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Abstract
Introduction: Nanotechnology has emerged as an exciting approach in the drug development process and among 

the various nanoparticles, silver nanoparticles have been explored for its variety of medical applications. Phyto assisted 
synthesis of silver nanoparticles is an eco-friendly and cost effective method for the development of silver nanoparticles 
with additional properties conferred by the capping phytochemicals. 

Aim of the study: To synthesize silver nanoparticles using the aqueous extract of the unripe fruits of Piper nigrum 
and to evaluate its in-vitro anti inflammatory activity. 

Results: The synthesised silver nanoparticles were characterized using UV-Spectroscopic analysis, Scanning 
Electron Microscopy (SEM), Fourier Transform Infra Red Spectroscopy (FTIR) analysis, Atomic Absorption Spectroscopy 
(AAS) and High Performance Thin Layer Chromatography (HPTLC). The alkaloids and proteins present in Piper nigrum 
extract act as both reducing and capping agents. The synthesised silver nanoparticles were spherical and cuboidal 
with a size range of 40-100 nm. HPTLC studies revealed that 856 ng of piperine was found capping 1 mg of silver 
nanoparticles. The anti inflammatory activity of the synthesised silver nanoparticles was assessed using in-vitro assays 
for Tumour Necrosis Factor α (TNFα), Interleukins-1β and 6 (IL-1β and IL-6). The synthesised silver nanoparticles were 
also compared with the commercial silver nanoparticles, synthesised by standard chemical methods in these assays. 
It was found that the synthesised silver nanoparticles showed greater inhibition of all three cytokines at concentrations 
ranging from 10-20 μg/ml. 

Conclusion: The synthesised silver nanoparticles exhibited an enhanced anti inflammatory activity due to the 
synergistic effect of alkaloids of Piper nigrum extract and the silver ions. 
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Introduction
Inflammation is the complex response of the immune system to 

infection and injury that leads to removal of offending factors and 
restoration of tissue structure and physiological function [1]. The 
symptoms of inflammation are characterized by pain, heat, redness, 
swelling and loss of function. It can be classified into two major types 
either acute or chronic, based on the duration of the inflammatory 
reaction. Though initiated as a protective phenomenon, loss of 
regulation of this complex process can lead to the development of 
various inflammatory disorders.

The current pharmacological management of inflammation 
is mainly by two groups of drugs- the steroidal anti inflammatory 
drugs and the non steroidal anti inflammatory agents. However these 
conventional drugs are associated with numerous side effects that has 
compelled the need for identification of alternative substances that 
can resolve inflammation in a way that is homeostatic, modulatory, 
efficient, and well-tolerated by the body [2]. One such alternative 
rationale for treatment of inflammatory disorders is Phytomedicine. 
Purified natural compounds from plants have aided in the synthesis of 
new generation antiinflammatory drugs with higher therapeutic value 
and lower toxicity [3]. The major disadvantage of plant based drugs 
as pointed out by many published papers is the lack of quality in the 
production, trade and prescription of phytomedicinal products [4].

Another alternative method to develop newer anti inflammatory 
agents with sustained release and better efficacy is the use of 
nanotechnology for drug development and delivery. Nanotechnology 
deals with the synthesis and fabrication of materials at the nanoscale 
level (1-100 nm) [5]. Among the various nanoparticles available, silver 

nanoparticles are gaining more importance due to their diversified 
biological properties and potential applications. Silver has been used 
since ancient times for the treatment of wounds and inflammation and 
nanoparticles of silver have been developed which have potent anti-
inflammatory [6] and antioxidant activities [7].

Silver nanoparticles can be synthesised by various physical and 
chemical methods, however they are costly, cumbersome and toxic 
to the environment. The use of biological systems as potential nano-
factories has been widely explored as they are economical and eco-
friendly. Plant extracts contain phyto-chemicals which aid in the 
reduction of the silver ions [8]. The added advantage of using plants 
is that the alkaloids or flavanoids also act as capping agents, thereby 
conferring the silver nanoparticles with additional pharmacological 
properties.

Piper nigrum (commonly referred as Black pepper) is a tropical 
climber belonging to the family Piperaceae and is mainly cultivated for 
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its fruit which in used as a spice and for seasoning. The fruits contain 
Piperine which is the major alkaloid responsible for its pungency. It has 
been used in traditional medicine to treat various disease conditions 
including indigestion, insect bites, joint pains, liver problems, 
insomnia and toothache. The biological activities of Piper nigrum have 
been studied extensively and the plant possesses significant analgesic, 
anti-inflammatory [9], and antioxidant properties [10,11]. Piperine 
is also known to have bio enhancing properties, and increases the 
bioavailability of several drugs and compounds [12].

