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The emergence of nanotechnology has enabled novel strategies for 
treating parasitic infections, particularly through the use of biosynthesized 
nanoparticles. This study focuses on the green synthesis of silver 
nanoparticles (AgNPs) using white mushroom (Agaricus bisporus) extract 
as a bioreducing and stabilizing agent and evaluates their therapeutic efficacy 
against Leishmania donovani in a murine model of visceral leishmaniasis 
(VL). The synthesized AgNPs were characterized using X-ray diffraction 
(XRD), UV–visible spectroscopy, and scanning electron microscopy 
(SEM), confirming their spherical morphology, crystalline structure, 
and surface plasmon resonance at ~430 nm. Mice were divided into five 
groups: healthy control, infected control, AgNPs-treated, Pentostam-
treated, and AgNPs + Pentostam-treated. Treatment with AgNPs, either 
alone or in combination with Pentostam, significantly reduced liver and 
spleen enlargement or restored hematological parameters toward normal 
levels. The combined treatment showed the most notable therapeutic 
benefit, indicating a synergistic effect. These findings support the potential 
of mushroom-mediated AgNPs as a biocompatible and effective adjunct 
therapy for visceral leishmaniasis, offering a sustainable and less toxic 
alternative to conventional treatments.

INTRODUCTION
Nanotechnology has emerged as a 

transformative field, offering innovative solutions 
across medicine, agriculture, and environmental 
science. Among various nanomaterial’s, silver 
nanoparticles (AgNPs) have garnered substantial 
interest due to their well-documented 
antimicrobial, antiparasitic, and anti-inflammatory 
properties [1,2]. Traditional chemical and physical 
methods for synthesizing AgNPs often involve toxic 
reagents and energy-intensive processes, raising 
environmental and health concerns. In contrast, 
green synthesis methods, particularly those 

utilizing biological organisms such as plants, fungi, 
and bacteria, offer an eco-friendly and sustainable 
alternative [3, 4].

Mushrooms, especially edible and medicinal 
species, have emerged as efficient bioreducing 
and stabilizing agents in nanoparticle synthesis 
due to their rich content of bioactive compounds, 
including polysaccharides, phenolics, flavonoids, 
and proteins [5]. These biomolecules not only 
facilitate the reduction of silver ions but also 
enhance the biocompatibility and stability of the 
resulting nanoparticles. Furthermore, mushrooms 
such as Ganoderma lucidum and Pleurotus 
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spp. have been successfully used in the green 
synthesis of AgNPs with potent antimicrobial and 
antiparasitic activities [6-7]. 

The application of mushroom-mediated silver 
nanoparticles in vivo against parasitic infections 
is a novel and promising strategy. Parasitic 
diseases remain a significant global health 
burden, particularly in developing countries, and 
the rise of drug-resistant strains necessitates the 
development of alternative therapeutic agents. 
AgNPs synthesized using mushroom extracts offer a 
dual advantage: they are less toxic than chemically 
synthesized nanoparticles and demonstrate 
effective antiparasitic activity through mechanisms 
such as membrane disruption, reactive oxygen 
species (ROS) generation, and interference with 
metabolic pathways [8].

This study aims to explore the green synthesis 
of silver nanoparticles using mushroom extracts 
and evaluate them in vivo efficacy against parasitic 
infections, contributing to the development 
of sustainable, biocompatible, and effective 
nanotherapeutics.

MATERIALS AND METHODS
Chemicals and biological materials
Preparation of white mushroom extraction

Preparation for extracting white mushrooms 
exclude any organic pollutants, 25 grams of fresh 
mushrooms were collected and rinsed several 
times in distilled water. Then, the crushed pieces 
and 500 mL of distilled water were added to a 1 

L beaker and thoroughly agitated for 30 minutes. 
Finally, the mixture was filtered using Whatman 
filter paper. Here, the reducing and stabilizing 
agent for the synthesis of Ag NPs is mushroom 
extract (Fig. 1).

