
Heliyon 9 (2023) e18788

Available online 28 July 2023
2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Facile fabrication of Nishamalaki churna mediated silver 
nanoparticles with antibacterial application 

Bhavna Ghosh a,b, Anindya Bose a,*, Ankita Parmanik a, Sanjay Ch c, Milan Paul c, 
Swati Biswas c, Goutam Rath a, Debapriya Bhattacharya d 

a School of Pharmaceutical Sciences, Siksha O Anusandhan (Deemed to Be University), Bhubaneswar, Odisha, 751003, India 
b Sri Jayadev College of Pharmaceutical Sciences, Naharkanta, Via: Balianta, Bhubaneswar, Odisha, 752101, India 
c Department of Pharmacy, Birla Institute of Technology & Science-Pilani, Hyderabad Campus. Jawahar Nagar, Kapra Mandal. Medchal District, 
Telangana, 500 078, India 
d Center for Biotechnology, Siksha O Anusandhan (Deemed to Be University), Bhubaneswar, Odisha, 751003, India   

A R T I C L E  I N F O   

Keywords: 
Antimicrobial resistance 
Biofilm 
Green synthesis 
Ayurvedic formulation 
Amlaki 
Turmeric 

A B S T R A C T   

Antimicrobial resistance (AMR) is one of the most serious threats to today’s healthcare system. 
The prime factor behind increasing AMR is the formation of complex bacterial biofilms which acts 
as the protective shield between the bacterial cell and the antimicrobial drugs. Among various 
nanoformulations, green synthesized metallic silver nanoparticles are currently gaining research 
focus in safely breaking bacterial biofilms due to the inherent antimicrobial property of silver. In 
the current work, the aqueous extract of the ayurvedic formulation Nishamalaki churna is used to 
exhibit one pot green synthesis of silver nanoparticles. The physicochemical characteristics of 
Nishamalaki churna extract mediated AgNPs were evaluated using various analytical techniques, 
like UV–Visible spectrophotometer, FT-IR spectroscopy, SEM, XRD, DLS-Zeta potential analyzer 
etc. The synthesized spherical AgNPs were well formed within the size range of 30 nm to 80 nm. 
Furthermore, the synthesized AgNPs showed potent antibacterial effects against two primary 
AMR-causing bacterial species like Staphylococcus aureus and Pseudomonas aeruginosa with the 
successful destruction of their biofilm formation. Additionally, these AgNPs have shown profound 
antioxidant and anti-inflammatory activities as desirable add-on effects required by a prospective 
antibacterial agent.   

1. Introduction 

Antimicrobial resistance (AMR) is regarded as one of the major health threats in modern times. In the year 2019, an estimated 4.95 
million deaths were worldwide reported by various illnesses with as many as 1.27 million deaths by AMR alone. This figure was much 
higher than the number of people who died due to AIDS or malaria in that year [1]. The continuous reduction in the effective antibiotic 
options against microbes is the major cause behind this AMR. Furthermore, microbial biofilm formation strengthens resistant microbes 
by obstructing penetration of antimicrobial agents into them. Biofilms are now responsible for up to 60% of all human infections [2]. In 
comparison to logarithmic-phase planktonic cells, biofilms are extremely resistant to bactericidal antimicrobials. This antibiotic 
scarcity against resistant bacteria has created an urgency and highly augmented pressure to invent new therapeutics and strategies to 
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break the shackles of AMR by antibiofilm activity. 
Silver has been used as a medicinal agent for many years due to its inherent antimicrobial property [3]. Currently, silver nano-

particles (AgNPs) have received considerable attention as potential antimicrobial agents. However, their synthesis using environ-
mentally hazardous chemicals add to the inherent toxicity of silver ions and makes them unsafe for therapeutic applications [4]. This 
fact has prompted the popularity of environment-friendly alternatives and less toxic ‘green’ synthesis roots of AgNPs utilizing plant and 
plant products, bacteria, fungi, algae, yeast, and viruses. In this regard, plants contain a variety of phytoconstituents that can serve dual 
purposes by acting as natural reducing/capping agents in the AgNPs synthesis as well as shrinking the inherent toxicity of silver [5]. 

