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ABSTRACT 

Acacia nilotica (L.) Delile is well known as “Desi Kikar”or Babul in India that possesses a wide range of pharmacological activities. In 

the present study, Acacia nilotica twig extract and its synthesized silver nanoparticles (AgNPs) were evaluated for total phenolic content 

(TPC), antioxidant activity and cytotoxic effects. Characterization of AgNPs was done by UV-Visible spectroscopy, Fourier-transform 

infrared spectroscopy (FTIR), Transmission electron microscopy (TEM) and Selected area electron diffraction (SAED) techniques. 

Antioxidant potential was determined using different assays including 2,2-diphenyl-1-picrylhydrazyl (DPPH), reducing power and β-

carotene linoleic acid. Cytotoxicity was tested by 3-(4,5-dimethyl-2-yl)-2,5-diphynyl tetrazolium bromide (MTT) assay on Human 

embryonic kidney (HEK)-293 cell lines. The results indicated that AgNPs exhibited higher antioxidant activity (81.11 %) and TPC (57.35 

mg of GAE/mL of extract) as compare to plant extract. A positive correlation was observed between the TPC and antioxidant activities. 

The inhibitory concentration (IC50) of A. nilotica extract and AgNPs was 52.08µg/mL and 56.82µg/mL respectively. Cytotoxicity against 

HEK-293 cell lines was dose dependent. Accordingly, it is summarized that A. nilotica based AgNPs could serve as a potential antioxidant 

for therapeutic purposes. 
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1. INTRODUCTION 

 Nanoparticles are one of the most promising therapeutic 

agents used in health care products, air sanitizers, sprays, face 

masks, wet wipes, detergents, shampoos, toothpaste, lip care 

products etc. [1,2]. Particularly, silver nanoparticles are intriguing 

in the area of nano-medicine due to their better antioxidant and 

antimicrobial activities [3]. The concept of using nanometals is 

prevailing since Charaka Samhita which is the oldest classical text 

in Ayurveda [4]. AgNPs have the distinctive attribute of elevated 

surface area, nano size and high scattering properties [5].  Several 

plants have been used for AgNPs synthesis such as Tinospora 

cordifolia [6], Aloe Vera [7], Punica granatum [8], Zea mays [9], 

Azadirachta indica [10]. 

 Green synthesis of AgNPs also plays an important role as 

cytotoxic agents against cancer cells [11]. Uses of biological 

organism approach can open gate for simple, safe and eco-friendly 

synthesis of AgNPs [12-14].  

 Acacia nilotica L. belongs to Fabaceae family 

and traditionally it is used to treat leucoderma, gonorrhea, diarrhea, 

paralysis, eye pain, tooth and gum diseases [15]. Its tannin richness 

applies astringent action on mucous membrane consequently 

reduces gingivitis. In our previous study methanol extract of A. 

nilotica twig was the most effective extract among 14 different 

plant species against oral pathogens [16]. A. nilotica mainly 

contains kaempferol, quercetin, tannins, phenols, oleosins, 

catechin, gallic, caffeic and ellagic acid etc. as major bioactive 

compounds. Most of the metabolites inhibit the growth of 

pathogens by forming complexes with their proteins and cell walls 

[17]. Natural antioxidants present in the plant terminate the attack 

of free radicals and helps to overcome pathological conditions [18].  

In the present study, the extract of A. nilotica twig and the 

synthesized AgNPs were analyzed for their antioxidant activity and 

total phenol content along with their cytotoxicity assay. 

2. MATERIALS AND METHODS 

2.1. Chemical. 

 Dulbecco’s dodified eagle’s medium (DMEM), Tween-20 

was acquired from HiMedia Laboratories Pvt Ltd, Mumbai, India. 

AgNO3, Na2CO3, Folin–ciocalteau reagent, DPPH, albumin, 

phosphate buffer, potassium ferricyanide, chloroform, methanol, 

linoleic acid was purchased from Merck Life Science Private 

Limited, Mumbai, India. Gallic acid, β-carotene, linoleic acid, MTT 

was purchased from Sigma Aldrich Chemicals Pvt Ltd, Delhi, 

India.         

2.2. Plant sample. 

 The twigs of A. nilotica were collected from the local place 

of Rohtak district, Haryana. Plant material was matched with 

herbarium specimen of A. nilotica (MDU 2601) available in the 

Maharshi Dayanand University (India). Methanol extract was 

prepared by cold percolation method. 

2.3. Biosynthesis of AgNPs. 

 Fresh plant sample was used for the biosynthesis of AgNPs 

[19]. 10 g of thoroughly washed material was boiled in 100 mL de-

ionized water at 100°C for 10 min. Aqueous extract was filtered and 

1mM AgNO3 was added in ratio of 1:4. The mixture was incubated 

at room temperature for 48 hrs. 

2.4. Characterization of AgNPs. 

 The synthesized nanoparticles were observed by visualizing 

the change in colour and characterized by different techniques UV-
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VIS, TEM, SAED, FTIR [20]. SAED is a crystallographic method 

which is performed by TEM (JEOL 2100F) at Advanced 

Instrumentation Research Facility, JNU, New Delhi, India. 

