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Introduction 

Nanoparticles synthesis is usually carried out by 
various physical and chemical methods like laser 
ablation, pyrolysis, lithography, chemical vapour 
deposition, sol–gel techniques and electro-
deposition, which are very expensive and hazardous. 
Although many routes are available for the synthesis 
of Nanoparticles, there is an increasing need to 
develop high-yield, low cost, non-toxic and 
environmentally friendly procedures. Therefore 
scientists are looking forward for greener methods 
[1,2]. Green nanotechnology is an area of interest 
having significant focus in present scenario with 
important objective of facilitating the manufacture of 
nanotechnology based eco-friendly products. The 
development of efficient green chemistry methods 
for synthesis of metal Nanoparticles has become a 
major focus of researchers [3]. Among heavy metal 
Nanoparticles, silver Nanoparticles have received 
major attention due to unique and tunable surface 

plasmon resonance (SPR) [4]. Synthesis of silver 
Nanoparticles with different size range and their self-
assembly is considered important due to their 
potential applications in medicine [5]. In recent years, 
synthesis of AgNPs has been reported using several 
plant extracts particularly Prosopis juliflora [6]; Malva 
parviflora [7]; Hibiscus cannabinus [8]; Ocimum 
sactum [9]; Sesbania grandiflora [10]; Acalypha indica 
[11]; Alternathera sessilis [12]; Catharanthus roseus 
[13]; Ixora coccinea [14] and Mulberry [15]. Delonix 
elata (L.) Gamble belongs to the family of fabaceae 
and has been explored for pharmaceutical 
applications as the leaves and bark of this plant is 
known to have medicinal properties. The leaf extracts 
are anti-inflammatory in nature and provide relief 
from rheumatic problems like pain and stiffness of 
the joints, especially the knees. It is also known to 
increase the body heat and pulse rate. The decoction 
of plant root can be used for relief from abdominal 
pains. Powdered leaves in proportion with other 

Abstract 

By the review of various literature surveys it has been analyzed that Delonix elata leaf extract has a 
great medicinal values. The Silver Nanoparticles were prepared by employing the standard procedure. 
The formation of silver Nanoparticles is confirmed by occurrence of colour change. When Silver 
Nanoparticles is added with Delonix elata leaf extract, the colour changes from yellow to dark brown 
which confirms the formation of silver Nanoparticles. The silver Nanoparticles formed have been 
characterized by UV, FT-IR, XRD and TEM.UV absorbance peak at 230.98nm confirms it as the 
characteristic peak of silver Nanoparticles. The average sizes of silver Nanoparticles formed by XRD 
&TEM Analysis are 11.37nm & 11.78nm respectively. Further, these AgNPs formed from Delonix elata 
leaf extracts has a good anti-inflammatory activity. The anti-inflammatory activity was tested against 
human blood cells. Hence, the present research aims to open new avenues for the various ailments of 
medicine with the synthesis of silver Nanoparticles by using leaf extracts like Delonix elata &to bring 
the anti-inflammatory activity of a medicinal plant to the Scientist’s notice, to educate awareness & 
add values to resources  
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herbs are used to cure paralysis and other nervous 
disorders. Administration of the herbal mixture to 
younger children is known to prevent polio [16].  
Delonix elata (L.) Gamble has been used in the Indian 
traditional medicine system to treat rheumatism and 
inflammation.Literature reports on medicinal uses of 
Delonix elata leaf extract revealed the 
pharmacological actions like anti-inflammatory 
activity (Shah et al., 2009)[17]  Investigations by 
many research scholars revealed that Delonix elata 
possess many activities like anti-inflammatory, in 
vitro antioxidant activities, anti-arthritic[18,19].All of 
them found that the Delonix elata extract showed 
significant and dose dependent activities. Leaves are 
used for the treatment of bronchitis in infants, fever, 
malaria, flatulence, and paralysis or as carminative 
[20]. In our previous study, leaves extract of D. elata 
has shown remarkable antinociceptive activity [21]. 
Leaf extract has been screened for anti-inflammatory 
activity [22]. Particle size distribution curve of the 
synthesized AgNPs shown reveals that particles 
obtained are polydisperse mixture, with average 
diameter 70.01 nm.  The zeta potential of the 
synthesized AgNPs is determined in water as 
dispersant. The zeta potential is found to be 18.3 
mv[23].Recently, microwave heating has been 
explored as a promising technique for nanoparticle 
synthesis. In the present study, we first report the 
reduction of silver ions using Delonix elata leaf 
extract under microwave irradiation for facile and fast 
phytosynthesis of silver Nanoparticles (AgNPs). To 
the best of our knowledge, no reports pertaining to a 
microwave method by using Delonix elata leaf 
extract are yet available. The anti-inflammatory 
property of phyto synthesized silver Nanoparticles 
was also investigated.  

