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Abstract 

Green synthesis methods are environmentally friendly, cost effective and nonhazardous for 

biomedical applications in comparison with other methods. The aim of the study was green 

synthesis of silver nanoparticles using medicinal animal dung extract as a reducing, capping and 

stabilizing agent for the first time among other synthesis methods of silver nanoparticles. Female 

donkey’s dung was capable to reduce silver ions to nanoparticles and stabilize them. Silver 

nanoparticles with average sizes of 36 nm were synthesized and characterized by UV-Vis, FT-IR, 

XRD and TEM. Moreover, synthesized nanoparticles were analyzed in terms of anticancer activity 

by MTT assay on MCF-7 cell line. UV–Visible spectrophotometer showed an absorbance peak in 

the range of 414-433 nm. To identify the phytochemical coating of particles, FTIR analysis was 

used. Transmission electron microscope (TEM) images and X-ray diffraction (XRD) confirmed the 

formation of small spherical silver nanoparticles. The MTT assay revealed potent anticancer 

effects of the aqueous extract synthesized nanoparticles on MCF-7 cells, incubated for 24 hours. 

Based on the current findings, it is strongly believing that the use of donkey’s dung offers large 

scale production of biocompatible silver nanoparticles that can be suggested to possess valuable 

anticancer agents against breast cancer cell lines.  

 

Keywords: Silver nanoparticles, green synthesis, chemical synthesis, animal waste extract, breast 

cancer cells, anticancer drugs. 

 

Introduction 

Nanotechnology provides fields ranging from conventional chemical approaches to medical and 

environmental innovations with practical applications. Nanoparticles have emerged with leading 

contributions in a range of applications, including drug delivery ointments, nanomedicine, 

chemical sensing, data storage, cell biology, agriculture, cosmetics, textiles, food processing, 

photocatalytic organic coloring, antioxidants, and antimicrobial agents. (1-10). Nanoparticles can 



be synthesized through various physical, chemical and biological approaches, and they possess 

sizes in the range of 1–100 nm with large surface area to volume ratio which makes them 

extraordinarily significant (11, 12). Typical chemical and physical synthesis methods have many 

disadvantages such as high cost, environmental and human hazards and the use of toxic chemical 

materials. Especially for biomedical purposes, nanoparticles that are chosen should be non-toxic 

and it’s exploitable by use of biological macromolecules as the nanoparticle building blocks or its 

coating with biocompatible substances (13, 14). Such problems caught the attention of the new 

and alternate routes. Green synthesis of nanoparticles using plants and micro-organisms has 

been proven as a new source for nanoparticles synthesis and development (15, 16).  

Green synthesis is a relatively novel and simple process which is more environmentally friendly 

and cheaper than the rest (17, 18). There are a variety of chemically diverse and bioactive 

molecules in the green synthesis precursors that include proteins /enzymes, amino acids , 

polysaccharides, polyphenols, aldehydes and ketones, which can reduce metal ions and stabilize 

nanoparticles to the desired shapes and sizes (19-21). Although green synthesis of nanoparticles, 

using plant extracts, has reported enormously, there are a few studies on removing materials 

from the animal bodies include reducing and stabilizing agents for the synthesis of nanoparticles. 

For example cow urine, honey, chitosan and silk as animal waste materials reported recently for 

biosynthesis of nanoparticles (22-25). One of these waste material is female donkey dung called 

Anbarnesa.  

Anbarnesa is applied in Persian traditional and folk medicine for the treatment of bacterial and 

viral infectious diseases such as sinusitis, ear infections and cold, allergic diseases such as asthma 

and cough, tumors and vaginal cysts. Moreover, the findings have shown Anbarnesa was nontoxic 

to normal cells. According to the initial results of Anbarnesa, it may be used as a reducing and 

stabilizing agent for silver nanoparticle synthesis, due to have some phenolic groups in the 

extract(26, 27).    