Nishamalaki Churna is an Ayurvedic powder formulation containing an equi-proportional mixture of two herbal ingredients, 
namely Amlaki (Emblica officinalis) fruits and Turmeric (Curcuma longa) rhizome [6]. Major phytoconstituents of Amlaki such as gallic 
acid, trans cinnamic acid, methyl gallate, quercetin-3-O-α-arabinofuranoside, emblifatmin etc. possess remarkable antioxidant 
properties, which are expected to act as a reducing agent for reducing the silver salt in the green synthesis of AgNPs [7]. The phy-
tochemicals present in Amlaki, are also responsible for its potent antibacterial activity. Turmeric also possesses several therapeutic 
activities [8,9] like antimicrobial, anti-inflammatory, anticancer, antitumor, antioxidant activities etc. Curcumin, the principal active 
component of turmeric, is mostly responsible for the observed bioactivities of this herb. The AgNPs synthesis with both these two 
individual plants and their biological activity evaluation have been already reported [8–13], however, there is no report about the 
green synthesis of AgNPs from Nishamalaki Churna and assessment of its antimicrobial activities. In Ayurvedic system of medicine, 
Nishamalaki churna itself is marketed and prescribed as a drug as such. However, Nishamalaki churna administration to the patients 
may be proven ineffective due to the poor bioavailability of its active phytoconstituents from the powdered mixture of its herbal 
ingredients as well as it may be inconvenient to administer in such patients. This encouraged us to develop Nishamalaki churna 
mediated metal nanoparticle formulations and evaluate its antibacterial effect. 

The experimental data on the biosynthesis of metal nanoparticles using polyherbal formulation are limited in number and need to 
be explored. In this regard, two recent reports have described the sustainable and environmentally friendly production of iron oxide 
and silver nanoparticles from Triphala churna extract, another well-known traditional remedy [14,15]. In the current study, we have 
made a contribution to the creation of novel antimicrobials to combat against antimicrobial resistance (AMR) by synthesizing silver 
nanoparticles from the aqueous extract of Nishamalaki Churna and assessing their antibacterial and antibiofilm properties against both 
gram-positive and gram-negative pathogens. 

2. Materials and methods 

2.1. Materials 

Silver nitrate was purchased from Nice Chemicals (P) Ltd., Kerala, India. The components of Nishamalaki i.e., dried fruits of Amla 
(Emblica officinalis) and dried rhizome of Turmeric (Curcuma longa) were purchased from local herbal shop followed by its authen-
tication by a local botanist. Doubled distilled water was utilized throughout the experimental procedure. 

2.2. Preparation of Nishamalaki churna extract 

The Nishamalaki churna was prepared by mixing equal parts of dry powder of Amla and Turmeric. To develop the churna, the two 
plant components were individually ground into a fine powder, put through sieve number 60, and blended in an exact ratio. In the next 
step, 10 mg of churna was mixed with 10 mL of double-distilled water. After being heated for 20 min at 60 ◦C, the mixture was filtered 
before being cooled. The fresh polyherbal extract simultaneously served as both reducing and capping agent in the formation of AgNPs. 

2.3. Synthesis of Nishamalaki mediated silver nanoparticles 

The AgNPs were synthesized by heating 95 mL of 1 mM silver nitrate with 5 mL of Nishamalaki Churna extract at 80 ◦C with 
constant stirring for 1 h. The gradual colour change of the mixture solution from yellowish orange to brownish grey indicated the 
completion of the synthesis, which was further confirmed by UV–visible spectroscopical investigation (JASCO V-630). On completion 
of the reaction, the mixture underwent a centrifugation at 12,000 rpm for 20 min, followed by washing with double distilled water, to 
remove the impurities. 

The experimental conditions like concentration of the silver salt solution and plant extract, heating and stirring conditions, pH and 
reaction time were optimized by trial-and-error. 