Cell culture 
The Leishmania donovani strain (DUAA/

IQ/2005/MRU15) was obtained from the 
Department of Biology, University of Al-
Mustansiriya. The parasites were maintained 
and subcultured weekly in RPMI-1640 medium 
(Sigma, St. Louis, MO, USA) supplemented with 
2 mM L-glutamine, 10% fetal bovine serum (FBS), 
and 100 μg/mL penicillin. To maintain sterility, the 
medium was filtered through a 0.22 μm pore-size 
membrane filter before use. After preparation, the 
medium was stored at 2–8 °C until use. Cultures 
were initiated in 5 mL of RPMI-1640 medium 
with 10% FBS at a density of 1 × 10⁶ cells/mL and 
incubated at 27 °C in a sterile environment. Sub 
culturing was performed on a weekly basis to 
maintain optimal parasite viability and growth [9]. 

Synthesis of silver nanoparticles
In order to create silver nanoparticles (Ag NPs), 

80 mL of 0.306 g silver nitrate (AgNo3) solution and 
20 mL of white mushroom extract were combined 
in 200 mL Erlenmeyer flasks. The reaction was 
then carried out at 60 Co on a magnetic heating 
stirrer. The first indication of the creation of silver 
nanoparticles is the two-hour change in color of 

 

 
Fig. 1. Mushroom Extract.
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the reaction mixture from light yellow to dark 
brown (Fig. 2). 

 Following the completion of the silver 
nanoparticle production process, the finished 
product was centrifuged for 15 min. at 12.000 rpm. 
This was done in order to assure the separation 
of free entities from the silver nanoparticles. The 
resulting material was made into a powder and 
dried at room temperature (Fig. 3). 

Determination of effects of AgNPs on parasites
AgNPs effectiveness in vivo was evaluated 

in five groups of mice (6 animals /group) with 
visceral leishmania (VL). The remaining two groups 
received peritoneal injections of Sb drug (350 µg/
ml) once daily for 28 days whereas two groups 

received peritoneal injections of Ag NPs (350 µg/
ml) once daily for 28 days. Additionally, healthy 
mice without infection or therapy served as the 
negative control, whereas a group of VL-infected 
mice were left untreated (Fig. 4).

Total animals: 30 mice Groups (n=6 each):
Negative control (healthy)
Positive control (infected, untreated)
Infected + AgNPs (350 µg/ml)
Infected + Pentostam (350 µg/ml)
Infected + AgNPs + Pentostam

Measurements
Body weight was recorded before and after 

treatment. After sacrifice, liver and spleen were 

  
 

 

 

 

 

 

 

  

 

Fig. 2. shown the change light yellow to dark brown.

Fig. 3. The Ag Nps dried at room temperature.
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weighed.
Organ-to-body weight ratio was calculated as:

Orange Ratio = Orange Weight (g) / Body 
Weight (g) × 100

Blood samples were collected to perform CBC 
analysis (RBC, WBC, Hb, HCT, PLT).

Characterization of Silver Nanoparticles
X-Ray Diffraction Studies (XRD)

X-ray diffraction (XRD) is a powerful analytical 
technique widely used to determine the crystalline 
structure, phase identification, crystallite size, and 
purity of nanoparticles such as silver nanoparticles 
(AgNPs). Principle of XRD, When X-rays are directed 
at a crystalline substance, they are diffracted 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. a. Intra peritoneal Injection of Laboratory Mouse during   Experimental Infection, b. Isolated Mouse Liver and 
Spleen for Organ Weight Assessment.

Fig. 5. Patterns of X-ray diffraction for Ag NPs.
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in specific directions. The resulting diffraction 
pattern provides detailed information about the 
arrangement of atoms within the material. The 
powder X-ray diffraction of the Ag NPs is shown 
in Fig. 5, The XRD analysis indicates that the silver 
nanoparticles exhibit a polycrystalline structure 
with a cubic phase, which matches the standard 
diffraction pattern of silver according to the JCPDS 
card no. 96-901-3049. The obtained results are in 
good agreement with previous studies [10-11]. 

The diffraction pattern displays several Bragg 
reflection peaks corresponding to the (hkl) planes, 
observed at 2θ values at ap,j proximately 38.1°, 
44.3°, 64.4°, and 77.4°, which are indexed to the 
(111), (200), (220), and (311) planes, respectively, 
indicating the face-centered cubic (FCC) structure 
of metallic silver. The average crystallite size was 
estimated using the Debye–Scherrer formula and 
found to be ~25 nm, indicating the nanoscale 
nature of the particles.

