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Introduction: Nowadays, in nanotechnology and material science, biosynthesis of the metal nanoparticle is a promising approach.
Methods: In the current research, the extract of the Korean Ueong dry root (BdkR), which belongs to the Asteraceae family, was used 
as a reducing and capping agent, for the green synthesis of the BdkR-Ag nanoparticles in a cost-effective and highly efficient manner. 
In this study for the reaction measures, UV-Vis spectroscopy was applied. SEM, EDX, FTIR, XRD, mean size distribution, and zeta 
potential were used for the characterization of the green synthesized BdkR-AgNPs. In the beginning, the primary phytochemical 
screening of BdkR extract was estimated and the cytotoxicity, antidiabetic, antioxidant, and antibacterial activities of the green 
synthesized BdkR-AgNPs were evaluated.
Results: According to the results, the BdkR extract is rich in various phytochemicals and the generated AgNPs were crystalline in nature. 
The surface plasmon resonance value of the BdkR-AgNPs was 444 nm confirming the synthesis of AgNPs. The BdkR-AgNPs displayed 
four clear diffraction peaks at 2 theta angles (38.22); (46.15); (64.88); (76.83), respectively, which are equivalent to (111), (200), (220) 
and (311). The obtained nanoparticles have a zeta potential of −17.0 mV. Furthermore, the generated BdkR-AgNPs exhibited consider-
able antidiabetic effect in terms of the inhibition of α-glucosidase with a maximum inhibition value of 95.41% at 5.0 µg/mL and more 
than 86% inhibition at 2.5 µg/mL and the estimated IC50 value was found to be 0.653 µg/mL. Further, it also displayed a significant 
cytotoxicity activity against the HepG2 cancer cell lines at 10 µg/mL and 100 µg/mL concentrations with 86% and 88% of inhibition, 
respectively. Besides this, the synthesized AgNPs also displayed promising antioxidant activities in terms of the DPPH (IC50 value - 
56.26 µg/mL), ABTS (IC50 value - 171.43 µg/mL) and reducing power (IC0.5 value - 227.42 µg/mL).
Discussion: The multipotential effects of the synthesized BdkR-AgNPs might be attributed to the presence of the bioactive 
compounds in the BdkR extract that acted as the capping and reducing agent in the synthesis process. The green synthesized BdkR- 
AgNPs exhibited promising bioactive potential for their future applications in the food and biomedical field.
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Introduction
In the current developed disease diagnosis and treatment techniques, nano-biotechnology has become an integral part and 
has grown rapidly. Biogenic AgNPs are biocompatible, cost-effective, and eco-friendly, which have engrossed attention 
for their potential bioengineering and biomedical applications.1–4 Nanoparticles are effectively used in the area of gene 
delivery, biomedical sciences, drug delivery, catalysis, and in chemical industries, etc.5–7 Owing to strong anti- 
inflammatory and antibacterial potential, among other metal nanoparticles, silver nanoparticles are getting high attention. 
In various pharmaceutical, and biological applications, AgNPs are utilized, for example, AgNPs containing ointment or 
cream are useful for wounds and burn to prevent infection of bacterial, etc.6,8 For the human healthy peripheral 
lymphocytes, AgNPs are non-toxic.9 For early detection of cancer, biogenic AgNPs are used as vehicles for targeted 
delivery of anticancer probes or drugs.10,11

Plant-mediated silver nanoparticle synthesis has various benefits, it is of very low cost, and can be achieved under 
ambient temperature and the process is comparatively fast in comparison with bacteria.3 Plants comprise a broad range of 
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metabolites that can improve in reducing silver ions, stabilizing, and capping during the synthesis of AgNPs.3,6 In 
medicinal plants, the complex biomolecules assist in the metal ion reduction and also in the nanoparticle stabilization into 
preferred shape and size.6,12 There are several research reports on the root mediated green synthesis of silver nanopar-
ticles like AgNPs synthesis using Berberis asiatica root extract,13 using Ricinus communis root extract,14 Astragalus 
tribuloides Delile. root extract,15 etc. For large production of nanoparticles, plant-mediated synthesis is a suitable, rapid, 
and flexible process. For the synthesis of nanoparticles currently plant parts such as leaf, bark, stem, root, latex, seed and 
fruit extracts, etc. were successfully used.16,17 Silver NPs, among other nanoparticles, have been used enormously due to 
their potent antifungal, antitumor, and antibacterial activity. Silver NPs have been extensively used in the packaging of 
food, preservation, cosmetics, and medicine.2,16,18–20

