
Research article

Metallic nanoentities: Bio-engineered silver, gold, and silver/gold 
bimetallic nanoparticles for biomedical applications

Sumbul Mujahid a, Nida Ambreen a,*, Muhammad Yaseen a, Muhammad Ihtesham b, 
Khalid Mohammed Khan c, Muhammad Nasimullah Qureshi d

a Department of Chemistry, Abdul Wali Khan University Mardan, Mardan, 23200, Pakistan
b Department of Biotechnology, Abdul Wali Khan University Mardan, Mardan, 23200, Pakistan
c H. E. J. Research Institute of Chemistry, International Center for Chemical and Biological Sciences, University of Karachi, Karachi, 75270, Pakistan
d Department of Chemistry, University of Swabi, Swabi, 23561, Pakistan

A R T I C L E  I N F O

Keywords:
Tamarix aphylla
Silver nanoparticles
Gold nanoparticles
Nanomedicine
α-amylase
Antioxidant
α-glucosidase
HRBCs hemolysis

A B S T R A C T

This present study reports the biogenic synthesis of silver nanoparticles (AgNPs), gold nano-
particles (AuNPs) and Ag/Au bimetallic nanoparticles (BNPs) using bark extract of plant Tamarix 
aphylla (T.A). The bark extract contained total polyphenolic compounds and total flavonoids as 
0.0362 mg/mg and 0.2928 mg/mg of the dried bark extract respectively. Silver nitrate (AgNO3) 
and hydrogen tetra chloroaurate trihydrate (HAuCl4.3H2O) were used as precursors while 
deionised water and methanol (CH3OH) were used as solvents. Synthesized nanoparticles were 
characterized through UV–visible spectroscopy, SEM (scanning electron microscopy), TEM 
(transmission electron microscopy) and FTIR (Fourier transform infrared) for their morphology, 
structure, and identification of different functional groups. The UV–visible spectra of AgNPs, 
AuNPs and Ag/Au BNPs showed peaks at 436, 532 and 527 nm respectively due to the excitation 
of Surface Plasmon Resonance. SEM and TEM images showed spherical and well distributed 
nanoparticles (NPs) with particle size as 29 nm (AgNPs), 13 nm (AuNPs) and 26 nm (Ag/Au 
BNPs). The synthesized NPs are significantly active against inhibition of free radicals, α-amylase, 
α-glucosidase and have anti inflammatory potential with AgNPs having the highest percent ac-
tivity at 400 μg/ml, followed by Ag/Au BNPs. The same trend (AgNPs > Ag/AuBNPs > AuNPs) 
has been observed at all concentrations i.e. 100 μg/ml, 200 μg/ml and 400 μg/ml. AuNPs have 
shown lowest activity at all concentrations. So the current study strongly confirms use of T.A bark 
extract as reducing agent for synthesis of metal NPs and opens up a new possibility of using these 
green synthesized NPs as biomedicines. We also suggest further in vivo investigation to report any 
side effects if present.

