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ml-1 was found to be 75.28%. At the concentration of 500 μg ml-1, Ag
NPCGs showed 74% proteinase inhibitory action. Lipoxygenase

activity was inhibited by Ag NPCGs at the concentration range of 50-500μg ml-1. Ag NPCGs
also exhibited better percentage of inhibition in the carrageenan induced right hind paw
edemathan that of standard drug indomethacin. On the basis of present study, it is concluded
that Ag NPCGs possess potent anti-inflammatory activity.
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INTRODUCTION
Inflammation is a process of body defense mechanism, which includes the increase in
vascular permeability, protein denaturation and membrane alteration. The process is
characterized by swelling, redness, pain, heat, and loss of function of injured area (Iwalewa et
al. 2007). Inflammation may occurdue to chemical agent, physical agents as well as
microbes. Cytokines, kinins, prostroglandins and histamine are released due to the injury of
cell by inflammation. The release of these mediators induces vasodilation, increase capillary
permeability leading to increased blood flow to the injured site. Inflammations are classified
in acute and chronic inflammations. Acute inflammation is considered as initial response of
the body to injurious stimuli and movement of plasma and leukocytes is increased from the
blood into the injured tissues (Iwalewa et al. 2007; Khan et al. 2010). A cascade of
biochemical events propagatesand matures the inflammatory response, by the participation of
local vascular system and the immune system. Chronic inflammationcauses to a progressive
shift in the type of cells present at the site of inflammation manifested by simultaneous
destruction and healing of the tissue from the inflammatory process. Presently used antiinflammatory drugs manifest severe side effects; this resulted in a search for other alternative
anti-inflammatory drugs (Iwalewa et al. 2007; Khan et al. 2010; Haddad 2007). Traditional
medicines are being used right from the beginning of history of civilization to cure human
aliments in every possible condition. In modern era, we have the option to use these
traditional medicines due to their lesser side effects over the synthetic molecules
(Bhattacharya and Mukherjee 2008).
Modern era is of nanomedicine owing to their various therapeutic applications with more
efficacies and lesser side effects. The wide range of acceptance of metal nanoparticles is due
to their potential for achieving specific process and selectivity in pharmacological action
(Verma et al.2013). Various conventional methods employed for the synthesis of silver
nanoparticles include chemical (Sun et al. 2002), electrochemical (Yin et al. 2003), radiation
(Dimitrijevic et al. 2001), photochemical methods (Callegari et al. 2003) and biological
techniques (Naik et al. 2002).In the present study, we have developed a rapid, eco-friendly
and convenient method for the green synthesis of silver nanoparticles using latex extracts of
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Calotropis gigantea and an attempt has been made to evaluate in-vitro and in-vivo antiinflammatory activity of synthesized biogenic silver nanoparticles (AgNPCGs).
MATERIALS AND METHODS
Chemicals
Diclofenac sodium, carrageenan, indomethacin, linoleic acid, lipoxidase enzyme, boric acid,
were purchased from Sigma Aldrich Co., U.S.A. Bovine serum albumin (BSA), sodium
chloride (Na Cl), dextrose, sodium citrate, perchloric acidand other chemicals were purchased
from Merck India, Ltd., Mumbai, India.
Collection of plant latex and preparation of ethanolic extract
Latex of Calotropis gigantea was collected from the out fields of Vidyasagar University,
Midnapore, West Bengal, India during March and May and authenticated from Botanical
Survey of India, Ministry of Environment and Forest, Govt. of India, Howrah (Identification
No. CNH/2014/Tech.II/55). Then 250 g dried latex was dissolved in 450 ml of ethanol,
incubated at room temperature for 48 h and filtered. Then the filtered ethanolic extract was
concentrated in a rotary evaporator (EYELA CCA 1110) at 60°C. The concentrated filtrate
was dried by incubating at 37°C to produce crude ethanolic extract (EECGL; yield- 4.5%
w/w) (Sanyal et al. 2016) and was stored in air tight container at 40C.
Synthesis of silver nanoparticles
EECGL (2mg/ml) was mixedwith 2mM AgNO3 solution in a ratio of 1:1 and incubated at
60°C temperature by the help of magnetic stirrer at 600 rpm for 1 hto accomplish the
reduction of Ag+ ions. Formation of biogenic AgNPCGs was indicated by the brown-yellow
colored solution suggesting that aqueous silver ions can be reduced by the latex extract of C.
gigantea (Kumar et al. 2012).
Characterization of silver nanoparticles
The silver nanoparticles were characterized (Maity et al. 2017) by UV–visible
spectrophotometer (UV-1800 Shimadzu, Japan), DLS particle size and zeta-potential
analyzer (Malvern Instruments, U.K.), Fourier transform infrared spectroscopy (Perkin Elmer
Spectrum Express Version 1.03.00 FTIR spectrometer) and X-ray diffraction (XRD) analysis,
transmission (CM12 PHILIPS) and scanning electron microscopy.
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Animals
Male Swiss albino mice (22-25g) were purchased from enlisted supplier of Vidyasagar
University.Animals were accommodated in polypropylene cages with sixanimals per cage un
der standard laboratory conditions (25°C ± 2°C) with standard laboratory diet and water ad
libitum. The Institutional Animal Ethical Committee (IAEC), registered under Committee for
the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), Ministry of
Environment, Forests & Climate Change, Govt. of India, approved the study (approval No.
IEC/7-12/C12) and the relevant laws and guidelines of the CPCSEA were followed.
In-vitro anti-inflammatory activity
The human red blood cell (HRBC) membrane stabilization activity
The blood was collected from healthy human volunteer and mixed with equal volume of
Alsever’s solution (2 % dextrose, 0.8 % sodium citrate, 0.5 % citric acid and 0.42 % NaCl)
and centrifuged at 3,000 rpm for 10 min. The packed cells were washed with normal saline
and a 10% HRBC suspension was made. Various concentrations of AgNPCGs were prepared
(50,100,150,200 and 500 µg ml-1) using distilled water and 1 ml of phosphate buffer, 2 ml of
hypo saline and 0.5 ml of HRBC suspension were added. It was incubated at 37°C for 30 min
and centrifuged at 3,000 rpm for 20 min and the supernatant solution was estimated
spectrophotometrically at 560 nm (Kamalutheen et al. 2009). Diclofenac sodium was used as
standard drug. The experiment was performed in triplicate manner.
The percentage (%) of HRBC membrane stabilization or protection was calculated using the
following formula:

