL concentrations, with 25%, 50%, and 100% serial dilutions over 1, 24, 

and 48 h incubation periods. After 48 hours, the percentage of inhibition for Ag:Se 

NPs (125 and 250 μg/mL) combined with the extract was 48.6% and 59.6%, 

respectively. Thus, it may be inferred from these results that the growth inhibition rate 

increases with the length of incubation of the parasite. Antileishmanial activity was 

improved in the case of Ag:Se NPs medicines designed using a plasma jet.  
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1. Introduction 
Leishmaniasis is a parasitic disease caused by protozoan parasites of the genus 

Leishmania, which are transmitted through the bite of infected female phlebotomine sand flies. 

There are three main clinical forms of leishmaniasis: cutaneous, mucocutaneous, and visceral. 

Visceral Leishmaniasis (VL), also known as kala-azar, is the most severe form of the disease, 

primarily caused by Leishmania donovani [1]. The World Health Organisation (WHO) has 

emphasized the urgent need for new drug candidates and innovative delivery systems to control 

and reduce the burden of leishmaniasis. The disease remains categorized as a Neglected 

Tropical Disease (NTD) due to its limited resources and attention, despite having a significant 

health impact in endemic regions [2]. However, it has been observed that the majority of 

leishmaniasis strains are resistant to standard chemotherapeutics, like paromomycin and 

antimonials, which has made treatment extremely difficult.  

Nanotechnology, defined as the science and engineering of materials at the nanoscale 

(typically 1-100 nm), has significantly transformed drug discovery and therapeutic strategies 

over the past three decades [3, 4]. Newly developed nanoparticles (NPs) have shown promising 

potential in enhancing the delivery of medicinal compounds. By functionalizing nanoparticles 

with targeting ligands, drug delivery systems can achieve more precise targeting, improving 

efficacy and reducing side effects [5, 6]. Plasma jet is one of the cold plasma techniques widely 

used for nanoparticle synthesis due to its low temperature, high reactivity, and ability to process 

heat-sensitive materials. It generates a plasma plume by applying a high voltage across a gas 

(commonly argon, helium, or air), which allows the ionization of the gas and the formation of 

reactive species. These species facilitate the reduction and assembly of nanoparticles in a 
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controlled manner, making the plasma jet an environmentally friendly and efficient method for 

nanomaterial fabrication [7]. 

Plant extracts are becoming an increasingly popular choice for the creation of 

nanoparticles. Green synthesis, an eco-friendly and sustainable method, utilizes biological 

entities, such as plant extracts, bacteria, fungi, and algae, to synthesize nanoparticles without 

the need for toxic chemicals or high-energy inputs. Moreover, it has been proven that the use 

of plant extracts can influence the size, shape, and morphological properties of nanoparticles, 

thereby enabling better control over their characteristics [8]. One plant that has active 

chemicals is Plantago lanceolata. Leaf extract of P. lanceolata is rich in secondary 

metabolites, like sterols, polysaccharides, vitamins, phenolic compounds, lignin, flavonoids, 

and proteins, due to the quantity of active secondary metabolites it contains. These constituents 

serve as organic reductants and stabilizers and are crucial to the environmentally friendly 

synthesis of nanoparticles [9].  

Silver Nanoparticles (AgNPs) synthesized via green synthesis using plant extracts hold 

great promise for heavy metal detection, targeted drug delivery, and antibacterial properties 

[10, 11]. Thus, biosynthesis—that is, the environmentally benign and non-toxic green synthesis 

of Ag NPs—has attracted a great deal of attention and study. Selenium Nanoparticles (SeNPs) 

have the potential to be a drug delivery vehicle for antioxidant or anti-inflammatory effects 

[12, 13]. Due to their ability to balance redox, SeNPs have been linked to a plethora of medical 

benefits, including anticancer and antioxidant activities [14]. Since SeNPs are larger on the 

surface and smaller on the inside, they interact with biological molecules by disrupting 

biofilms, rupturing cell walls, and compromising membranes, all of which stop the growth of 

pathogens [15].  

