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Abstract- Gold nanoparticles (AUNPS) were synthesized from chloroauric acid in neutral pH medium at ambient conditions 
using natural herbal plant Leucas aspera leaf extract as an effective reducing agent as well as capping agent. UV-Visible 
analysis of the extract showed high intense peak at 373 nm and this wavelength was applied in HPLC analysis of the extract to 
identify major components in the extract. The results revealed the presence of olmesaton, troxipide, bupropion, 
n-(2-hydroxyethyl)-2-pyrrolidone, acrylamide, N-(1-oxo-1,3- dihydroisobenzofuran-5-yl)-3-phenyl and 
2-[2-(1H-1,2,3-benzotriazol-1-yl)-N-[(4-methoxyphenyl) methyl] acetamido]-N-tert-butyl-2-(3,4,5-trimethoxyphenyl) 
acetamide. Formation of AuNPs using the extract was monitored through UV-Vis surface Plasmon resonance (SPR) peak at 
541 nm. The reduction of gold ions into AuNPs was observed by the change in colour of the reaction mixture from dark green 
to dark brown. XRD results confirmed the existence of AuNPs. FT-IR analysis revealed the presence of reducing carbonyl 
functional groups in the Leucas aspera leaf extract. HR-TEM images showed spherical morphology of AuNPs. The 
synthesized AuNPs was coated on cotton fabric by pad-dry-cure method. The antibacterial efficiency of coated cotton fabric 
was evidenced by the zone of inhibition against S. epidermidis (63%) and E. coli (37%). Ultraviolet protection factor (UPF) 
value was calculated as 19, which indicated good protection against the penetration of UV-B rays. Synthesized AuNPs showed 
cytotoxicity level of 50% death of HepG2 cells at a sample concentration of 103.9 µg/mL. 
 
Index Terms- Aunps, antibacterial, cytotoxicity, Leucas aspera, UPF. 
 
I. INTRODUCTION 
 
Leucas aspera is a common weed found throughout 
India, Himalayas down to Ceylon, Philippines, plains 
of Mauritius and java.  This plant is belonging to the 
family Lamiaceae and genus Leucas. Leusas aspera 
leaf has been used for antifungal, prostaglandin 
inhibitory, antioxidant, antimicrobial, antipyretic, 
antinociceptive, cytotoxic activities, nasal congestion, 
coughing, cold, head ache, fever and scorpion bites 
[1-7]. 
Increasing awareness towards green chemistry has led 
to simple, cost-effective and eco-friendly procedures 
for the synthesis of nanoparticles. Natural plant extract 
of various parts of plants (root, leaves, fruits, seeds, 
stems, flowers and latex) and other simple substances 
(amino acids, table sugar, glucose etc) were used as 
reductants as well as capping agents [8]. Bioreduction 
of gold ions to AuNPs using solanum torvum [9], 
Ananas comosus [10], Magnolia kobus [11], Morinda 
citrifolia [12], Azadirachta indica [13], and Terminalia 
chebula [14] have been reported. It was observed that 
the size and shape could be controlled in the synthesis 
of AuNPs using extract of Piper betle [15]. In addition, 
the shapes like polygonal, triangular, hexagonal, 
nanorods could be obtained by varying pH of reaction 
medium [16]. 
Incorporation of nanoparticles for surface 
modification and its stability in various matrices to 
different applications in the field of material science, 
pharmacy, medicine and biology have been reported 
[17, 18]. Synthesis of AuNPs using Butea 
monosperma leaf extract as reducing agent to deliver 
anticancer drug was illustrated. The biocompatibility 

of AuNPs towards normal endothelial cells (HUVEC, 
ECV-304) as well as cancer cell lines (B16F10, 
MCF-7, HNGC2, and A549) were reported [19]. 
Antioxidant activity against human ductal breast 
carcinoma cell T47D [20], 
antibacterial activity against bacterial strains E. coli, P. 
aeroginosa, and K. pneumonia by MIC method [21], 
cytotoxicity against human adenocarcinoma breast 
cancer (MCF-7) cell [22], and antitumour potent [23] 
properties were studied. Synthesized AuNPs was 
coated on cotton fabric by dip and dry method and the 
UV protection efficiency of modified cotton fabric 
showed superhydrophobicity property [24]. AuNPs 
coated fabrics showed good washing fastness, colour 
fastness, UV-protection, and antibacterial efficiency 
[25].  
In this study, Leucas aspera extract was used as 
reducing and stabilizing agent in the synthesis of 
AuNPs. It was coated on cotton and tested for 
antibacterial, cytotoxicity, and UV-protection 
applications. 
 
