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Abstract- Natural plant extract of Tragia ramosa leaf was tested as reducing agent as well as stabilizing agent in the synthesis 
of Ag0 from AgNO3 by using simple stirring and ultrasonication methods. The formation of Ag0 was observed by the change in 
colour of the reaction mixture from light brown to blackish brown. The presence of Ag0 was confirmed by XRD and EDX 
analyses. The size of Ag0 synthesized by simple stirring and ultrasonication methods was calculated as 62 and 47 nm, 
respectively. FT-IR spectrum revealed the presence of reducing phytochemicals, mainly carbonyl, in the extract. The 
antibacterial efficiency of Ag0 against E. coli and S. aureus was found to be 71 % and 56.0 %, respectively. The extract 
containing Ag0 at a sample treatment concentration of 7 µg/mL showed cytotoxicity of 100 % death of HeLa cells.  
 
Index Terms - AgNPs, antibacterial, cytotoxicity, Tragia ramosa 
 
I. INTRODUCTION 
 
Use of plant products as sustainable and renewable 
resources in the synthesis of nanoparticles is more 
advantageous over prokaryotic microbes [1]. In the 
synthesis of silver nanoparticles (AgNPs), use of 
Capsicum annuum L extract was reported. With an 
increase in aging time, large sized AgNPs were 
formed and the crystalline phase changed from 
polycrystalline to single crystalline through Ostwald 
ripening [2]. Eclipta leaf extract was capable of 
producing AgNPs and the reduction was accomplished 
due to phytochemicals like flavonoids, quinones and 
organic acids [3]. Camellia sinensis extract as 
reducing and stabilizing agent produced silver 
nanostructures in aqueous solution at ambient 
conditions [4]. Natural resources that were reported in 
the synthesis of AgNPs were Volvariella volvacea [5], 
Cinnamon zeylanicum [6], Dhatura metel [7], Tannic 
acid [8], Heparin [9], Acanthe phylum bracteatum 
[10], Piper nigrum [11], Sorghums. pp. [12], Ocimum 
sanctum [13], Hibiscus rosa sinensis [14], Lpomoea 
aquatica, Enhydra fluctuans, Ludwigia adscendens 
[15], Argimone maxicana [16], Cochlospermum 
gossypium [17], Curcuma longa [18], Acalypha indica 
[19], Mangifera indica [20], Tanacetum vulgare [21], 
C. amboinicus [22], Boswellia serrata [23], Citrus 
limon [24], Breynia rhamnoides [25],  and R. 
damascena [26].  
 
Antibacterial and antioxidant activities of the 
synthesized AgNPs and their cytotoxicity toward the 
HeLa cervical cancer cell line using Iresine herbstii 
leaf aqueous extract was reported [27]. AgNPs 
exhibited strong antimicrobial activity against 
Gram-positive, Gram-negative and different Candida 
species at MIC values [28]. Shape and size of AgNPs 
were important not only for enhancing the 
antimicrobial activity, but also for plummeting tissue 

and eukaryotic cell toxicities [29]. Cellular uptake and 
cytotoxic studies of AuNPs were examined in Human 
Prostate (PC-3) and breast cancer cells (MCF-7). 
Phytochemically coated AuNPs showed excellent 
affinity toward receptors on prostate and breast 
tumour cells [30].  
This study reports on the synthesis of Ag0 from the 
precursor AgNO3 using Tragia ramosa natural plant 
extract as reducing agent. The synthesized Ag0 was 
coated on textile substrate and subjected to 
antibacterial and cytotoxicity tests.  
 