1. Introduction

Nanoparticles (NPs), ranging in size from 1 to 100 nm in one of their dimensions, have been into use for a variety of pharmaco-
logical applications due to their abundant versatile properties accredited to their nano scale size [1]. NPs of different metals have 
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exhibited significant therapeutic advantages in the field of medicine [2], agriculture [3,4] etc. Silver nanoparticles (AgNPs) and gold 
nanoparticles (AuNPs) have gained tremendous attention by the researchers because of their unique properties such as size and high 
surface area [5]. Multipurpose applications of AgNPs have previously been reported such as the antitumor effect, antibiotics, anti-
microbial effect, pollution treatment, molecular switches, electronics, materials science, forensic science, textile industry, food 
technology, agriculture, catalytic, drug delivery, anti-cancer, sensing diseases diagnosis, therapeutic applications, anti-microbial ef-
fect, anti mosquitoes, antibacterial etc [6–9]. Similarly, AuNPs have been considered efficient because they are less toxic, goes well 
with the hormony of the human body and has a high surface area that can be effortlessly adapted [10]. There are a number of chemical 
and physical methods to synthesize NPs but we have chosen the green method. Green or biogenic synthesis of NPs means that for the 
reduction of metals to bring them into nano scale; plants, fungi, algae, microorganisms etc are used and not hazardous chemicals 
because they are expensive, time consuming and generates harmful residues to the environment. Green synthesis of NPs employing 
extracts of plants is reflected as easy, inexpensive, and biodegradable method [11–13]. The compounds present in the plant extracts, 
mostly polyphenolic compounds, act as reducing and stabilizing agents. Published research work has shown that the capping agents 
which stops the synthesized nanoparticles from aggregation includes amino acids and polysaccharides [14]. Different plant extracts 
have been successfully employed in the preparation of silver and gold NPs [12,15–17] and they have given promising results in a 
number of biological activities such as antimicrobial [18], antioxidant, antibacterial [19], antileishmanial [20] etc. Tamarix aphylla (T. 
A) is the major recognized species of the genus Tamarix, which can grow up to 18 m and is a widespread plant of the Tamaricaceae 
family. It is a rich source of phenolic compounds [21] and other phytochemicals like Benzeneselenol, Gibberellic acid, and Tri-
aziquone. The bark of T.A is reported to have various useful phenolics [22] and ̂a-sitosterol [23]. Leaves of T.A contain propenoic acid 
and beta-D-mannofuranose [24]. Different parts of the plant (T.A) have successfully been used for the synthesis of metal NPs [25–27]. 
Bimetallic Ag/Au nanoparticles (BNPs) have marvelous applications such as in electronics, optical, catalytic, structural and 
biomedical, that have gotten application in cosmetics and beauty care products, anticancer, cell reinforcement, and antimicrobial 
drugs [28]. Nowadays, multimetallic nanoparticles are under study because of their electronic, optical, magnetic, and catalytic 
properties which are different from the individual components. In order to bring about amendments in the properties of AgNPs and 
AuNPs, the synthesis of Ag/Au BNPs came into being. Ag/Au BNPs show better catalytic and antimicrobial activities and 
surface-enhanced raman scattering (SERS) relative to the individual components, more sensing, greater increased resistive heating 
generation, improved tunable NIR absorption, and efficiency in photothermal ablation led to its applicability in in vitro and in vivo 
cancer therapy, among other things [29]. Several techniques are employed to create Ag/Au BNPs, including in situ co-reduction, 
sequential reduction, galvanic replacement reaction, core-shell nanoparticles, seed-mediated growth, electrochemical deposition, 
template-assisted synthesis, chemical linking or cross-linking, emulsion methods, hydrothermal or solvothermal synthesis, hybridi-
zation of pre-synthesized NPs [30]. Ag/Au BNPshave been synthesized by a number of scholars using green method and have 
confirmed their various potentials such as antileishmanial, anticancer, antibacterial, phytotoxicity, antimicrobial, cytotoxicity 
[31–36] (see Table 1).

By studying the literature and looking at the growing interest of plants derived NPs we in this paper have used the bark extract of T. 
A for the successful fabrication of Ag and Au NPs because this plant has several therapeutic advantages and bark part has been used for 
hepatitis and skin diseases [37]. In an in-vivo study the bark part has shown anti-inflammatory, anti-pyretic and anti-nociceptive 
activity [38] so we decided to use the bark part as a reducing and capping agent for metal NPs and then test the pharmacological 
efficacy of the synthesized NPs. To our knowledge this is the first attempt of using bark part to synthesize NPs. The fabricated NPs were 
characterized using techniques such as UV, SEM, TEM, FTIR for their morphology, structural elucidation and functional groups 
attached. Moreover, the prepared NPs were tested for biological activities such as antioxidant, α-amylase inhibition, α-glucosidase 
inhibition, HRBCs heat induced hemolysis. The content of total polyphenolic compounds and total flavonoids in the bark of T.A plant 
was also calculated which are actually responsible for the biogenic reduction of silver and gold in the synthesis of NPs.

2. Materials and methods

2.1. Chemicals and reagents

Chemicals such as silver nitrate (AgNO3), gallic acid (>97 %), Folin-Ciocalteu reagent (2 N), methanol (CH3OH), sodium carbonate 
(Na2CO3), Quercetin (98 %), potassium acetate (KCO2CH3), aluminium chloride (AlCl3), distilled and deionised water, hydrogen tetra 
chloroaurate trihydrate (HAuCl4.3H2O) used in this research work were purchased from Sigma Aldrich (Steinheim Germany) and 
Merck (Darmstadt Germany) and were of analytical grade.

2.2. Collection of T.A Plant bark and preparation of extract

Bark of T.A was obtained from the Mayar region (latitude 34.167226, longitude 72.081465) of District and Tehsil Mardan, Khyber 
Pakhtunkhwa (KP) Pakistan and authenticated by Taxonomist Dr Mohib Shah, Associate Professor, Department of Botany, Abdul Wali 
Khan University Mardan (AWKUM). The bark was washed with distilled water to get rid of dust and debris. It was dried in shade and 
then ground to 2 mm mesh size. The plant extract (T.A bark) was prepared in deionised water under reflux with a plant to solvent ration 
of 1:10 for 2 h and then filtered. The dark brown extract obtained was stored in refrigerator.
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2.3. Determination of total polyphenolic compounds

