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ABSTRACT 
In the present study, an attempt has been made to biosynthesize silver nanoparticles using the aqueous solution of roots of Clitoria 
ternatea. The synthesized silver nanoparticles were characterized by UV-visible spectroscopy, XRD, FTIR and SEM analysis. The 
synthesized green nanoparticles were evaluated for their antibacterial potential against drug resistant uropathogens. Also, the results were 
compared with aqueous and ethanol extract of Clitoria ternatea. The obtained results confirm the superiority of green chemistry 
principles. The work also aims to synthesize silver nanoparticles from Clitoria ternatea aqueous root extracts; to characterize the 
generated silver nanoparticles by evaluating its size and morphology. 
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1. INTRODUCTION 

Urinary tract infection (UTI) is the second most common 
infections present in community practice. Worldwide, about 150 
million people are diagnosed with UTI each year, costing the 
global economy in excess of 6 billion US dollars [1]. UTI may 
involve only the lower urinary tract or may involve both the upper 
and lower tract. The term cystitis has been used to describe lower 
UTI, which is characterized by a syndrome involving dysuria, 
frequency, urgency and occasionally suprapubic tenderness. The 
extensive uses of antimicrobial agents have invariably resulted in 
the development of antibiotic resistance, which, in recent years, 
has become a major problem worldwide [2].  
1.1. Rise of antibiotic resistance. 

Antimicrobial resistance among uropathogens causing 
community and hospital acquired urinary tract infections is 
increasing [3]. The emergence of antibiotic resistance [4] among 
both pathogenic and opportunistic microrganisms resident in 
hospitals represents a serious and recurrent problem for the 
treatment of infections [5]. Among the several drug resistant 
bacteria in UTI, the extended spectrum beta-lactamase producers 
[6, 7] and the methicillin resistant Staphylococcus aureus strains 
are common [8]. 
1.2. Therapeutic options. 

Treatment of infections caused by these resistant bacteria 
has become very difficult, since they are resistant to many 
antibiotics, limiting the therapeutic options [9]. Therefore, 
alternative methods of treatment are sought after. The clinical 
efficacy of many existing antibiotics is being threatened by the 
emergence of multidrug-resistant pathogens [10]. There is a 
continuous and urgent need to discover new antimicrobial 
compounds with diverse chemical structures and novel 
mechanisms of action for new and re-emerging infectious diseases 
[11]. Therefore, researchers are increasingly turning their 
attention to folk medicine, looking for new leads to develop better 
drugs against microbial infections [12]. Many infectious diseases 

have been known to be treated with herbal remedies throughout 
the history of mankind. Natural products, either as pure 
compounds or as standardized plant extracts, provide unlimited 
opportunities for new drug leads because of the unmatched 
availability of chemical diversity. This has led to the screening of 
several medicinal plants for their potential antimicrobial activity         
[13, 14, 15, 16, 17]. 
1.3.  Silver as a remedy. 

Synthesis of ecofriendly silver nanoparticles is of great 
importance in the field of nanotechnology. Silver nanoparticles 
have attracted much attention due to their versatile applications in 
many areas such a medicine, textiles, sensors and detectors, 
catalysis, nano composites, agriculture and waste water treatment. 
Being in nanoscale, these nanoparticles have high surface: volume 
ratio. Therefore, they often show unique and considerably 
different physical, chemical, mechanical and biological properties 
compared to their macro scaled counterparts. Hence a nanoparticle 
is an emerging area of nanoscience and critical technology with 
many applications in medical and industrial sectors. Production of 
silver nanoparticles using plants provides advancement over 
traditional chemical and physical methods as it is cost effective, 
easily scaled up for large scale, and no toxic chemicals were used 
during synthesis. Silver nanoparticles are used as antimicrobial 
agents in surgically implanted catheters in order to reduce the 
infections caused during surgery as they possess anti-fungal, anti-
inflammatory, anti-angiogenic and anti-permeability activities.  

In the past few years, the potential of various plants for the 
synthesis of silver nanoparticles (SNPs) was explored. The 
approach of green synthesis seems to be cost efficient, eco-
friendly and easy alternative to conventional methods of silver 
nanoparticles synthesis. Plants have emerged as an efficient 
candidate for the synthesis of nanoparticles [18]. These biogenic 
nanoparticles are cost efficient, simpler to synthesize, and focus 
toward a greener approach. The methanolic extract of Clitoria 
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ternatea flower showed a very promising reducing effect on the 
reduction of Ag+ silver nanoparticles at room temperature was 
reported. Nano characterization studies such as UV-spectral 
analysis and FTIR analysis will help us to confirm the stabilization 
of nanoparticles at a particular point will measured. 
1.4. Chosen Plant.  
 Clitoria ternatea L. is a member of the family Fabaceae, 
commonly known as ‘Aparajita’ or ‘Girikarnika’. It is a perennial 
climber widely used in the traditional Ayurvedic system of Indian 
medicine for treating a wide variety of ailments. Leaves are 
imperipinnate, with petioles 2-2.5 cm long and stipules of 4 mm 
long, linear and acute. Leaflets are 5-7 in number, subcoriaceous, 
from 2.5-5 to 2-3.2 cm, elliptic-oblong, obtuse or caute. Flowers 
are auxiliary, solitary, standard bright or blue or sometimes white, 
with an orange centre; seeds are 6 to 10, yellowish brown, smooth. 
Two types of flowers are seen, white variety and blue flowered 
variety; widely distributed throughout Bangladesh, used as 
ornamental plant. Aparajita grows throughout India. It is a 
beautiful-looking plant, hence cultivated in gardens. 