II. EXPERIMENTAL 
 
Fresh leaves of Leucas aspera plant were collected 
from agricultural lands in Karaikudi. Woven cotton 
fabric of 80 count was obtained from South India 
Textile Research Association (SITRA), Coimbatore. 
Chloroauric acid (HAuCl4.3H2O) was purchased from 
Sigma Aldrich and used as such. Buffer pH tablets 
were procured from Ranbaxy and used as such. High 
pure water was obtained from TKA-LAB Reinst water 
system. Bacterial strains of Staphylococcus 
epidermidis (S. epidermidis; ATCC 35984) and 
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Escherichia coli (E. coli; ATCC 10546) were used for 
antibacterial activity and tested at the Department of 
Biotechnology, Alagappa University. Human liver 
cancer cell line (HepG2) was obtained from National 
Centre for Cell Science, Pune. Dimethyl sulphoxide 
(DMSO) and 
3-(4,5-dimethylthi-azol-2-yl)-2,5-diphenylttrazoliumb
romide (MTT) were obtained from Sigma-Aldrich. 
Dulbecco’s modified Eagle’s medium (DMEM), fetal 
bovine serum (FBS), Muller-Hinton agar (MHA) 
medium, Trypsin-EDTA and antibiotic-antimycotic 
solution were purchased from HiMedia and used.  
 
Herbal plant Leucas aspera leaves were used in the 
extraction with water. The resultant extract was 
subjected to HPLC analysis and major chemical 
compounds present were identified. Gold 
nanoparticles (AuNPs) were synthesized from the 
precursor chloroauric acid at ambient conditions using 
Leucas aspera leaf extract as an effective reducing 
agent as well as capping agent by simple stirring 
method. The reduction of gold ions into Au0 was 
observed by the change in colour of reaction mixture. 
The formation of AuNPs was evidenced from the 
appearance of surface Plasmon resonance peak in 
UV-Vis analysis. XRD analysis was performed to 
confirm the existence of AuNPs in the reaction 
mixture. FT-IR analysis was done to reveal the 
presence of reducing functional groups (carbonyl) in 
the Leucas aspera leaf extract. HR-TEM analysis was 
performed to understand the morphology of AuNPs.  
 
The synthesized AuNPs were coated on cotton fabric 
by dip-cure-dry method and three different 
applications were attempted.  
 
III. RESULTS AND DISCUSSION 
 
The extract was subjected to UV-Visible analysis. It 
showed peaks at 234, 287, 347, 373, 400, 671 and 966 
nm. The peak at 373 nm was observed as the most 
intense one and hence considered for further HPLC 
analysis to identify the major phytochemicals present 
in the extract.  
 
HPLC analysis was carried out under isocratic 
condition at specific wavelength of 373 nm. The 
chromatogram thus obtained showed eight distinct 
peaks at retention times of 5.466, 5.951, 9.086, 9.839, 
12.277, 13.303, 23.137 and 25.354 min corresponding 
to eight different compounds olmesaton, troxipide, 
2-[2-(1H-1,2,3-benzotriazol-1-yl)-N-[(4-methoxyphe
nyl)methyl]acetamido]-N-tert-butyl-2-(3,4,5-trimetho
xyphenyl)acetamide, 
(R)-(4-Methyl-phenyl)-phenyl-methanol, bupropion, 
n-(2-hydroxyethyl)-2-pyrrolidone, 
cis-1,3-dimethylcyclopentane and 
N-(1-oxo-1,3-dihydroisobenzofuran-5-yl)-3-phenyl, 
respectively. Peak area or peak height percentage in 
HPLC chromatogram could be used as an indicator of 

the quantity of compound present in the extract. Thus, 
percentage peak area of the compounds containing 
carbonyl and non-carbonyl groups was calculated; it 
was 88.658% for the compounds containing carbonyl 
groups and 11.344% for non-carbonyl containing 
compounds. Hence, it was inferred that this extract 
containing higher percentage of carbonyl groups could 
be used for the bioreduction of gold ions to gold 
nanoparticles (AuNPs). 
 
Aqueous chloroauric acid (0.001 M) was prepared and 
used as precursor in the synthesis of AuNPs. The 
reaction parameters such as time, temperature, pH and 
concentration of precursor were studied and 
optimized. The reduction reaction was recognized by 
the change in colour of the reaction mixture from light 
brown to dark brown after 4 h of stirring and also by 
the formation of surface plasmon resonance (SPR) 
band at 542 nm in UV-Visible analysis.  
 
Neat extract and the extract containing AuNPs were 
subjected to XRD analysis (Fig.1). It showed four 
distinct peaks at 38, 44, 64 and 77° that were 
corresponding to (111), (200), (220), and (311) planes 
of face centered cubic structure of gold. It was again 
confirmed with JCPDS File No.01-089-3697. Few 
additional peaks were also noticed (marked*) that 
could be due to other bioinorganic compounds present 
in the extract.   

 
Fig.1. XRD pattern: (A) Neat extract, (B) AuNPs synthesized 
from 0.001 M chloroauric acid, and (C) AuNPs synthesized 

from 0.01 M chloroauric acid. 
 