Total polyphenols in bark of T.A plant were determined through Folin-Ciocalteau (FC) method [39]. A weighed amount of the dried 
extract was taken in 5 mL distilled water and then filtered. Solutions of standard gallic acid were also prepared in distilled water in 
range of 0.02–0.1 mg/mL 1 mL from each of the gallic acid solutions, plant extract solution and distilled water (DW) as blank was taken 
in separate test tubes and 5 mL FC reagent (prepared in DW in a ratio of 1:10) was added to test tubes. These were then allowed to react 
for 8 min and then 4 mL Na2CO3 (7.5 %) was added. Test tubes were stored in dark for 2 h and then solutions were measured at 740 nm 
using UV–Visible spectrophotometer to find the absorbance.

2.4. Determination of total flavonoid compounds

The quantity of all flavonoids were found following chang et al. [40]. Six different solutions of Quercetin as standard were prepared 
in the range of 0.02–0.08 mg/mL 10 mL methanol was taken and 1 gm extract was mixed with it and then filtered. 0.5 mL from each 
standard solution, plant extract solution and blank (methanol) was taken in separate test tubes. Then 0.1 mL potassium acetate (1 M), 
2.8 ml distilled water, 1.5 mL methanol and 0.1 mL aluminium chloride (10 %) were introduced into theses test tubes. These solutions 
were then allowed to react for about 30 min in dark and then the absorbance was measured at 415 nm using UV–Visible 
spectrophotometer.

Fig. 1. Colour change in the synthesis of AgNPs with the passage of time.

Fig. 2. Colour change in synthesis of AuNPs with the passage of time.
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2.5. Green synthesis of AgNPs

The pathway for synthesis of AgNPs was green synthesis method. AgNO3 solution and the plant extract were mixed in 1:10 ratio i.e. 
1 mL of plant extract (T.A bark) was slowly introduced into 10 mL of 1 mM solution of silver nitrate solution in a conical flask. The 
solution was continuously stirred at 3 rpm and heated at 60 ◦C. The colour of the solution was observed which changed from light 
brown to reddish brown colour within 20 min, as shown in Fig. 1, clearly indicating the reduction of the Ag + to Ag

◦

and formation of 
AgNPs in the solution. The solution containing NPs was centrifuged at a speed of 14000 rpm for about 10 min. The particles were 
washed twice with deionised water and then separated and kept in dark for drying and to avoid the photoactivation. After drying the 
AgNPs were obtained and used for further analysis.

2.6. Green synthesis of AuNPs

Gold salt solution (HAuCl4.3H2O) and the plant extract (T.A plant bark) were blended in ration of 1:10 i.e. 1 mL of plant extract was 
added slowly into10 mL of 1 mM solution of gold solution (HAuCl4) in a conical flask. The solution was continuously stirred at 3 rpm 
and heated at 60 ◦C. The colour of the solution as shown in Fig. 2 changed from light brown to purple within 10 min showing reduction 
of the Au+3 to Au

◦

and formation of AuNPs in the solution. It was then centrifuged at 14000 rpm for about 10 min. AuNPs settled in the 
bottom and supernatant was discarded. The collected AuNPs were washed twice and then dried in shade.

2.7. Green synthesis of Ag/Au BNPs

In this method, silver nitrate solution (AgNO3) and gold solution (HAuCl4.3H2O) were mixed with the extract (T.A plant bark) 
through a ratio of 4.5:4.5:1 i.e. 4.5 mL of each of silver nitrate solution (AgNO3) and gold solution (HAuCl4.3H2O) were taken in 200 
mL conical flask and 1 mL plant extract was added dropwise. The reaction was carried out with constant stirring at 3 rpm and at a 
temperature of 60 ◦C. The solution colour changed from light brown to purple, indicating the reduction of Au+3 to Au

◦

and Ag + to Ag
◦

. 
The solution was then centrifuged at 14000 rpm for 10 min. The NPs pallet was washed twice with DW and dried in shade. Dried 
nanoparticles (Ag/Au BNPs) were then used for further analysis. The whole process for the preparation is represented schematically, in 
Scheme 1.

2.8. Characterization of the synthesized NPs

The synthesized NPs were examined and confirmed through UV, SEM, TEM and FTIR techniques. The UV analysis was done in such 
away by taking some quantity of the nanoparticles and dispersed it in ethanol solvent and then carried to UV–Visible Spectropho-
tometer Lambda-25 (PerkinElmer) for examination. External structure of prepared nanoparticles was confirmed via SEM model JSM- 
5910 JEOL. For the internal structure of the nanoparticles, TEM examination was carried out via transmission electron microscope 
(JEM 2100F, 200 kV). Similarly, FTIR analysis was examined through FTIR (Nicolet 1S5 USA, 400-4000 cm− 1).