 
Figure 1. Clitoria ternatea 

1.5. Phytoconstituents. 
The seeds contain nucleoproteins with a amino-acid 

sequence similar to insulin, delphinidin-3,3,5-triglucoside, 
essential amino-acids, pentosan, water soluble mucilage, 
adenosine, an anthoxanthin glucoside, greenish yellow fixed oil, 
phenol glycoside, 3,5,7,4-tetrahydroxy-flavone-3-rhamoglycoside, 
an alkaloid, ethyl D-galactopyranoside, p-hydroxycinnamic acid 
polypeptide, a highly basic protein-finotin, a bitter acid resin, 
tannic acid, 6% ash and a toxic alkaloid. According to 
Yoganarasimhan, seeds contain g-sitosterol, ß-sitosterol, and 
hexacosanol and anthocyanin glucoside. Phytoconstituents like 1 
cycloprop[e]azulene,1a,2,3,5,6,7,7a,7b-octahydro-1,1,4,7 tetra- 
methyl-,[1aR-(1aa,7a,7aa,7ba)] [synonyms: varidiflorene], 

pterocarpin, 6H-Benzofuro[3,2-c][1]benzopyran, 6a,11a-dihydro-
3,9-dimethoxy-, (6aR-cis)- [synonyms: homopterocarpin], 
isoparvifuran, hexadecanoic acid, ethyl ester, myo-inositol, 
propane, 1,1-diethoxy- were identified from ethanol extract of 
Clitoria ternatea by using a gas chromatograph-mass spectrograph 
[19]. Pterocarpin, p-hydroxy cinnamic acid, myo inositol, 
keamoferol, hexadecanoic acid, pentosan, varidiflorene, 
anthrocyanine-3 -o-beta-d-giucoside, homopterocarpin, hypericin, 
venlafaxine, delphinidin, ethyl ester, texerol, clitorin.  
1.6. Green Synthesis of Nanoparticles. 

In recent years, noble metal nanoparticles have been the 
subject of focused research due to their unique biological 
properties. Silver nanoparticles exhibit new or improved 
properties depending upon their size, morphology, and 
distribution. Further earlier reports indicate that silver 
nanoparticles are not harmful to humans, but act as effective 
agents against different microorganisms. Green synthesis methods 
employing either microorganisms or plant extracts have emerged 
as a simple and alternative to chemical synthesis. Green synthesis 
provides advancements over chemical methods as it is 
environment friendly, cost effective, and easily scaled up for large 
scale synthesis [20]. Silver nanoparticles are well known as one of 
the most universal antimicrobial substances in the field of biology 
and medicine due to their strong biocidal effect against microbial 
species, which has been used for centuries to prevent and treat 
various diseases, most notably infections. Silver nanoparticles also 
reported to possess anti-fungal, anti-inflammatory, anti-viral, anti-
angiogenesis and anti-platelet activity. Recently, the development 
of silver nanoparticles is expanding. They are now used as part of 
clothing, food containers, wound dressings, ointments, and 
implant coatings.  Bio-nanotechnology is as amalgamation 
between biotechnology and nanotechnology for developing 
biological synthesis and environmental-benign technology for 
synthesis of nanomaterials. New applications of nanoparticles and 
nanomaterials are emerging rapidly. Silver nanoparticles are used 
as antimicrobial agents in surgically implanted catheters in order 
to reduce the infections caused during surgery as they possess 
anti-fungal, anti-inflammatory, antiangiogenic and 
antipermeability activities [21, 22]. Nanocrystalline silver particles 
have found tremendous applications in the field of high sensitivity 
biomolecular detection and diagnostics [23], catalysis. However, 
there is still need for economic, commercially viable as well 
environmentally clean synthesis route to synthesize silver 
nanoparticles. 

 
2. EXPERIMENTAL SECTION 
2.1. Materials and Methods. 
2.1.1. Collection of Plant Material. Clitoria ternatea L. were 
planted and cultivated in Vasantham garden, Bishop Heber  
College, Trichy, Tamilnadu, India. The matured root samples were 
dried and powdered for preparing root extract.  
2.1.2. Preparation of Clitoria ternatea root extract (Aqueous).  

10g of Clitoria ternatea roots were cut into fine pieces, 
weighed and washed twice with distilled water. The powdered 

sample of roots were taken in a 500ml Erlenmeyer flask, 200ml of 
distilled water was added and kept on a water bath for 30 minutes 
at 600C. Then the plant material is filtered through Whatmann No: 
1 filter paper (pore size 25 μm). The root extract were used for the 
synthesis of silver nanoparticles. For further assays, the extract 
was stored at 40C in dark for 2 days. 
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2.1.3. Biosynthesis of Silver Nanoparticles using Clitoria 
ternatea root extract. 
 5 mM aqueous solution of silver nitrate (AgNO3) was 
prepared for the synthesis of silver nanoparticles. To 2 ml of 
extract, 10 ml of 5mM silver nitrate solution was added and kept 
at dark place for 2 days. A color change of yellowish green to dark 
brown confirms the presence of silver nanoparticles [24]. The 
silver nanoparticles solution was then centrifuged for 30 minutes 
at the rate of 20,000 rpm. The filtered suspension was further used 
for the characterization of the silver nanoparticles. 
2.2. Characterization of Nanoparticles. 
2.2.1. UV-Vis Spectra Analysis. 

Ultraviolet–visible spectroscopy or ultraviolet-visible 
spectrophotometry (UV-Vis or UV/Vis) refers to absorption 
spectroscopy or reflectance spectroscopy in the ultraviolet-visible 
spectral region. This means it uses light in the visible and adjacent 
(near-UV and near-infrared (NIR)) ranges. The absorption or 
reflectance in the visible range directly affects the perceived color 
of the chemicals involved. In this region of the electromagnetic 
spectrum, molecules undergo electronic transitions. UV/Vis 
spectroscopy is routinely used in analytical chemistry for the 
quantitative determination of different analytes, such as transition 
metal ions, highly conjugated organic compounds, and biological 
macromolecules.  

The reduction of pure silver ions was observed by 
measuring the UV-Vis spectrum of the reaction with 2 hours’ time 
intervals. The work was carried out using Jasco UV-Vvis 
spectrophotometer equipped with matched with quartz cells at a 
resolution of 1 nm from 100 to 800 nm. 
2.2.2. FTIR Analysis. 