Inhibition of protein denaturation
The reaction mixture was consisting of AgNPCGs and 1% aqueous solution of BSA, pH of
the reaction mixture was adjusted using small amount of hydrochloric acid (HCl). The sample
mixtures were incubated at 37°C for 20 min and then heated to 51°C for 20 min. After
cooling the samples the turbidity was measured spectrophotometrically at 660 nm
(Deshpande et al. 2009). Diclofenac sodium was taken as a standard drug. The experiment
was performed in triplicate manner.
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Percent inhibition of protein denaturation was calculated as follows:

Antiproteinase action
The test was performed according to the modified method of Sakat et al. 2010. The reaction
mixture (2 ml) was containing 0.06 mg trypsin, 1 ml of 20 mM TrisHCl buffer (pH 7.4) and 1
ml of test sample of different concentrations (100 - 500 µg ml-1). The mixture was incubated
at 37°C for 5 min and then 1 ml of 0.8% (w/v) casein was added. The mixture was incubated
for an additional 20 min. After that 2 ml of 70% perchloric acid was added to arrest the
reaction. Cloudy suspension was centrifuged and the absorbance was measured at 210 nm.
Indomethacin was used as a standard drug. The experiment was performed in triplicate. The
percentage inhibition of proteinase inhibitory activity was calculated using following
formula.

