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ABSTRACT 
Over recent years biogenic preparation of bi metallic nanoparticles using natural extracts has gained much interest. 
The need to develop economic, nonhazardous and green procedures of preparation of these particles utilizing the 
plants is being strongly felt. The chemical, physical, and a range of methods are reported to synthesize nanoparticles 
but these methods result in the production of hazardous toxic byproducts. Moreover, these methods are very expensive 
too. The present study reports an environmentally friendly, low-cost, new and rapid method for the synthesis of Au-
Ag bimetallic nanoparticles. A green process of preparation of Au-Ag bimetallic nanoparticles using Desmodium 
gangeticum leaf extract has been developed. The morphology of the biosynthesized nanoparticles was studied using 
UV-Vis, TEM, FESEM techniques. The crystallinity of the particles was confirmed by EDAX and XRD. It was noted 
that the leaf extract successfully reduced the metals into metallic nanoparticles with few minutes, thus offering a 
convenient biosynthetic method for the nanoparticles. The developed Au-Ag bimetallic nanoparticles exhibited 
surface plasmon resonance at 490 nm. The average size of nanoparticles was found to be 42 nm. The synthesized 
nanoparticles were tested for in vitro anticancer activity against DU145 (prostate cancer), and Hela (cervical cancer) 
cell using MTT reduction assay. The IC50 was found to be 60.52 μg/ml in the case HeLa cell line & 66.51 μg/mL in 
DU cancer cell lines. The method is cost-effective and can be easily scaled.    
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INTRODUCTION 
The nanoparticles play a potential role as a vehicle of drugs or therapeutic agents due to their unique 
properties.1 Lately the metal nanoparticles have gained attention in medicine due to their distinctive 
attributes like high surface area and a high fraction of surface atoms.2-4 The gold and silver draw specific 
attention due to distinctive properties, including electrical conductivity, stability, catalytic potential and 
some activity.5-7 Bimetallic nanoparticles (BNPs) are formed by the combination of two different metals. 
They perform better as compared to monometallic nanoparticles both technologically and scientifically due 
to enhanced properties. These nanoparticles can be synthesized with varying properties using a variety of 
methods viz. physical, chemical & biological.  
The advantages of biological methods include their environment friendliness, less time consumption, 
production of negligible waste & toxic substances and safety. The other methods are comparatively unsafe, 
expensive & hazardous. Thus there is more emphasis on green methods of synthesis which use a natural 
resource such as plants or microbes.8   Plant mediated nanoparticle preparation is considered superior to 
microbe-based preparation due to its simplicity & process friendliness.9-10  For quite some time, attempts 
are on to come up with economic, safe, reliable & green approaches to synthesize stable metal nanoparticles. 
Plants resources are better for the synthesis of nanoparticles and they are nontoxic and as well alternative 
as natural capping agents.11 Desmodium gangeticum leaf was chosen for the present study. The leaves of 
this plant have several pharmacological activities such as anti-cancer, anti-diabetic, anti-hyperlipidemia, 
antioxidant, and hypotensive activities.12-15 Phytochemical screening indicated the presence of chemicals 
such as alkaloids, tannins, phenols, flavonoids and terpenoids. The plant have marked anti-oxidant activities 
in its leaf parts.16-17 The present investigation was thus aimed at developing a plant-based rapid, cost-
effective, user-friendly, stable and one-step process green method for the synthesis of gold-silver bimetallic 
nanoparticles and their biological screenings. 
 

EXPERIMENTAL 
All the chemicals and reagents used in this study were of analytical grade. Silver nitrate and auric acid were 
obtained from Hi media. All glassware was washed in dilute nitric acid and rinsed thoroughly with distilled 
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water before use and dried in a hot air oven. Human prostate adenocarcinoma (DU145) and HeLa (cervical 
cancer) cell lines were procured from National Centre for Cell Sciences (NCCS), Pune, India. DU145 cells 
were maintained in MEM (Eagle's minimal essential medium), while Hela cell line was cultured in DMEM 
(Dulbecco's modified of Eagle medium) with 10% fetal bovine serum. All media were supplemented with 
2.0 mM L-glutamine, 1.5 g/l sodium bicarbonate, 0.1 mM non-essential amino acids, 1.0 mM sodium 
pyruvate and 10% (v/v) FBS (Fetal Bovine Serum). The cells were incubated at 37ºC and 5% carbon dioxide 
in an incubator. 
 