Perkin-Elmer spectrometer FTIR Spectrum ONE in the 
range 4000–400 cm−1 at a resolution of 4 cm−1.was used. The 
deposited residues in the sample was dried and grinned with KBr 
to obtain pellet. Thin sample disc was prepared by pressing with 
the disc preparing machine and placed in Fourier Transform 
Infrared [FTIR] for the analysis of the nanoparticles. 
2.2.3. XRD Analysis. 

The silver nanoparticle solution thus obtained was purified 
by repeated centrifugation at 5000 rpm for 20 min followed by 
redispersion of the pellet of silver nanoparticles into 10 ml of 
deionized water. After freeze drying of the purified silver 
particles, the structure and composition were analyzed by XRD 
and SEM. The dried mixture of silver nanoparticles was collected 
for the determination of the formation of Ag nanoparticles by an 
X’Pert Pro x-ray diffractometer (PAN analytical BV, The 
Netherlands) operated at a voltage of 40 kV and a current of 30 

mA with Cu Kα radiation in a θ- 2 θ configuration. The crystallite 
domain size was calculated from the width of the XRD peaks, 
assuming that they are free from non-uniform strains, using the 
Scherrer formula. 

D= 0.94 λ / β Cos θ 
where D is the average crystallite domain size perpendicular to the 
reflecting planes, λ is the X-ray wavelength, β is the full width at 
half maximum (FWHM), and θ is the diffraction angle. To 
eliminate additional instrumental broadening the FWHM was 
corrected, using the FWHM from a large grained Si sample.  

β corrected = (FWHM2sample- FWHM2si)1/2 
This modified formula is valid only when the crystallite 

size is smaller than 100 nm.  
2.2.4. EDX Measurement. 

EDS makes use of the X-ray spectrum emitted by a solid 
sample bombarded with a focused beam of electrons to obtain a 
localized chemical analysis. All elements from atomic number 4 
(Be) to 92 (U) can be detected in principle, though not all 
instruments are equipped for 'light' elements (Z < 10). Qualitative 
analysis involves the identification of the lines in the spectrum and 
is fairly straightforward owing to the simplicity of X-ray spectra. 
Quantitative analysis (determination of the concentrations of the 
elements present) entails measuring line intensities for each 
element in the sample and for the same elements in calibration 
Standards of known composition. 
2.3. Antibacterial Assays. 
2.3.1. Microbial strains.  

Urine samples from patients with UTI were collected, 
processed, and the urinary isolates were identified as Escherichia 
coli, Proteus vulgaris,Pseudomonas aeruginosa, Klebsiella 
pneumoniae and Enterobacter aerogenes by the microbiology 
department of a local hospital, Trichy. These clinical isolates were 
collected and stored in semi-solid agar and were plated out on 
nutrient agar plates and on MacConkey agar plates to check the 
viability of the bacteria. 
2.3.2. Antibiotic susceptibility assay. 
 The isolates obtained were screened for their susceptibility 
against several antibiotics by Kirby Bauer’s method using several 
antibiotic disks from Hi-media, Mumbai. The results were 
interpreted according to the criteria recommended by the National 
Committee for Clinical Laboratory Standards. The diameter of the 
zone of inhibition of growth was recorded, and interpreted by the 
criteria of CLSI [25, 28]. The Minimal Inhibitory Concentration 
(MIC) assay is performed to determine the concentration of the 
extract that is lethal to the target bacteria in vitro. 

 
3. RESULTS SECTION 
3.1. Silver Reduction.  

 
Figure 2. Solutions of silver nitrate (5mM) a) before and b) after exposure 
to cell free filtrate of Clitoria ternatea showing the color change indicating 
the formation of silver ions. a) Silver nitrate solution 5mM (Control) b) 
Plant extract with 5mM AgNO3 

 The appearance of yellowish brown color confirms the 
existence of silver nanoparticles in the solution. It’s well-known 
that silver nanoparticles exhibit a yellowish – brown color in 
aqueous solution due to execution of surface Plasmon vibrations in 
silver nano particles. 
3.2. UV-VIS spectra analysis. 
 Silver nanoparticles exhibit yellowish brown color in 
aqueous solution due to excitation of surface plasmon vibrations in 
silver nanoparticles. As the Clitoria ternatea root extract was 
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mixed in the aqueous solution of the silver ion complex, it started 
to change the color from watery to yellowish brown due to 
reduction of silver ion; which indicated formation of silver 
nanoparticles. It is generally recognized that UV–Vis spectroscopy 
could be used to examine size- and shape-controlled nanoparticles 
in aqueous suspensions [26]. Figure 3shows the UV-Vis spectra 
recorded from the reaction medium after 4 hours. Absorption 
spectra of silver nanoparticles formed in the reaction media has 
absorbance peak at 440 nm, broadening of peak indicated that the 
particles are poly-dispersed. 

 

Figure 3. UV-Vis spectrum showing the absorbance peaks 
at different specific (2h) time intervals in 10 hours. 

 
3.3. FT-IR analysis. 
The FTIR analysis shows IR spectral peaks corresponding to 
various functional groups.The bonds obtained were sharp and 
certain peaks were broad which denotes the interaction of plant 
protein with the AgNPs. The spectrum at 3465.59-3402.91 depicts 
an Amine group that clearly illustrates the presence of protein 
binding with the silver ions. These absorbance bands are known to 
be associated with the stretching vibrations for –C C–C O, –C C– 
[(in-ring) aromatic], –C–C– [(in-ring) aromatic], C–O (esters, 
ethers) and C–O (polyols), respectively [27]. 