The present study was undertaken to synthesize silver particles 
using the aqueous extract of the unripe fruits of Piper nigrum and to 
evaluate the silver nanoparticles for anti- inflammatory activity using 
standard in-vitro methods. Thus by synthesising silver nanoparticles 
using Piper nigrum extract, the potential advantages of phytomedicine 
and nanomedicine can be combined to result in a more enhanced and 
synergistic anti-inflammatory effect.

Materials and Methods
Synthesis of silver nanoparticles

To 100 ml of 1mM AgNO3 solution, 1 ml of the aqueous extract of 
unripe fruits of Piper nigrum was added and the mixture was kept in 
a magnetic stirrer for 2 hrs. The mixture was then centrifuged at 3000 
rpm for 10 min and the residue was used for characterization studies 
[13].

Characterization of silver nanoparticles

UV-Visible spectroscopy: The bioreduction of the silver ions 
in solution was measured after 2 hours of magnetic stirring. A small 
aliquot of the sample was diluted with distilled water and observed 
in the wavelength range of 300-500 nm using ELICO Double beam- 
SL210 UV Vis Spectrophotometer.

Scanning Electron Microscopy (SEM) analysis: Scanning electron 
microscopic analysis was done to determine the morphology of the 
silver nanoparticles biosynthesized using Piper nigrum extract. SEM 
analysis was done using HITACHI S 4500-SEM Machine.

Fourier Transform Infrared Spectroscopy (FTIR) analysis: The 
synthesized silver nanoparticles were subjected to FTIR analysis to 
determine the functional groups capping the particles. Analysis was done 
by using KBr pellet (FTIR grade) method in 1:100 ratios and spectrum 
was recorded in Nicolet Impact 400 FT-IR Spectrophotometer.

Atomic absorption spectroscopy: This spectroanalytical technique 
was done to determine the quantity of silver in the synthesized silver 
nanoparticles. The synthesized silver nanoparticles were subjected to 
atomic absorption spectroscopy using AA 6200 Shimadzu instrument.

High Performance Thin Layer Chromatography (HPTLC) 
analysis: HPTLC analysis was done to estimate the quantity of Piperine 
in the synthesized silver nanoparticles. HPTLC analysis was done using 
CAMAG Automatic TLC Sampler 4 (ATS4). HPTLC was performed 
using 10 cm×20 cm aluminum backed Silica gel F254 HPTLC plates 
from E.Merck (Germany) as stationary phase and n-Hexane: ethyl 
acetate (30:70) as the mobile phase.

In vitro assay for anti-inflammatory activity

In vitro assay used for evaluating the anti- inflammatory property 
was LPS induced expression of TNFα, IL-1β and IL-6 in human 
peripheral blood mononuclear cells (PBMC). The ability of the 
synthesized silver nanoparticles to inhibit the expression of TNFα and 

IL-1β were assessed by RT-PCR and inhibition of IL-6 expression was 
evaluated using ELISA kit method.

Chemicals: Dimethyl sulfoxide (DMSO), phosphate-buffered 
saline (PBS), and LPS were purchased from Sigma Chemicals Co.

Collection of blood sample: 10 ml of peripheral venous blood was 
collected from a healthy volunteer, with no history of metabolic and 
infectious diseases and with no history of recent or long term drug 
intake. Written informed consent was obtained from the participant 
before the start of the study and the experimental protocol was reviewed 
and approved by the Institutional Ethics Committee, Sri Ramachandra 
Medical College and Research Institute, Porur. (Ref:CSP-MED/13/
JUN/07/40).

Preparation of human PBMC cells: PBMCs were isolated from 
erythrocytes and granulocytes by density gradient centrifugation 
and cell numbers were determined using a hemocytometer. PBMCs 
(2×105 cells/well) were incubated with various concentration of silver 
nanoparticles for 4 hrs, and then LPS (Lipo-polysaccharide) was added 
and incubated for 48 h. The supernatant samples were collected and 
stored at -20°C until use.

Evaluation of IL-6 expression: Production of IL-6 in the PBMC 
supernatant samples was measured using DuoSet ELISA kit according 
to manufacturer instructions.

Evaluation of TNFα and IL-1β expression: The expression of 
TNFα and IL-1β were assessed using RT-PCR method which involves 
the following steps:

 Extraction of total cellular RNA: Total cellular RNA was 
extracted from PBMCs by using Qiagen kit procedure. 

   Determination of mRNA expression by reverse transcription-
polymerase chain reaction (RT-PCR): Total RNA was reverse-
transcribed to generate cDNA using high cDNA synthesis RT-PCR 
kit. The cDNA pool was subjected to quantitative PCR by using SYBR 
green PCR Master Mix (Applied Biosystems) on the AB 7500 fast real 
time PCR system (Applied Biosystems). The primers for TNFα, and 
IL-1 β were normalised with house keeping gene β-actin (Table 1). The 
following conditions were used to quantify the genes: 2 min at 50°C, 
10 min at 95°C, and 40 cycles of 15 s at 95°C and 1 min at 60°C. PCR 
products were verified by melting curve analysis. The changes in the 
threshold cycle (CT) values were calculated by the equation-CT=CT (test) 
-CT (control) and the fold difference was calculated as: fold difference= 
2-(CT). Data presented as the mean ± SEM from triplicate experiments.