2.4. Characterization techniques 

The extracts of Nishamalaki Churna and its two ingredients were subjected to HPTLC fingerprinting analysis by an HPTLC in-
strument (CAMAG) [16]. These three solutions were individually spotted at two different concentrations (2 μL and 5 μL) by the 
Linomat 5 auto sample applicator on a commercially available Silica gel 60 F 254 HPTLC plate (10 cm × 10 cm). The sports were 
allowed to develop by mobile phase of toluene: ethyl acetate: methanol: formic acid (3:3:3:1) in the twin trough development chamber. 
After drying, the retention factor (Rf) values of the developed spots were documented using winCAT software after visualization at 
specific wavelengths (254 nm, 366 nm and 540 nm). The aqueous Nishamalaki churna extract was subjected to qualitative testing for 
the presence of major phytoconstituents by standard methods [17]. Additionally, quantitative determination of total phenolics and 
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total flavonoids was performed using Gallic acid and Quercetin as standard respectively [18,19]. 
The morphological structure of the AgNPs was determined by a Scanning Electron Microscope (NOVA NANOSEM 450) by evenly 

dispersing them as a thin layer on an adhesive carbon tape fastened to aluminium stubs. After the stubs had been coated with gold of 
the correct thickness, AgNPs were analyzed at 20 kV [20]. The zeta potential of synthesized AgNPs was analyzed by dynamic light 
scattering through Zetasizer 3600 (Malvern Instruments Ltd.). The sample’s particle size and the polydispersity index (PDI) values 
were also assessed before and after carrying out the lyophilization of the sample by freeze-drying method. Briefly, the NPs solution and 
cryoprotectant-like mannitol at a concentration of 5% w/v were used and kept at − 80 ◦C for 6 h. The frozen product was kept for 
lyophilization at − 99 ◦C until the free-flowing powder is obtained. The particle size was measured using a Malvern Zetasizer 3600 
(Malvern Instruments Ltd) equipped with a 10-mW He–Ne laser (633 nm) and operating at an angle of 90◦ and a temperature of 20 ◦C. 
The samples of AgNPs were diluted 1:20 with a 0.9% (w/w) solution of NaCl in distilled water to eliminate the primary charge effect. A 
sample volume of 2 mL was used in 10 mm diameter cuvettes (Sarstedt, Germany). 

The Nishamalaki mediated AgNPs were subjected to FT-IR analysis (JASCO FT/IR-4600) using the ATR technique. The scanning 
range was kept from 4000 cm− 1 to 400 cm− 1 [21] and the spectra were interpreted for further detailing. To study the crystallinity of 
synthesized AgNPs, dried powdered form of green synthesized silver nanoparticles was subjected to X-RD analysis (Rigaku Ultima IV) 
at 2Ɵ range of 10◦–70◦ at a rate of 10◦/min using a voltage of 40 kV, 30 mA. 

2.5. Evaluation of biological activities 

2.5.1. Antimicrobial and antibiofilm action 
The antibacterial and antibiofilm properties of the produced AgNPs were assessed for both gram-positive (Staphylococcus aureus) 

and gram-negative bacteria (Pseudomonas aeruginosa). The bacterial strains were cultured aerobically for the entire night at 37 ◦C and 
85% relative humidity in Luria Bertani (LB) Broth, Miller. The next day a subculture was incubated at 37 ◦C (200 μL of overnight 
culture in 5 mL of LB broth) for 2hrs to get an OD600 of 0.2 for P. aeruginosa and 0.6 for S. aureus. All the bacteria were pelleted and 
resuspended in 1 mL LB broth; serial diluted with PBS (pH 7.4) before determination of the antimicrobial activity. 

2.5.1.1. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) determination. These experiments were 
conducted using a modified version of the microtiter broth dilution technique. Briefly, bacteria were diluted to 106 CFU/mL in LB 
broth, and 100 μL of the bacterial culture was incubated at 37 ◦C with 100 μL AgNPs of various concentrations (0–64 μg/mL) in a 96 
well plate. MIC/MBC was determined at different time points by observing visible turbidity as well as the measurement of the optical 
density of the cultured broths at 600 nm. The data was presented as the mean of three replications [Fig. 7 (a)]. 