In this study, the Ag:Se NPs and plant extract were utilized for two purposes: first, as a 

plant extract reducing and stabilizing agent in the green synthesis of Ag nanoparticles, and 

second, to evaluate the inhibitory effect of Ag-Se nanoparticles at two different concentrations 

against Leishmania. The plant extract was separately tested for its potential use as an 

antileishmanial agent. 

2. Experimental Work 
      2.1. Extraction of Plantago lanceolata leaves 

To prepare the P. lanceolata plant extract, the plant leaves were collected from the 

gardens of the University of Baghdad in February. The leaves were first cleaned and rinsed 

with distilled water. They were then thinly sliced and left to dry for a week. After the drying 

process was complete, the dry extract was collected and used for the research. A 20% (W/V) 

water extract was prepared from the dried leaves. The water extract was stored at 4 to 8°C until 

needed. Two concentrations of the extract solution were prepared: 125 and 250 µg/mL. 

Chemical detection of the active compounds of the P. lanceolata extract revealed phenolic 

compounds, flavonoids, polyphenols, terpenoids, tannins, carbohydrates, and saponins, some 

of which may cause colour changes or precipitate formation [16]. 

 

      2.2. Preparation of Ag:Se core-shell NPs 

           Ag:Se core-shell NPs were synthesized in two stages. The first involved producing 

AgNPs using P. lanceolata leaf extract at concentrations of 125 and 250 µg/mL as the core. 

Using a plasma jet technique, they were exposed to plasma for 3 minutes. The plasma jet system 

operated at 10–20 kV and 25 kHz, using argon as the working gas at a flow rate of 3 L/min. 

Small stainless-steel tubes (10 cm x 1 mm) were used as electrodes to hold the beaker and 

provide electricity in a steady or pulsed flow. The second stage involved forming the shell by 

adding 5 mL of selenium nitrate to 5 mL of Ag NPs, followed by exposing the mixture to the 

plasma jet for 14 minutes. Fig. 1 illustrates this process. The reaction caused the color of the 
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solution to change to a yellowish-green. Characterization of Ag:Se core-shell NPs was 

performed using a UV-visible spectrometer (UV-1800, Shimadzu, United States) between 300 

and 800 nm. Crystallinity and phase purity were assessed using X-ray diffraction (XRD) 

analysis with a 2700ab diffractometer. Further structural characterization, elemental mapping, 

and morphological analysis were conducted using a field emission scanning electron 

microscope (FE-SEM) (Zeiss Sigma 300-HV, Germany). Elemental mapping, morphological 

analysis, and transmission electron microscopy (TEM) were used for additional structural 

characterization. 

Figure 1: Schematic diagram of the preparation of Ag: Se NPs and their evaluation against the 

anti-leishmanial parasite (Created with BioRender). 

 

      2.3. Assessing the Impact of Nanomaterials on Leishmaniasis Parasite Inhibition  

The standard strain of L. donovani promastigotes was cultured in vitro at the 

Biotechnology Research Centre of Al-Nahrain University. The promastigotes were transferred 

to RPMI-1640 culture medium, and the culture flasks were incubated at 25 ± 1°C. Daily 

observations were performed using an inverted microscope. Following cell distribution, the 

cells were seeded in a 96-well microtiter plate with 10,000 cells/well [17]. Four treatment 

groups were arranged:  in the first group, Ag:Se NPs at concentrations of 125 and 250 μg/mL 

at dilutions of 25, 50, and 100% were applied to the cells. The second group, Ag:Se NPs was 

administered in combination with P. lanceolata extract at 125 and 250 μg/mL. The third group 

was exposed to P. lanceolata extract alone at the same concentrations. The fourth group was 

exposed to the standard drug miltefosine, the standard antileishmanial drug. 

 

      2.4. Cytotoxicity Evaluation of Treatments Against L. donovani Promastigotes  

The cytotoxicity of Ag:Se NPs, P. lanceolata extract, their combinations, and 

miltefosine drug was assessed using the MTT assay. Cells infected with L. donovani were 

seeded in 96-well flat-bottom plates with RPMI medium. The infected cells left without any 

treatment served as the negative control. The positive control included cells treated with 

miltefosine. Each well of the positive control received 200 μL of medium, followed by 50 μL 
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of the respective treatment. All treatments were performed in triplicate. The plates were 

incubated at 26°C for 1, 24, and 48 hrs. At each time point, 10 μL of MTT solution (5 mg/ml 

in PBS, phosphate-buffered saline) was added to each well and incubated for an additional 4 

hrs. After incubation, 100 μL of DMSO was added to dissolve the formazan crystals. Plates 

were gently shaken for 20 minutes at room temperature to ensure complete solubilization. The 

absorbance was measured at 620 nm using an ELISA plate reader.  