The species of Arctium are well known for their various therapeutic properties due to its existence of numerous 
bioactive metabolites.21 Arctium lappa belongs to the family Compositae.22 It is a perennial herb that can be found 
globally. It is being promoted as healthy and nutritive food and therapeutically used in Asia, Europe, and North America 
for hundreds of years. It has been cultivated as a vegetable in Asia for a long time. Its therapeutic usages were 
acknowledged more than 3000 years ago in Western countries. In Europe and Asia, the BdkR plant grows in long and 
spindle-shaped way like a carrot reaching in thickness to the thickness of a finger and containing a large amount of 
potassium carbonate and potassium nitrate.23 Traditionally A. lappa is used to treat various skin problems, rashes, boils, 
acne, furuncles, psoriasis, eczema, seborrheic skin, minor urinary tract disorders, sore throat, etc.21,24,25 Arctium species 
contains volatile and non-volatile compounds such as aldehydes, carboxylic acids, fatty acids, hydrocarbons and lignins, 
acetylenic compounds, flavonoids, phytosterols, polysaccharides, etc. Even though A. lappa fruit, seeds, and leaves are 
used, but the dried root of A. lappa is the main part used for various therapeutic purposes.22,26 It is known to have the 
function of draining toxins from the blood.24,27 Arctium sp. possesses multiple biological potentials like antioxidant, 
antimicrobial, anti-diabetic, anticancer, antiviral, antibacterial, anti-inflammatory, anti-allergic and gastro-protective and 
hepato-protective, etc.24,28 There is a report of remedial uses of burdock in treating diseases such as diabetes, AIDS, and 
cancer.24,29 There is a report that the total lignan from the burdock is a safe antidiabetic agent and helps in preventing 
diabetic complications.24,29

Earlier research has confirmed that the BdkR contains an abundant number of bioactive compounds such as 
flavonoids, oligosaccharides, polyphenols, polyunsaturated fatty acids, and caffeic acid derivatives.28 Currently, an 
increasing number of research have focused on polysaccharides extracted from burdock, particularly fructans, which 
were used as a source of insulin. Pectin (non-insulin polysaccharides) was extracted from the BdkR, and it was found to 
show significant anti-constipation activity.28 Silver NPs synthesis using burdock root and investigation of its biological 
activity is very rare. It is a green method of nano synthesis. There is only a single report on the synthesis of nanoparticles 
using the extracts of burdock root; however, they have followed different synthesis approaches and have studied only the 
antimicrobial and catalytic studies.30 Therefore, the use of burdock root (BdkR) in the bio-fabrication of Ag-NPs may 
well assist as the greatest approach for good utilization of natural herbal resources in a cost-effective and eco-friendly 
way. Thus, from the above perspective, the present research reports the root (BdkR) extract mediated fabrication of 
AgNPs, their characterization, and assessment of their various biological properties, like antioxidant, antidiabetic, and 
cytotoxicity action.

Materials and Methods
Preparation of Plant Extract
The Korean Ueong or burdock dry roots (BdkR) (Figure 1A) were obtained from the local vegetable market of Goyang- 
si, the Republic of Korea during August 2021. The sample was authenticated and a voucher specimen (RIILSEH 
No. 202108–03) has been deposited in the e-herbarium (RIILSEH), Dongguk University, Republic of Korea. The dried 
roots were washed with double distilled water, and with the help of tissue paper properly dried and pounded. The 
pounded roots (50 g) were immersed in 250 mL of double-distilled H2O in a 1 Lt of glass flask and boiled with 
continuous stirring (around for 30 min). Then, the mixed solution (boiled) was cooled and sieved with the help of 
Whatman No.1 filter paper and then put in storage at 4°C until further use.
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Primary Phytochemical Screening of the Burdock Root (BdkR) Extract
The phytochemical screening of burdock or A. lappa root extract was done and the presence of dynamic bioactive 
compounds or phytochemicals such as phenolics, saponins, anthraquinones, a cardiac steroidal glycoside, carbohydrates, 
and flavonoids were identified using the standard procedures.31–33