2.5.1.2. Zone of inhibition study. The zone of inhibitions for the above cultured micro-organisms was determined after treatment with 
synthesized AgNPs at 8, 16 and 32 μg/mL concentrations. The sterile spreaders were used to spread the lawn of bacteria on nutrient 
agar plates. The AgNPs soaked in sterile circular paper discs were put on the bacterial lawn and incubated for 24 h. The growth in-
hibition zones were measured after the incubation, and the pictures were captured using a digital camera. 

2.5.1.3. Live/dead assay on biofilms. P. aeruginosa and S. aureus (106 CFU/mL) in LB Broth (Miller) were incubated on coverslips in a 
12-well plate at 37 ◦C, and 85% relative humidity for 2 days. The next day coverslips were removed and washed with Phosphate- 
buffered saline (PBS) for further studies. Planktonic bacterial films (106 CFU, 1 mL) of both P. aeruginosa and S. aureus were incu-
bated with various concentrations of AgNPs containing 8,16 and 32 μg/mL for 4 h at 37 ◦C (under shaking). Two washes with sterile 
physiological saline solution (0.9% w/v NaCl) were performed on the bacterial films. The obtained film was stained using SYTO 9 and 
Propidium iodide (PI) fluorescent stains. The staining solution was prepared by mixing SYTO 9 and PI at concentrations 33.4 μM and 
0.4 mM, respectively. The bacteria staining was performed by adding 3 μL and 5 μL of SYTO 9: PI (1:1) for P. aeruginosa and S. aureus, 
respectively, and kept in the dark for 10min. After the staining, the bacteria’s images were captured by stacking to a penetration depth 
of 20 μM using a confocal fluorescence microscope (Leica, DMi8, Germany) followed by a 3D image generation for analysis. 

2.5.2. Antioxidant activity and anti-inflammatory activity 

The antioxidant property of synthesized AgNPs was measured in terms of the percentage inhibition of DPPH (2,2-diphenyl-1-picryl- 
hydrazyl-hydrate) free radicals at 520 nm using Ascorbic acid as a standard drug [22–24]. To assess their anti-inflammatory effect, the 
percentage inhibition of protein denaturation was assessed [24,25]. Briefly, 1 mL of sample solution was mixed with 5 mL of 1% 
solution of Bovine serum albumin following the pH adjustment to 6.3 with 1 N HCl. The absorbance was measured at 660 nm after an 
incubation period of 30 min. 

2.5.3. Cell viability study 

The viability of cell on treatment with synthesized AgNPs was studied by MTT assay using Human embryonic kidney (HEK 293) cell 
lines. In this method, 100 μL of the cell suspension was added into 96 well plates each well with a concentration of 10,000 cells per 
well. The plates were incubated after treatment with AgNPs for 24 h–48 h. After the end of treatment period, 50 μL of MTT reagent at a 
concentration of 5 mg/mL was added into each well and again incubated for 4 h before adding 150 μL DMSO to dissolve the formed 
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purple formazan crystals. After 1 h, the absorbance was measured at 570 nm and 620 nm using Spectramax Multiplate reader (Mo-
lecular Devices, USA). 

3. Results and discussions 

The present work focuses on the investigation of the antibacterial efficacy of green synthesized silver nanoparticles (AgNPs) ob-
tained by the aqueous extract of Nishamalaki Churna. It is an already proven fact that AgNPs have outstanding possibilities as anti-
bacterial agents [26–29]. On the other hand, Nishamalaki Churna possesses potent bioactivities like antibacterial, anticancer, 
antitumor, anti-inflammatory, and antioxidant activities. The Nishamalaki Churna mediated green synthesized AgNPs, therefore, have 
been evaluated as a prospective antibacterial agent. 

3.1. HPTLC fingerprinting of Nishamalaki churna extract 

The Rf values obtained in the chromatogram under different visualizing conditions such as UV light [Fig. 1(A)], Fluorescence light 
[Fig. 1(B)] and Visible light [Fig. 1 (C)] revealed the presence of major phytoconstituents in the extract. The Rf values of 0.77 and 0.82 
in the Nishamalaki extract respectively indicated the presence of Amlaki and turmeric in the formulation. 