The process was repeated three times, and the cell growth rate was calculated using the 

equation below [17]. GraphPad Prism v7.14 was used for the statistical analysis of these 

measurements.  

Growth Inhibition(GI%) =
          control cell −  treated cell 

 control  
 × 100%                                                (𝟏) 

 

GraphPad Prism v7.0 is the experimental result to be analyzed, where *P < 0.5, **P < 0.1, 

***P < 0.01, and ****P < 0.001. 

 

3. Results and Discussion 
     3.1. Characterization of NPs: UV-visible Spectrophotometry Study          

     The results of the UV-Vis analysis showed an absorbance peak at 420 nm for Ag:Se 

NPs at 125 µg/ml concentration (Fig. 2a), while the 250 µg/mL concentration Ag:Se displayed 

a broader peak centered around 480 nm (Fig. 2b). These peaks are related to the surface 

plasmon resonance (SPR) phenomenon, which is common in noble metal nanoparticles like 

silver. Although the UV-Vis spectrum exhibited some noise, especially at longer wavelengths, 

the peak positions were reliably identified by smoothing the spectral data with the Savitzky–

Golay method and analyzing multiple replicates to confirm the λmax values. The absorption of 

blue light between 400–450 nm reflects the nanoscale size (40–100 nm) of the synthesized 

silver nanoparticles [18]. These results are consistent with those of earlier research [19], where 

Ag@Se core–shell nanoparticles were synthesized with Ocimum tenuiflorum extract, showing 

strong SPR absorbance in the 400–460 nm range, confirming their successful formation and 

nanoscale dimensions. 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: UV-Visible spectra of the prepared Ag:Se nanoparticles of (a)125,  

(b) 250 µg/ mL concentrations. 
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       3.2. X-Ray Diffraction (XRD) Analysis 

         Fig. 3 shows the XRD patterns of Ag:Se nanoparticles at two different concentrations 

of 125 µg/mL (sample a) and 250 µg/mL (sample b). The XRD patterns of the two samples 

revealed the presence of Ag:Se characteristic peaks, indicating that the synthesis of Ag:Se NPs 

in the plasma jet was successful [20]. Distinct diffraction peaks appear at 2θ values of 38.15°, 

44.25°, 64.5°, and 77.38°, corresponding to the (111), (200), (220), and (311) planes, 

respectively. These peaks are typical of face-centered cubic (FCC) silver structure, confirming 

the crystalline nature of silver in both samples. The sample displays sharp and narrow 

diffraction peaks, reflecting well-defined crystallinity of the silver nanoparticles. Using the 

Debye–Scherrer equation, Eq. 1, the crystallite size was estimated to be about 72 nm.  

 

D =
k λ

β cosθ  
                                                                                                                                            (𝟏) 

 

where k is the Scherrer coefficient of 0.9, λ is the X-ray beam wavelength of 0.154 nm, β is the 

full width at half maximum (FWHM), and 𝜃 is the diffraction angle. 

The broader background suggests the presence of an amorphous phase or the influence 

of silver coating on the selenium core, which may obscure selenium’s diffraction signals. 

Sample (b) also showed the characteristic silver peaks but with lower intensity and broader 

width compared to sample (a). Table 1 presents the crystal size of the prepared Ag:Se NPs at 

concentrations of 125 and 250 µg/mL. It was noted that the crystallite size increased with the 

increase in the NPs concentration. However, the decrease in peak sharpness and higher 

background level might result from increased structural disorder, agglomeration, or 

heterogeneous distribution of AgNPs on the Se surface. The XRD pattern confirms that all 

observed peaks correspond to silver and Se phases only, indicating the purity of the synthesized 

sample and the absence of any external contaminants. The results are consistent with those 

reported by Al-Shmgani et al. [21], who synthesized silver nanoparticles (Br-AgNPs) via 

citrate reduction and compared their XRD data with Ag NPs produced using bromelain 

enzyme. Similarly, in the present study, the diffraction peaks obtained using the Tonkovich 

approach correspond to the characteristic angles of Ag NPs observed in previous X-ray 

diffraction analyses. 