Cancer is a life-threatening illness and causes deaths worldwide (28). The annual cancer cases 

are expected to increase from 14 million in 2012 to 22 million in the next two decades, according 

to the WHO (29). However, most of the chemical methods are expensive and involve the use of 

toxic chemicals that pose various biological risks (30). Thus, the development of potent and 

effective antineoplastic drugs is one of the most persuaded goals. Recent advancements in 

nanotechnology spread the area of research based on metal based silver nanoparticles having 

bio-medical applications. Silver nanoparticles, in particular, have been the focus of increasing 

interest due to their excellent contribution for therapeutic purposes (31). Although there is a 

common traditional usage of Anbarnesa for antitumor proposes, experimental studies on its 

cytotoxicity has reported rarely (32). The anticancer effect of Anbarnesa may be attributed to the 

presences of many polar bioactive compounds in the plants which are eaten by animals such as 

alkaloids, flavonoids, tannins, terpenoids, and glycosides. These compounds are potent anti-

tumor agents (33).  



Therefore, in this study the aqueous extract of Anbarnesa was used to biosynthesize of the silver 

nanoparticles. Small size, high aspect ratio and penetrating ability of the nanoparticles and their 

own anticancer activity as well as anticancer activity of Anbarnesa, would be a promising 

combination for cancer treatment proposes (34). To confirm the increasing of nanoparticles anti-

cancer effect due to the presence of extract materials, chemical nanoparticles were synthesized 

simultaneously and their anticancer activities were analyzed separately (35). 

 

Materials and methods 

Collection and extraction methods 

Female donkey dungs were collected from Isfahan, Iran in May 2019 and washed several times 

with tap water, followed by distilled water. The matter was dried in the shade for a week. The 

dry matter was passed through a 50 mm mesh, to make a uniform powder. The extract was 

prepared by mixing 5 g of dry powder with 100 mL of deionized water, and then exposing the 

mixture to water bath at 80 C for 15 min. The aqueous extract was prepared using Whatman 

filter paper No. 1 by filtration, and was held at 4 °C for further use. 

 

Synthesis of silver NPs 

about 50 ml of Silver nitrate solution (1 mM) was added drop wise to 1 ml of female donkey dung 
extract under continuous stirring (500 rpm) on a magnetic stirrer and the whole mixture was 
incubated overnight at 60°C. The color change (light yellow to dark red) was visible after the 

incubation period. The solid product was separated by centrifuge (14,000 rpm, 15 min, 25 °C), 

washed with deionized water twice, and freeze-dried for 24 h. The final AgNPs powder was stored 

in a room temperature for characterization and bioactivity studies. Also, chemically synthesized 

nanoparticles was provided through the similar method with the difference that is replacement 

of sodium citrate 1% with female donkey dung extract as a reducing and stabilizing agent at the 

same amounts.  

 

Characterization of synthesized nanoparticles 

UV–Vis spectral analysis was performed using UV-vis model Biowave II, UK for both green and 

chemical synthesis methods from the start of the reaction over 60 min with a time interval of 10 

min between 300 and 600 nm. Two milliliter of each sample was pipetted into a cuvette and 

subsequently analyzed at room temperature. Dynamic light scattering (VASCOTM, Cordouan-

tech, France) was used to analyze the average size of synthesized silver nanoparticles. In addition, 

to determine the surface charges and stability of the nanoparticles in the suspension, zeta 

potential (ζ-potential) of the nanoparticles were measured in water via Malvern Zetasizer Nano 

ZS (Malvern Instruments, Worcestershire, UK) using material refractive index (RI) value of 1.54 

and absorption of 0.00, controlled at 25˚C with water dispersant refractive index of 1.330. The 

FT–IR (Fourier-transform infrared spectroscopy) spectra were recorded on FT-IR Spectrometer 



6300, Jasco, Japan. The synthesized AgNPs sample was dried and ground and various modes of 

vibrations were recognized to confirm the functional groups present in AgNPs. For XRD analysis, 

the powdered nanoparticles were located in X-ray diffractometer (D8 Advanced X-ray 

diffractometer, Bruker, Germany) using a wavelength at 1.540598 °A (Cu Kα) was used to confirm 
the silver content of synthesized nanoparticles. To verify the shape and confirm the diameter of 

the nanoparticles non-diluted samples of AgNPs were placed on grid for transmission electron 

microscopy (TEM).  