3.2. Phytochemical analysis of herbal extract 

It was noticed that the Nishamalaki churna extract holds a satisfactorily balanced phytochemical pattern for the synthesis and 
stabilization of AgNPs. Among these phytoconstituents, carbohydrates can control the spherical shape and size of the AgNPs, phenols 
and flavonoids help in faster as well as a greater amount of AgNPs synthesis and polysaccharides are associated with both capping and 
reducing activity [3]. The quantitative assay for phenolic content and flavonoid content (Table 1) reveals that the aqueous extraction 
of Nishamalaki Churna contains high amount of flavonoids and phenols. These phytoconstituents can serve as a potent reducing agent 
to felicitate the faster synthesis of AgNPs as well as an aid towards the antioxidant property of synthesized nanoparticles [11,30,31]. 

3.3. Bio-synthesis of silver nanoparticles 

The Nishamalaki churna extract aided green synthesized AgNPs were best formed within one and half hour at 80 ◦C with constant 
stirring. The process involved for synthesizing the nanoparticles is presented in Fig. 2. During the course of reaction, aliquots of re-
action mixture were analyzed through UV–Visible spectrophotometer to check the formation of silver nanoparticles along with 
observing the gradual colour change. The completion of the reaction was marked by the colour change from yellow to dark brown with 
the occurrence of UV–Visible absorption maxima at 442 nm [20,32]. A confirmation of the product formation is shown by plotting the 
spectral overlay pattern of Nishamalaki extract, silver salt solution and their reaction mixture with the formation of AgNPs [Fig. 3]. 

Fig. 1. HPTLC image of aqueous amla extracts (T-1 and T-2), aqueous turmeric extracts (T-3 and T-4) and aqueous Nishamalaki churna extracts (T-5 
and T-6), each applied at two different volumes (2 μL and 5 μL), under (A) 254 nm, (B) 366 nm, (C) 540 nm. 
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3.4. Characterization of green synthesized silver nanoparticles 

3.4.1. Scanning electron microscopy 
SEM analysis of green synthesized silver nanoparticles was done to get an idea about the surface morphology of nanoparticles. 

According to SEM images [Fig. 4], the generated silver nanoparticles were within 48–90 nm size range. The appearance of clusters 
could be due to the agglomeration tendency of the synthesized AgNPs. 

Table 1 
Assay of total phenol and flavonoid content of Nishamalaki Churna aqueous extract.  

Assay Nishamalaki Churna extract 

Total phenolic content (mg of GAE/g) 24.46 ± 0.02 
Total flavonoid content (mg of QE/g) 71.62 ± 0.03 

Values are expressed as Mean ± S.D (n = 3). 

Fig. 2. The process of silver nanoparticles green synthesis by the aqueous Nishamalaki Churna extract. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 3. UV–Visible spectrophotometric study on synthesis of Nishamalaki churna mediated silver nanoparticles.  
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3.4.2. Dynamic light scattering (DLS) and zeta potential 
The average size distribution of AgNP particles was found to be 107 ± 3.56nmat PDI of 0.238 ± 0.02, which revealed that they 

were of good quality [Fig. 5]. The greater size compared to the SEM results might have indicated their tendency to agglomerate on 
long-standing [33,34]. 

The electrical charge of attraction or repulsion between the nanoparticles in their colloidal suspension is measured by the zeta 
potential. The synthesized AgNPs had a positive zeta potential of 1.22 ± 0.56. The surfaces of the nanoparticles were positively 
charged due to the presence of positive functional groups like protonated amines. 

3.4.3. FTIR analysis 
The synthesized silver nanoparticles contain a variety of functional groups [Fig. 6(a)] that ensures the existence of phytochemicals 

responsible for synthesis, stabilization and capping of silver nanoparticles. The peak at 3198 cm− 1 is indicative of the presence of 
Aromatic C¼H stretching. The stretching vibration of the aliphatic -C-H group and the carbonyl group (C¼O) is responsible for the 
peaks found at 2922 cm− 1 and 1643 cm− 1, respectively. The presence of -C-O-C (ester group) is indicated by the peak at 1025 cm− 1. 

