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ABSTRACT 

We report here the application of a medicinally important plant Amaranthus spinosus for the synthesis of gold nanopar-
ticles (AuNPs). Different concentrations of ethanolic leaf extract of the plant were reacted with aqueous solution of 
HAuCl4·4H2O under mild reaction conditions. Synthesis of AuNPs was confirmed from the UV-Vis study of surface 
plasmon resonance property of the colloidal solution. Transmission electron microscopy (TEM) revealed particles as 
spherical and triangular in shape. X-ray diffraction (XRD) confirmed the crystalline nature of AuNPs with average size 
of 10.74 nm as determined by Debye-Scherrer’s Equation. Fourier transform infra-red (FT-IR) analysis of leaf extract 
and lyophilized AuNPs showed the presence of various functional groups present in diverse phytochemicals. Energy 
dispersive X-ray (EDX) of purified AuNPs confirmed the formation of AuNPs and surface adsorption of biomolecules. 
We further investigated the toxicity of the synthesized AuNPs and found non toxic to the cancer cell lines and could be 
used for biomedical applications. 
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1. Introduction 

In recent years, gold nanoparticles (AuNPs) have be- 
come prominent for its diverse applications [1-5]. The 
initial step in the synthesis of AuNPs involves reduce- 
tion of gold ions (Au1+ or Au3+) to neutral atoms (Au0) 
with a strong reducing agent. Synthetic reducing 
agents are not favoured for synthesizing AuNPs for 
biomedical applications as traces of such chemicals 
left unreacted in the process can be harmful. Thus, al- 
ternative methodologies to replace synthetic chemical 
reducing agents for AuNPs preparation have recently 
been explored. Many plants and microbes have been 
found to be excellent sources of natural reducing 
agents [6-13]. Phytochemicals like phenolic compounds, 
terpenoids, alkaloids etc. have been found to be suit- 
able reducing agents with high efficiency [14-15]. In 
the present study, we selected the plant Amaranthus 
spinosus Linn. (Family: Amaranthaceae) known as 

“Khutura” or “Kanatabhajii” in the Indian traditional 
system of medicine [16]. 

The species is well known for its many remedial prop- 
erties [17-27]. Reports on the strong antioxidant nature of 
the ethanolic leaf extract highly encouraged us to carry 
out the present research work and evaluate the plant for 
metallic nanoparticle synthesis [28]. 

2. Experimental 

2.1. Materials 

Healthy and fresh leaves of A. spinosus were collected 
from a local farm. Cell culture-related plasticware were 
obtained from Sigma-Aldrich (Bangalore, India). Chlo- 
rauric acid (HAuCl4) was purchased from Sigma (Ban-
galore, India). 3,4,5-Dimethylthiazol-2-yl-2-5-diphenyl- 
tetrazoliumbromide (MTT) was purchased from Hi Me-
dia (Bangalore, India). Cell lines were obtained from the 
National Centre for Cell Sciences (Pune, India). Other 
chemicals used were of analytical grade and obtained 
from Merck (Mumbai, India).  
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2.2. Synthesis of AuNPs 

The collected leaves were washed with double distilled 
water and shadow dried before being grinded to fine 
powder and sieved to remove coarse particles. One gram 
leaf powder was mixed with 100 ml of ethanol and the 
mixture was left in a shaking incubator operating at 200 
rpm, 25˚C for 24 h. The extract was then filtered and the 
filtrate was used for AuNPs synthesis. Various concen-
trations (1% - 5%, v/v) of the ethanolic leaf extract of A. 
spinosus were mixed with aqueous solution of HAuCl4 (1 
mM) and the reaction volume was made upto 2 ml with 
distilled water. The mixture solution was left on constant 
magnetic stirring at room temperature (25˚C) and ob-
served for change in colour. 

2.3. Characterization of AuNPs 

UV-visible spectroscopic measurements were carried out 
on a Cary 100 (BIO UV-Vis spectrophotometer, Varian, 
CA, USA). Few drops of AuNPs solution were placed 
over a copper grid and allowed to dry in hot air oven at 
50˚C for 4 hrs. Morphological details of the AuNPs were 
analyzed by TEM (JEOL 2100 UHR-TEM) operating at 
an accelerating voltage of 200 kV. 10 ml of AuNPs solu-
tion was freeze dried in a lyophiliser (Christ Gefrier-
trocknungsanlagen GmbH Model 1-4) for 16 hours and 
obtained powder was used for FT-IR analysis. The 
AuNPs solution was placed on microscope glass slide 
and allowed to dry in hot air oven at 50˚C and the proc-
ess was repeated until it forms a layer on the glass slide. 
The dried sample was analysed with the help of an XRD 
instrument (Bruker Advance D8 XRD machine). 