II. EXPERIMENTAL 
 
Fresh leaves of Tragia ramosa were collected from the 
agricultural land in Karaikudi. Leaves were subjected 
to extraction by three different thermal conditions 
such as room temperature, 60°C, and 100°C. Three 
different pH conditions such as 4, 7, and 9.2 were 
studied in the synthesis. AgNO3 was used as precursor. 
Ag0 was synthesized using Tragia ramosa extract as 
reducing agent at two different methods such as simple 
stirring and ultrasonication.  
Analytical reagents used in the study were purchased 
from Merck. Polypropylene (PP) nonwoven fabric 
was purchased from South India Textile Research 
Association (SITRA), Coimbatore. The pH buffer 
tablets were purchased from Ranbaxy and used as 
such. TKA–LAB Reinst water system was used for the 
collection of high pure water.  
The progress of the reduction reaction in synthesis was 
monitored by observing Surface Plasmon Resonance 
(SPR) band of the reaction mixture at regular time 
intervals. The extract containing AgNPs was air dried 
and subjected to X-ray diffraction analysis 
(measurement between 10 and 80 with scan step 
time 10.1382 s and a step size 0.05 with Cu K 
radiation corresponding to 1.54 Å wavelength output). 
The synthesized Ag0 in extract was drop-coated on 
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copper plate and allowed to dryness for the analysis of 
SEM with EDX. The coated specimen was mounted 
on sample holder using double sided adhesive tape and 
gold was sputtered on the surface of the sample. The 
presence of elemental silver, its surface morphology 
and size were analyzed using SEM coupled EDX. 
HR-TEM with SAED pattern analysis was carried out 
for selective samples to assess particle size and its 
distribution. 
The extract containing Ag0 was tested for cytotoxicity 
against Human Cervical Carcinoma (HeLa) with the 
procedure adopted by KMCH, Coimbatore. The 
murine embryonic fibroblasts cell line (NIH 3T3) was 
obtained from National Centre for Cell Science 
(NCCS), Pune and grown in Dulbecco’s modified 
eagles medium containing 10% fetal bovine serum 
(FBS). The cells were maintained at 370C, 5% CO2, 
95% air and 100% relative humidity. Maintenance 
cultures were passaged weekly, and the culture 
medium was changed twice a week. The monolayer 
cells were detached with trypsin-ethylenediamine 
tetraacetic acid (EDTA) to make single cell 
suspensions and viable cells were counted using a 
hemocytometer and diluted with medium containing 
5% FBS to give final density of 1x105 cells/mL. 100 
microlitre per well of cell suspension was seeded into 
96-well plates at plating density of 10,000 cells/well 
and incubated to allow for cell attachment at 370C, 5% 
CO2, 95% air and 100% relative humidity. After 24 h, 
the cells were treated with serial concentrations of the 
test samples. An aliquot of the sample solution (100 
µL) was diluted to 1 mL with serum free medium. 
Additional four serial dilutions were made to provide a 
total of five sample concentrations. Aliquots of 100 µL 
of these different sample dilutions were added to the 
appropriate wells already containing 100 µL of 
medium, resulting in the required final sample 
concentrations. Following sample addition, the plates 
were incubated for an additional 48 h. The medium 
containing without samples were served as control and 
triplicate was maintained for all concentrations. 
3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) was a yellow water soluble 
tetrazolium salt. A mitochondrial enzyme in living 
cells cleaved the tetrazolium ring and converted the 
MTT into an insoluble purple formazan. Therefore, 
the amount of formazan produced was directly 
proportional to the number of viable cells. After 48 h 
of incubation, 15 µl of MTT (5 mg/mL) in phosphate 
buffered saline (PBS) was added to each well and 
incubated at 370C for 4 h. The medium with MTT was 
then flicked off and the formed formazan crystals were 
solubilized in 100 µL DMSO and measured the 
absorbance at 570 nm using microplate reader. The 
percentage cell viability was calculated. Nonlinear 
regression graph was plotted between % cell inhibition 
and log10 concentration and IC50 was determined 
using GraphPad Prism software.  
The extract was coated on pre-weighed PP nonwoven 
material (25 GSM) by pad-dry-cure method. The PP 

was entered into the padding mangle containing 100 
mL of biomass. Padding was carried out for 30 
minutes at ambient conditions. The coated fabric was 
taken out, washed with water, air dried and 
characterized using FT-IR, SEM with EDX to 
understand the nature of coating. This coating method 
was repeated for extract containing Ag0. The AATCC 
100-2004 test method was performed to evaluate the 
degree of antibacterial activity.  
 
III. RESULTS AND DISCUSSIONS 
 
The extracts obtained were light brown in colour. 
They were treated with AgNO3 precursor and buffer 
solution. These mixtures analyzed for UV-Vis 
analysis. The characteristic SPR signal was observed 
only for the extract obtained at room temperature and 
treated at pH 7. 
This condition was chosen as optimum. The colour of 
the reaction mixture changed from light brown to 
blackish brown that indicated the reduction reaction of 
Ag ion to Ag0. Characteristic SPR absorption band 
was observed at 420 and 374 nm for Ag0 synthesized 
by stirring and ultrasonication methods, respectively. 
The position of SPR band was different under stirring 
and ultrasonication methods. A blue shift was 
observed (from 420 to 374 nm), which might be due to 
the change in size and shape of Ag0. From the UV-Vis 
analysis, it was inferred that the reduction reaction was 
complete in 1 h under stirring method, but complete 
within 15 min under ultrasonication method. Hence, 
ultrasonication method was considered as an effective 
and quick method for the synthesis of AgNPs.   
 
XRD analysis was performed for the extract 
containing Ag0 synthesized by both stirring and 
ultrasonication methods (fig.1). Both of them showed 
four distinct diffraction peaks at 38, 44, 64 and 77, 
which were indexed for the planes (111), (200), (220) 
and (311), respectively for the fcc cubic silver (JCPDS 
file No. 89.3722). 
 

 
Fig.1. XRD pattern of AgNPs synthesized under stirring and 

ultrasonication methods. 
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The formation of silver (Ag0) was confirmed. An 
additional peak observed at 42 for Ag0 synthesized 
under ultrasonication method might be due to the 
bioinorganic compounds and protein matters present 
in the extract. The average grain size of the AgNPs 
was calculated as 62 and 47 nm for Ag0 obtained in 
stirring and sonication methods, respectively. 
 