FTIR Analysis of Silver Nanoparticles
The FTIR spectrum of the biosynthesized 

silver nanoparticles shows several characteristic 
absorption bands that indicate the presence of 
functional groups involved in the reduction and 
stabilization of AgNPs:

Broad band at ~3412 cm⁻¹: This is attributed to 
the O–H stretching vibrations of hydroxyl groups 
present in phenolic compounds, alcohols, or 
polysaccharides. These compounds likely act as 

reducing agents and stabilizers [12]. Peak at ~1640 
cm⁻¹: This band corresponds to the C=O stretching 
vibrations of amide groups or carbonyl compounds, 
indicating the involvement of proteins or enzymes 
in nanoparticle synthesis [13]. Peak at ~1382 cm⁻¹: 
This is associated with C–N stretching of aromatic 
amines or bending vibrations of –CH₃ groups, also 
related to proteins or other organic compounds 
in the extract [14]. Peak at ~1106 cm⁻¹: This may 
correspond to C–O–C or C–O stretching vibrations 
from polysaccharides or alcohols, supporting their 
involvement in capping the nanoparticles [15].

The FTIR results confirm the successful capping 
and stabilization of AgNPs by biomolecules from the 
fungal extract. Functional groups such as hydroxyl, 
carbonyl, amide, and amine groups are crucial in 
reducing silver ions (Ag⁺) to elemental silver (Ag⁰) 
and stabilizing the formed nanoparticles (Fig. 6).

UV-Visible spectral
Through visual inspection, silver nanoparticles 

generate the change in color from light yellow to 
dark brown (Fig. 7). The variations in excitation 
energy of the particle surface plasmon resonance 
could be the cause of the color change. A surface 
plasmon resonance peak (SPR) at around 430 nm, 
which is associated with Ag NP synthesis, can be 
seen in the UV-visible spectrum [11, 12, 16].

Measured in the range of 300–1100 nm. The 
key observations include: 

A strong absorption peak at approximately 430 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 6. FTIR spectrum of sliver nanoparticles.
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nm, which is characteristic of the surface plasmon 
resonance (SPR) of AgNPs.

The SPR arises due to the collective oscillation 
of conduction electrons in response to light, and 
this peak typically occurs between 400–450 nm for 
AgNPs, depending on size, shape, and surrounding 
medium. The broad tail extending toward longer 
wavelengths (>600 nm) is typical and may indicate 
polydispersity or aggregation of nanoparticles. 
These results are a good agreement with study of 

Kora etal. & Khalil et al [17,18].

Scanning Electron microscopy (SEM) 
The surface morphology of the synthesized 

silver nanoparticles (Ag NPs) was examined 
using Scanning Electron Microscopy (SEM) (Fig. 
8). The results revealed that the Ag NPs were 
predominantly spherical in shape with sizes 
ranging from 20 to 40 nm. These nanoparticles 
appeared as crystalline solid clusters aggregated 
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Fig. 7. UV-Vis absorption spectrum of silver nanoparticles (AgNPs).

Fig. 8. a. SEM Micrograph of Biosynthesized Silver Nanoparticles Showing Aggregated Spherical Morphology at 100,000× 
Magnifications b. SEM Micrograph of Aggregated Silver Nanoparticle Clusters at 10,000× Magnification.
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into small masses, with individual particles 
showing diameters less than 50 nm. This 
morphological feature supports the role of plant 
extracts as effective reducing and capping agents 
during green synthesis. The observed results 
are consistent with several previous studies 
reporting similar size ranges and morphologies 
of biosynthesized Ag NPs using plant-mediated 
approaches [19-21].

RESULTS AND DISCUSSION
The infected control group showed a significant 

increase in both liver and spleen weights and their 
respective percentages relative to body weight, 
indicating organomegaly caused by visceral 
leishmaniasis. 

Treatment with silver nanoparticles (AgNPs), 
Pentostam, or their combination reduced organ 
enlargement, with the AgNPs + Pentostam 
group showing the most marked improvement, 
approaching normal values.