3.4.4. XRD analysis 
Analyzing the X-ray powder diffraction can help identify a product’s crystalline makeup. The intensity and position of peaks 

confirm the crystalline nature of silver nanoparticles [25,35]. Major peaks at 38.2◦ (111), 44.4◦ (200), 64.6◦ (220) and 77.4◦ (311) 
indicated the typical face-centered cubic structure of green synthesized silver nanoparticles [Fig. 6(b)]. The average crystallite size of 
formulated AgNPs, calculated by the Debye-Scherrer equation, was found to be 24.42 nm. Apart from the major peaks of silver 
nanoparticles, some other peaks were seen to be present at 27.9◦, 32.3◦, 55.4◦, 67.6◦ which can be considered as the peaks of biogenic 
materials present in the extract of Nishamalaki churna. 

Fig. 4. SEM images of synthesized AgNPs.  

Fig. 5. DLS and Zeta potential analysis of green synthesized AgNPs. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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3.5. Evaluation of biological activity 

3.5.1. Antimicrobial and antibiofilm study 
Nowadays, many bacteria are gradually becoming resistant due to their biofilm formation [36]. These biofilms are difficult to 

eradicate and are the source of many persistent infections. Bacteria embedded in a biofilm can withstand high concentrations of 
bactericidal antibiotics while remaining fully susceptible to such antibiotics in vitro under planktonic conditions [37]. Therefore, 
viable antimicrobial therapy should target bacterial biofilms to break down the resistant mechanism of pathogenic bacteria. 

Fig. 6. (A) FT-IR spectra, (B) X-ray diffraction pattern of synthesized AgNPs.  

Fig. 7. (a) MIC and MBC of AgNPs against P. aeruginosa and S. aureus respectively, (b) Study of the zone of inhibition potency of green synthesized 
AgNPs. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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3.5.1.1. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) determination. The potency of green 
synthesized AgNPs against both resistant gram-positive and gram-negative bacteria has been correlated with the destruction of bac-
terial membranes and drainage of intracellular material to cause bacterial death [11,21]. We found the MICs of green synthesized 
AgNPs to be 8 μg/mL and 16 μg/mL, respectively, against P. aeruginosa and S. aureus [Fig. 7 (a)]. Similar work has reported the 
minimum inhibitory concentration (MIC) of antibacterial AgNPs synthesized from Pseudoduganella eburnea MAHUQ-39 to be 6.25 
μg/mL and 100 μg/mL for P. aeruginosa and S. aureus respectively [38]. Hence, our green synthesized AgNPs strongly inhibited the 
proliferation of both of the pathogens i.e., P. aeruginosa and S. aureus. Additionally, the AgNPs possessed MBC of 32 μg/mL and 65 
μg/mL against these two bacterial species respectively. Therefore, these AgNPs acted as a potent inhibitor of the growth of both 
gram-positive and gram-negative bacteria at lower concentrations, and at higher concentrations, they ensured complete bacterial cell 
death. 

3.5.1.2. Zone of inhibition study. Measurement of the zone of inhibition indicates bacterial susceptibility towards antimicrobial 
therapy over a surface and a greater zone assures the better efficacy of antimicrobial agents. The synthesized AgNPs displayed the dose- 
dependent zone of inhibition with 29 mm and 33 mm zone at a concentration 32 μg/mL against P. aeruginosa and S. aureus, respectively 
[Fig. 7 (b)]. These values indicate satisfactory antibacterial activity against both the microorganisms tested [25]. 

3.5.1.3. Antibiofilm activity. In the Live/Dead staining, green dye SYTO-9 penetrates both living and dead cells, whereas red PI stain 
penetrates only dead cells. The 3D images captured by confocal fluorescence microscope [Fig. 8] showed the bacterial films of 
P. aeruginosa and S. aureus, treated with the highest AgNPs concentration (32 μg/mL), have more red cells (PI labelled) than the cells 
treated with 8, 16 μg/mL of AgNPs. This indicated the deeper penetration of AgNPs into the biofilms at the higher dose. In comparison 
to PI-labelling, the 8 g/mL dose showed a greater population of SYTO-9 labelled live cells. 