Statistical analysis

Statistical analysis for the in vitro anti inflammatory assays was 
performed using IBM SPSS version 19.0. Data was expressed as the 
mean ± SEM. The data were analyzed using one way analysis of variance 
(ANOVA) followed by Post hoc-Tukey’s test. Data were considered 
significant if the p values were below 0.05 (p<0.05).

Results
In the present study, silver nanoparticles were synthesized using 

Piper nigrum extract and evaluated for anti inflammatory property. 

Gene Primer Sequence: Forward Primer sequence: Reverse
TNF α 5′CGAGTGACAAGCCTGTAGCC3′  5′TTGAAGAGGACCTGGGAGTAG3′
IL-1β 5′CTCTCTCACCTCTCCTACTCAC3′ 5′ACACTGCTACTTCTTGCCCC3’
β-actin 5′AACTGGAACGGTGAAGGTG3′ 5′CTGTGTGGACTTGGGAGAGG3’

Table 1: Primers for RTPCR [14].
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Silver nanoparticles using Piper nigrum extract were synthesized by 
magnetic stirring method within 2 hrs of reaction time. The reduction 
of silver ions to silver nanoparticles by the aqueous extract of Piper 
nigrum was evidenced by the darkening of the brown colour of the 
extract after adding 1 mM silver nitrate solution. This change in colour 
was due to the excitation of the surface plasmon vibrations.

Mechanism of silver nanoparticle synthesis

Piper nigrum aqueous extract is known to contain several 
biomolecules such as alkaloids, proteins, polysaccharides, amino 
acids and vitamins. The proposed mechanism for synthesis of silver 
nanoaparticles is attributed to Piperine, the major alkaloid. The silver 
ions get trapped on the surface of alkaloid piperine and are then reduced 
by the proteins leading to the formation of silver nuclei. These formed 
silver nuclei accumulate and subsequently grow in size resulting in 
the formation of the silver nanoparticles. The silver nanoparticles are 
further capped by the alkaloids to prevent their aggregation and also to 
stabilize them.

Characterisation of synthesised silver nanoparticles

UV-Visible spectroscopy: The UV visible spectra showed an 
absorption band at 420 nm which was specific for the formed silver 
nanoparticles. The peak was observed after 2 hours of reaction time and 
the absorption band observed was broad indicating the polydispersity of 
the nanoparticles. The UV-Visible spectrum of the silver nanoparticles 
synthesized using Piper nigrum extract is depicted in Figure 1.

SEM analysis: The SEM picture of the synthesized silver 
nanoparticles is shown in Figure 2. From the picture it can be seen 

that the synthesized silver nanoparticles were spherical and cuboidal 
in shape and were well dispersed without any aggregation. The size 
range of the nanoparticles as assessed by SEM analysis was between 
40-100 nm in size. Such variation in size and shape are common when 
employing biological systems for the synthesis. 

Atomic absorption spectroscopy: The amount of elemental 
silver in the synthesized silver nanoparticles was determined using 
atomic absorption spectroscopy and the quantity of silver in 1 gram of 
synthesised silver nanoparticles was estimated to be 749.2 mg. 

FTIR analysis: The FTIR spectrum to determine the various 
functional groups which acted as capping agents is depicted in Figure 
3. The synthesized silver nanoparticles exhibited strong absorption 
peak at 3383 cm-1, corresponding to the N-H stretching of primary 
amine. The bands observed at 1649 cm-1 and 1552 cm-1 indicate the 
C=O stretching of ketones. The peaks observed at 1457 cm-1, 1432 cm-1 
represent the N=O stretching of the nitro groups present in the fruit 
extract. The smaller peaks at 676 cm-1, 642 cm-1 and 828 cm-1 indicate 
the bending of alkynes. From the FTIR analysis it is evident that the 
silver nanoparticles are capped with the phytochemicals with various 
functional groups which give characteristic peaks in the spectrum. 

HPTLC analysis: Piperine is the major active ingredient present in 
Piper nigrum fruits and is also the major alkaloid acting as a capping 
agent in the biosynthesis of silver nanoparticles (Figure 4). It was 
found that 1 mg of biosynthesized silver nanoparticles contain 856 ng 
of piperine.