Figure 3: XRD Patterns for Ag:Se NPs of (a) 125, (b) 250 µg/ mL concentrations. 
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Table 1: Crystal size prepared for Ag:Se NPs of (a) 125, (b) 250 µg/ mL. 

 

 3.4. Scanning Electron Microscopy (SEM) Investigation 

SEM images showed the morphological characteristics of the Ag:Se NPs produced 

using a plasma jet. Ag:Se NPs exhibited spherical shapes with an average particle size of 

approximately 38–40 nm, as shown in Fig. 4. Regarding particle morphology, the results of the 

present study are consistent with those reported by Olawale et al. [22], who used Ocimum 

tenuiflorum L. to synthesize silver-core selenium-shell nanoparticles. According to SEM image 

analysis using ImageJ software, the particle size of Ag:Se NPs was found to be in the range of 

38-40 nm, with an average size of approximately 33.1 ± 2.7 nm, based on measurements of 

more than 100 particles. This result agrees with the study of Ghafoor et al. [23], in which gold 

nanoparticles synthesized from the extract of pineapple plants, which includes bromelain, had 

particle sizes ranging from 20 to 60 nm. 

 

      

 
 

 

 

 

 

 

 

 

 

 

 

Figure 4: The SEM image of Ag:Se nanoparticles. The scale bar represents 10µm. 

 

3.5. Transmission Electron Microscopy (TEM) 

The TEM image in Fig. 5, showing characterization results of the sizes and attributes 

of the supplied nanoparticles, shows that the Ag:Se NPs in this study had extremely similar 

morphologies and were both roughly spherical. The NPs formed had near-spherical, 

pentagonal, and hexagonal shapes as evidenced by TEM. Given that the two employed 

concentrations of the two sizes of Ag:Se NPs did not significantly differ in their 

characterization, the results with the greatest concentrations were considered representative. 

The results of this study, in terms of shapes, are consistent with the results of Olawale et al. 

[22], where the synthesis of silver-core selenium-shell nanoparticles was done using Ocimum 

tenuiflorum L. 

 

Average 

Crystallite Size 

(nm) 

Crystallite size 

(nm) 
FWHM 2ϴ Sample 

72 

45 0.184 38.1519 

a 
63 0.136 44.2744 

86 0.109 64.5017 

94 0.1072 77.3786 

82 

69 0.12087 38.3784 

b 
78 0.1096 44.6164 

88 0.1056 64.4831 

94 0.1082 77.3786 
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Figure 5: TEM images of Ag:Se NPs; the scale bar represents  (a) 500nm, (b) 50nm. 

 

3.6. MTT-Based Cytotoxicity Analysis of Ag:Se NPs Against L. donovani in vitro 

       To assess cell viability and cytotoxicity, the MTT assay was employed, which measures 

mitochondrial metabolic activity as an indicator of live cells. The reduction of MTT to 

formazan by viable cells reflects the effectiveness of the treatment. Therefore, a lower 

absorbance reading corresponds to a higher cytotoxic effect. To determine which treatment 

evaluation was most effective, the growth inhibition rate of L. donovani leishmaniasis when 

adding Ag:Se at 125 µg/ml and 250 µg/ml concentrations combined with 250 µg/ml P. 

lanceolata was evaluated at 1, 24, and 48 hrs of incubation. After one hour of incubation with 

250 µg/mL of Ag:Se NPs at dilutions of 50% and 100%, the percentage of reduction was 

calculated to be 1.4% and 2.2%, respectively [24], as seen in Figs. 6 and 7. After 24 hrs (Figs. 

8 and 9), for the same Ag:Se NPs concentration and the same dilutions, the percentage of 

reduction was calculated to be 38.4 % and 40.5 %, respectively. The highest anti-leishmanial 

effect was observed after 48 hrs of incubation (Figs. 10 and 11), which was calculated to be 

48.6 % and 59.6 %, respectively. 

