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ABSTRACT

Objective: The aim of this study is to evaluate the anti-inflammatory activity of Nigella sativa silver nanoparticles (NS AgNPs).

Methods: Fourier transform infrared analysis was used to characterize the NS AgNPs and the extract. 2,2-diphenylpicrylhydrazyl assay was done to 
test the antioxidant potency of NS AgNP. Furthermore, in vitro anti-inflammatory activity of the extract and the NS AgNP was determined by red blood 
cell (RBC) membrane stabilization assay, protein inhibition assay, and interleukin-1 (IL-1) beta assay.

Results: The NS AgNP exhibited dose-dependent antioxidant property. At the concentration 0.01 mg/ml 80% of radical was scavenged by NS AgNP. 
Inhibition of protein denaturation assay also suggests that NS AgNP shows the highest activity (70%) when compared with the standard drug aspirin 
(65%). RBC assay suggests that NS AgNP stabilizes the RBC membrane and prevents leaking. In the enzyme-linked immunosorbent assay method the 
NS AgNP showed better IL-1 beta inhibition activity when compared to aqueous extract.

Conclusion: From the study, it was inferred that NS AgNPs are more effective when compared to the extract. These results suggest that NS AgNP can 
be used to treat inflammatory disorders.

Keywords: Nigella sativa, Fourier transform infrared, Nanoparticles, Protein denaturation, Enzyme-linked immunosorbent assay.

INTRODUCTION

Inflammation is an important mechanism against various types of 
injury and infection. The inflammatory process is well defined and 
takes up two diverse phases such as acute and chronic. The accurate 
and appropriate emergence of acute inflammatory response against 
infection or injury are very essential [1].

Failure of the acute response in pathological condition leads to the 
uncontrolled chronic stimulation of inflammatory factors. Instead of 
being beneficial, stimulation of chronic inflammatory response leads 
to various undesirable physiological changes and paves the way for 
metabolic disorders such as arthritis, degenerative diseases, cancer, 
asthma, and atherosclerosis [2]. Due to this, there is an absolute need to 
reduce the chronic inflammation as a defensive mechanism to prevent 
the progression or emergence of metabolic disorders.

At present, steroidal and nonsteroidal drugs are preferred to prevent the 
pathological effects of the inflammatory response. Extended practice of 
these drugs forms the basis for the deterioration of tissues especially 
organs such as liver and kidney [3]. In this alarming situation, there is 
a need for alternative sources which could reduce the inflammatory 
response without triggering other pathological condition.

Various research approaches were being followed in the development 
of effective anti-inflammatory drugs from alternative sources such 
as medicinal plants and marine sources. Indian traditional medicinal 
system such as Siddha and Ayurveda uses various inorganic metals 
along with herbs to prevent and cure the chronic inflammatory 
pathological ailments [4]. Considering the above concept popular 
approach of bringing in the metal ions for the anti-inflammatory 
effect is possible only through the formation of nanoparticles [5,6]. In 
this regard, our study was based on the production of medical plant-

based silver nanoparticles (AgNPs). For the production of AgNPs, we 
have used Nigella sativa (NS) as a medical plant. NS has been used 
extensively in Indian traditional medicines to cure various pathological 
conditions. Combination of metal ions and herbal medicine in the 
form of nanoparticle will produce beneficial effects by nullifying the 
problems associated with herbal formulation and metal ions [7].

MATERIALS AND METHODS

Collection of plant material
Seeds of NS (black cumin seeds) were collected and authenticated. The 
seeds were washed with water; shade dried, ground into a fine powder 
and kept in airtight container till use.

Extraction from seeds
Based on the protocol [8], the aqueous extract was prepared. Black 
cumin seeds were obtained from the local spice market. 30 g of black 
cumin seeds were ground to fine powder and soaked in distilled water 
in the ratio of 1:3 for 3 days with intermittent shaking. The extract was 
filtered using Whatman filter paper No.1 and was dried using China 
dish covered with perforated aluminum foil. The dried was stored at 
4°C until further use.