Neat extract and the extract containing AuNPs were 
subjected to FT-IR analysis. It showed different 
vibrational peaks at 3432 (O-H stretching), 2931 (C-H 
stretching), 1640 (C=O stretching), 1459 (O-H 
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bending), 1322 (C-N stretching), 1039 (Si-O-Si 
stretching) and 634 (S-S stretching) cm-1. When 
compared between the spectrum of neat extract and the 
extract containing AuNPs, it was clearly noted that 
C=O stretching of amide (1640 cm-1) and O-H bending 
of carboxylic acid (1459 cm-1) due to the presence of 
amino acid in the neat extract had shifted to 1634 cm-1 
and 1403 cm-1, respectively. In addition, the band 
noticed at 1322 cm-1 due to C-N stretching of amine in 
neat extract disappeared in the mixture due to the 
formation of AuNPs. These results indicated the 
involvement of C=O of amides, C-N of amine and 
O-H of carboxylic acid in the bioreduction process.  
 
AuNPs synthesized from different precursor 
concentration were subjected to SEM with EDAX 
analysis. Lower concentration (0.001 M) had resulted 
irregular spherical morphology of AuNPs with sizes 
around 100 nm. Higher concentration (0.01 M) 
showed spherical shape of AuNPs with sizes around 
17 nm in SEM. The EDAX spectral results confirmed 
the existence of AuNPs. The morphology, size and 
distribution of AuNPs were further confirmed by 
HR-TEM with SAED analysis (Fig.2).  
 

 
Fig.2. HR-TEM image of AuNPs synthesized from 0.01 M 

chloroauric acid 
 
Spherical shaped AuNPs with average grain size of 10 
nm was observed. SAED results showed bright 
circular rings related to the (111), (200), (220) and 
(311) planes of Au0. 
 
Cotton fabric was subjected to coating with neat 
extract and the extract containing AgNPs by 
pad-dry-cure process. Uncoated cotton, neat extract 
coated cotton and the extract containing AuNPs coated 
cotton fabrics were subjected to antibacterial test by 
disk diffusion method at specified duration of 24 h 
against the human pathogens S. epidermidis and E. 
coli bacterial strains. Effective antibacterial activity of 
AuNPs was evidenced from a clear zone of inhibition 
due to the inhibited growth of pathogen around the 
AuNPs coated cotton after 24 h. There was no zone of 
inhibition observed around uncoated and extract 
coated cotton against both pathogens. S. epidermidis 
bacterial strain showed higher zone of inhibition of 34 
mm dia (63 %) than E. coli of 20 mm dia (37 %).  This 

could be due to the presence of AuNPs on the surface 
of coated cotton fabric that assisted hydroxyl groups of 
cotton as well as coordination and electrostatic 
interaction between AuNPs and amino groups present 
in the extract.  
Uncoated cotton, neat extract coated cotton and the 
extract containing AuNPs coated cotton fabrics were 
subjected to UV-DRS analysis. The ultraviolet 
protection factor (UPF) value of AuNPs coated cotton 
fabric was observed to be 19, which was higher than 
uncoated cotton (3.96) and extract coated cotton 
(8.94). Thus, the extract coated cotton fabric was 
found to possess good protection efficiency against 
UV-B ray according to Australian/New Zealand 
AS/NZS 4399:1996 standard.  
Anticancer activity of biosynthesized AuNPs was 
tested in vitro on HepG2 cell line. It was observed that 
the viability of HepG2 decreased with increase in 
concentration of AuNPs from 50 to 150 µg/mL. 
Inverted microscopic view of HepG2 cell and treated 
cell with AuNPs dose at 125 µg/mL is shown in Fig.3. 
With the first dose of 50 µg/mL, the cells started to 
vanish. The half maximum inhibitory concentration 
(IC50) was observed at 103.9 µg/mL. In this 
concentration, AuNPs showed remarkable inhibition 
on the growth of HepG2 cells by 50%. The maximum 
numbers of dead cells were observed at concentration 
of AuNPs at 103.9 µg/mL. 
 

 
Fig.3. Inverted microscopic view of HepG2 cell treated with 

AuNPs dose at 125 µg/mL. 
 
The cytotoxic effects of AuNPs against HepG2 liver 
cancer cell lines could be due to either the 
physiochemical interaction of AuNPs with 
intracellular proteins and DNA or induction of 
apoptosis activated by caspase 3 enzyme 
 
CONCLUSION 
 
AuNPs were synthesized from chloroauric acid in 
neutral pH at ambient condition using natural herbal 
plant Leucas aspera leaf extract as an effective 
bioreducing agent as well as capping agent. AuNPs 
coated cotton fabric showed good antibacterial 
efficiency against S. epidermidis (63%) and E. coli 
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(37%) bacterial strains. Coated cotton fabric showed 
good ultra protection factor (UPF) value of 19. The 
cytotoxicity level of 50% death of HepG2 cells at 
AuNPs concentration of 103.9 µg/mL was observed. 
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