       The findings of this study are consistent with those reported by Jassim et al. [25], who 

synthesized Cu:Se core–shell nanoparticles using a plasma jet. Their results revealed that the 

growth inhibition rate of L. tropica increased with longer exposure times to the nanoparticles, 

showing the highest level of parasite destruction after 48 hours, followed by a significant 

inhibition rate after 24 hrs at a nanoparticle concentration of 100%. Jameii et al. [26] examined 

the anti-leishmaniasis effect of Se and Ag NPs on L. major wound healing. They found that 

although the diameter of wounds in the nano selenium group did not differ significantly from 

that of the control group, it did in the case of the nano silver group. It was larger than that of 

the group that received Glucantime (positive control).  
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Figure 6: Impact of Ag:Se NPs of 150 μg/ mL concentration on L. donovani after 1-hr incubation (a) 

Percentage reduction, (b) Combination Index analysis showing the type of Drug Interaction, (c) Isobologram 

Plot. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Impact of Ag:Se NPs of 250 μg/ mL concentration on L. donovani after 1-hr incubation 

(a) Percentage reduction, (b) Combination Index analysis showing the type of Drug Interaction, (c) 

Isobologram Plot. 
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Figure 8: Impact of Ag:Se NPs of 150 μg/ mL concentration on L. donovani after 24-hrs 

incubation (a) Percentage reduction, (b) Combination Index analysis showing the type of Drug 

Interaction, (c) Isobologram Plot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Impact of Ag:Se NPs of 250 μg/ mL concentration on L. donovani after 24-hour 

incubation (a) Percentage of reduction, (b) Combination Index analysis showing the type of Drug 

Interaction, (c) Isobologram Plot. 
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Figure 10: Impact of Ag:Se NPs of 150 μg/ mL concentration on L. donovani after 48-hour 

incubation (a) Percentage of reduction, (b) Combination Index analysis showing the type of Drug 

Interaction, (c) Isobologram Plot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 11: Impact of Ag:Se NPs of 250 μg/ mL comcentration on L. donovani after 48-hour 

incubation (a) Percentage of reduction, (b) Combination Index analysis showing the type of Drug 

Interaction, (c) Isobologram Plot. 

 

Fig. 12 shows that the highest anti-leishmanial effect after exposure to the combined P. 

lanceolata extract of 250 µg/mL concentration with the miltefosine drug was 53.1% after 48 

hrs of incubation.  

a 

b 

c 

125ug 

c 

b 

a 

250ug 



Iraqi Journal of Physics, 2026                                                                          Vol.24, No.3, PP.169-181 

 

179 

       The results demonstrated that the inhibition rate of parasite growth increased with 

longer incubation periods. Furthermore, a synergistic effect was observed in all combination 

treatments of Ag:Se nanoparticles at concentrations of 125 and 250 µg/mL after 24 and 48 hrs 

incubation. However, no synergistic effect was detected for the same concentrations of Ag:Se 

NPs against L. denevani after 1 hour of incubation. The present study observed characteristics 

of programmed cell death, including DNA fragmentation and cell shrinkage, in forms of L. 

donovani (promastigotes) that were treated. Similar to a previous study by Khademvatan et al. 

[27] involving promastigotes of L. infantum exposed to HePC, the investigation similarly 

demonstrated cell death that exhibited most of the traits associated with metazoan apoptosis.  

       Furthermore, the drug can induce L. donovani promastigotes, L. amazonensis, and L. 

donovani intra- and extracellular amastigotes to undergo this kind of deliberate cell death that 

resembles apoptosis. HePC has demonstrated potential in the fight against malignant cells and 

Leishmania parasites. It has been observed that Leishmania promastigotes exposed to reactive 

oxygen species experience apoptosis-like cell death, which resembles metazoan apoptosis and 

is characterized by nuclear condensation, DNA fragmentation, and loss of cell volume. 

Furthermore, the authors suggest that the excessive generation of ROS by nanoparticles leads 

to direct DNA damage, subsequently causing necrosis followed by apoptosis [28]. 