 

Anticancer activity test: 

In this study, we tested the anticancer effect of green and chemically synthesized AgNPs on MCF-

7 cancer cell line as a model. MCF-7 kindly provided by the Royan Institute, Iran. The cells were 

cultivated under a humidified atmosphere containing 5 percent carbon dioxide in RPMI 

supplemented with 10 percent FBS at 37 ° C. After the confluence cells were trypsinised and died. 

The breast, ovarian, multidrug-resistant cell line was transferred to 96-well tissue cultivation 

plates at a density of 80%, 24 hours before diagnosis. After the confluence cells were trypsinised 

and died. Breast, ovarian, multi-drug - resistant cell line was transferred at a density of 80 percent 

to 96-well tissue cultivation plates, 24 hours before diagnosis. The medium was then replaced 

with fresh medium containing green/chemically synthesized AgNPs, the extract and silver nitrate 

at different concentrations (3.2–204.8 µg/ml), followed by incubation for 24 h at 37ºC in the 

presence of 5% CO2 in an incubator. 20μl / well of (5mg / ml) 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-

diphenyl — tetrazolium bromide (MTT) buffered saline solution was added after removal of the 

sample solution and washing with phosphate buffered saline (pH 7.4). After 4h incubation 100 

mL DMSO was added to each well and the absorbance was measured immediately at 570 nm by 

using a microplate reader (Awareness Technology Stat Fax 3200 Microplate Reader, USA). 

 

RESULTS 

Characterizations and sample analysis 

The extract of Anbarnesa was mixed with silver nitrate to synthesize AgNPs. The change in color 

of the mixture was an indication of AgNPs synthesis where the color of the solution changed from 

pale yellow to dark brown because of the process of reduction of Ag+ to Ag° nanoparticles. Also 

during a chemical reaction for silver nanoparticle synthesis, the color of the solution was changed 

from transparent to dark gray after addition of sodium citrate as a reducing/stabilizing agent. 

These results indicated the biosynthesis of AgNPs. UV–vis spectra for both  biosynthesized and 

chemically synthesized AgNPs gave the peaks at 425 nm after 1 h incubation (Figure 1B). The 

presence of an absorbance peak at about 420-430 nm clearly indicates the formation of AgNPs 

in the solution due to surface plasmon resonance (SPR) electrons present on the nanoparticle 

surface.  

 

https://www.sciencedirect.com/topics/chemistry/transmission-electron-microscopy
https://www.sciencedirect.com/topics/chemistry/transmission-electron-microscopy
https://pubs.acs.org/doi/10.1021/acsomega.0c00155#fig1
https://pubs.acs.org/doi/10.1021/acsomega.0c00155#fig1


 

 

 

 

 

 

 

 

Figure 1. UV-Vis spectra of the silver nanoparticles synthesized through (a) chemical and (b) 

green methods. Color changes in chemical and green methods was demonstrated in a' and b' 

figures respectively. 

 

Bio-molecules involved in the capping and reducing of green-AgNPs were analyzed by FTIR. The 

FTIR results of green-AgNPs showed main absorption peaks located at 616, 1077, 1355, 1629, 

2923 and 3351 which characterizes several functional groups like C-Cl, CO, CH (stretch), C=C, CH 

(bending) and OH receptivity (Figure 7). The hydrodynamic diameter and size distribution of 

spherical silver nanoparticles were analyzed by DLS and the results showed the narrow size 

distribution for the green synthesized nanoparticles. The average nanoparticle size synthesized 

by green approach was around 35 nm (Figure 3a). The surface charges and stability of the 

nanoparticles in the suspension were measured through zeta potential and the values was about 

-47 meV for green synthesized nanoparticles (Figure 3b). 

 

 

 

 

 

 

 

 

 

Figure 2. FTIR spectra of Anbarnesa extract (green curve) and silver nanoparticles synthesized 

by Anbarnesa extract (red curve).  
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Figure 3. (a) DLS histograms and (b) Zeta potential histograms of green synthesized AgNPs  

 

The typical XRD pattern of silver nanoparticles synthesized using Anbarnesa , is shown in Fig. 2a, 

b. Bragg reflections with 2θ values and its corresponding lattice planes, shown as 38.15°, 44.14°, 

64.50°, 77.25° and 81.52, indicates presence of silver and the amounts of 28°, 32.50°, 46.51°, 

55.21, 57.93°, 67.86°, 74.93, 77.23, 86.16 was an evidence of AgCl composition. TEM micrograph 

demonstrated that the majority of the particles were spherical in shape and the nanoscale range 

of nanoparticles obtained from DLS analysis was verified in the micrograph. 