Green Synthesis and Characterization of the BdkR-AgNPs
The biosynthesis of BdkR-AgNPs was accomplished with the help of bioactive phytochemicals rich A. lappa root extract 
by using the standard protocol.5 Briefly, 80 mL of the 1mM AgNo3 solution was taken in a 250 mL conical flask, and to 
it, 20 mL of the BdkR extract was mixed slowly drop by drop with continuous stirring at room temperature. The 
complete synthesis of the AgNPs was recorded by monitoring the change in color of the reaction mixture followed by 
scanning by UV-VIS spectrophotometer. The reaction mixture was monitored for about 24 h, and then the collection of 
the synthesized BdkR-AgNPs was carried out by centrifugation at 12,000 rpm for 30 minutes followed by washing 3–4 
times with water.

Further, the BdkR-AgNPs characterization was carried out by following six different standard analytical techniques. 
These analytical methods such as UV-VIS spectral study, energy-dispersive X-ray spectroscopy analysis, Fourier trans-
form infrared spectroscopy analysis, scanning electron microscopy study, X-ray powder diffraction study, Dynamic light 
scattering, and zeta potential were used to characterize the BdkR-AgNPs according to standard techniques.5,34,35 The 
preliminary synthesis of the BdkR-AgNPs was confirmed by scanning between 300 and 700 nm using the UV-VIS 
spectrophotometer (Multiskan Go; Thermo Scientific, Waltham, MA, USA). The morphology of the synthesized BdkR- 
AgNPs was characterized by the SEM machine (Hitachi S-3000N, Tokyo, Japan) and the elemental composition was 
determined by an EDX machine attached to the SEM. The FT-IR spectra of both BdkR-AgNPs and the BdkR extract 
were evaluated at wavelengths ranging between 400 and 4000 cm−1 by using the FT-IR spectrophotometer 
(ThermoFisher Scientific, USA). The nature of the BdkR-AgNPs was characterized by using the XRD machine at a set- 
up of Cu Kα radians at 40 mA and 30 kV at an angle of 2θ (Panalytical, The Netherlands). The size distribution 
(Dynamic Light Scattering) and Zeta potential of the BdkR-AgNPs were characterized by Malvern Zetasizer Nano-ZS 
machine, Malvern, UK, machine.

Cytotoxicity Effect of BdkR-AgNPs
The BdkR-AgNPs cytotoxicity effect against the HepG2 cancer cells was valued through a kit (EZ Cytox), Do-Gen-Bio 
Co., Limited, Seoul, The Republic of Korea by using the company’s manufacture method. The HepG2 cancerous cells 
were procured from the Korean Cell Line Bank, Seoul, and the Republic of Korea. The test samples (BdkR-AgNPs) were 
diluted (at 1000 µg/mL concentration) through a filter of 0.22µm (syringe filter, Millipore, Billerica, USA). The live cell 

Figure 1 Korean Ueong dry root (BdkR) (A); color change in the synthesis of BdkR-AgNPs (0–24 h) (B); UV-Vis absorbance of BdkR-AgNPs (C).
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% (Cell viability) and also the cell configuration exposed to the generated BdkR-AgNPs was calculated by the trypan 
blue exclusion investigation method.36 The OD of BdkR-Ag nanoparticle (in DMEM solution) was checked in between 
(the range of 300–700 nm) wavelength before the HepG2 cancer cell line treatment. The supernatant was replaced by 
a new medium or solution of (110 µL) comprise EZ-Cytox (10 µL solution) after 24 h of exposition and kept (incubated 
around twenty minutes) till the melon-red shade transformed to yellowish-orange color. After incubation, the BdkR- 
AgNPs testers (samples) were relocated in a separate plate (96 wells). Next, the resultant absorbance value remained 
recorded at 450 nm wavelength, using a spectrophotometer (Spectra Max 384 Plus; Sunnyvale, CA, USA). Further, the 
cell sustainability (the viability of cell) of cancer (HepG2) cell lines treated with the synthesized BdkR-Ag nanoparticles 
was evaluated by the trypan blue exclusion test.