 
Table 1. FTIR peak values shows that the presence of 
functional groups in Clitoria ternatea Nanoparticles 

No. FTIR peak  
  (cm-1) Assigned   functional       groups 

1 3465.59 Alcohol  O-H Amine or Amide N-H Alkyne C-H 
2 3402.91 Alcohol  O-H Amine or Amide N-H Alkyne C-H 
3 1638.51 Alkane C=C 
4 1383.96 Alkane -C-H 
5 1043.88 C-O 
6 1017.09 C-O 
7 676.18 C-Br 

 
3.4. XRD measurement of particles. 

The biosynthesized silver nanostructure by employing 
Clitoria ternatea root extract was further demonstrated and 
confirmed by the characteristic peaks observed in the XRD image 
(Figure 4). The XRD pattern showed three intense peaks in the 
whole spectrum of 2θ value ranging from 10 to 80. Average size 
of the particles synthesized was 30 nm with size range 20 to 30 n 
m with cubic and hexagonal shape. The typical XRD pattern 
revealed that the sample contains a mixed phase (cubic and 
hexagonal) structures of silver nanoparticles. The average 
estimated particle size of this sample was 24-67 nmderived from 
the FWHM of peak corresponding to 111 plane. Planes 110 and 
112 also correspond to the JCPDS value of silver particles. 

 
Figure 4. XRD patterns recorded for the nanoparticles 
synthesized from Clitoria ternatea root extracts. 

 
3.5. Antibiotic susceptibility results 
The antibiotic profile for the several antibiotics tested against the 
chosen multi drug-resistant bacteria isolates is depicted in Table 2. 

Table 2. Antibiotic susceptibility results of the screened 
urinary isolates. 

ESBL producing 
strains (n=236) A Ak A-C Cu G Nx Ce Ca *I 

E. coli R R S R R S S S S 
K. pneumoniae R R S S R S S S S 
P. aeruginosa R R R S R R S S S 

P. vulgaris R R S S R S S S S 
E. aerogenes R S S S R S S S S 

A - Ampicillin (10 mcg); G - Gentamycin (10 mcg); Nx - Norfloxacin (10 mcg) ; Ce - 
Cephotaxime (30 mcg); Ca - Ceftazimide (30 mcg); Ak - Amikacin (30mcg); A-c - 
Amoxicillin+clavulanic acid;   Cu - Cefuroxime (30 mcg); I - Imipenem (10mcg);  

3.6. Antibacterial activity of Clitoria ternatea roots. 
 
Table 3. Inhibitory effects of the different extracts of 
Clitoria ternatea on drug resistant urinary pathogens by 
disc diffusion method (1000µg/10µl/disc) 

Bacterial 
isolates 

Zones of inhibition in mm 

Aqueous Ethanol Silver 
nanoparticles 

E.coli - 7 9 
K.pneumoniae 7 12 10 

P.vulgaris - - 5 
P.aeruginosa 8 15 7 
E.aerogenes 6 7 7 

 
Table 4. Minimal Inhibitory Concentration of the different 
extracts of Clitoria ternatea on drug resistant urinary 
pathogens by micro broth dilution method 

Bacterial 
isolates 

Minimal inhibitory concentration in mg 

Aqueous Ethanol Silver 
nanoparticles 

E.coli 1000 250 32.25 
K.pneumoniae 1000 250 32.25 

P.vulgaris 1000 1000 64.5 
P.aeruginosa 1000 125 32.25 
E.aerogenes 1000 500 32.25 

 
 Table 3 displays the results of the antibacterial testing for 
the various extracts of Clitoria ternatea roots against the drug-
resistant bacteria isolates and standard strains, respectively. 
Measured growth inhibition zones displayed in the table shows 
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that all three extracts of Clitoria ternatea roots demonstrate 
inhibitory activity against all the bacterial isolates (table 4). No 
inhibition zones were produced by dimethyl sulfoxide (DMSO), 
the suspending solvent and the solvent only discs, indicating their 

non-involvement in the inhibitory role. Among extracts, the silver 
nanoparticles extract clearly demonstrated a far more superior 
effect than its two counterparts. 

4. CONCLUSIONS 
  The silver nanoparticles bind to the bacterial cell 
membrane and break through bacteria cell wall and interact with 
proteins and phosphorous containing compounds like DNA. After 
interaction, silver nanoparticles may attack the respiratory 
mechanisms, cell division and finally lead to death. Further, 
studies will be carried out based on molecular level changes that 
occur in pathogenic strains. Reduction of silver ions present in the 
aqueous solution of silver complex during the reaction with the 
ingredients present in the Clitoria ternatea root extract have been 
seen by the UV-Vis spectroscopy and found that UV-Vis 
spectrograph of the colloidal solution of silver nanoparticles has 
been recorded as a function of time by using a quartz curette with 
water as reference. Maximum absorbance was seen at 440 nm, 
indicating the formation of spherical silver nanoparticles in 
majority or anisotropic particles whose appearance and ratio 
increases with time but the UV-Vis spectra for the root extract 
alone showed no absorption in the spectral window between 400-
700nm. Scanning Electron Microscopy was utilized to 
characterize the particles and their sizes and distribution by taking 
micrograph from drop coated films of the silver nanoparticles. 
SEM images showed that most of them are cubic and hexagonal 
size with the average size range from 20 nm to 30 nm which could 
be correlated with the morphology of the nanoparticles. An XRD 
pattern obtained for the silver nanoparticles shown in Fig. 4shows 
a number of Bragg reflections corresponding to (111), (110) and 
(112) sets of lattice planes are observed, as the presence of intense 

peaks corresponding to the (111), (110) and (112) Bragg 
reflections of Silver (identified in the diffraction pattern) agree 
with those reported for Silver nano-crystals which may be indexed 
based on the structure of silver. The XRD pattern clearly shows 
that the silver nanoparticles are crystalline in nature. The FTIR 
spectra indicate various functional groups present at different 
positions. The appearance of peaks in the amine I and amine II 
regions characteristic of proteins/enzymes that have been found to 
be responsible for the reduction of metal ions when using the plant 
extract for the synthesis of silver nanoparticle similar to the use of 
microorganisms such as fungi for the synthesis of metal 
nanoparticles indicates the binding of the nanoparticles with 
proteins. The IR peaks for amine I and amine II are owing to 
carbonyl stretch and –N–H stretch vibrations in the amine linkage 
of the proteins. IR spectroscopy study has confirmed that the 
carbonyl group of amino acid residues and proteins has a stronger 
ability to bind metal, so that the proteins could most possibly form 
a coat covering the metal nanoparticles (i.e. capping of AgNPs) to 
prevent the agglomeration of the particles, and thus, the 
nanoparticles are stabilized in the medium. The mechanism of the 
antimicrobial action of silver ions is closely related to their 
interaction with thiol (sulfhydryl) groups, although other target 
sites remain a possibility. Antimicrobial studies of silver 
nanoparticles on human pathogens open a door for a new range of 
antibacterial agents. 
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ABSTRACT