2.9. Biological activities

The green synthesized NPs were further assessed in a series of biological assays such as antioxidant, antidiabetic (α-amylase in-
hibition and α-glucosidase inhibition) and anti-inflammatory (HRBCs heat induced hemolysis) in order to determine their biological 
potential.

Scheme 1. Green synthesis of Ag/Au BNPs.
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2.9.1. Antioxidant activity
Antioxidant assay was performed just like the method of Dybka-Stępień, K. et al. [41] with a little modification. For the preparation 

of stock solution we took 4 mg of DPPH reagent and dissolved it in 100 mL methanol (80 %). This solution was kept in dark at 4 ◦C. This 
experiment was used to assist the dose-dependent antioxidants activities of all the prepared NPs. For each NP, 100 μg/mL, 200 μg/mL, 
and 400 μg/mL solution was prepared and 50 μL was taken from each which was mixed with 100 μL of a 4 mM DPPH reagent against 
the standard Ascorbic acid in a 96-well plate. These solutions were kept at 25 ◦C for 30 min in a dark environment. After 30 min, 
absorbance of all the solutions was calculated at 517 nm using a UV–Vis ELISA plate reader. 

%DPPH radical scavenging activity=(A0 – A1) / A0 × 100 

Here, A0 represents absorbance of control and A1 indicates absorbance of the sample.

2.9.2. Alpha amylase inhibition activity
Anti-diabetic potential of AgNPs, AuNPs and Ag/Au BNPs was determined through alpha amylase inhibitory assay as described by 

Ref. [42]. The samples (NPs) were screened at concentration i.e. 100 μg/mL, 200 μg/mL and 400 μg/mL. At first a fresh 0.5 % starch 
solution was prepared. From this starch solution, 100 μL was taken and added with 50 μL of alpha amylase (0.5 mg/mL) enzyme in the 
presence of test compounds. Acarbose was used as a reference drug while DMSO served as a blank. These solutions were incubated for 
10 min at 37 ◦C. After 10 min, 100 μL of the DNS reagent (3,5-dinitrosalicylic acid) was added and reaction in solution continued for an 
additional for 5 min. After incubation, 90 ◦C heat was given for 15–20 min and then diluted with distilled water on an ice bath. Atlast 
ELISA plate reader measured the absorbance at 540 nm. The % α-amylase inhibition was determined by the following equation: 

% α − amylase inhibition=(A0 – A1) / A0 × 100 

Here, A0 indicates absorbance of the control and A1 indicates absorbance of the sample.

2.9.3. Alpha-glucosidase inhibition activity
Possible inhibition of α-glucosidase by AgNPs, AuNPs and Ag/Au BNPswere assessed through α-glucosidase inhibition assay ac-

cording to optimized procedure of [42]. The substrate in this assay was p-nitro phenyl glucopyranoside (pNPG). We employed various 
solutions (100 μg/mL, 200 μg/mL, 400 μg/mL) of our NPs, mixing each one with 10 μL of alpha glucosidase (0.075 μg/mL) which were 
incubated at a temperature of 37 ◦C for 20 min. After 20 min, 125 μL phosphate buffer (0.2M, pH 6.8) was introduced to further 
incubate the mixture for an additional 20 min. After 20 min, 20 μL pNPG (3 mM) was introduced and we incubated the mixture again 
for 30 min at 37 ◦C. The reaction stopped when 50 μL sodium carbonate (0.1 N) was added and in the last UV–Vis ELISA plate reader 
measured the absorbance at 405 nm. Acarbose served as the standard control here. The calculations were done using the equation: 

% α − glucosidase inhibition=(A0 – A1) / A0 × 100 

Here, A0 indicates absorbance of the control and A1 indicates absorbance of the sample.

2.9.4. HRBCs heat induced hemolysis activity
The anti-inflammatory potential of all the prepared NPs was evaluated by human red blood cells (HRBCs). Briefly, 5 mL of fresh 

blood was diluted with PBS at 1:3 taken in EDTA tubes and obtained from a consented healthy donor. The blood was centrifuged at 
3000 rpm for 10 min to separate RBCs. The RBCs collected were washed with PBS (pH 7.5) a couple of times until the supernatant 
became clear and discarded. Then RBCs suspension was made when diluted with PBS at 1:3. This RBCs suspension was treated with 
several concentrations of test samples i.e. 100 μg/mL, 200 μg/mL and 400 μg/mL. The mixture tubes when incubated at ambient 
temperature for 10 min were further incubated at 55 ◦C for 30 min. After the required time, the mixture samples were centrifuged at 
3000 rpm for 10 min, and the free haemoglobin intensity was examined at 570 nm. In this assay PBS served as negative control, while 
Aspirin served as a reference drug. Using the following formula, the % hemolysis was determined: 

% hemolysis inhibition=(A0 – A1) / A0 × 100 

Table 1 
UV visible data of gallic acid and bark extract solutions.