Biosynthesis of Bimetal Nanoparticles (Au-Ag) using Desmodium Gangeticum Leaf Extract 
Analytical grade silver nitrate and gold chloride solution 10-3M were utilized for the synthesis. Fresh plant 
leaves (10g) were cut into small pieces, put in a flask and washed properly using double distilled water. 
Then 200 mL of double distilled water was added to the flask containing the leaves and the flask was heated 
in a microwave for 3 minutes to inactivate the enzymes and proteins which may interfere in the process. 
The mixture was then filtered in hot conditions using 10µm mesh. Thereafter, 10 ml of the filtrate was 
added to 50 ml mixture of silver nitrate and gold chloride solution (1:1) in a flask and this was kept in a 
shaker at 27°C for the process to complete. It was noted that on the addition leaf extract to the bimetallic 
aqueous solution resulted in a change in color of the reaction mixture indicating the formation.18 
 
In-vitro Cell Viability Assay 
MTT reduction assay was used to assess the cell viability of synthesized bimetallic nanoparticles through 
a previously established protocol.19 The cells (1x104cells/well) were seeded in 100 μl complete culture 
medium in 96-well culture plate and incubated in humidified air. A stock solution of each synthesized 
metallic nanoparticles was prepared in phosphate buffer saline (PBS) and diluted with culture medium to 
get the concentrations of 10, 25, 50, and 100 ug/ml and these solutions were added to the wells. After 21 h 
of the incubation period, 10 μl of MTT (5 mg/ml in PBS) reagent was added in each well and further 
incubated for 3 h at 37oC to form purple formazan crystals. Formazan crystals were dissolved in 100 μl of 
DMSO. The plate was read at 540 nm using microplate ELISA reader (BIORAD 680, USA) and percent 
cell viability was assessed. The graph of percent cell viability versus synthesized metallic nanoparticle 
concentrations was used to calculate the concentration lethal to 50 % of the cells (IC50). The morphological 
changes were seen via inverted phase-contrast microscopy. 
 

RESULTS AND DISCUSSION 
Ultraviolet-visible Spectroscopy  
The completion of the preparation process was indicated by the color changes of the mixture. The color of 
the biomass changed from yellow to brown. Surface plasmon resonances as a clear visible peak at 490 nm 
confirmed the formation of Au-Ag bimetal nanoparticles. The result is shown in Fig.-1. 

 
Fig.-1: UV-Visible Spectra of Au-Ag Bimetal Nanoparticles. 

X-ray Diffraction Studies 
X-ray diffraction analysis was carried out to observe the crystallinity of nanoparticles. The result is 
presented in Fig.-2. The clear peaks at (111), (200), (220) and (311) are due to the nanoparticles and they 
match the standard JCPDS file 04-0783 & 784 patterns. 
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Fig 2: X-ray Diffraction Studies of Au-Ag Bimetallic Nanoparticles 

 
Energy-dispersive X-ray Analysis (EDX) 
The results of EDX analysis are depicted in Fig.-3. The EDX graph indicates the presence of elemental gold 
& silver. The data reflect the conversion Ag+ in Ag and AU+3 into Au. 
 

 
Fig.-3: EDX Studies of Au-Ag Bimetallic Nanoparticles 

 
Field Emission Scanning Electronic Microscope (FESEM) 
FESEM images at different resolutions of 2 um and 300 nm are presented in Fig.-4a and b. A covering of 
bio components can be seen on the surface of all nanoparticles.  
 

  
 

Fig.-4:  A and B FESEM Images of Au-Ag Bimetallic Nanoparticles at Different Resolutions 
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High-Resolution Transmission Electron Microscopy (HRTEM) 
The images of HRTEM shown in Fig.-5A demonstrate the morphology of functionalized Au-Ag bimetallic 
nanoparticles. The particles were spherical having 10 to 100 nm size. The average size was found to be 42 
nm and they were uniformly distributed. The size distribution histogram is shown in Fig.-5B. 
 

 
Fig.-5: (A) HR-TEM Image of Au-Ag Nanoparticles and (B) Size Distribution Histogram of Au-Ag nanoparticles 

 
Fourier Transform Infrared Spectroscopy, (FTIR) 
The results of FTIR analysis are shown in Fig.-6. The bands at the wavenumber 3315 cm-1 are due to OH 
groups at 2971 cm-1 for aliphatic CH2, at 1637 cm-1 mainly because of C=C and C=O vibrations, at 1454 
cm-1 assigned to CH and aromatic vibrations, at 1283 cm-1, 1231 cm- probably for C-O of polyols, a band 
at 1701 cm-1, mainly for the stretching vibration of carboxyl groups, stretching of C = O of flavonoids. A 
band at 1513 cm-1, may be due to aromatic ring deformations and to the flavonoids. It can be assumed that 
the flavonoids and terpenoids in Desmodium gangeticum leaves are helpful in reduction and capping. 
Terpenoids being hydrophobic don't seem to contribute to the reduction. There is a likeliness that flavonoids 
are adsorbed post interaction with the carbonyl group. 