Anti-lipoxygenase activity
Anti-lipoxygenase activity was performed using linoleic acid as substrate and lipoxidase as
enzyme (Shinde et al. 1999). Test samples were dissolved in 250µl of 2M borate buffer (pH
9.0) and added 250µl of lipoxidase enzyme solution (20,000U/ml) and incubated for 5 min at
25°C. After which, 1.0ml of lenoleic acid solution (0.6mM) was added, mixed well and
absorbance was measured at 234nm. Indomethacin was used as reference standard. The
percent inhibition was calculated from the above mentioned equation.
In-vivo anti-inflammatory activity
Assay of carrageenan-induced edema in rats
For screening in vivo anti-inflammatory activity of Ag NPCGs
Group I: Treatment with control (Distilled water); 10 ml/kg body wt.
Group-II: Treatment with carrageenan
Group III: Treatment with Ag NPCGs; 1, 5, 10mg/kg body wt.
Group IV: Treatment with standard drug, indomethacin (10mg/kg body wt.)
Paw swelling was induced by sub-plantar injection of 0.1 ml of 1% sterile carrageenan in
normal saline into the right hind paw. Ag NPCGs at dose of 1, 5, 10 mg/kg body wt. were
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administered orally 60 min before carrageenan injection (Winter et al. 1962). Indomethacin
(10 mg/kg) was used as standard anti-inflammatory drug. Control group received thevehicle
only (10 ml/kg body wt. distilled water). The inflammation was measured by calculating the
volume displaced by the paw, using vernier calipers at time 0, 1, 2, 3, and 4 h after
carrageenan injection.
The in vivoanti-inflammatory activity was calculated by using the relation T, Thickness of
paw in control group; T0, Thickness of paw edemain the test compound treated group

Statistical analysis
Results of anti-inflammatory activity were expressed as Mean± SD. Results were analyzed
using oneway ANOVA. Differences were considered as statistically significant p<0.05 are
compared to control.
RESULTS
From the screening of in vitro anti-inflammatory activity (Table 1), it was observed that Ag
NPCGs showed significant HRBC membrane stabilizing activity when compared to standard
anti-inflammatory drug, diclofenac sodium. The percentage of stabilization of diclofenac
sodium, Ag NPCGs at 500µg ml-1 were found to be 88.28% and 75.28% respectively.
Table 1: The human red blood cell (HRBC) membrane stabilization activity of
synthesized silver nanoparticles using latex extracts of Calotropisgigantea (Ag NPCGs).
Concentration (µg ml-1)
50
100
150
200
500
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HRBC membrane stabilizing activity (%)
Diclofenac sodium
AgNPCGs
75.61±1.08
58.15 ±0.98
80.2 ±1.72
62.27 ±0.88
83.45 ±1.45
65.78 ±1.05
85.18 ±1.8
70.12 ±1.23
88.28 ±1.2
75.28 ±1.12
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Figure 1: Shows the percentage of inhibition of protein denaturation by AgNPCGs and
diclofenac sodium. Values are expressed as mean ± SEM.
Table 2: Effect of AgNPCGs on proteinase inhibitory action.
Inhibition of proteinase action (%)
Indomethacin
Ag NPCGs
50
60.21±0.14
55.12 ±0.23
100
62±0.72
60.32±0.78
150
65.5±1.14
65.24±1.05
200
75 ±1.2
71.23±1.13
500
79±1.18
74.32±1.02
Each value represents the Mean ± SEM, Experimental groups were compared with control
Concentration (µg ml-1)