Both P. aeruginosa and S. aureus frequently are known to cause chronic, AMR infections due to their ability to form recalcitrant 
biofilms. This allows these organisms to resist bactericidal action of common antibacterial agents [39]. Our results indicated that 
Nishamalaki mediated AgNPs acquire remarkable concentration dependent potency in invading the complex microbial films of both of 
the bacteria tested, i.e., P. aeruginosa and S. aureus, to successfully eliminate them. 

3.5.2. Anti-oxidant activity 
The production of reactive oxygen species by pathogenic bacteria is a crucial factor in the biofilm formation, although the exact 

pathway and mechanism are still debatable. However, antimicrobial agents with good antioxidant effects can be a better option for the 
destruction of biofilms by ROS scavenging process [40,41]. The antioxidant potency of the Nishamalaki mediated AgNPs was studied 
by DPPH free radical scavenging method and the results showed high efficacy of AgNPs in comparison to the Nishamalaki churna 
extract. The calculated IC50 values of the Standard ascorbic acid, green synthesized silver nanoparticles and aqueous extract of 
Nishamalaki churna were respectively as 23.95 μg/mL, 28.93 μg/mL and 31.74 μg/mL. This confirmed that our AgNPs are capable of 
inducing a strong antioxidant effect to target resistant bacteria. 

3.5.3. Anti-inflammatory activity 
Protein denaturation, occurring during microbial infection, is one of the prime reasons behind inflammation. Microbes frequently 

activate the inflammatory enzymes or transcription factors by ROS production [42]. Consequently, it is anticipated that an antimi-
crobial drug with an associated anti-inflammatory action will be very successful in treating complex microbial infections. An anti-
microbial agent with added anti-inflammatory, as well as antioxidant effects, can turn out to be a potent lead in the search for an 
effective antimicrobial agent. 

In this research, the protective effect of synthesized AgNPs (5–100 μg/mL) against protein denaturation was studied in comparison 
to Nishamalaki churna extract as well as the standard reference drug Diclofenac sodium. The Nishamalaki mediated AgNPs showed 
concentration dependant inhibition of protein denaturation with IC50 of 21.76 μg/mL, thereby having great potential to act as an 
effective anti-inflammatory agent. 

3.5.4. Cell viability study 
MTT assay was done on HEK 293 cell lines to assess the safety of the synthesized AgNPs. The results showed 76 ± 2.96% and 59.20 

± 1.78% cell viability at 500 μg/mL dose for 24 h and 48 h, respectively. Selectivity index (SI) for antimicrobial agents can be esti-
mated as the ratio of the toxic concentration of a sample against its effective bioactive concentration [43]. Generally, SI ≥ 10 is 
recommended acceptance criterion for a safe bioactive sample [44]. We found the MICs of our green synthesized AgNPs to be 8 μg/mL 
and 16 μg/mL, respectively, against P. aeruginosa and S. aureus. Our synthesized AgNps, having very high SI value, can therefore be 
considered safe for therapeutic applications. 

4. Conclusion 

In the present study, easy and one-step facile synthesis of silver nanoparticles was carried out using the aqueous extract of Nish-
amalaki churna. The phytochemical study of the Nishamalaki churna extract revealed a well manage phytoconstituent frame of the 
formulation with a notable quantity of phenols and flavonoids to be factors for successful synthesis, capping and stabilization of AgNPs. 
By the virtue of the anti-biofilm activity, these AgNPs demonstrated promising effects in the treatment of resistant bacterial infections. 
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Additionally, these nanoparticles were endowed with antioxidant and anti-inflammatory activities, desirable by an ideal antibacterial 
agent. It would therefore be worthy to apply these synthesized AgNPs for treating localized skin infections as well for healing infected 
wounds. However, in vivo studies are necessary using different animal models for the confirmation of these biological activities of our 
synthesized AgNPs. 
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