2.4. Cytotoxicity Studies 

To examine the cytotoxicity effect of AuNPs on cancer 
cells, monocultures of the HeLa and MCF-7 cell lines 

were incubated with increasing concentrations of filter 
(0.2 micron) sterilized AuNPs for 24 hrs and the cell vi-
ability was estimated by MTT dye conversion assay. 
Cells were seeded and maintained (1 × 104) in a 96-well 
plate (Cell Bind, Corning) using the minimal essential 
medium with serum. After 24 h of growth, the medium 
was replaced with the serum free medium that contained 
varied concentrations of AuNPs (10 - 100 µM). The me-
dium was removed after 24 hrs of treatment and cells 
were washed with phosphate-buffered saline (PBS, 0.01 
M, pH-7.2). This was followed by addition of 100 μl of 
MTT (0.5 mg/ml) prepared in serum free medium to each 
well and incubated for 4 h at 37˚C. After incubation the 
medium was removed and 100 μl of dimethyl sulphoxide 
(DMSO) was added to each well to solubilise the forma-
zan crystals and the concentration of formazan was de-
termined by measuring its absorbance at 70 nm using a 
multiwell plate reader (Tecon micro plate reader, model 
680, CA, USA). The cell viability was calculated with 
the following equation: 

Viability (%) = Nt/Nc × 100 
where Nt, Nc are mean absorbance of AuNPs treated and 
control cells respectively, (n = 5; where n is the no. of 
independent experiments). 

3. Results and Discussion 

3.1. Effect of Amaranthus spinosus Leaf Extract 
on AuNPs synthesis 

We observed that the yellow colour of the reaction mix-
ture (HAuCl4 and ethanolic leaf extract) kept at room 
temperature (25˚C) under constant stirring gradually 
turned into ruby-red after 4 h. Scanning of the coloured 
solution in the Ultraviolet-Visible spectroscopy (400 - 
800 nm) range showed absorption bands with sharp 
peaks (535 - 565 nm) (Figure 1). 

 

 

Figure 1. UV–Vis absorption spectra of AuNPs synthesized by treating 1 mM HAuCl4·4H2O solution with different concen-
trations (1% - 5%, v/v) of the ethanolic leaf extract of A. spinosus at 25˚C under magnetic stirring. 
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The absorption bands originated from the surface op-

tical property of gold exhibited only at nano dimension, 
known as surface plasmon resonance (SPR). Appearance 
of SPR bands confirmed the formation of AuNPs. At 1% 
plant extract concentration, SPR peak was centered at 
around 565 nm. At higher concentrations (2% - 5%), a 
blue shift in the peaks was observed and peak maxima 
were located at around 535 ± 3 nm. As position of SPR 
peaks is correlated with particles size, it is evident that 
for 1 mM of HAuCl4·4H2O solution, more than 1% of 
plant extract is required to synthesize AuNPs of suitable 
size (<50 nm) for bio-medical applications. With higher 
plant extract concentrations the absorbance intensities of 
SPR band gradually increased indicating the formation of 
more AuNPs. 

3.2. Monographs of TEM Confirmed the  
Formation of AuNPs 

AuNPs synthesized with 5% (v/v) A. spinosus leaf ex-
tract against 1 mM aqueous solution of HAuCl4, mostly 
appeared to be spherical in shape with few triangular 
morphologies (Figure 2(A)). Selected area electron dif-
fraction pattern (SAED) of a single spherical particle 
confirmed the crystalline nature of AuNPs. We observed 
rings corresponding to (111), (200) and (220) planes of 
fcc crystalline lattices of gold (Figure 2(B)). The ultra 
high resolution TEM (UHRTEM) images displayed clear 
lattice fringes on the particle surfaces (Figure 2(C)). 

3.3. XRD Analysis Revealed the Crystalline  
Nature of AuNPs 

XRD analysis of the AuNPs exhibited Bragg’s reflec-
tions, which was indexed on the basis of the facecentered 
cubic (fcc) gold structure.The diffraction peaks (111), 
(200) and (220) corresponding to 38.1˚, 44.5˚ and 64.8˚ 
2θ angles, respectively, confirmed that the synthesized 
AuNPs were of crystalline nature.  

A strong diffraction peak located at 38.15˚ was as-
cribed to the (111) facets of face-centered cubic metal gold 
structures, while diffraction peaks of other facets were 
much weaker (Figure 3). The broadening of Bragg’s 
peaks provided additional indication of the formation of 
AuNPs. The width of the (111) Bragg reflection, was 
determined for calculating the mean size of AuNPs by 
using Debye-Scherer’s equation which was found to be 
around 10.74 nm. 