In the present study, an attempt has been made to biosynthesize silver nanoparticles using the aqueous solution of roots of Clitoria ternatea. The synthesized silver nanoparticles were characterized by UV-visible spectroscopy, XRD, FTIR and SEM analysis. The synthesized green nanoparticles were evaluated for their antibacterial potential against drug resistant uropathogens. Also, the results were compared with aqueous and ethanol extract of Clitoria ternatea. The obtained results confirm the superiority of green chemistry principles. The work also aims to synthesize silver nanoparticles from Clitoria ternatea aqueous root extracts; to characterize the generated silver nanoparticles by evaluating its size and morphology.
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Urinary tract infection (UTI) is the second most common infections present in community practice. Worldwide, about 150 million people are diagnosed with UTI each year, costing the global economy in excess of 6 billion US dollars [1]. UTI may involve only the lower urinary tract or may involve both the upper and lower tract. The term cystitis has been used to describe lower UTI, which is characterized by a syndrome involving dysuria, frequency, urgency and occasionally suprapubic tenderness. The extensive uses of antimicrobial agents have invariably resulted in the development of antibiotic resistance, which, in recent years, has become a major problem worldwide [2]. 

1.1. Rise of antibiotic resistance.

Antimicrobial resistance among uropathogens causing community and hospital acquired urinary tract infections is increasing [3]. The emergence of antibiotic resistance [4] among both pathogenic and opportunistic microrganisms resident in hospitals represents a serious and recurrent problem for the treatment of infections [5]. Among the several drug resistant bacteria in UTI, the extended spectrum beta-lactamase producers [6, 7] and the methicillin resistant Staphylococcus aureus strains are common [8].

1.2. Therapeutic options.

Treatment of infections caused by these resistant bacteria has become very difficult, since they are resistant to many antibiotics, limiting the therapeutic options [9]. Therefore, alternative methods of treatment are sought after. The clinical efficacy of many existing antibiotics is being threatened by the emergence of multidrug-resistant pathogens [10]. There is a continuous and urgent need to discover new antimicrobial compounds with diverse chemical structures and novel mechanisms of action for new and re-emerging infectious diseases [11]. Therefore, researchers are increasingly turning their attention to folk medicine, looking for new leads to develop better drugs against microbial infections [12]. Many infectious diseases have been known to be treated with herbal remedies throughout the history of mankind. Natural products, either as pure compounds or as standardized plant extracts, provide unlimited opportunities for new drug leads because of the unmatched availability of chemical diversity. This has led to the screening of several medicinal plants for their potential antimicrobial activity         [13, 14, 15, 16, 17].

1.3.  Silver as a remedy.

Synthesis of ecofriendly silver nanoparticles is of great importance in the field of nanotechnology. Silver nanoparticles have attracted much attention due to their versatile applications in many areas such a medicine, textiles, sensors and detectors, catalysis, nano composites, agriculture and waste water treatment. Being in nanoscale, these nanoparticles have high surface: volume ratio. Therefore, they often show unique and considerably different physical, chemical, mechanical and biological properties compared to their macro scaled counterparts. Hence a nanoparticle is an emerging area of nanoscience and critical technology with many applications in medical and industrial sectors. Production of silver nanoparticles using plants provides advancement over traditional chemical and physical methods as it is cost effective, easily scaled up for large scale, and no toxic chemicals were used during synthesis. Silver nanoparticles are used as antimicrobial agents in surgically implanted catheters in order to reduce the infections caused during surgery as they possess anti-fungal, anti-inflammatory, anti-angiogenic and anti-permeability activities. 

In the past few years, the potential of various plants for the synthesis of silver nanoparticles (SNPs) was explored. The approach of green synthesis seems to be cost efficient, eco-friendly and easy alternative to conventional methods of silver nanoparticles synthesis. Plants have emerged as an efficient candidate for the synthesis of nanoparticles [18]. These biogenic nanoparticles are cost efficient, simpler to synthesize, and focus toward a greener approach. The methanolic extract of Clitoria ternatea flower showed a very promising reducing effect on the reduction of Ag+ silver nanoparticles at room temperature was reported. Nano characterization studies such as UV-spectral analysis and FTIR analysis will help us to confirm the stabilization of nanoparticles at a particular point will measured.

1.4. Chosen Plant. 

	Clitoria ternatea L. is a member of the family Fabaceae, commonly known as ‘Aparajita’ or ‘Girikarnika’. It is a perennial climber widely used in the traditional Ayurvedic system of Indian medicine for treating a wide variety of ailments. Leaves are imperipinnate, with petioles 2-2.5 cm long and stipules of 4 mm long, linear and acute. Leaflets are 5-7 in number, subcoriaceous, from 2.5-5 to 2-3.2 cm, elliptic-oblong, obtuse or caute. Flowers are auxiliary, solitary, standard bright or blue or sometimes white, with an orange centre; seeds are 6 to 10, yellowish brown, smooth. Two types of flowers are seen, white variety and blue flowered variety; widely distributed throughout Bangladesh, used as ornamental plant. Aparajita grows throughout India. It is a beautiful-looking plant, hence cultivated in gardens.