Materials and Methods 

Collection of leaf 

Fresh leaves of Delonix elata were collected from 
Trichy, during the month of May and identified by 
Dr.John Britto, The Director, Rabinat Herbarium and 
Center for Molecular Systematics, St. Joseph’s 
College (Campus), Trichirappalli-2, Tamil Nadu. India. 
(Plant authentication no: PN001). 

Preparation of leaf extract 

The fresh and young leaf samples of Delonix elata 
was collected & washed thoroughly with sterile 
double distilled water (DDW). Twenty gram of 

sterilized leaf samples were taken and cut into small 
pieces. Finely cut leaves were placed in a 500 ml 
Erlenmeyer flask containing 100 ml of sterile DDW. 
After that the mixture was boiled for 5 minutes and 
filtered. The extract was stored in 4 0C. 

Synthesis of silver Nanoparticles 

Silver nitrate was used as precursor in the synthesis 
of silver Nanoparticles. 100 ml of Delonix elata leaf 
extract was added to 100 ml of 0.1N AgNO3 aqueous 
solution in conical flask of 250 ml content at room 
temperature. The flask was thereafter put into shaker 
(100 rpm) at 500 C and reaction was carried out for a 
period of 12 hrs. Then the mixture is kept in 
microwave oven for exposure of heat. The mixture 
was completely dried after a period of 20 minutes 
and hence Nanoparticles in form of powders were 
obtained.   

 

Figure 1: Optical photograph of Delonix elata A- 0.1 
N AgNO3 solution  B- Leaf extract  C- Leaf extract + 
AgNO3   D- Leaf extract + AgNO3(After 30mins)  E- 
Leaf extract + AgNO3(After 1 hr)  F- Leaf extract + 
AgNO3 (After 2 hrs) G- Leaf extract + AgNO3(After 24 
hrs) 

UV-visible spectroscopy analysis 

The colour change in reaction mixture (metal ion 
solution + leaf extract) was recorded through visual 
observation. The bio reduction of silver ions in 
aqueous solution was monitored by periodic 
sampling of solid and subsequently measuring UV-
visible spectra of the solid sample. UV-visible spectra 
of sample were monitored as a function of time of 
reaction on the UV-visible spectroscopy and the 
investigations was carried out using PERKIN ELMER 
(Lambda 35 model) spectrometer in the range of 190 
nm to 1100 nm. 

FT-IR measurement 

The Fourier transform infrared (FTIR) investigations 
were carried out using PERKIN ELMER (Spectrum RXI) 
spectrometer in the range of 400 cm-1 to 4000 cm-1. 
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The functional groups were identified using the peak 
assignments. 

XRD measurement  

The sample was drop- coated onto Nickel plate by 
just dropping a small amount of sample on the plate 
frequently, allowed to dry and finally thick coat of 
sample was prepared. The particle size and nature of 
the silver Nanoparticles was determined using X-ray 
diffraction (XRD). This was carried out using Rigaku 
miniflex-3 model with 30kv, 30mA with Cukα radians 
at 2θ angle.  

TEM analysis 

Sample is dispersed with acetone and exposed in 
ultrasonics for 5 minutes.Take a drop of a solution 
from the samples and drops it on the grid, leave until 
it dries. After drying, the sample is inserted into TEM 
instruments using model Tecnai T20 Making   in FEI, 
Netherlands operating at 200KeV Tungsten 
Filament.  

Anti-Inflammatory Activity 

The human red blood cell (HRBC) membrane 
stabilization method 

The method as prescribed (Gopalkrishnan et al., 
2009; Sakat et al., 2010) was adopted with some 
modifications. The blood was collected from healthy 
human volunteer who had not taken any NSAIDS for 
2 weeks prior to the experiment and mixed with 
equal volume of Alsever solution (2 % dextrose, 0.8 
% sodium citrate, 0.5 % citric acid and 0.42 % NaCl) 
and centrifuged at 3,000 rpm. The packed cells were 
washed with isosaline and a 10 % suspension was 
made. Various concentrations of extracts were 
prepared in mg/ml using distilled water and to each 
concentration, 1 ml of phosphate buffer, 2 ml hypo 
saline and 0.5 ml of HRBC suspension were added. It 
was incubated at 370C for 30 minutes and 
centrifuged at 3,000 rpm for 20 minutes and the 
hemoglobin content of the supernatant solution was 
estimated spectrophotometrically at 560 nm. 
Diclofenac (100 Jg/ml) was used as reference 
standard and a control was prepared by omitting the 
extracts. The experiments were performed in 
triplicates and mean values of the three were 
considered. The percentage (%) of HRBC membrane 
stabilization or protection is calculated using the 
following formula, 