Further, after exposing the cells for 24 h, the supernatant was removed and the cell lines were washed immediately 
with 100 µL (DPBS). Next, freshly prepared whole DMEM and trypan blue mix solution in a ratio of 1:1 (20 µL) was 
added to every well. At that point, the viability of the cell was detected through a microscope (Inverted microscope, 
DM16000B, Leica, Wetzlar, Germany).36

Evaluation of the Antidiabetic Effect of BdkR-AgNPs
The α-glucosidase inhibition (antidiabetic potential) effect of BdkR-Ag nanoparticles was evaluated by following the 
standard method of Butala et al.37 The generated BdkR-AgNPs were liquefied (using methanol in a sonicated water bath). 
The test sample BdkR-AgNPs (10 µg/mL) was transferred to a plate of 96 well then with sodium phosphate buffer 
diluted serially (0.02 M, PH 6.9). Next, α-glucosidase (0.5 U/mL) was added to a final volume of 50 µL to each. It is next 
incubated for 10 min at room temperature. Then, 50 µL of the substrate was taken (3.0 mM P-nitrophenyl- 
glucopyranoside). The reaction solution was kept for 20 min at 37°C for incubation. To the reaction mix (solution) an 
aliquot of (50 µL of Na2CO3, 0.1 M) was added, and at 405 nm wavelength, the absorbance value was documented. The 
percentage of inhibition was estimated using the below formula.

Inhibition % ¼
Cr � Tr

Cr
� 100 

Here, Cr is the value (control absorbance value) of, Tr is the value (tested sample absorbance value).

Evaluation of the Antioxidant Effect of BdkR-AgNPs
The antioxidant effect of the synthesized BdkR-Ag nanoparticle was calculated by DPPH, ABTS, and reducing power 
scavenging (free radical) assays using the standard technique.34 In brief, the BdkR-AgNPs scavenging effect in DPPH 
assay and BHT was used as standard control (using methanol) as control blank. The absorbance of the solution (reaction 
mix) was taken as standard control by taking methanol as the control blank. By a UV-visible spectrum (Multiskan Go 
Spectrophotometer; Thermo Scientific, Waltham, MA, USA) study, the absorbance value of the solution (reaction mix) 
was estimated and the result was calculated as per equation (1).

DPPH free radical scavenging effect percentage ¼
Cr� Tr

Cr
�100 (1) 

Where Cr is (control absorbance value) and Tr is (tested sample absorbance value).
ABTS free radical scavenging potential of BdkR-AgNPs was evaluated by the standard procedure using BHT as the 

reference standard.34 The scavenging potential was calculated as per equation (1). The BdkR-AgNPs, reducing power 
assay was estimated by using the earlier protocol (standard) of.34 The reducing power potential was estimated at 700 nm 
by the absorbance result of the solution (reaction mix).

Statistical Study
The statistical study of generated BdkR-AgNPs was carried out using ANOVA (one way) by following Duncan’s multiple 
tests by statistical analysis SPSS (software version 25.0 and IBM Crop, Armonk, NY, USA), at 5% significance level 
(P < 0.05). The obtained result is exhibited as the mean of the three values by standard deviation.
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Results and Discussion
Green Fabrication and Characterization of BdkR-AgNPs
Metals like Ag have a very strong surface plasmon resonance, which is vital in the synthesis of nanoparticles. Physical methods 
require high-energy consumption in the synthesis process of nanoparticles, and usually, in the chemical method of the synthesis 
process, it leads to the generation of some toxic reactions and resulted in the no use of produced nanoparticles in biological 
applications. Thus, many researchers have selected green-synthesis of NPs using biocompatible sources like plants, bacteria, 
fungi, etc. which can be a greater substitute to other chemical approaches as it is non-toxic, safe, and economical 
biocompatible.38,39 Further, the chemical methods have many disadvantages over the green synthesis method as the chemical 
synthesis methods use toxic chemicals, it releases hazardous by-products, generates aggregated large-sized particles, time 
consumption is higher and less stable, etc. as it uses chemicals this is toxic to the human body.38 The green-nanoparticle 
synthesis process is extremely reliable as it is free from toxic substances. However, there are still few reports on the toxic effect of 
green synthesized silver NPs.40 So still, it is essential to do a safety survey in detail that for humans, green synthesized NPs are 
free of side effects. In this context, the current investigation is safe as BdkR root extract, which is usually used as food in most 
parts of the world, is used for the synthesis of AgNPs. For nanoparticle synthesis, the usage of plants offers an extensive range of 
profits over the other biosynthesis methods since it does not require any maintenance and supports large-scale nanoparticle 
synthesis. Biosynthesis of AgNPs using plant extracts having phytochemical agents has fascinated considerable interest. The Ag 
nanoparticles have many applications in eye disease therapy, wound healing, pharmaceuticals, and other applications.41