Figure 1. Clitoria ternatea

1.5. Phytoconstituents.

The seeds contain nucleoproteins with a amino-acid sequence similar to insulin, delphinidin-3,3,5-triglucoside, essential amino-acids, pentosan, water soluble mucilage, adenosine, an anthoxanthin glucoside, greenish yellow fixed oil, phenol glycoside, 3,5,7,4-tetrahydroxy-flavone-3-rhamoglycoside, an alkaloid, ethyl D-galactopyranoside, p-hydroxycinnamic acid polypeptide, a highly basic protein-finotin, a bitter acid resin, tannic acid, 6% ash and a toxic alkaloid. According to Yoganarasimhan, seeds contain g-sitosterol, ß-sitosterol, and hexacosanol and anthocyanin glucoside. Phytoconstituents like 1 cycloprop[e]azulene,1a,2,3,5,6,7,7a,7b-octahydro-1,1,4,7 tetra- methyl-,[1aR-(1aa,7a,7aa,7ba)] [synonyms: varidiflorene], pterocarpin, 6H-Benzofuro[3,2-c][1]benzopyran, 6a,11a-dihydro-3,9-dimethoxy-, (6aR-cis)- [synonyms: homopterocarpin], isoparvifuran, hexadecanoic acid, ethyl ester, myo-inositol, propane, 1,1-diethoxy- were identified from ethanol extract of Clitoria ternatea by using a gas chromatograph-mass spectrograph [19]. Pterocarpin, p-hydroxy cinnamic acid, myo inositol, keamoferol, hexadecanoic acid, pentosan, varidiflorene, anthrocyanine-3 -o-beta-d-giucoside, homopterocarpin, hypericin, venlafaxine, delphinidin, ethyl ester, texerol, clitorin. 

1.6. Green Synthesis of Nanoparticles.

In recent years, noble metal nanoparticles have been the subject of focused research due to their unique biological properties. Silver nanoparticles exhibit new or improved properties depending upon their size, morphology, and distribution. Further earlier reports indicate that silver nanoparticles are not harmful to humans, but act as effective agents against different microorganisms. Green synthesis methods employing either microorganisms or plant extracts have emerged as a simple and alternative to chemical synthesis. Green synthesis provides advancements over chemical methods as it is environment friendly, cost effective, and easily scaled up for large scale synthesis [20]. Silver nanoparticles are well known as one of the most universal antimicrobial substances in the field of biology and medicine due to their strong biocidal effect against microbial species, which has been used for centuries to prevent and treat various diseases, most notably infections. Silver nanoparticles also reported to possess anti-fungal, anti-inflammatory, anti-viral, anti-angiogenesis and anti-platelet activity. Recently, the development of silver nanoparticles is expanding. They are now used as part of clothing, food containers, wound dressings, ointments, and implant coatings.  Bio-nanotechnology is as amalgamation between biotechnology and nanotechnology for developing biological synthesis and environmental-benign technology for synthesis of nanomaterials. New applications of nanoparticles and nanomaterials are emerging rapidly. Silver nanoparticles are used as antimicrobial agents in surgically implanted catheters in order to reduce the infections caused during surgery as they possess anti-fungal, anti-inflammatory, antiangiogenic and antipermeability activities [21, 22]. Nanocrystalline silver particles have found tremendous applications in the field of high sensitivity biomolecular detection and diagnostics [23], catalysis. However, there is still need for economic, commercially viable as well environmentally clean synthesis route to synthesize silver nanoparticles.





2. EXPERIMENTAL SECTION



2.1. Materials and Methods.

2.1.1. Collection of Plant Material. Clitoria ternatea L. were planted and cultivated in Vasantham garden, Bishop Heber  College, Trichy, Tamilnadu, India. The matured root samples were dried and powdered for preparing root extract. 

2.1.2. Preparation of Clitoria ternatea root extract (Aqueous). 

10g of Clitoria ternatea roots were cut into fine pieces, weighed and washed twice with distilled water. The powdered sample of roots were taken in a 500ml Erlenmeyer flask, 200ml of distilled water was added and kept on a water bath for 30 minutes at 600C. Then the plant material is filtered through Whatmann No: 1 filter paper (pore size 25 μm). The root extract were used for the synthesis of silver nanoparticles. For further assays, the extract was stored at 40C in dark for 2 days.



2.1.3. Biosynthesis of Silver Nanoparticles using Clitoria ternatea root extract.

	5 mM aqueous solution of silver nitrate (AgNO3) was prepared for the synthesis of silver nanoparticles. To 2 ml of extract, 10 ml of 5mM silver nitrate solution was added and kept at dark place for 2 days. A color change of yellowish green to dark brown confirms the presence of silver nanoparticles [24]. The silver nanoparticles solution was then centrifuged for 30 minutes at the rate of 20,000 rpm. The filtered suspension was further used for the characterization of the silver nanoparticles.

2.2. Characterization of Nanoparticles.

2.2.1. UV-Vis Spectra Analysis.

Ultraviolet–visible spectroscopy or ultraviolet-visible spectrophotometry (UV-Vis or UV/Vis) refers to absorption spectroscopy or reflectance spectroscopy in the ultraviolet-visible spectral region. This means it uses light in the visible and adjacent (near-UV and near-infrared (NIR)) ranges. The absorption or reflectance in the visible range directly affects the perceived color of the chemicals involved. In this region of the electromagnetic spectrum, molecules undergo electronic transitions. UV/Vis spectroscopy is routinely used in analytical chemistry for the quantitative determination of different analytes, such as transition metal ions, highly conjugated organic compounds, and biological macromolecules. 

The reduction of pure silver ions was observed by measuring the UV-Vis spectrum of the reaction with 2 hours’ time intervals. The work was carried out using Jasco UV-Vvis spectrophotometer equipped with matched with quartz cells at a resolution of 1 nm from 100 to 800 nm.

2.2.2. FTIR Analysis.

Perkin-Elmer spectrometer FTIR Spectrum ONE in the range 4000–400 cm−1 at a resolution of 4 cm−1.was used. The deposited residues in the sample was dried and grinned with KBr to obtain pellet. Thin sample disc was prepared by pressing with the disc preparing machine and placed in Fourier Transform Infrared [FTIR] for the analysis of the nanoparticles.