Percentage of Protection (%) = 

(100- OD of drug treated sample/OD of Control) X 
100 

Albumin denaturation method 

The method as prescribed (Sakat et al., 2010) was 
followed with modifications. The reaction mixture 
was consisting of test extracts and 1% solution of 
bovine albumin fraction. pH of the reaction mixture 
was adjusted using small amount of HCl. The sample 
extracts were incubated at 37°C for 20 minutes and 
then heated to 51°C for 20 minutes. After cooling the 
samples the turbidity was measured 
spectrophotometrically at 660 nm. Diclofenac 
sodium was taken as a standard drug. The 
experiment was performed in triplicates and the 
mean value of the three was considered.  Percent 
inhibition of protein denaturation was calculated as 
follows, 

Percentage of inhibition (%) = 

(OD of Control- OD of Sample/ OD of Control) X 100 

Results  

UV-visible spectroscopy analysis 

 

Figure 2: UV-Visible spectrum of synthesized silver 
Nanoparticles using leaf extracts of Delonix elata. 

UV-Vis spectroscopy analysis showed the absorbance 
band of silver Nanoparticles synthesized using 
Delonix elata leaf extract at 230.98 nm and confirms 
the presence of  poly-unsaturated and aromatic 
compound (Isoquinoline) (Advanced strategies in 
food analysis ,UV/VIS spectrometry by Richard 
Koplík) 
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FT-IR measurement 

 

Figure 3: FT-IR spectrum of synthesized silver 
Nanoparticles using leaf extracts of Delonix elata 

The Delonix elata related functional groups were 
identified using the peak assignments. A strong peak 
at 3913.84 cm-1 and 3776.84 cm-1 was assigned to 
the OH stretching in Phenol group, The sharp and 
bend  peak at 3421.64 cm-1 was assigned to OH ,H-
bonded alcohol and phenols or medium N-H 
stretching may be present  primary, secondary 
amines and amides  group, The medium  peak at 
2926.92 cm-1 was assigned medium C-H stretching in 
alkenes, weak peak at 2203.12 cm-1 was assigned to –
C (triple bond) C- stretching in alkenes group, The 
strong peak at 1769.90 cm-1 was assigned to  C=O 
stretching in  carbonyl group, The medium peak at 
1595.81 cm-1 was assigned to  N-H bend in primary 
amine group, The variable peak at 1391.30 cm-1was 
assigned to C-H bending in alkenes , The medium 
peak at 1115.90 cm-1 was assigned to  C-N stretching 
in aliphatic amine group, The medium  peak at 
714.80 cm-1   was assigned to C-Cl stretching in alkyl 
halide group and  The medium peak at 615.60 cm-

1was assigned to C-Br stretching in alkyl halides are 
observed.  

XRD measurement  

 

Figure 4: XRD spectrum of synthesized silver 
Nanoparticles using leaf extracts of Delonix elata  

Determination of crystalline size 

Average crystallite size of silver was calculated using 
the Scherrer’s formula, 

D = kλ / βcosθ 

D- Average crystallite size: K- Constant: λ- X- ray 
Wavelength: β- Angular FWHM of the XRD peak at 
the diffraction angle: θ- Diffraction angle. 

By Scherrer’s formula, the average size of the particle 
is approximately found to be 11.37 nm  

TEM analysis 

 

 

Figure 5: TEM image of synthesized silver 
Nanoparticles using leaf extracts of Delonix elata 

The figure shows the TEM image obtained by the 
reaction of Delonix elata leaf extract and 0.1N silver 
nitrate solution separately. The Average size of 
Delonix elata Ag-NPs by TEM Analysis is found to be 
11.78nm. 

Anti-Inflammatory Activity 

Anti-inflammatory study like human red blood cell 
(HRBC), membrane stabilization, inhibition of 
albumin de nutrition indicated that anti-
inflammatory activity .The medical use of Delonix 
elata has a good anti-inflammatory activity. As the 
concentration of the sample increases, the 
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percentage of inhibition also increases. 