This bar chart displays the effect of infection 
and treatment on liver and spleen weights, and 
their percentages relative to body weight in five 
groups: Liver Weight and Liver %, Infected Control: 
Shows a dramatic increase in liver weight and 
liver % compared to the Healthy Control. This 
indicates hepatomegaly (liver enlargement), a 
typical response to visceral leishmaniasis. AgNPs, 
Pentostam, and AgNPs + Pentostam Treated 
Groups: Liver weight and % decreased significantly 
after treatment. The AgNPs + Pentostam group 
showed liver values nearly restored to normal, 
indicating effective treatment. Spleen Weight 
and Spleen Infected Control: Also had a marked 
increase in spleen weight and % indicating 
splenomegaly, another hallmark of visceral 
leishmaniasis. AgNPs and Pentostam treatments: 
Caused a partial reduction in spleen size. AgNPs 
+ Pentostam: Caused the most pronounced 
improvement, almost reaching the healthy control 
levels.

 
  

 

Group Body Weight (g) Liver Weight (g) Liver % Spleen Weight (g) Spleen % 
Healthy Control 25.1 ± 1.3 1.22 ± 0.1 4.86% 0.12 ± 0.02 0.48% 
Infected Control 23.8 ± 1.0 2.45 ± 0.2 10.29% 0.48 ± 0.03 2.02% 
AgNPs Treated 24.7 ± 1.1 1.45 ± 0.15 5.87% 0.22 ± 0.03 0.89% 

Pentostam Treated 24.5 ± 1.0 1.67 ± 0.12 6.81% 0.25 ± 0.04 1.02% 
AgNPs + Pentostam 25.0 ± 0.9 1.30 ± 0.1 5.2% 0.15 ± 0.02 0.6% 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 9. bar of organ weight and ratio.

Table 1. Organ Weights and Ratios in Different Groups.
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Infection led to anemia (decreased RBC, Hb, 
and HCT) and leukocytosis (elevated WBC), with a 
notable drop in platelet count (PLT). All treatments 
significantly improved hematological parameters, 
especially in the combined AgNPs + Pentostam 
group, which nearly restored values to those of 
the healthy control group (Fig. 10).

This bar chart shows how the infection and 
different treatments affected hematological 
parameters (RBC, WBC, Hb, HCT, PLT):

 RBC (Red Blood Cells), Hb (Hemoglobin), and 
HCT (Hematocrit)Infected Control: These values 
are significantly reduced, reflecting anemia due 
to infection. AgNPs and Pentostam treatments: 
Each treatment partially improved anemia. AgNPs 
+ Pentostam: Showed the highest improvement, 
with values close to the healthy group.WBC 
(White Blood Cells) Infected Control: WBC count 
is elevated, indicating an immune response 
(leukocytosis) due to the parasite. All treatment 

groups: Show a reduction in WBC count, with the 
combined treatment again being most effective, 
nearly normalizing the immune response. 

 PLT (Platelets) Infected Control: Platelet 
count is significantly reduced, indicating 
thrombocytopenia, common in leishmaniasis. All 
treatments: Show a gradual recovery in platelet 
levels, with AgNPs + Pentostam bringing the count 
close to healthy values.

The results of the present study demonstrate 
that Leishmania donovani infection in mice leads 
to significant pathological changes, particularly 
hepatosplenomegaly and hematological 
abnormalities, which are hallmark features of 
visceral leishmaniasis (VL). These pathological 
signs are consistent with previously reported 
findings that VL primarily targets the liver, 
spleen, and bone marrow, leading to immune 
dysregulation and organ damage [22-23].

Group RBC (×10⁶/μL) WBC (×10³/μL) Hb (g/dL) HCT (%) PLT (×10³/μL) 
Healthy Control 8.1 ± 0.3 6.5 ± 0.4 14.2 ± 0.5 42.3 ± 1.2 850 ± 50 
Infected Control 5.4 ± 0.2 11.8 ± 0.6 9.1 ± 0.4 30.7 ± 1.0 520 ± 40 
AgNPs Treated 7.3 ± 0.3 7.2 ± 0.5 12.7 ± 0.3 39.5 ± 1.1 770 ± 45 

Pentostam Treated 7.0 ± 0.4 7.8 ± 0.6 12.3 ± 0.5 38.2 ± 1.4 740 ± 60 
AgNPs + Pentostam 7.8 ± 0.2 6.9 ± 0.4 13.5 ± 0.4 41.1 ± 0.9 810 ± 55 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 10. CBC Parameters Chart.