**p<0.01, considered extremely significant; *p<0.05.

Figure 2: Shows the percentage of inhibition of lipoxynase by AgNPCGs and
indomethacin. Values are expressed as mean ± SEM.
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Table 3: Effect of Ag NPCGs and indomethacin on carrageenan induced paw edema.
Groups
0 hr
30 min
1hr
2hr
3hr
4hr
1.6±0.02 3.42±0.08
4.02±0.1
4.02±0.1 3.95±0.08
4±0.1
Carrageenan
Carrageenan +
1.61±0.02 3.02±0.06 2.98±0.05 2.67±0.05 2.2±0.01** 1.81±0.01**
Indomethacin
(10mg/kg bwt)
Carrageenan +
1.65±0.02 3.5±0.05 3.38±0.043 3.2±0.1
3±0.12
2.5±0.25*
AgNPCGs
(1mg/kg bwt)
Carrageenan +
1.56±0.01 3.3±0.06
3.3±0.025 3.1±0.12 2.85±0.12* 2.82±0.2*
AgNPCGs(5
mg/kg bwt)
Carrageenan +
1.6±0.03 3.3±0.052
3.2±0.06
3±0.1
2.5±0.13* 2.32±0.25**
AgNPCGs
(10mg/kg bwt)
Values are expressed as mean ± SEM. * denotes p< 0.05-significant compared to carrageenan
treated group. ** denotes p< 0.01-significant compared to carrageenan treated group.
The present findings exhibited inhibition of protein denaturation by AgNPCGs at the
concentration range of 50-500 μgml-1(Fig 1). Diclofenac sodium (at the concentration range
of 50-500 μg ml-1) was used as the standard drug, which also exhibited concentration
dependent inhibition of protein denaturation (Fig 1). AgNPCGs exhibited 79% of inhibition
of protein denaturation at 500 µg ml-1 and the effect may be compared with the standard antiinflammatory drug, diclofenac sodium which showed 84% inhibition at the same
concentration.
Ag NPCGs exhibited significant antiproteinase activity at different concentrations as shown
in Table 2. It showed maximum inhibition of 74% at 500µg ml-1. Indomethacin showed the
maximum inhibition (79%) at 500µg ml-1.
Ag NPCGs showed 23, 37, 60, 70, 79% anti-lipoxygenase inhibitory activity at 50,
100,150,200,500 µg ml-1 respectively. From these result, the highest inhibition was obtained
at the concentration of 500µg ml-1. The standard drug indomethacin showed an 88%
inhibition at a concentration of 500µg ml-1 (Fig 2).
The anti-inflammatory effect of Ag NPCGs and the standard drug indomethacin in
carrageenan induced paw edema model in mice are demonstrated in table 2. After
administration ofcarrageenan, micepaw edema reached in a peak value at 3 h. AgNPCGs
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exhibited maximum percent inhibition of edema at 10 mg kg-1 body weight concentration and
the effect is almost comparable to that of the standard drug indomethacin.
DISCUSSION
Ag NPCGs showed dose dependent anti-inflammatory efficacy by increasing HRBC
membrane stabilizing activity. By inhibiting hypotonicity induced RBC membrane lysis,
biogenic Ag NPs may show their membrane stabilization effect. The exact mechanism of the
membrane stabilization by the test sample is not clear yet. Induced hemolysis may arise from
shrinkage of the cell due to osmosis of intercellular fluids and electrolyte or interaction of
fluid proteins (Vadivu and Lakshmi 2008; Yuan et al. 2006).
Most biological proteins when denatured lose their biological function, denaturation of
proteins leads toinflammation. When the mechanism of the anti-inflammatory activity is
investigated, its capability of protein denaturation is generally studied (Leelaprakash and
Mohan Dass 2011).
Neutrophils are known to be a rich source of serine proteinase. It was previously reported that
proteinase play an important role in the development of tissue damage during inflammatory
reactions and significant level of protection was provided by proteinase inhibitors (Das and
Chatterjee 1995).
Ag NPCGs have shown a potential anti-inflammatory activity and inhibited the lipoxygenase
enzyme activity. The plant lipoxygenase pathway is comparable to the arachidonic acid
cascades in animals (Gardner 1991). For this reason, in vitro inhibition of lipoxygenase
(LOX) play a good model for the screening of any drug or compound with anti-inflammatory
potential (Abad et al. 1995). LOXs may inhibit lipid hydroperoxide formation due to
scavenging of lipid peroxy- radical formed in course of enzyme peroxidation.
Carragenan induced acute inflammation is one of the most appropriate assessment procedure
to screen anti-inflammtory drugs. The time course of edema development in carragenan
induced edema is a biphasic process (Vinegar et al. 1969). Paw edema induced by carragenan
is sensitive to cycloxygenase inhibitors and are used to assess the effect of non steroidalantiinflammatory agents those primarily inhibit the cycloxygenase which catalyzed prostaglandin
synthesis (Sarkhel 2016).
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Biogenic silver nanoparticles AgNPCGs inhibited albumin denaturation, proteinase activity
and stabilized the Red Blood Cells membrane and also reduced the activity of lipoxygenase.
The synthesized nanoparticles can be used against deleterious effects of free radicals as well
as powerful anti inflammatory agent. It may be concluded from the present findings that
AgNPCGs have significant anti-inflammatory activity in both in vitro and in vivo systems.
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