 

 

 

 

 

 

 

 

 

Figure 4. X-Ray diffraction spectra of (a) chemically and (b) green synthesized AgNPs 
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https://link.springer.com/article/10.1007/s40097-019-0306-9#Fig2


 

 

 

 

 

 

 

 

Figure 5. TEM micrographs and particle size distribution histogram of AgNPs synthesized using 

Tulsi extract 

 

Anticancer assay 

The cytotoxic effect of green synthesized silver nanoparticles, chemically synthesized ones, the 

extract of Anbarnesa and silver nitrate solution were determined separately on MCF-7 

cells (Figure 6). The interaction of AgNPs with MCF-7 was studied because these cells are a well-

established model for the identification of adverse effects of NPs and have an epithelial and non-

invasive phenotype, as reported elsewhere (36). The anticancer potential of AgNPs was studied 

by MTT based cytotoxicity assay. In this cytotoxicity assay, increasing concentration of AgNPs 

significantly inhibits the growth of the MCF-7 cells for 24 h incubation. It was found that silver 

nitrate was the most effective material to inhibit the proliferation of cancer cells, and green 

synthesized silver nanoparticles, chemically synthesized ones, the extract of Anbarnesa was 

standing in the next rankings respectively. An IC50 of 43.6 µg.ml-1 was obtained eventually for 

green-AgNPs and 77.3 µg.ml-1 for chemical-AgNPs. When MCF-7 cells were treated with a 

different dose of green synthesized silver nanoparticles, chemically synthesized ones, the extract 

of Anbarnesa and silver nitrate solution, morphological changes in cell morphology and structure 

were observed 24 h post-treatment under 40× magnification (Figure 7). 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6022976/figure/biomolecules-08-00032-f005/


 

 

 

 

 

 

 

 

 

 

Figure 6. the viability percentage of the MCF-7 cells after incubation for 24 hours with different 

concentrations (3.2 µg.ml-1 to 204.8 µg.ml-1) of the green/chemically synthesized silver 

nanoparticles, Anbarnesa extract and silver nitrate solution. 
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Figure 7. Morphological changes of MCF-7 cells after incubation with silver nanoparticles at the 

concentrations of 3.2, 25.6 and 204.8 µg.ml-1 for (a-c) silver nitrate solution, (d-f) Anbarnesa 

extract, (g-i) chemically synthesized nanoparticles and (j-l) green synthesized nanoparticles. The 

standard medium was prepared with no more material than culture media and the cells (m). 

 

Discussion 

One of the serious challenges for cancer therapy is related to the use of toxic agent as the 

anticancer factors with various sides effects. To solve the problem, novel anticancer nano-

systems including metal nanoparticles have been developed (37). Production of nanoparticles 

due to have unusual chemical and electrical properties is the interesting area for research, 

especially in the field of clinical trials. Metals such as silver, which have a strong surface plasmon 

resonance are very important in the synthesis of nanoparticles (38, 39). Delivery of such 

anticancer nanoparticles to tumor interstitial spaces is based on either passive or active targeting 

and the passive targeting of the nanoparticles to tumor spaces can be succeeded by enhanced 

permeability and retention (EPR) effects (40). The size of nanoparticles plays an important role 

and particle diameters with average size of <200 nm have long circulation time in the 

bloodstream and show enhanced EPR effects (41). Therefore, particle sizes below 200 nm are 

offered to be ideal for anticancer systems. Concerns regarding the synthesis of these nano-

systems, such as the use of chemicals precursor and toxic solvents, and the production of toxic 

byproducts have led to a new alternative, green synthesis approach. This environmentally 

friendly approach includes the use of biological agents, plants or microbes as reducing and 

capping agents. Green-chemistry synthesized silver nanoparticles gives a novel and possible 

alternative to chemically synthesized nanoparticles. This research focused on the preparation of 