Cocentration mg/ml Absorbance

0.02 0.322
0.04 0.459
0.06 0.646
0.08 0.831
0.1 1.012
Bark extract 1 2.299
Bark extract 2 2.408
Bark extract 3 2.427
Average absorbance of bark extract 2.378
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Here, A0 is the absorbance of the control and A1 is absorbance of the sample.

3. Results and discussion

3.1. Determination of total polyphenolic compounds

Folin-Ciocalteau assay was performed to measure total polyphenolic compounds Table 1. This assay was used because it quantifies 
the polyphenolic compounds very rapidly and interferes rarely in the solution. Gallic acid was used as a standard with 5 different 
concentrations as shown in Fig. 3a. Five points calibration curve was used to find the straight line equation where the concentrations of 
the standard solutions were plotted against their respective absorbance. The regression curve was obtained with R2 as 0.99962 as 

Fig. 3. Standard solutions of (a) gallic acid and (b) plant extract after 2 h.

Fig. 4. (a) Total polyphenols and (b) Total flavonoids quantification standard calibration curve.

Table 2 
UV visible data of Quercitin and bark extract solutions.

Cocentration mg/ml Absorbance

0.02 0.0894
0.03 0.1877
0.05 0.3111
0.07 0.4178
0.08 0.4753
Bark extract 1 1.8433
Bark extract 2 1.7418
Bark extract 3 1.8390
Average absorbance of bark extract 1.8081
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shown in Fig. 4a. Total polyphenols were determined by using straight line equation where y = 8.76x + 0.128. In this equation y is the 
absorbance of the samples (bark extract) taken in triplicate as shown in Fig. 3b and x is the number of polyphenolic compounds. The 
average absorbance of the bark extract at 740 nm was taken and put in the equation. The content of total polyphenols after calculation 

Fig. 5. FTIR results of (a) AgNPs, (b) AuNPs and (c) Ag/Au BNPs.

Fig. 6. (a = AgNPs, b = AuNPs, c = Ag/Au BNPs) UV–visible Spectrum and (d–f) Tauc plots of Ag, Au and Ag/Au BNPs.
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Fig. 7. SEM (a, c, and f) and TEM (b, d, and f) images and size distribution (g, h and i) of AgNPs, AuNPs, and Ag/Au BNPs.
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was found as 0.0362 mg/mg of the dried bark extract.

3.2. Determination of total flavonoid compounds

Method of Chang et al., was followed to measure total flavonoids content in the bark extract of T.A (Table 2). A five point cali-
bration curve was plotted with R2 value as 0.9875 as shown in Fig. 4b.Using straight line equation (y = 6.222x – 0.014) the flavonoids 
content in bark extract was found as 0.2928 mg/mg of the dried extract. Absorbance was found at 415 nm.

3.3. FTIR analysis

FT-IR examination for the prepared NPs was carried out via FTIR (500-4000 cm− 1) where solid NPs powder was introduced. The 
FTIR results for prepared NPs are indicated in Fig. 5 where 5(a) shows result of the AgNPs. The band at 571 cm− 1 is because of the 
AgNPs. Groove showed at 820 cm− 1 is due to aromatic C-H vibration because of the free catechins which further reveals some 
polyphenol moieties (having at least one aromatic ring) in combination with AgNPs. Peak at 1051 cm− 1 is of C-N, the aliphatic amine. 
Band corresponding to 1646 cm− 1 is due to C = O functional group of polyphenols, such as catechin gallate, epicatechin gallate and the 
aflavins. The peak at 3489 cm− 1 is due to the OH group of flavonoids and tannin moieties. Similarly, Fig. 5b, indicates the FTIR result of 
AuNPs, the band observed at 456 cm− 1 is because of the biologically synthesized AuNPs. Peaks at 1022 cm− 1 refers to C-N vibration 
and groove at 1227 cm− 1is because of N-O symmetric stretching of the compounds of N-O nitro. Bands at 1627 cm− 1 and 1732 cm− 1 

corresponds to carbonyl (C = O) stretching of aldehydes, ketones, and carboxylic acid in the biologically synthesized nanoparticles. 
Band at 2922 cm− 1 refers to the C-H group. Band at 3307 cm− 1 corresponds to OH functional group of the phenol. Finally, Fig. 5c, 
shows the FTIR result of Ag/Au BNPs. Grooves at 418 cm− 1 and 552 cm− 1 refers to Ag and Au NPs respectively. Band at 1637 cm− 1 is 
due to the binding of the (NH)C = O group with the NPs. Peak at 3326 cm− 1 is because of the phenolic hydroxyl (OH) associated with 
flavonoids and tannin moieties. The above results clearly confirmed the successful biogenic synthesis of the AgNPs, AuNPs and Ag/Au 
bimetallic BNPs.