2.5. Determination of total phenol content. 

 Total phenol content of methanol extract and AgNPs was 

determined by Folin–Ciocalteau reagent [21] with some 

modification. 0.5 mL of each methanol extract and AgNPs was 

mixed with 700 µL of FC reagent (1:10) flowed by 1mL of 10% 

Na2CO3 solution. After incubation at 26°C for 40 min, the 

absorbance was measured at 725 nm. 

2.6. Antioxidant assay. 

2.6.1. Determination of DPPH radical scavenging activity. 

 The capacity of free radical scavenging activity of the 

methanol extract and AgNPs was determined using DPPH method 

[22]. 4 mL of DPPH solution (0.2 mM) was mixed with 100µL of 

sample. After 1hr of incubation in dark, the optical density was 

taken at 517 nm.   

2.6.2. Determination of ferric reducing antioxidant power 

(FRAP). 

 The Fe3+ ion reducing the activity of methanol extract and 

AgNPs was measured by following the method [23] with minor 

modification. Different extracts and standard (1 mg/mL) in 1 mL of 

distilled water was mixed with phosphate buffer (2.5 mL, 0.2 

mol/L, pH 6.6) and potassium ferricyanide (2.5 mL, 1% w/v) was 

added to the mixture. The mixture was centrifuged for 10 min at  

3000 r/min. The upper clear lysate solution was decanted (2.5 mL) 

followed by addition of distilled water (2.5 mL) and FeCl3 (0.5 mL, 

0.1% w/v). The optical density was taken at 700 nm in a 

spectrophotometer.  

2.6.3. β -Carotene bleaching assay. 

 The antioxidant activity of methanol extract and AgNPs was 

measured by β-carotene linoleic acid test method [24] with slight 

modifications. β- Carotene (0.2 mg) in 1 mL of chloroform was 

added to 20 μL of linoleic acid and 200 mg of Tween-20 emulsifier 

mixture. The mixture was put at 40ºC for 10 min to evaporate. 100 

mL of distilled water was added to the mixture. 4.8 mL of this 

emulsion was placed into test tubes and 0.2 mg of the sample 

extracts added. Absorbance was measured with a 

spectrophotometer at 470 nm.  

2.7. Cytotoxicity. 

2.7.1. Cell Lines and Culture Conditions. 

 HEK 293 cell line was grown in DMEM containing 10% 

fetal-bovine serum and antibiotic (100 U/mL Penicillin and100 

mg/L streptomycin) in moist environment with 5% CO2 at 37 °C in 

T-25 flasks. 

2.7.2. Cellular metabolic aasay.  

 Cellular metabolic evaluation of plant extract and AgNPs 

against HEK-293 cell lines was determined by MTT assay [25].  

The concentration of sample ranged from 12.5–200 µg/mL was 

added in each well and absorbance was taken at 570 nm using iMark 

Micro plate Reader (Bio-Rad, USA). 

3. RESULTS  

3.1. Synthesis of AgNPs. 

 AgNPs were successfully prepared by reduction of Ag+ ion 

using aqueous twig extract of A. nilotica. It was confirmed by the 

change in the color from reddish brown to grayish yellow as shown 

in Figure 1. This change in color takes place by the act of exciting 

of the localized surface plasmon vibrations of the AgNPs [26]. Plant 

reducing agents such as tannins, flavonoids, terpenoids, reductases, 

dehydrogenases, citric acid present in the extracts make them a 

good source for nanoparticle synthesis [27,28]. 

 
Figure 1. Change in color from reddish brown to grayish yellow. 

3.2. Characterization of synthesized silver nanoparticles.  

3.2.1. Ultraviolet-Visible spectroscopy.  

 The peak specific for the synthesis of silver nanoparticles 

was reported at 420-465 nm by UV-Visible spectroscopy (Figure 

2). The surface plasma on resonance of the AgNPs synthesized from 

Acacia species was up to 430-440 nm [29].  AgNPs showed the 

maximum peak near 400-450 nm may be due to the collective 

oscillation of free electrons [30]. 

3.2.2. FTIR analysis. 

 The functional groups of the phytoconstituents were 

determined by FTIR in the region of infrared radiation on the basis 

of peak value as depicted in Figure 3. 

 
Figure 2. UV-VIS absorption spectra of AgNPs. 

 

 This indicates that phytochemicals are capped on the surface 

of AgNPs. Several peaks such as 3325 cm-1 (hydroxyl), 1600–1704 

cm-1 (Cabonyl group), 1211 cm-1 (aromatics) may be responsible 

for the formation of AgNPs. Similar results have been observed in 

many AgNPs study [31-33]. 

 
Figure 3. FTIR analysis of AgNPs. 

3.2.3. TEM analysis. 

 TEM micrograph indicates that the prepared AgNPs were 

crystalline in nature and size in the range of 10-20 nm (Figure 4a 

and 4b). The crystalline nature of AgNPs was confirmed from the 
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concentric rings of SAED pattern [34]. AgNPs prepared from A. 

nilotica leaves extracts in the previous study were reported to the 

size of ~20 nm [35]. 