DETERMINATION OF ANTI-INFLAMMATORY ACTIVITY

Synthesis of NS AgNP’s
The synthesis procedure was carried based on the protocol [9]. 1 ml 
of black cumin seeds aqueous extract was added to 10 ml of 1 mM 
silver nitrate solution with constant stirring for about 2 h at room 
temperature. The reaction mixture was checked periodically for color 
change. After 2 h of incubation time, the yellowish-green color was 
observed, which was then centrifuged at 3000 rpm for 10 min. The 
pellet contained the nanoparticles, which was separated and stored in a 
sterile Eppendrof’s at 4°C.
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Fourier transform infrared spectroscopy (FTIR)
The liquid form of plant extract and the synthesized AgNP’s was used 
for performing FTIR analysis using Perkin Elmer spectrum 1:  FTIR 
spectrometer with a scan range of 450–4000 cm−1 and with the 
resolution of 1.0 cm−1.

Scanning electron microscope (SEM)
The NS extract and the black cumin seeds AgNP’s were diluted using 
buffer solution were determined to study the morphology of AgNPs and 
the extract. The images were taken using the SEM imaging mode at a 
scan frequency of 0.5 Hz.

2,2-diphenylpicrylhydrazyl (DPPH) radical scavenging method
Based on the protocol [9], 0.1 mM DPPH solution of was prepared 
using methanol and 100 µl of DPPH was added to the extract solutions 
of different concentrations (5 mg of extract is mixed with 2.5 ml of 
ethanol). The mixture was shaken vigorously and allowed to stand 
at room temperature for 30 min. The absorbance was measured at 
517  nm using a ultraviolet-visible (UV-Vis) spectrophotometer. DPPH 
alone serves as a control.

Red blood cell (RBC) membrane stabilization assay
Based on the protocol [9], 2 ml of blood was drawn and added to EDTA 
to prevent coagulation. To 0.5 ml of RBC different concentrations 
of the NS extract and the synthesized NS AgNP are added along with 

Triton x 100. The mixture was incubated at 37°C for 30 min. RBC with 
triton ×100 water serves as positive control. RBC without extract, NS 
AgNP,and triton ×100 act as negative control the sample mixture was 
then centrifuged at 300 rpm for 10 min. The supernatant was removed 
from each tube and analyzed for the stabilization. The absorbance was 
measured using UV-Vis spectrophotometer at 517 nm. The triplicates 
values obtained were calculated.

PROTEIN DENATURATION

To the reaction mixture of bovine serum albumin, NS extract and the 
synthesizeed NS AgNP are added in different concentrations. The 
mixture was incubated at 37°C for 20 min followed by heating at 70°C 
for 10 min. After cooling, the turbidity was measured at 600 nm [10].

Enzyme-linked immunosorbent assay (ELISA)
Interleukin-1 (IL-1) beta (β) was analyzed from lymphocyte cell culture 
supernatants by the help of commercially available ELISA kit (bioassay 
technology) according to the protocol advised along with the kit. All 
samples measured in triplicates [11].

Statistical analysis
All the data were analyzed using statistical software Minitab. Data were 
expressed as the mean±standard deviation using ANOVA and t-test. 
p values are to be statistically significant with <0.05.

Fig. 1: (a and b) Fourier transform infrared spectrum of Nigella sativa (NS) aqueous extract and NS silver nanoparticles
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RESULTS AND DISCUSSION

Standard anti-inflammatory drug causes deleterious effects which take 
the road to go for development of harmless substitutes [12]. Such an 
alternative is plant-based medicines. Due to their instability, it is not 
being chosen as ideal for therapeutic. To enhance the excellence of 
plant-based medicine, the traditional approach such as Siddha and 
Ayurveda has used inorganic metallic ions along with herbs. By taking 
the essence of Siddha and Ayurveda, in this study, we have synthesized 
NS AgNP and analyzed the anti-inflammatory activity.

FTIR analysis
The FTIR spectrum is used to determine the various functional groups, 
which is a capping agent, Fig. 1. The synthesized nanoparticles exhibit 
a peak at 1824 cm−1 and 886 cm−1 represents N-H stretching while the 
bands observed at 1631 cm−1 and 1401 cm−1 represents C=O stretching. 