2.2.3. XRD Analysis.

The silver nanoparticle solution thus obtained was purified by repeated centrifugation at 5000 rpm for 20 min followed by redispersion of the pellet of silver nanoparticles into 10 ml of deionized water. After freeze drying of the purified silver particles, the structure and composition were analyzed by XRD and SEM. The dried mixture of silver nanoparticles was collected for the determination of the formation of Ag nanoparticles by an X’Pert Pro x-ray diffractometer (PAN analytical BV, The Netherlands) operated at a voltage of 40 kV and a current of 30 mA with Cu Kα radiation in a θ- 2 θ configuration. The crystallite domain size was calculated from the width of the XRD peaks, assuming that they are free from non-uniform strains, using the Scherrer formula.

D= 0.94 λ / β Cos θ

where D is the average crystallite domain size perpendicular to the reflecting planes, λ is the X-ray wavelength, β is the full width at half maximum (FWHM), and θ is the diffraction angle. To eliminate additional instrumental broadening the FWHM was corrected, using the FWHM from a large grained Si sample. 

β corrected = (FWHM2sample- FWHM2si)1/2

This modified formula is valid only when the crystallite size is smaller than 100 nm. 

2.2.4. EDX Measurement.

EDS makes use of the X-ray spectrum emitted by a solid sample bombarded with a focused beam of electrons to obtain a localized chemical analysis. All elements from atomic number 4 (Be) to 92 (U) can be detected in principle, though not all instruments are equipped for 'light' elements (Z < 10). Qualitative analysis involves the identification of the lines in the spectrum and is fairly straightforward owing to the simplicity of X-ray spectra. Quantitative analysis (determination of the concentrations of the elements present) entails measuring line intensities for each element in the sample and for the same elements in calibration Standards of known composition.

2.3. Antibacterial Assays.

2.3.1. Microbial strains. 

Urine samples from patients with UTI were collected, processed, and the urinary isolates were identified as Escherichia coli, Proteus vulgaris,Pseudomonas aeruginosa, Klebsiella pneumoniae and Enterobacter aerogenes by the microbiology department of a local hospital, Trichy. These clinical isolates were collected and stored in semi-solid agar and were plated out on nutrient agar plates and on MacConkey agar plates to check the viability of the bacteria.

2.3.2. Antibiotic susceptibility assay.

	The isolates obtained were screened for their susceptibility against several antibiotics by Kirby Bauer’s method using several antibiotic disks from Hi-media, Mumbai. The results were interpreted according to the criteria recommended by the National Committee for Clinical Laboratory Standards. The diameter of the zone of inhibition of growth was recorded, and interpreted by the criteria of CLSI [25, 28]. The Minimal Inhibitory Concentration (MIC) assay is performed to determine the concentration of the extract that is lethal to the target bacteria in vitro.





3. RESULTS SECTION



3.1. Silver Reduction. 



Figure 2. Solutions of silver nitrate (5mM) a) before and b) after exposure to cell free filtrate of Clitoria ternatea showing the color change indicating the formation of silver ions. a) Silver nitrate solution 5mM (Control) b) Plant extract with 5mM AgNO3

	The appearance of yellowish brown color confirms the existence of silver nanoparticles in the solution. It’s well-known that silver nanoparticles exhibit a yellowish – brown color in aqueous solution due to execution of surface Plasmon vibrations in silver nano particles.

3.2. UV-VIS spectra analysis.

	Silver nanoparticles exhibit yellowish brown color in aqueous solution due to excitation of surface plasmon vibrations in silver nanoparticles. As the Clitoria ternatea root extract was mixed in the aqueous solution of the silver ion complex, it started to change the color from watery to yellowish brown due to reduction of silver ion; which indicated formation of silver nanoparticles. It is generally recognized that UV–Vis spectroscopy could be used to examine size- and shape-controlled nanoparticles in aqueous suspensions [26]. Figure 3shows the UV-Vis spectra recorded from the reaction medium after 4 hours. Absorption spectra of silver nanoparticles formed in the reaction media has absorbance peak at 440 nm, broadening of peak indicated that the particles are poly-dispersed.



Figure 3. UV-Vis spectrum showing the absorbance peaks at different specific (2h) time intervals in 10 hours.



3.3. FT-IR analysis.

The FTIR analysis shows IR spectral peaks corresponding to various functional groups.The bonds obtained were sharp and certain peaks were broad which denotes the interaction of plant protein with the AgNPs. The spectrum at 3465.59-3402.91 depicts an Amine group that clearly illustrates the presence of protein binding with the silver ions. These absorbance bands are known to be associated with the stretching vibrations for –C C–C O, –C C– [(in-ring) aromatic], –C–C– [(in-ring) aromatic], C–O (esters, ethers) and C–O (polyols), respectively [27].



Table 1. FTIR peak values shows that the presence of functional groups in Clitoria ternatea Nanoparticles

		No.

		FTIR peak 

  (cm-1)

		Assigned   functional       groups



		1

		3465.59

		Alcohol  O-H Amine or Amide N-H Alkyne C-H



		2

		3402.91

		Alcohol  O-H Amine or Amide N-H Alkyne C-H



		3

		1638.51

		Alkane C=C



		4

		1383.96

		Alkane -C-H



		5

		1043.88

		C-O



		6

		1017.09

		C-O



		7

		676.18

		C-Br







3.4. XRD measurement of particles.

The biosynthesized silver nanostructure by employing Clitoria ternatea root extract was further demonstrated and confirmed by the characteristic peaks observed in the XRD image (Figure 4). The XRD pattern showed three intense peaks in the whole spectrum of 2θ value ranging from 10 to 80. Average size of the particles synthesized was 30 nm with size range 20 to 30 n m with cubic and hexagonal shape. The typical XRD pattern revealed that the sample contains a mixed phase (cubic and hexagonal) structures of silver nanoparticles. The average estimated particle size of this sample was 24-67 nmderived from the FWHM of peak corresponding to 111 plane. Planes 110 and 112 also correspond to the JCPDS value of silver particles.