The current study carried out the green synthesis of BdkR-AgNPs by the dry root of Arctium lappa (Burdock) extracts. In 
this research, the phytochemical screening of the BdkR extract was carried out to know the presence of various types of 
bioactive phytochemicals such as flavonoids, terpenoids, tannins, saponins, carbohydrates, phenolics, etc. The BdkR-AgNPs 
were bio-generated using the BdkR extract, which was enriched with several phytochemicals like saponins, terpenoids, 
flavonoids, proteins and amino acids, cardiac steroidal glycoside steroids, and carbohydrates (Table 1). These phytochemicals 
played a significant role in the reduction, capping, and stabilization of the BdkR-AgNPs during the synthesis process. 
A previous study on the green synthesis of silver nanoparticles has proved that the phytochemicals such as phenolic acids 
and flavonoids present in the plant extract act as the reducing agents and the phytochemicals such as the xanthones and 
phloroglucinols act as the capping agents, and another compound, naphthodianthrones are involved in both the steps.42 This 
also proves our claim of the role of the phytochemicals in the synthesis of the BdkR-AgNPs.42,43 Through visual assessment of 
the reaction mix (reaction solution) in terms of the shift of the pigment to brown color, the BdkR-Ag nanoparticle synthesis 
was confirmed (Figure 1B).20,44

Next to visual confirmation of the solution (test reaction) the variation in the pigment of the solution (reaction), the BdkR- 
AgNPs reaction solution was exposed to a spectrophotometer for analysis. The UV-VIS spectrophotometric investigation 
outcome of BdkR-AgNPs solution (test reaction) was documented at constant time intermissions (up to 24 h) (Figure 1C). 

Table 1 Preliminary Phytochemical Screening of A. lappa Root Aqueous Extract

Name of Phytochemicals The Reaction of A. lappa Root Extract

Flavonoids +

Terpenoids +

Saponins +

Steroids ++

Proteins & Amino acids +++

Carbohydrates +++

Anthraquinones –

Cardiac steroidal glycoside +

Notes: + = Present; and - = Absent.
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Generally owing to the free electrons, Ag nanoparticles display a surface plasmon resonance (SPR) value in between 440 and 
558 nm.45 By the UV-VIS spectrum study, the BdkR-AgNPs reaction kinetics was tracked (from 280 to 650 nm). Upon 
excitation, the oscillatory motion of the electrons in silver has headed to collisions, unveiling the surface plasma resonance 
(SPR) bands that are the characteristic feature of AgNPs as detected in UV–Vis spectroscopy.19 The SPR value of the BdkR- 
AgNPs shows a peak value at 444 nm wavelength (Figure 1C) which confirms the synthesis of BdkR-AgNPs and it is also 
similar to the previously reported AgNPs synthesis results.20,46 The change in the color of the BdkR-AgNPs solution can be 
linked with the excitation process of the surface plasmon vibration within the biologically synthesized BdkR-AgNPs as 
evident from the previously published literature.4,47 This optical property of the synthesized BdkR-AgNPs is usually sensitive 
to concentration, shape, size, and the agglomeration state of the synthesized nanoparticles.48 Further, the above values signify 
that the phytochemicals present in the BdkR extracts act as reducing and capping elements.49–52

The BdkR-AgNPs morphology and basic configuration were studied through SEM and EDX analysis. The generated 
BdkR-AgNPs, SEM analysis result was based on nanometer-scale imaging (Figure 2A) and it was confirmed that the 

Figure 2 SEM image of BdkR-AgNPs (A), EDX spectra of BdkR-AgNPs (inset, elemental percentage) (B).
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generated BdkR-AgNPs were analogous to what has been specified earlier.53,54 Besides, the average particle size as 
calculated using the ImageJ software from the SEM image was found to be 72.656 nm. The elemental structure of the 
generated BdkR-AgNPs was obtained by the EDX analysis, which displayed the presence of the Ag (78.40%), 
C (7.47%), and O (14.13%) (Figure 2B). The EDX result presented a graph that displayed the main peak value detecting 
the presence of the silver (Ag, 78.40%) component (Figure 2B, inset). Further, in Figure 2B, the EDX analysis data 
showed a strong signal around the 3 keV for elemental silver and the residue of other elements that are attached to the 
surface of the BdkR-AgNPs. Besides, two other peaks are showing the presence of carbon and oxygen which might be 
due to the presence of bioactive compounds from the BdKR extract which was used as the capping and reducing agent in 
the synthesis of BdkR-AgNPs.4 These results are similar to other previously published literature.19,55,56