3.4. Analysis of UV and Band gap energy

The UV characterization of the prepared NPs (Ag, Au and Ag/Au) was performed by dispersing them in ethanol solvent employing 
UV–visible Spectrophotometer in 200–800 nm wavelength range. The peaks observed at 436 nm, 532 nm and 527 nm corresponds to 
AgNPs, AuNPs, and Ag/Au BNPs respectively as revealed in Fig. 6 (a,b,c). The nanoparticles’ band gap energies were calculated using 
Tauc plot equation: 

(αhʋ) γ
=A(hʋ − Eg) (5) 

Here α = absorption coefficient, h = planks constant, ʋ = photons frequency, A = proportionality constant, Eg = Bandgap energy, γ 
= electronic transition.

Which is either as 2, 1/2, 2/3, or 1/3, depends on the environment. Fig. 6 (d,e,f) shows Tauc plots for all the synthesized NPs. A 
straight line was obtained when we plotted (αhv)2 versus (hν), which further explained that the absorption edge was caused by an 
indirect allowed transition (n = 1 for a direct allowed transition). Optical band gap (Eg) corresponds to intercept of straight line. Direct 
band gap energy of the AgNPs, AuNPs and Ag/Au BNPs is Eg = 2.4 eV, Eg = 2.5 eV, and Eg = 2.8 eV, respectively. The band gap 
energies reported by others researchers for AgNPs are: 2.20 eV, 2.16 eV, 2.12 eV, 2.11 eV and 1.84 eV, 3.4 eV [43], 2.28 eV [44], 2.5 eV 
[45], 3.39eV [46]. Previously reported band gap energies for AuNPs are 3.41 Ev, 2.95 and 2.90 [47], 2.08 eV, 2.13, 3.53eV [48], 
4.55eV [49] and 2.50–2.70 eV [50], 3.5 eV [51], 3.87eV [52] for Ag/Au BNPs. These results clearly indicated strong agreement 
between the previous literature and our synthesized NPs confirming thriving fabrication of the Ag, Au and Ag/Au BNPs. Higher band 
gap energy of Ag/Au composite relative to individual components Ag and Au shows smaller particles of the synthesized NPs. Moreover, 
the variations in the band gap energies of Ag, Au and Ag/Au BNPs with reported literature may be due to the size and quantum effects, 
composition, crystal structure, surface effects, plasmonic resonances, alloying and doping, synthesis methods etc.

3.5. SEM and TEM analysis

For the study of morphology of the synthesized NPs,SEM and TEM were used. The SEM and TEM results of synthesized Ag, Au and 
Ag/Au bimetallic NPs are indicated in Fig. 7(a–c and e) and Fig. 7(b–d and f) respectively. Fig. 7 (a) shows the SEM result of AgNPs 
which clearly shows that AgNPs are spherical and oval shaped and homogeneously distributed. Fig. 7 (c) shows SEM result of the 
AuNPs which are uniformly distributed and spherical. Finally, Fig. 7 (e & f), shows the homogeneous, uniform distribution of the 
AgNPs in the AuNPs. Furthermore, it also indicates that the spherical AgNPs are surrounded by the AuNPs, where AgNPs act as core 
and the AuNPs as shell, confirming successful fabrication of Ag/Au BNPs. Similarly, the TEM result for the synthesized NPs in Fig. 7 
(b–d and f), clearly shows that all the synthesized NPs are in the nano range. The results clearly indicate the successful fabrication of 
the synthesized NPs. Finally, Fig. 7 (g, h & i) indicate the particle size distributions of AgNPs, AuNPs, and Ag/Au BNPs respectively. 
These histograms clearly show the average particles size of all the synthesized NPs which is 29 nm (AgNPs), 13 nm (AuNPs) and 26 nm 
(Ag/Au BNPs). The difference in the size of the synthesized NPs is may be due to the synthesis strategies, reduction potentials, crystal 
structure, surface energies, seed-mediated growth (for Ag/Au BNPs), alloying effects (for Ag/Au BNPs), stabilizers and capping agents, 
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reaction kinetics, aggregation, and ostwald ripening etc (see Table 2).