Figure 4. XRD patterns recorded for the nanoparticles synthesized from Clitoria ternatea root extracts.



3.5. Antibiotic susceptibility results

The antibiotic profile for the several antibiotics tested against the chosen multi drug-resistant bacteria isolates is depicted in Table 2.

Table 2. Antibiotic susceptibility results of the screened urinary isolates.

		ESBL producing

strains (n=236)

		A

		Ak

		A-C

		Cu

		G

		Nx

		Ce

		Ca

		*I



		E. coli

		R

		R

		S

		R

		R

		S

		S

		S

		S



		K. pneumoniae

		R

		R

		S

		S

		R

		S

		S

		S

		S



		P. aeruginosa

		R

		R

		R

		S

		R

		R

		S

		S

		S



		P. vulgaris

		R

		R

		S

		S

		R

		S

		S

		S

		S



		E. aerogenes

		R

		S

		S

		S

		R

		S

		S

		S

		S





A - Ampicillin (10 mcg); G - Gentamycin (10 mcg); Nx - Norfloxacin (10 mcg) ; Ce - Cephotaxime (30 mcg); Ca - Ceftazimide (30 mcg); Ak - Amikacin (30mcg); A-c - Amoxicillin+clavulanic acid;   Cu - Cefuroxime (30 mcg); I - Imipenem (10mcg); 

3.6. Antibacterial activity of Clitoria ternatea roots.



Table 3. Inhibitory effects of the different extracts of Clitoria ternatea on drug resistant urinary pathogens by disc diffusion method (1000g/10l/disc)

		Bacterial isolates

		Zones of inhibition in mm



		

		Aqueous

		Ethanol

		Silver nanoparticles



		E.coli

		-

		7

		9



		K.pneumoniae

		7

		12

		10



		P.vulgaris

		-

		-

		5



		P.aeruginosa

		8

		15

		7



		E.aerogenes

		6

		7

		7







Table 4. Minimal Inhibitory Concentration of the different extracts of Clitoria ternatea on drug resistant urinary pathogens by micro broth dilution method

		Bacterial isolates

		Minimal inhibitory concentration in mg



		

		Aqueous

		Ethanol

		Silver nanoparticles



		E.coli

		1000

		250

		32.25



		K.pneumoniae

		1000

		250

		32.25



		P.vulgaris

		1000

		1000

		64.5



		P.aeruginosa

		1000

		125

		32.25



		E.aerogenes

		1000

		500

		32.25







	Table 3 displays the results of the antibacterial testing for the various extracts of Clitoria ternatea roots against the drug-resistant bacteria isolates and standard strains, respectively. Measured growth inhibition zones displayed in the table shows that all three extracts of Clitoria ternatea roots demonstrate inhibitory activity against all the bacterial isolates (table 4). No inhibition zones were produced by dimethyl sulfoxide (DMSO), the suspending solvent and the solvent only discs, indicating their non-involvement in the inhibitory role. Among extracts, the silver nanoparticles extract clearly demonstrated a far more superior effect than its two counterparts.





4. CONCLUSIONS



Page | 196

		The silver nanoparticles bind to the bacterial cell membrane and break through bacteria cell wall and interact with proteins and phosphorous containing compounds like DNA. After interaction, silver nanoparticles may attack the respiratory mechanisms, cell division and finally lead to death. Further, studies will be carried out based on molecular level changes that occur in pathogenic strains. Reduction of silver ions present in the aqueous solution of silver complex during the reaction with the ingredients present in the Clitoria ternatea root extract have been seen by the UV-Vis spectroscopy and found that UV-Vis spectrograph of the colloidal solution of silver nanoparticles has been recorded as a function of time by using a quartz curette with water as reference. Maximum absorbance was seen at 440 nm, indicating the formation of spherical silver nanoparticles in majority or anisotropic particles whose appearance and ratio increases with time but the UV-Vis spectra for the root extract alone showed no absorption in the spectral window between 400-700nm. Scanning Electron Microscopy was utilized to characterize the particles and their sizes and distribution by taking micrograph from drop coated films of the silver nanoparticles. SEM images showed that most of them are cubic and hexagonal size with the average size range from 20 nm to 30 nm which could be correlated with the morphology of the nanoparticles. An XRD pattern obtained for the silver nanoparticles shown in Fig. 4shows a number of Bragg reflections corresponding to (111), (110) and (112) sets of lattice planes are observed, as the presence of intense peaks corresponding to the (111), (110) and (112) Bragg reflections of Silver (identified in the diffraction pattern) agree with those reported for Silver nano-crystals which may be indexed based on the structure of silver. The XRD pattern clearly shows that the silver nanoparticles are crystalline in nature. The FTIR spectra indicate various functional groups present at different positions. The appearance of peaks in the amine I and amine II regions characteristic of proteins/enzymes that have been found to be responsible for the reduction of metal ions when using the plant extract for the synthesis of silver nanoparticle similar to the use of microorganisms such as fungi for the synthesis of metal nanoparticles indicates the binding of the nanoparticles with proteins. The IR peaks for amine I and amine II are owing to carbonyl stretch and –N–H stretch vibrations in the amine linkage of the proteins. IR spectroscopy study has confirmed that the carbonyl group of amino acid residues and proteins has a stronger ability to bind metal, so that the proteins could most possibly form a coat covering the metal nanoparticles (i.e. capping of AgNPs) to prevent the agglomeration of the particles, and thus, the nanoparticles are stabilized in the medium. The mechanism of the antimicrobial action of silver ions is closely related to their interaction with thiol (sulfhydryl) groups, although other target sites remain a possibility. Antimicrobial studies of silver nanoparticles on human pathogens open a door for a new range of antibacterial agents.
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