3.4. Functional Groups Being Involved in AuNPs 
Synthesis 

FTIR spectrum of ethanolic leaf extract of A. spinosus 
showed characteristic bands for several functional groups. 
IR peaks for hydroxyl (-OH), aromatic amines  
(-C6H5NH2), aliphatic amines (R-NH2), carbonyl (>C=O), 
C-H and C=C (benzene) functional groups were observed 
at around 3378, 1118, 1380, 1040, 1694, 2848 and 1604 
cm−1 respectively (Figure 4(A)). These findings were 
supported by some previous reports that evaluated the 
profile of compounds (like amaranthine type betacyanin, 
amaranthine, isoamaranthine, phenols, flavanoids, lysine, 
etc.) present in alcoholic leaf extract of many species 
under the genus Amaranthus [28]. Chemical structures of 
these compounds justified the IR bands obtained. To de-
termine whether during AuNPs synthesis some bio-
molecules particularly those with free carboxylic(-COOH) 
or amino (-NH2) groups present in the leaf extract have 
bound to gold surface, purified and lyophilized AuNPs 
samples were subjected to FTIR studies. IR band of 
AuNPs showed peaks for hydroxyl (3388 cm−1), aroma- 
tic and aliphatic amines (1391 & 1018 cm−1 respectively), 
carbonyl (1685 cm−1), C=C of benzene (1607 cm−1) and 
C-H (2842 cm−1) functional groups (Figure 4(B)). As re- 
ported earlier, alcoholic leaf extract of A. spinosus is very 
rich in anti-oxidant property due to the presence of many 
compounds with functional groups (hydroxyl or imino) 

 

 

Figure 2. (A) TEM image of AuNPs synthesized by reacting 5% (v/v) ethanolic leaf extract of A. spinosus against 1 mM 
HAuCl4·4H2O aqueous solution at 25°C under magnetic stirring; (B) SAED pattern of a AuNPs; (C) URHTEM image of a 
spherical GNP showing lattice fringes. 
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Figure 3. XRD spectrum of AuNPs synthesized with A. spinosus ethanolic leaf extract. The principal Bragg reflections are 
identified. 
 

 

Figure 4. FT-IR spectra of (A) A. spinosus leaf extract; and (B) AuNPs synthesized from A. spinosus ethanolic leaf extract. 
 
that can donate hydrogen atoms and many free amino or 
carboxylic moieties capable of binding to free gold sur-
face. This suggested that during the reduction process of 
Au3+ ions to Au0, such molecules tightly bound to the 
gold surface as detected in the FTIR spectrum of AuNPs. 

The spot profile EDAX of AuNPs showed a strong 
signal for gold along with weak oxygen, carbon, and po-
tassium peaks, further suggested them to be originated 
from the biomolecules bound to the surface of the AuNPs  

(Figure 5). The strong signal for gold confirmed the 
successful formation of AuNPs. 

3.5. Amaranthus spinosus Leaf Extract Provides 
the Non Toxic Coating on AuNPs 

The cytotoxicity of AuNPs under in vitro conditions in 
HeLa and MCF-7 cells was examined in terms of effect 
of AuNPs on cell toxicity by MTT assay for 24 h. The 
cellular morphologies of two cell lines were unaltered  
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Figure 5. EDAX profile of AuNPs synthesized from A. spinosus ethanolic leaf extract. 
 

 

Figure 6. Cytotoxicity assay: cell viability of HeLa and MCF-7 cells exposed to different concentrations of AuNPs (10 - 100 
μM) over a period of 24 h treatment. 
 
after treatment with AuNPs suggesting that treatment 
with AuNPs did not induce any cytotoxic effect causing 
significant damage or death of the treated cells. The two 
cancer cell lines (HeLa and MCF-7) after 24 h of post 
treatment showed excellent viability up to as high as 100 
μmol/L of AuNPs (Figure 6). This indicated that the SFE 
provided a nontoxic coating on the surface of AuNPs. 
This revealed that the synthesized AuNPs were of insig-
nificant toxicity on cancer line provides an opportunity 
for application in drug delivery and molecular imaging 
such as magnetic resonance imaging (MRI), positron 
emission tomography (PET) and single photon emission 
computed tomography (SPECT). 

4. Conclusion 

We report here the application of the ethanolic leaf ex-
tract of Amaranthus spinosus for the synthesis of AuNPs 
from HAuCl4·4H2O. Characterization of AuNPs was 
done with UV-Vis study which exhibited the typical sur-
face plasmon resonance property of the colloidal solution. 
TEM analysis showed the particle shape dominantly as 
spherical with few having triangular geometries. The 
AuNPs were crystalline as revealed from XRD studies. 
The average size of the AuNPs was 10.74 nm as deter-
mined with Debye-Scherrer’s equation utilizing XRD 
data. FTIR and EDX analyses of leaf extract showed the 
presence of various functional groups present on the sur-
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face AuNPs. Cytotoxicity studies revealed the non toxic 
nature of synthesized AuNPs and thus provided us an 
opportunity to use in biomedical applications.  
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