3.6. Bio potential of AgNPs, AuNPs and Ag/Au BNPs

3.6.1. Antioxidant activity
The antioxidant potential of the green synthesized AgNPs, AuNPs and Ag/Au BNPs were tested against the standard ascorbic acid 

[41]. It is obvious from the results as mentioned in Fig. 8 (a) and Table 3 that AgNPs showed the highest antioxidant activity of 85 % at 
400 μg/ml, followed by Ag/Au BNPs 72 % and AuNPs 67 % in dose dependent manner at three different concentrations i.e.100 μg/mL 
> 200 μg/mL > 400 μg/mL respectively with the effective IC50 values around 160, 222 and 263 μg/ml while the lowest activity was 
recorded for AgNPs 37 %, Ag/Au BNPs 31 % and AuNPs 24 % at 100 μg/ml, which demonstrates its dosage based mechanism. In 
previous studies nanoparticles’ antioxidant property is a well-known phenomenon as it donates an electron to the free radicals, which 
neutralizes the free radicals to limit cell damage through oxidative stress [53]. Furthermore, studies on green synthesized AgNPs using 
Cestrum nocturnum plant extract as a reducing agent showed robust antioxidant activity with reference to standard ascorbic acid [54]. 
In a published literature bimetallic Ag-ZnO nano-composites demonstrated higher effectiveness in contrast to silver NPs alone [55]. 
Similarly green synthesized AuNPs from grapefruit peel extract possess effective free radicals scavenging active in DPPH antioxidant 
assay against ascorbic acid [56] but in our results lowest antioxidant efficacy of AuNPs observed which was may be due to their size, 
nature of bonding and morphology and there bio-compatibility with the plant extract.

3.6.2. Alpha amylase inhibition activity
The alpha amylase inhibition of green synthesized AgNPs, AuNPs and Ag/Au BNPs was performed according to the published 

procedure [42], against standard anti-diabetic drug acarbose. From our findings as mentioned in Fig. 8 (b) and Table 3, the peak 
activity at 400 μg/mL i.e. AgNPs 64 %, Ag/Au BNPs 41 % and AuNPs 34 % with effective IC50 values of 275, 500 and 600 μg/mL at 
various doses i.e. 100 μg/mL > 200 μg/mL > 400 μg/mL but with decreasing NPs concentration its activity gradually reduced such as i. 
e. 24 %, 16 % and 12 % at 100 μg/mL respectively and this trend is quite consistent with the previous scientific literatures [57,58]. The 
Ag/Au NPswere noticed to have an intermediate antiplasmodial potential as compared to Ag and Au alone, it may be due to balancing 
effect between the two elements during bonding or may be interaction between the enzyme’s active site with the nanocomposites. 
Results derived from this study are comparatively similar with the reported data [42,59].

3.6.3. Alpha-glucosidase inhibition activity
Diabetes can be managed by obstructing the carbohydrates digestive enzymes to maintain steady glycaemic index. Alpha- 

glucosidase inhibition of green synthesized AgNPs, AuNPs and Ag/Au BNPs were assessed by following optimized protocols [41] 

Fig. 8. (A) Antioxidant, (B) Alpha Amylase, (C) Alpha-glucosidase inhibition and (D) Anti-inflammatory (HRBCs heat induced hemolysis) activities.
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against the standard antidiabetic drug acarbose at various concentrations of NPs such as 100 μg/mL, 200 μg/mL and 400 μg/mL. The 
results indicated in Fig. 8 (c) and Table 3 shows that the alpha-amylase inhibitory potential of AgNPs, Ag/Au BNPs and AuNPs 
gradually increases with increasing concentration like at 100 μg/mL i.e. Ag 25 %, Ag/Au 20 %, and Au 11 % respectively, but the 
highest activity was observed at 400 μg/mL i.e. AgNPs 59 %, Ag/Au BNPs 48 %, and AuNPs 40 % with IC50 values as 309, 412 and 491 
μg/mL respectively. Carbohydrates active enzymes inhibition through green synthesis NPs and BNPs in a dose depended manner are 
quiet parallel with previous manuscripts [60]. Moreover in our results the Ag/Au BNPs have a stable intermediate alpha-glucosidase 
inhibitory activity as mentioned in earlier reports [61,62]. Hence making it as an alternative option for treating or managing diabetes 
mellitus, but some of the possible toxicities are associated with BNPs which needs to be addressed in future studies [63].