Table 2. Complete Blood Count (CBC) Results.
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Organomegaly (Liver and Spleen Changes)
Mice in the infected control group exhibited 

a significant increase in liver and spleen weights 
and their respective percentages relative to 
body weight (Table 1). This hepatosplenomegaly 
reflects the accumulation of inflammatory cells 
and parasitized macrophages in these organs, as 
reported in prior studies [24]. Such enlargement is 
part of the immune response to parasitic burden 
and results from hyperplasia of the mononuclear 
phagocyte system, as previously described by 
Melby et al. [25].

Following treatment, both AgNPs and 
Pentostam groups showed a reduction in liver 
and spleen weights, with the AgNPs + Pentostam 
combination resulting in near-normal values. 
These results align with previous findings that 
Pentostam (sodium stibogluconate), a standard 
antileishmanial drug, reduces parasite load and 
inflammatory damage [26].

Additionally, silver nanoparticles (AgNPs) have 
demonstrated strong antileishmanial properties, 
likely through multiple mechanisms, including 
disruption of parasite membranes, generation of 
reactive oxygen species (ROS), and modulation 
of host immune responses [27,28]. The synergy 
observed in the AgNPs + Pentostam group may be 
due to complementary mechanisms of action with 
AgNPs enhancing oxidative stress and Pentostam 
interfering with parasite metabolism.

Hematological Parameters
The CBC data (Table 2) confirm that visceral 

leishmaniasis leads to hematological disturbances, 
such as: Anemia (decreased RBC, Hb, HCT), 
Leukocytosis (increased WBC).

Thrombocytopenia (decreased PLT)
These findings reflect bone marrow suppression 

and splenic sequestration of blood cells during L. 
donovani infection, as documented by Pagliano & 
Esposito [29] and Dourado[30]. 

Post-treatment hematological recovery was 
evident in all treated groups, with the AgNPs + 
Pentostam group showing the most significant 
improvement. This supports previous studies 
where nanoparticles enhanced hematological 
profiles during parasitic infections due to their 
immunomodulatory and antioxidant properties 
[31,32]. The restoration of RBC, Hb, HCT, and PLT 
levels to near-healthy values further indicates 
that combination therapy is more effective than 

monotherapy.

Therapeutic Implications
The results suggest that the combination of 

AgNPs and Pentostam not only improves parasite 
clearance, but also helps to preserve hematological 
integrity and prevent organ damage, likely via 
synergistic mechanisms. This is consistent with 
recent research advocating nanoformulations 
as adjunct therapy to enhance the efficacy of 
traditional antileishmanial drugs and reduce 
resistance development [33-35].

CONCLUSION
This study demonstrated the successful green 

synthesis of silver nanoparticles (AgNPs) using 
white mushroom extract as a natural reducing 
and stabilizing agent. The biosynthesized 
nanoparticles were confirmed and characterized 
through multiple analytical techniques. XRD 
analysis revealed a crystalline face-centered 
cubic (FCC) structure of metallic silver with an 
average crystallite size of approximately 25 nm. 
UV–Vis spectroscopy showed a characteristic 
surface plasmon resonance peak around 430 
nm, confirming nanoparticle formation, while 
FTIR analysis indicated that functional groups 
such as hydroxyl, carbonyl, and amide groups 
from mushroom biomolecules played a key 
role in the reduction and stabilization of AgNPs. 
SEM observations further showed that the 
nanoparticles were predominantly spherical with 
sizes ranging from 20–40 nm. The in vivo evaluation 
demonstrated that infection with *Leishmania 
donovani* caused significant pathological changes 
in mice, including hepatomegaly, splenomegaly, 
anemia, leukocytosis, and thrombocytopenia. 
Treatment with AgNPs significantly improved 
these pathological and hematological parameters, 
indicating notable antileishmanial activity. 
Moreover, the combination of AgNPs with 
Pentostam produced the most pronounced 
therapeutic effect, reducing liver and spleen 
enlargement and restoring blood parameters 
close to normal levels. Overall, the findings 
highlight that mushroom-mediated silver 
nanoparticles represent a promising, eco‑friendly 
nanotherapeutic agent with significant 
antileishmanial potential. Furthermore, their 
combination with conventional drugs such as 
Pentostam may enhance treatment efficacy 
and reduce disease‑associated complications, 
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suggesting a valuable strategy for future 
antiparasitic therapies.
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