 

 
Fig.-6: FTIR Studies of Au-Ag Nanoparticles 

 

Cytotoxicity of the Nanoparticles 
The nanoparticles were assessed for in vitro antiproliferative potential against DU145 (prostate cancer), 
and Hela (cervical cancer) cell lines using MTT reduction assay. 
 
Cytotoxicity of Au-Ag Nanoparticles against Hela Cancer Cell Lines 
Phase-contrast microscopy revealed changes in the morphology of Hela cells after 48h of the treatment. 
Figure-7 reflects drastic changes in the cell shapes in a dose-dependent pattern.  
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Fig.-7: In-vitro cytotoxicity of Au-Ag bimetallic nanoparticles on Hela (cervical cancer) cancer cells by MTT assay.  
Cellular morphology of Hela cells after 48 h treatment at different concentrations (10-100 μg/ml) of synthesized 

nanoparticles by inverted phase-contrast microscopy. (a) after 48 h incubation; cells without any treatment (control) 
at (b) 100 μg/mL (c) 50 μg/mL (d) 25 μg/mL(e) 10 μg/mL of bimetallic nanoparticles synthesized by using 

Desmodium gangeticum. 

 
Fig.-8. In-vitro cytotoxicity of Au-Ag bimetallic nanoparticles against DU 145 cancer cell lines by MTT assay.  

Cellular morphology of DU145 cells after 48 h treatment at different concentrations (10-100 μg/ml) of synthesized 
nanoparticles by inverted phase-contrast microscopy.  After 48 h incubation; cells without any treatment (control) at 

(A) 100 μg/mL (B) 50 μg/mL (C) 25 μg/mL(D) 10 μg/mL of bimetallic nanoparticles synthesized by using 
Desmodium gangeticum mediated bimetallic nanoparticles  
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The anti-proliferative effect of different concentrations of synthesized metallic nanoparticles was seen by 
MTT assay after 48 h. The cell growth viability data indicates that 10 μg/ml of synthesized metallic 
nanoparticles reduces the cell viability by approximately 80 % and it was dramatically reduced to 
approximately 62.9% when treated with 25 μg/ml of synthesized metallic nanoparticles. However, 50 μg/ml 
of synthesized metallic nanoparticles decrease the viability by approximately 52 % and it was noticeably 
reduced to approximately 33% at 100 ug/ml of synthesized metallic nanoparticles. The IC50 of Desmodium 
gangeticum mediated bimetallic nanoparticles was noted to be 60.52 μg/ml in HeLa cervical cancer cell 
lines. 
 
Cytotoxicity of Au-Ag Bimetallic Nanoparticles against DU 145 Cell Lines 
The anti-proliferative effect of different concentrations of synthesized metallic nanoparticles was calculated 
by MTT assay after 48 h (Fig.-8.) The data indicate that 10 μg/ml of synthesized metallic nanoparticles 
reduce the cell viability by approximately 83.6.% as compared to control and which dramatically decreases 
to approximately 40.2% when treated with 25 μg/ml of synthesized metallic nanoparticles. However, 50 
μg/ml of synthesized metallic nanoparticles reduces the viability by approximately 59 % and it was 
noticeably reduced to approximately 32% at 100 ug/ml of synthesized metallic nanoparticles. The studies 
indicated that the nanoparticles remarkably reduce the viability of cancer cell lines which was noted to be 
dose-dependent. The IC50 of Desmodium gangeticum based bimetallic nanoparticles was found to be 66.51 
μg/mL in DU cell lines. 

CONCLUSION 
The leaf extract assisted green synthesis of bimetal nanoparticles was found to be rapid, eco-friendly and 
cost-effective. The nanoparticles with fairly uniform size and shape were obtained. The average size of 
nearly spherical particles was 42 nm. The analysis of synthesized nanoparticles indicated the presence of 
flavonoids in the leaf extract which possibly performed dual functions of formation and stabilization. Gold 
silver bimetal nanoparticles synthesized using Desmodium gangeticum shown excellent results against DU 
145 & HeLa cancer cell lines. It can be concluded that the developed method is cost-effective, eco-friendly 
and capable of producing nanoparticles with desired physical & pharmacological properties. 
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