The N=O peaks are at 1048 cm−1 and 2924 cm−1. The smaller peaks 
represent the alkynes. Similarly, the ethyl acetate extract exhibits peak 
at 1227 cm−1 indicating the N-H stretching. The amide band of C=O 
stretching is indicated at 1633 cm−1. From this analysis, it is clear that the 
AgNP exhibit higher peaks through capping with the functional groups.

SEM analysis
The synthesized AgNPs were cuboidal in shape and without aggregation 
when compared to the extract, as shown in Fig. 2. The range is between 
20 nm and 100 nm in size. These variations in size and shape occur 
during the synthesis of AgNP.

DPPH radical scavenging (antioxidant activity)
Several research findings suggest that there is a close connection of 
generation reactive oxygen species (ROS) with inflammation [13]. During 
the inflammatory process, ROS is generated as a defensive mechanism 
in chronic inflammation. Besides the beneficial effects, the uncontrolled 
synthesis of ROS leads to deleterious effect [14]. In this regard, NS AgNP were 
analyzed for its antioxidant activity. Both NS extract and the NS AgNP show 
better antioxidant activity. In spite of this, NS AgNP showed better activity 
when compared to the NS extract. Fig. 3: From Figure 3, it was inferred that 
both the extract and NS AgNP showed dose-dependent scavenging activity. 
Even at the lower concentration (0.01 mg/ml), NS AgNP’s possessed high 
radical scavenging activity almost 80% radicals were scavenged from the 
data it was incidental that NS AgNP’s have higher antioxidant potency.

RBC membrane stabilization assay
Prevention of hemolysis by the NS AgNP’s and extract forms the basis for 
this assay. Triton x 100 being detergent destabilizes the RBC membrane 
and allows leaking of hemoglobin. Three different concentrations of the 
extract and NS AgNP’s were analyzed. The results clearly suggest that 
NS AgNP’s and extracts prevent the leaking of hemoglobin by stabilizing 
the RBC structure and protects the integrity of RBC. Indirectly this study 
also suggests that NS AgNP’s are nontoxic in nature and can be used for 
further biological studies (Fig. 4).

Protein denaturation
Denaturation of proteins is one of the deleterious effects of inflammation 
and paves the way for various degenerative disorders [15]. During the 
inflammatory process, protein lose their complex structure and gets 
aggregated and bigger. On this basis, a NS AgNP’s and extract were studied 
for its role in the inhibition of denaturation of the protein. From Figure 5, it 
was depicted that AgNP prevented the aggregation of the protein (Fig. 5).

ELISA
An marked increased in level of IL-1 β cytokine was experienced in 
various metabolic disorders, and bacterial infections inhibition of these 
cytokine might help in preventing the advancement of pathogenic 
effects of the metabolic disorders [16]. In this observe, downregulation 
of this cytokine is an essential pharmacological goal for inflammatory 
based disorders. The NS AgNP’s and extract in inhibition of IL-1 β were 
analyzed and compared. The effect of the extract and the AgNPs was 
expressed in Fig. 6. It is evident that the NS AgNP’s shown to be highly 
potent in the inhibition of IL-1 β expression when compared to the 
extract. The samples are also compared with the standard IL-1 β, and 
the hydrogen peroxide treated cells. Since the NS AgNP’s exhibited the 

Fig. 2: Scanning electron microscope image of silver nanoparticles

Fig. 3: Antioxidant activity of Nigella sativa (NS) silver 
nanoparticles and the NS extract along with control

Fig. 4: (a and b) Red blood cell membrane stabilization activity of Nigella sativa (NS) silver nanoparticles and the NS extract along with control
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Fig. 5: Proteolytic activity of silver nanoparticles (AgNPs) and 
Nigella sativa extract. AgNPs showed maximum inhibition

Fig. 6: Interleukin-1 beta inhibition assay by the Nigella sativa 
(NS) silver nanoparticles and the extract

effect of inhibition at a lower concentration, the results revealed that it 
has anti-inflammatory property.

CONCLUSION

From the above study, it was inferred that NS AgNP’s possessed high 
antioxidant and anti-inflammatory activity when compared to the 
aqueous extract of NS. These results suggest that it can be used as a 
therapy for inflammatory disorders.
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