The BdkR-AgNPs, XRD evaluation revealed the generated AgNPs physical sketch and also showed the BdkR-AgNPs 
crystalline nature and nanostructure from the noticeable peaks (Figure 3) which is equal to the face-centered cubic phase 
of Ag0 standard JCPDS card no. 04–0783 (fccp.).57 The BdkR-AgNPs displayed four clear diffraction peaks at 2 theta 
angles (38.22); (46.15); (64.88); (76.83), respectively, which are equivalent to (111), (200), (220) and (311) was 
documented (Figure 3). The above-witnessed peaks are probably owing to the existence of bioactive phyto- 
compounds in the BdkR extract, which is similar to the earlier research report.20,38

The identification of the functional groups present in the BdkR extract was done by FTIR analysis of the BdkR extract 
and BdkR-AgNPs. The shift of the compounds witnessed in BdkR-AgNPs proposes their dynamic involvement in the 
green synthesis of Ag nanoparticles.20 The BdkR extract and BdkR-AgNPs FTIR results exhibited various stretching 
modes with various peak values (Figure 4). The BdkR extract peak values at 3306.32, 2105.37, 1634.03, 1081.63, and 
691.37 cm−1 possibly shifted to 3310.09, 2114.79, 1630.26, 1132.64, and 605.71 cm−1 in case of BdkR-AgNPs 

Figure 3 FTIR data of BdkR-extract (A) and BdkR-AgNPs (B).
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(Figure 4). The BdkR-AgNPs peak at 3310.09 cm−1 indicates the existence of O–H bond, H-bonding stretching belong to 
alcohols and phenols functional groups.58 The peak at 2114.79 cm−1 designates the appearance of the –C≡C– bond, 
which comes under the alkynes groups. The resultant peak at 1630.26 cm−1 specifies the presence of N-H bonds, which 
come under amine (primary) functional groups. The resultant value at 1132.64 cm−1 the peak specifies the presence of C– 
O/C–N stretch, which comes under the esters, alcohols, carboxylic acids, and ethers or the aliphatic amines functional 
group. The absorption at 605.71 cm−1 indicates the presence of C–Br stretch which comes under the alkyl halides 
functional group.58 It was also found that when the peaks of both the BdkR extract and BdkR-AgNPs were compared 
there was a significant modification in the peak at 691.37 cm−1 that was found in the BdkR extract but was shifted 
towards 605.71 cm−1 in the case of the BdkR-AgNPs, and as a result, the presence of –C≡C–H: C–H bend which 
corresponds to the alkynes has disappeared from the BdkR-AgNPs (Table 2). The slight deviation in the absorption peak 
value of the BdkR extract and BdkR-Ag nanoparticles could be credited to capping and stabilizing processes throughout 
the green synthesis of BdkR-AgNPs.57 The analogous result has been reported in the earlier research.20,59–61

It has been reported that the morphology and polydispersity of the AgNPs can be stabilized by the optimal reaction conditions 
and the reducing agents such as the primary metabolites—proteins, organic acids, polysaccharides—and secondary metabolites 
—flavonoids and alkaloids.19,62 Besides, the functional groups present in the biomolecules of the synthesized BdkR-AgNPs 

Figure 4 XRD results of BdkR-AgNPs.