Individual FT-IR spectrum was recorded for the neat 
extract and reaction mixtures obtained under stirring 
as well as ultrasonication methods. Neat extract 
showed peaks at 3300, 2365, 1639, 1360 and 1221 
cm-1. The band appeared at 3300 cm-1 was attributed to 
the stretching of O-H group. The peak at 2365 cm-1 

was assigned to the nitrile group. The prominent peak 
noticed at 1639 cm-1 was attributed to the C=O 
stretching of amide group, which could be responsible 
for the reduction of Ag ion to Ag0. The peak observed 
at 1360 cm-1 was due to tertiary amine and the peak at 
1221 cm-1 was due to the aromatic C-H bending.  
 
In the spectrum of Ag0 synthesized under stirring 
method, the peak expected to appear at 1360 cm-1 and 
1221 cm-1  shifted towards lower wavenumber of 1345 
cm-1 and 1190 cm-1, respectively. This might be due to 
the stabilization of the Ag0 particles. Similarly, in the 
spectrum of Ag0 synthesized under ultrsonication 
method, the peak expected at 1345 cm-1 shifted to 
higher wavenumber of 1388 cm-1, which might be due 
to the interaction of Ag0 with phytochemical 
fragments. The peak expected at 1221 cm-1 shifted 
towards lower wavenumber of 1198 cm-1  that might be 
due to the stabilization of Ag0 particles through C-H 
group. From these, 
it was inferred that phytochemicals of Tragia ramosa 
extract were responsible for the reduction of silver ion 
and stabilization of Ag0. 
 
Synthesized AgNPs were subjected to SEM analysis. 
Cluster like morphology with grain sizes of 100 nm 
was observed for sample obtained under stirring 
method, while spherical morphology with grain sizes 
of 80 nm was observed for sample obtained under 
ultrasonication method.  
 
The EDX spectra of AgNPs synthesized under stirring 
as well as ultrasonication methods showed strong peak 
about 3.0 KeV. Thus, the presence of silver was 
confirmed again. There was a strong peak for Cu in the 
EDX spectrum, which was due to the use of copper 
plate in the SEM analysis. Elemental silver 
composition was calculated 72 % in stirring method 
and 30 % in ultrasonication method. 
 
Cytotoxic activity of neat extract and the extract 
containing Ag0 was tested against HeLa cell line with 
MTT assay in the dose dependent manner. Both of 
them showed potent cytotoxicity (Table 4.1). The 
extract containing Ag0 induced 100% death of HeLa 
cells at a sample concentration of 7.5 µg/mL (Fig.2).  

Table.1. Effect of sample concentration and cell inhibition 

 
 
Recognizable morphological changes in HeLa cells 
were observed after 48 h. The % cell inhibition was 
significant for the extract containing Ag0 (synthesized 
by stirring as well as ultrasonication methods) at 
sample concentration of 3.7 µg/mL. The IC50 values 
obtained were 4.67, 2.04 and 2.13 µg/mL for neat 
extract, extract containing Ag0 synthesized under 
stirring method and extract containing Ag0 
synthesized under ultrasonication method, 
respectively.  
 

 
Fig.2. Micrograph showing cell inhibition at a sample 

concentration of 7.5 µg/mL. 
 
The antibacterial activity of uncoated PP, neat extract 
coated PP and the extract containing Ag0 coated PP 
was investigated by estimating the number of viable 
bacteria cells in the S. aureus and E. coli suspension 
after being contact with substrate for two different 
time intervals of 24 and 48 h. The neat extract 
containing Ag0 synthesized by ultrasonication method 
coated PP had higher antibacterial activity than others. 
The difference in the percentage inhibition was 
significant at 24 h and 48 h. This might be due to the 
difference in size of silver particles obtained under 
different methods.    
 
Development of antibacterial finished polypropylene 
nonwoven material using neat Tragia ramosa extract 
and the extract containing AgNPs  
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FT-IR spectra were recorded for uncoated PP, neat 
extract coated PP and extract containing Ag0 coated 
PP. There were changes in the peak intensity (around 
3300 cm-1) for coated PP when compared to uncoated 
PP. The band observed at 1613 cm-1 (N-H bending 
vibration) for coated PP was absent for uncoated PP. It 
was inferred that the coating might be responsible for 
the improved antibacterial activity. 
 
The uncoated PP, neat extract coated PP and the 
extract containing Ag0 coated PP samples were 
subjected to SEM analysis. The coating of neat extract 
on to PP was clearly observed. Extract containing Ag0 

coated PP sample was found to contain bright spots 
than others. This suggested that AgNPs were 
successfully embedded on PP matrix. Uncoated and 
coated PP samples were subjected to EDX analysis. In 
all spectra, peaks were observed for C, O and N, which 
were present in the PP matrix. The silver content in PP 
matrix was 1.01 and 1.04 wt% for samples obtained 
under stirring and ultrasonication methods, 
respectively.  
 
CONCLUSION 
 
The extract of Tragia ramosa was successfully used as 
reducing and stabilizing agent in the synthesis of 
AgNPs. The neat extract and the extract containing 
AgNPs showed good antibacterial and cytotoxity 
properties. Hence, they were applied on polypropylene 
matrix and tested for the development of antibacterial 
finished polypropylene nonwoven material. The result 
obtained was very encouraging.   
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