 
Figure 4. (a) TEM image of AgNPs and (b) SAED patterns of the 

AgNPs.  

 

3.3. Determination of Total phenolic content (TPC). 

 The results indicated that TPC was significantly higher in 

AgNPs as compared to the plant extract as presented in Table 1 and 

Figure 5. Plant phenolics are strong antioxidants and helps in the 

bio-reduction of Ag+ to Ag0 for the formation of AgNPs [36]. In an 

earlier report also methanol fraction of A. nilotica demonstrated the 

highest polyphenol content in the bark and leaves [37]. 

3.4. Antioxidant activity. 

 AgNPs showed significant antioxidant activity as compared 

to A. nilotica methanol extract as revealed from different 

antioxidant assays (Table 1 and Figure 6). Gallic acid was used as 

standard for antioxidant assays. 

 
Figure 5. Showing standard curve of gallic acid  and TPC. 

 
Figure 6. Comparative antioxidant activity of A. nilotica (An) extract and 

its nanoparticles (a) Showing DPPH free radical scavenging activity  

(b) Reducing power potential and (c) β–Carotene bleaching potential. 

 

3.4.1. DPPH Assay. 

 The assay is based on the colour change of the violet 2,2-

diphenyl-1-picrylhydrazyl radical (DPPH) to yellow 

diphenylpicrylhydrazine due to its H-donating ability of substance 

[38]. AgNPs showed a higher DPPH radical scavenging activity 

than the plant extract as shown in Figure 6a. The result determines 

a positive correlation between free radical scavenging power and 

phenolic content that is comparable to other studies [39].  A. nilotica 

leaves and bark also showed significant antioxidant activity [40,41]. 

 
Figure 7. Percentage cytotoxicity of A. nilotica and AgNPs against HEK-

293 cell lines. 

 

3.4.2. Reducing power assay. 

 It is a metal chelating assay that involves the reduction of 

Fe3+ to Fe2+ ions which in turn determines the chelating ability of 

AgNPs [42]. AgNPs exhibited comparatively greater electron donor 

ability for stabilizing free radicals than plant extracts alone (Fig. 

6b). AgNPs presented almost equal reducing power as that of a 

standard compound (Table 1). This may be due to various properties 

of AgNPs such as small size, dispersion and the presence of capping 

agents on their surface [43]. 

3.4.3. β-Carotene bleaching assay. 

 AgNPs showed high Carotene bleaching potential that 

indicated their greater antioxidant potential as depicted in Fig. 6c. 

Loss of yellow color of β-Carotene shows reduction activity of free 

radicals formed by linolinic acid oxidation [44,45].  

 The study has also confirmed the direct relationship between 

phenolic content and antioxidant activity. It has been reported that 

antioxidant activity in the studied plants may be largely due to the 

phenolic content in the extracts [46]. The earlier study revealed that 

A. nilotica leaves extracts shows the higher antioxidant activity as 

compared to pods and bark [47]. D-pinitol, catechol, N-2,4-dnp-L-

arginine, squalene, R-limonene, 9-octadecen-12-ynoic acid, methyl 

ester, androst-5-en, 2(1-H)-quinolinone, heptacosane, 2-

pentadecanone, 6,10,14-trimethyl, linoleic acid, γ-linoleic acid, 

palmitic acid, stearic acid were the main compounds present in 

different extracts of Acacia nilotica leaves and could serve as a 

potential source of natural antioxidants in food and pharmaceutical 

industry [48]. 

3.5. Cell viability assay.  

 Cytotoxicity of A. nilotica twig extract and AgNPs were 

evaluated by MTT assay on HEK-293 cell lines. MTT which is a 

yellow color dye reduces to form purple formazan crystal by the 

mitochondrial succinate dehydrogenase enzyme that corresponds to 

number of viable cell present [49]. The % of viable cells were 

calculated by treating with various concentrations of AgNPs and A. 

nilotica extract in comparison of non treated cells (100%) as shown 

in Fig. 7.  The result was indicated that, AgNPs less toxic with IC50 

value of 52.08µg/mL than A. nilotica extract (IC50=56.82µg/mL). 

This activity of AgNPs may be due to the formation of nano-sized 

Ag+ ions and presence of secondary metabolites on its surface [50]. 

In previous reports also, the green synthesis of AgNPs using plants 

as reducing agent was less cytotoxic on mammalian cell [51,52]. 
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Table 1. Comparative antioxidant activity of plant extract and its silver nanoparticles by different assays 

      Sample TPC 

(mg of GAE/mL of 

extract) 

DPPH Assay 

(% of inhibition) 

Reducing power (%) β-Carotene 

 assay 

A. nilotica extract 22.13 33.52 30.1 47.64 

AgNPs 57.35 57.52 98.5 81.11 

Standard __ 95.47 100 67.77 

 

4. CONCLUSIONS 

 Silver nanoparticles synthesis from Acacia nilotica is a 

rapid, green and cost-effective technique. AgNPs exhibited 

excellent antioxidant potential and contain higher total phenol 

content as compared to plant extract. Thus, AgNPs could serve as a 

viable source for natural antioxidants in the food and 

pharmaceutical industry. 
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