Table 2 FTIR Peaks of BdkR Extract and BdkR-AgNPs and the Corresponding Vibrational and Functional Groups

Extracts Peaks Vibrational Groups Functional Groups

BdkR extract 3306.32, O-H bond, H-bonding Alcohols and phenols

2105.37, -C≡C- bond Alkynes

1634.03, N-H bonds 1° amine

1081.63, and C-O/C-N stretch Esters, alcohols, carboxylic acids, and ethers or the aliphatic amines

691.37 cm−1 C-Br/–C≡C–H: C–H bend Alkyl halides or alkynes

BdkR-AgNPs 3310.09 O-H bond, H-bonding Alcohols and phenols

2114.79, –C≡C– bond Alkynes

1630.26, N-H bonds 1° amine

1132.64, C-O/C-N stretch Esters, alcohols, carboxylic acids, and ethers or the aliphatic amines

605.71 cm−1 C-Br stretch Alkyl halides
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could attribute to the stabilization of the colloidal suspension by acting as the capping/stabilizing and reducing agents as detected 
as the multiple peaks on the spectrum of FTIR analysis. The particle size, dynamic light scattering measurement, and the zeta 
potential of the BdkR-AgNPs were used to find the average size of BdkR-AgNPs (Figure). The Z-average was found to be 
170.3nm with a 0.336 PDI value (Figure 5A). It has been proved that the Zeta potential with either the high negative value or the 
high positive value showed a propensity to repel each other, thus lessening the agglomeration of the NPs.4,63 In the current case, 
the polydispersed nature of the BdkR-AgNPs is due to the high negative zeta potential that prevents the formation of 
agglomerates resulting in maintaining the stability of the material. The obtained nanoparticles have a zeta potential equal 
to – 17.0 mV (Figure 5B, inset).

Investigation of BdkR-AgNPs Antidiabetic, Cytotoxicity, and Antioxidant Potential
Analysis of the Antidiabetic Effect of BdkR-AgNPs
The generated BdkR-AgNPs was found to be having a remarkable antidiabetic effect by showing maximum inhibition 
(95.41%) at 5.0 µg/mL and more than 86% inhibition against α-glucosidase at 2.5 µg/mL tested concentration and the 
estimated IC50 value was very low (0.653 µg/mL) as displayed in Table 3 and Figure 6A. The green synthesized BdkR- 
Ag nanoparticles exhibited a better effect than the previously stated research on green synthesized Ag nanoparticles.64 

The BdkR-AgNPs also displayed a similar effect of Ag nanoparticles for inhibition of α-glucosidase has been detailed 
previously by Govindappa et al.65 The substantial antidiabetic effect of the BdkR-AgNPs is witnessed from its much 
lower IC50 value (Table 3).

Figure 5 DLS and Zeta potential analysis of BdkR-AgNPs. Size distribution (A) and zeta potential analysis (inset zeta potential) (B).
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Analysis of Cytotoxicity Effect of BdkR-AgNPs
Worldwide, currently cancer claims the lives of millions of people annually. Consequently, in the past few years, the development 
of therapeutics from natural products has considerably increased.66 The cytotoxicity ability of Ag is due to the bioactive 
physicochemical interaction of silver particles with functional groups of intracellular proteins, as well as the phosphate groups 
and nitrogen bases in DNA.67 In the current study, the green synthesized BdkR Ag nanoparticles exhibited significant cytotoxicity 
activity against cancer cell lines (HepG2). The unique structure of nanoparticles offers them an exclusive potential to target the 
unusual cancerous cell growth activated as a result of neoplastic alteration. In the detection and management of cancer-associated 
syndromes, nano-drugs have been identified to be greatly effective.44,68 The BdkR-AgNPs cytotoxicity effect has a size and dose- 

Table 3 Antioxidant and Antidiabetic Studies of BdkR-AgNPs (IC50 Values)

Parameters IC50 Value (µg/mL)  
BdkR-AgNPs

BHT (µg/mL)

DPPH 56.27 µg/mL 66.51 µg/mL

ABTS 171.43 µg/mL 40.24 µg/mL

Reducing *227.42 µg/mL *108.54 µg/mL

Antidiabetic (α-glucosidase) 0.653 µg/mL NA

Note: *IC0.5 value.