 

           
Figure 12: Percentage reduction of L. donovani on exposure to miltefosine, P. Lanceolate extract 

(EX) at 125 and 250 µg/mL concentrations, and a combination of miltefosine and P. lanceolate 

extract after (a) 1 hour, (b) 24 hours, (c) 48 hrs’ incubation. 
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4. Conclusions 
Diseases caused by parasites, especially Leishmania donovani, are well documented. 

Therefore, using non-side-effect alternative medicines is highly advantageous in combating 

this parasite. The study results showed that nanoparticles containing P. lanceolate extract 

reduced the parasite population by 59.5 percent after 48 hrs. Most medications, particularly 

miltefosine, are administered for 21 days, and prolonged infection may lead to parasite death. 

Compared to other medications that require a longer half-life, the treatment used against 

promastigotes was effective, achieving a 59.5 percent reduction in parasites after 48 hrs. To 

eliminate non-healing VL and other chronic intracellular infections, a better approach may be 

to combine the plant extract or conventional medications with the nano-core: shell formulation, 

or both. 
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: سلينيوم( المحضرة بواسطة  نفث البلازما الممزوج معة)فض  لجسيمات النانوية التآزريالتاثير         

Leishmania donovani على اللشمانيا الاحشائية (Plantago lanceolata) 
 

 1و نخشين ميرزا محمود 1زهراء بشير جابر

 ، كلية العلوم للبنات، جامعة بغداد، بغداد، العراق ء حياالاقسم  1

 

 الخلاصة 
واستراتيجية علاجية مُحسّنة.  داء الليشمانيات الحشوي عدوى مزمنة تسببها الأوليات. تتطلب الحالات المقاومة للأدوية حلاً عاجلاً لمقاومة الأدوية  

التأثير  تظُهر الجسيمات النانوية المحتوية على مستخلصات نباتية اصطناعية فعالية مضادة لليشمانيا كعوامل علاجية. تهدف هذه الدراسة إلى بحث  

أساسية بنية  ذات  نانوية  لجسيمات  لليشمانيا  المضاد  )-التآزري  والسيلينيوم  الفضة  من  تم  Ag:Seغلافية  البلازما  (  نفث  تقنية  باستخدام  تصنيعها 

النانوية    Ag:Se( ضد طفيل الليشمانيا الدونوفانية. تم تصنيع جسيمات  Plantago lanceolataبالاشتراك مع مستخلص أوراق نبات لسان الحمل )

بتركيزين،   الم  250و   125وتطبيقها  العلاج  كان  المختبر.  في  المحتملة  فعاليتها  لتقييم  مضاد  ميكروغرام/مل،  دواء  وهو  الملتيفوسين،  هو  رجعي 

النانوية كنواة، وأضُيف السيلينيوم كغلاف.    Agميكروغرام/مل لإنتاج جسيمات    250و  125لليشمانيا. استخُدم مستخلص نبات لسان الحمل بتركيزين  

جسيمات   توصيف  و  Ag:Seتم  والمرئية،  البنفسجية  فوق  الأشعة  مطيافية  باستخدام  المُصنّعة  )النانوية  السينية  الأشعة  والمجهر XRDحيود   ،)

(. وقيُ مَّ النشاط المضاد لداء الليشمانيات لهذه الجسيمات النانوية. تم تقييمها بتركيزين: SEM(، والمجهر الإلكتروني الماسح )TEMالإلكتروني النافذ )

ساعة، بلغت    48ساعة. بعد    48و  24و  1انة  % على مدى فترات حض100% و50% و25ميكروغرام/مل، مع تخفيفات متسلسلة بنسب    250و  125

% على التوالي. وبالتالي، يسُتنتج  59.6% و48.6ميكروغرام/مل( مع المستخلص    250و  125النانوية )بتركيزي    Ag:Seنسبة التثبيط لجسيمات  

الليشمانيات في حالة الأدوية المصنوعة من   من هذه النتائج أن معدل تثبيط النمو يزداد مع طول فترة حضانة الطفيل. تم تحسين النشاط المضاد لداء

 ( باستخدام نفث البلازما.Ag:Se NPsجسيمات نانوية من الفضة والسيلينيوم ) 
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