In vitro anti-inflammatory assays

Assay for IL-1β: The effect of synthesized silver nanoparticles 
(SNP) in inhibiting the expression of IL-1β was assessed and 
compared with commercially available silver nanoparticle dispersion 
(CNP). Dexamethasone was used as the standard. The effect of the 
tests compounds on the mean normalized expression of IL-1β is 
demonstrated in Figure 5. It can be seen that the biosynthesized silver 
nanoparticles show potent inhibition of IL-1β expression. Even at 
lower concentration of 25 μg, the biosynthesized silver nanoparticles 
(SNP) show significant inhibition compared to the commercial silver 
nanoparticle dispersion (p<0.01). 

Assay for TNFα: The effect of synthesized silver nanoparticles in 
inhibiting TNF α is depicted in Figure 6. It can be seen that at 10 µg 
concentration, the expression of TNFα was significantly inhibited, 
however it was statistically not significant when compared to the 
commercial silver nanoparticles (CNP).

Assay for IL-6: Among the various pro-inflammatory cytokines 
IL-6 plays a major role in the amplification loop of the inflammatory 
response. The inhibition of IL-6 by various concentrations of 
synthesized silver nanoparticles is depicted in Figure 7. The synthesized 
silver nanoparticles inhibit IL-6 expression significantly even at very 
low concentration of 10 µg when compared to commercial silver 
nanoparticles (p<0.05). 

Discussion
The use of nano-herbal-technology to synthesize compounds with 

improved anti inflammatory properties is an area of current research 
by many scientists. In our study, we report the non toxic, practical 
and environmentally benevolent approach for the synthesis of silver 
nanoparticles using the aqueous fruit extract of Piper nigrum plant with 
potent anti inflammatory activity.
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Figure 1: UV-Visible Spectra of Silver nanoparticles synthesized using Piper 
nigrum extract.

Figure 2: SEM picture of Silver nanoparticles synthesized using Piper nigrum 
extract.
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Production of cytokines are key events in the regulation of an 
inflammatory response and recent attention has been focussed 
on the effect of the synthesised nanoparticles as selective cytokine 
inhibitory agents. The cytokine inhibitory effect of the synthesized 
silver nanoparticles was ascertained using in vitro assays for TNFα, 
IL-1β and IL-6. TNF α inhibition was measured using RT PCR and 
the synthesized silver nanoparticles showed potent inhibition at lower 
concentrations, but higher concentrations showed decreased inhibition. 
Similar effects were also obtained with the Piper nigrum extract. This 
decrease in inhibitory effect with increase in concentration may be 
due to the priming effect of Piper nigrum extract. It can be seen that 
for IL-1β and IL-6 assay, the synthesized silver nanoparticles showed 
potent inhibition even at lower concentrations when compared to the 
commercial silver nanoparticles and the plant extract alone. This can 
be explained by the synergistic anti inflammatory action of silver and 

various phytochemicals present in Piper nigrum extract. 

The effect of piperine (a major phytochemical present in Piper 
nigrum) on the pro inflammatory cytokines has also been studied 
extensively. Piperine inhibited the expression of IL6 and Matrix 
Metalloproteinase (MMP) 13 and reduced the production of PGE2 
in a dose dependant manner at concentrations of 10 to 100 μg/ml 
[15]. In a study by Chuchawankul et al., Piperine also inhibited IL-2 
and Interferon (IFN)-γ production by activated PBMCs in a dose-
dependent manner [16]. 

The effects of silver nanoparticles on the production of cytokines 
by PBMC stimulated by phytohaemagglutinin (PHA) were studied 
by Shin et al. [16]. Silver nanoparticles strongly inhibited cytokine 
production, of INF-γ, IL-6, IL- 8, IL-11, TNF-α and more weakly 
IL-5. The mechanism of anti inflammatory effect is due to cellular 

100 0

95

90

85

80

75

70

65

60

55

50
45

40

35

30

25

20

15

10

5
0.0
4000.0           3600            3200            2800            2400            2000             1800            1600            1400            1200            1000             800              600        450.0

cm-1

%T

Figure 3: FTIR Spectra of Silver nanoparticles Piper nigrum synthesized using extract.
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Figure 4: HPTLC Chromatogram of silver nanoparticles synthesized using 
Piper nigrumextract.
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cytotoxicity a higher doses and also nano-silver was found to strongly 
effect the production of Th1cells that secrete the inflammatory 
cytokines IL-2, INF-γ which are involved in cellular immunity, and in 
chronic inflammatory disorders [17].

Conclusion
This study has revealed that the green synthesis of silver nanoparticles 

using Piper nigrum extract has resulted in the formation of biologically 
active silver nanoparticles of size 40-100 nm. The synthesised silver 
nanoparticles are capped by the alkaloids of Piper nigrum especially 
Piperine and show significant anti inflammatory effects. In conclusion 
combining the benefits of phytomedicine with nanomedicne can result 
in the formation of more efficient silver nanoparticles with minimal 
toxic effects. This finding suggests a novel pharmacological rationale 
for the treatment of various inflammatory disorders. 
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