Table 1: Anti-inflammatory activity of human red 
blood cell (HRBC) by using AgNPs of Delonix elata 

S. No 
Concentration 

(µg/ml) 

% of Inhibition 

Membrane Stabilization 

Mean±S.E.M 

1 100 43.19 ± 0.17 

2 200 48.73 ± 0.49 

3 400 57.51 ± 0.73 

4 600 59.28 ± 1.55 

5 800 63.32 ± 1.39 

 

 

Figure 6: Graphical representation of Anti-
inflammatory activity of human red blood cell (HRBC) 
by using AgNPs of Delonix elata 

Table 2: Anti-inflammatory activity of Albumin 
denaturation methodby using AgNPs of Delonix 
elata 

S. No 
Concentration 

(µg/ml) 

% of Inhibition 

Membrane Stabilization 

Mean±S.E.M 

1 100 40.34 ± 0.48 

2 200 45.81 ± 0.39 

3 400 56.74 ± 0.73 

4 600 58.13 ± 1.21 

5 800 60.07 ± 1.18 

 

Figure 7: Graphical representation of Anti-
inflammatory activity of Albumin denaturation 
methodby using AgNPs of Delonix elata 

Discussion 

UV–Vis spectroscopy is an important technique to 
establish the formation and stability of metal 
Nanoparticles in aqueous solution [24]. The silver 
Nanoparticles were formed by adding different 
concentration of extracts (0.5 ml, 1 ml, 2 ml, 5 ml and 
7 ml) with aqueous AgNO3. After 24 hrs, the colour 
of the solutions changed from pale yellow to 
yellowish brown and then to deep brown depending 
on the extract concentration indicating the formation 
of silver Nanoparticles. The colour changes are due 
to excitation of surface plasmon vibration in silver 
Nanoparticles. AgNPs have free electrons, which 
gives rise to a surface plasmon resonance absorption 
due to the combined vibration of electrons of the 
metal Nanoparticles in resonance with the light wave 
[25]. The synthesized AgNPs display a clear and 
single SPR band with the kmax at 428–432 nm which 
confirms the reduction of silver ion to metallic silver. 
As the concentration of the D. elata leaf extract 
increases, the absorption peak becomes more 
sharpen and blue shift is observed at 432 nm. This is 
due to the formation of spherical and homogeneous 
distribution of silver Nanoparticles. Some unassigned 
peaks have also been observed suggesting that the 
crystallization of bio-organic phase [26-29]. FT-IR 
analysis was carried out to detect the possible 
biomolecules responsible for the reduction of the 
metal ions and capping Photograph of AgNO3 and 
Delonix elata leaf extracts of these silver 
Nanoparticles. The FT-IR spectrum of leaf broth 
before reaction shows several absorption bands at 
3387, 2345, 1639 and 1543 cm-1. The absorption 
band at 3387 cm-1 is due to OH stretching vibration. 
The observed two minor bands at 3819 cm-1 and 
3722 cm-1 indicate the presence of phenols (OAH 
group) and phenolic compound in the plant extract. 
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The bands at 2345, 1639 and 1543 cm-1 indicates the 
presence of alkane groups (ACAH stretching), amide 
I band (Carbonyl group (C-O)) and aromatic (C-C) 
respectively [30,31]. The minor band 1062 cm-1 
corresponds to CAN stretching alcohols, the band 
754,711 and 680 (800–600 cm-1) regions for CAH out 
of plane bend, which are of characteristic of aromatic 
phenols. In the case of Nanoparticles, a shift in the 
absorbance band with decrease in band intensity was 
observed from 2345 to 2347 cm-1 and 1543 to 1546 
cm-1 implying the binding of silver ions with alkane 
and aromatic groups of the extract [32]. The spectra 
also illustrate a prominent shift in the wave numbers 
(1639–1645 cm-1) corresponding to amide I band. All 
these reveal the presence of phenolic compounds 
along with the AgNPs, flavonoids present in the leaf 
broth of D. elata have been suggested to be 
responsible for the reduction and stabilization of 
silver Nanoparticles [33]. 

Conclusion 

The Silver Nanoparticles synthesized using delonix 
elata leaf extracts were identified first by observing 
the colour changes of the extract. The colour 
changed from yellow to dark brown colour during 
the formation of silver Nanoparticles. The developed 
Nanoparticles were characterized by UV-vis, TEM, 
XRD and FTIR measurements and showed good anti-
inflammatory activity. This rapid synthesis technique 
can be a promising method for the preparation of 
Nanoparticles and can be valuable in environmental, 
biotechnological, pharmaceutical and medical 
applications. Silver Nanoparticles formed was 
characterized by UV, FT-IR, XRD and SEM. UV 
absorbance at 230.98nm was observed for Silver 
Nanoparticles. XRD & TEM analysis of the Silver 
Nanoparticles showed that the average size of Silver 
Nanoparticles is 11.37 and 11.78nm.  
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