Figure 6 Antidiabetic potential (α-glucosidase) of BdkR-AgNPs (A); cytotoxicity (cell viability %) result of BdkR-AgNPs (B).
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dependent consequence. The green synthesized Ag nanoparticles cytotoxicity effect might be dependent on various factors such as 
Ag nanoparticle distribution of size, shape, and exterior chemistry. The alteration in these components might lead to a change in 
cytotoxicity response.69,70 The AgNPs inactivate the activity of ATPase, prepare the cell signaling, and in conclusion lead to 
apoptosis.71 As well, in the physical or chemical methods of nanoparticle synthesis commonly poisonous substances are used 
which are naturally deadly and raise several side effects. Therefore, these nanoparticles are not suggested for use in biomedical 
applications. Therefore, green synthesized NPs are preferred for biomedical applications of nanoparticles that are non-toxic and 
eco-friendly.72 In the current research, the resultant diagram of the viability of the cell revealed that the amount of HepG2 (live) cell 
was greater as the concentration of the BdkR-AgNPs decreased (Figure 5). The treated HepG2 cancer cells with different 
concentrations BdkR-AgNPs were noticed using an inverted light microscope. The highest concentration of the BdkR-AgNPs 
was substantially toxic to HepG2 cancer cell lines. The live-cell line ratio was higher when the treatment concentration of the 
BdkR-AgNPs was reduced (Figure 6B). The green synthesized BdkR-Ag nanoparticles exhibited significant cytotoxicity effect 
against cancer (HepG2) cell line (Figure 6B). The BdkR-AgNPs were highly active at 10 µg/mL and 100 µg/mL concentrations 
with 86% and 88% of inhibition, respectively (Figure 5). Earlier, it was detailed that just after arriving the cell by the course of 
phagocytosis, endocytosis, or diffusion, the Ag nanoparticle by itself or by the ionized Ag+ produces the reactive oxygen species 
which creates the oxidative stress.73 In this study, the cytotoxicity effect of the synthesized BdkR-AgNPs is analogous or higher 
than the previous research reports.44,70,74 The electrostatic attraction in between nanoparticles and cells also plays an important 
role in cytotoxicity effect of Ag nanoparticles.67

Analysis of the Antioxidant Effect of BdkR-AgNPs
The antioxidant analyses like DPPH, ABTS, and reducing power study through three tested concentrations (25, 50, and 100 
µg/mL) of BdkR-AgNPs results presented in Figure 7. All three tested assay results are concentration-dependent. The 
antioxidant effect was better with the increase in the concentration of the BdkR-AgNPs. The antioxidant effect was higher 

Figure 7 Antioxidant potential of BdkR-AgNPs. (A) ABTS assay; (B) DPPH assay; (C) reducing power assay.
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in the DPPH assay than ABTS and reducing power assays of BdkR-AgNPs (Figure 7). As a whole, the generated BdkR- 
AgNPs exhibited a modest antioxidant effect (Figure 7). The DPPH scavenging activity of BdkR-AgNPs displayed a higher 
effect than the ABTS scavenging effect, which is parallel to the earlier stated research report.75 The antioxidant assays IC50 

values are presented in Table 3. From the three free radical scavenging effect assay it was concluded that the BdkR-AgNPs 
have a moderate antioxidant effect, which is similar or lower with the previous reports.64,75 The result might be due to the 
phytochemicals present in BdkR extract, which played an important role in the process of capping and stabilizing Ag 
nanoparticles.76 The phytochemicals that exist in the BdkR root extract act as a major role in antioxidant potential. The 
antioxidant parameters like DPPH assay showed the IC50 value of 56.26 µg/mL for BdkR-AgNPs and 66.51 µg/mL for the 
standard BHT, for ABTS assay, the IC50 value of BdkR-AgNPs is 171.43 µg/mL and it was 40.24 µg/mL in case of the 
standard BHT. In the case of the reducing power assay, the IC0.5 value of BdkR-AgNPs was found to be 227.42 µg/mL and 
108.54 µg/mL for the standard BHT (Table 3). It is reported that the overproduction of highly reactive, usually unstable, and 
capable of initiating the chain reactions of free radicals due to an inequality in the oxidation-reduction equilibrium has led to 
stress and cell death-related diseases.4,19 It is of utmost importance to suppress or neutralize these free radicals, and in this 
case, the current BdkR-AgNPs with promising antioxidant potential could be very much helpful.

Conclusion
In the green or biosynthesis process of BdkR-AgNPs, the bioactive component of BdkR extract plays a substantial role as 
a capping and reducing agent. The green synthesized BdkR-AgNPs seem to be an appropriate candidate for the 
management of diabetes, cancer and can be well utilized in related biomedical applications. It is concluded that the 
phytofabrication method adopted in the current investigation is a one-step rapid and simple procedure, and is amenable in 
the scaling up for the large-scale production of AgNPs in a cost-effective way. This non-toxic biosynthesis of BdkR- 
AgNPs exhibited promising bioactive potential with many future applications.
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