AgNPs using an environmentally friendly, synthetic method mediated by animal waste. Several 

studies have shown the green synthesis of metal NPs, using aqueous plant extracts for various 

applications. Anbarnesa as a processed herbal material is cheaply and easily available, and there 

is no need to buy capping and reducing agents. Anbarnesa extracts have not been used to date 

in AgNP phytosynthesis. We successfully synthesized AgNPs using Anbarnesa aqueous extract, 

which acts as a reducing agent. As the first sign of nanoparticle formation, the light yellow 

AgNO3 solution containing Anbarnesa extract changed to a dark brown color within 1 hour, 

whereas clear AgNO3 solutions containing sodium citrate was changed to dark gray after the 

same time. The Anbarnesa mediated synthesis of AgNPs was completed within a very short time 

period, compared to other plant extracts (42, 43). This rapid synthesis was due to the excitation 

of the surface plasmon resonance effect and the reduction of metal ions into nanoscale particles 

(42). The absorbance of the UV-Vis spectrum gradually increased over time. however, in chemical 

synthesis method for nanoparticle synthesis the intensity of absorption increases suddenly 

showing the nucleation proceeds slow but the growing process is fast. In the XRD results, there 



were few unassigned peaks which might be raised due to the crystallization of bio-organic phase 

or phytochemicals on the surface of the Green-AgNPs from Anbarnesa extract. Similar results 

were reported on the synthesis of AgNPs by leaf extracts of Rosa rugosa and Hibiscus cannabinus 

(44, 45). TEM images of the Green-AgNP samples reveal nanoparticles with an ellipsoidal and 

typical spherical morphology. The image also shows loosely bound particles created due to the 

effect of being treated with sonication. The approximate particle diameter was confirmed the 

results obtained from DLS analysis. The anti-proliferative effects of silver NPs were investigated 

in MCF-7 cell lines (human breast cancer cells). The most significant cancer therapeutic criteria 

are their effectiveness and selective toxicity (46). A drug's ability to cause cancer cell apoptosis 

while retaining normal cells is a crucial prerequisite for successful cancer treatment. In addition, 

since such agents work with the immune system to combat cancer, candidate drugs should not 

adversely affect the cells of the immune system. Green-AgNPs were synthesized in this study, 

showed good anticancer activity against breast cancer cell line, in while silver nitrate has the most 

anti proliferative effect on cancer cells, but due to its high toxicity against normal cells, its usage 

in the body would be hazardous and it’s not appropriate for biomedical uses.  
 

Conclusion 

In the study aqueous extract of Anbarnesa applied to green synthesis of silver nanoparticles and 

its anticancer activity analyzed. The results indicated anticancer activities of dispersed green-

AgNPs synthesized by extract of Anbarnesa were higher than chemically synthesized AgNPs on 

MCF-7 breast cancer cell line. The Anbarnesa extract containing silver nanoparticles may 

therefore be a possible alternative agent for the treatment of human breast cancer with 

decreased cytotoxicity against normal cells. 
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Figures

Figure 1

UV-Vis spectra of the silver nanoparticles synthesized through (a) chemical and (b) green methods. Color
changes in chemical and green methods was demonstrated in a' and b' �gures respectively.

Figure 2

FTIR spectra of Anbarnesa extract (green curve) and silver nanoparticles synthesized by Anbarnesa
extract (red curve).

Figure 3

(a) DLS histograms and (b) Zeta potential histograms of green synthesized AgNPs



Figure 4

X-Ray diffraction spectra of (a) chemically and (b) green synthesized AgNPs

Figure 5

TEM micrographs and particle size distribution histogram of AgNPs synthesized using Tulsi extract

Figure 6

the viability percentage of the MCF-7 cells after incubation for 24 hours with different concentrations (3.2
μg.ml-1 to 204.8 μg.ml-1) of the green/chemically synthesized silver nanoparticles, Anbarnesa extract
and silver nitrate solution.

Figure 7

Morphological changes of MCF-7 cells after incubation with silver nanoparticles at the concentrations of
3.2, 25.6 and 204.8 μg.ml-1 for (a-c) silver nitrate solution, (d-f) Anbarnesa extract, (g-i) chemically
synthesized nanoparticles and (j-l) green synthesized nanoparticles. The standard medium was prepared
with no more material than culture media and the cells (m).