3.6.4. HRBCs heat induced hemolysis activity
The anti-inflammatory potential of green synthesized AgNPs, AuNPs and Ag/Au BNPs was performed by HRBCs heat induced 

hemolysis assay against the standard anti-inflammatory drug aspirin at various concentrations i.e. 100 μg/mL, 200 μg/mL and 400 μg/ 
mL. The results mentioned in Fig. 8 (d) and Table 3 indicates that the NPs protection of the human red bloods cells from hemolysis was 
highest at 400 μg/mL such as AgNPs 69 %, Ag/Au BNPs 59 % and AuNPs 43 % with IC50 values of 245, 316 and 468 μg/mL but 
drastically falls with the reducing concentrations such as at 100 μg/mL i.e. AgNPs 28 %, Ag/Au BNPs 23 % and AuNPs 20 %, with 
reference to published reports which is clearly a concentration-dependent effect [64]. However the Ag/Au BNPs gives a balance 

Table 3 
Summary of different biological activities exhibited by AgNPs, AuNPs and Ag/Au BNPs.

(A). Antioxidant Activity

Sample Concentration (μg/mL) % Activity IC50μg/mL

Standard (Ascorbic acid) 100  
AgNPs 100 37 160.9191
-do- 200 60 
-do- 400 85 
Ag/Au BNPs 100 31 222.3037
-do- 200 48 
-do- 400 72 
AuNPs 100 24 263.1131
-do- 200 45 
-do- 400 67 

(B). Alpha Amylase Inhibition Activity
Standard (Acarbose) Concentration (μg/mL) % Activity IC50μg/mL

AgNPs 100 24 275.4138
-do- 200 43 
-do- 400 64 
Ag/Au BNPs 100 16 500.4947
-do- 200 23 
-do- 400 41 
AuNPs 100 12 609.3677
-do- 200 22 
-do- 400 34 

(C). Alpha Glucosidase Inhibition Activity
Standard (Acarbose) 100 % Activity IC50μg/mL

AgNPs 100 25 309.156
-do- 200 37 
-do- 400 59 
Ag/Au BNPs 100 20 412.1117
-do- 200 31 
-do- 400 48 
AuNPs 100 11 491.0278
-do- 200 24 
-do- 400 40 

(D). HRBCs Heat Induced Hemolysis Activity
Standard (Aspirin) 100 % Activity IC50μg/mL

AgNPs 100 28 245.209
-do- 200 45 
-do- 400 69 
Ag/Au NPs 100 23 316.1331
-do- 200 36 
-do- 400 59 
AuNPs 100 20 468.5185
-do- 200 29 
-do- 400 43 
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anti-inflammatory activity, which is lower than AgNPs but greater than AuNPs which is perhaps due to redox activity, enzyme 
specificity, particle geometry, biocompatibility and cytotoxicity [65–67].

Table 4 shows that the percent inhibition for antioxidant activity in published reports which is a bit high then our work with 
inhibition for Ag/Au BNPs as the highest followed by AuNPs and then AgNPs which is in contrast to our results where AgNPs have the 
highest inhibition and AuNPs have the lowest. If we look for μ-amylase results in previously published work, AuNPs have the highest 
efficiency followed by AgNPs. These results are also a bit high from our ones and same in case of μ-glucosidase and HRBCs hemolysis 
activity. This difference in results is because of the plants previous researchers have used for green synthesis of NPs because every plant 
has different kinds and abundance of phytochemicals which are responsible for reduction and capping of NPs. Plants which have great 
capping ability results in very much stable NPs and hence NPs’ potential efficacy in every field increases.

4. Conclusion

Nanoparticles of Ag, Au and bimetallic Ag/Au were successfully prepared through green synthesis process by utilizing T.A bark 
extract as a reducing and capping agent. The determination of total polyphenols and flavonoids in this research is a proof of the 
reducing ability of bark extract. The nanoparticles were synthesized within 10 min and UV, FTIR confirmed the initial formation while 
the size and morphology were confirmed through SEM and TEM. The particles synthesized in this short span of time and no harmful 
reaction waste had a size of 29 nm, 13 nm and 26 nm for AgNPs, AuNPs and Ag/Au BNPs respectively. Our research also confirmed the 
great inhibition activities of the synthesized NPs where AgNPs stood tall among all NPs with highest percent inhibition at all con-
centrations. Based upon our research findings these nanoparticles offer new avenues for utilizing them as a novel nano therapy against 
oxidative stress, inflammation and diabetes etc. Furthermore these findings needs to be thoroughly evaluated in in-vivo experimen-
tation in order to address its toxicities associated with its administration as nanomedicine.
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Table 4 
Comparison between current and previously published results.

S.No Name of the activity Type of Nanoparticle Present Study (Percentage inhibition) Previous Published results References

1 Antioxidant activity AgNPs 37 % 57 % [68]
AuNPs 24 % 59 %
Ag/Au BNPs 31 % 63 %

2 Alpha amylase inhibition activity AgNPs 64 % 55 % [69,70], 
[42]AuNPs 34 % 86 %, 78 %

Ag/Au BNPs 41 % 26 %
3 Alpha glucosidase inhibition activity AgNPs 59 % 47 % [69,70], 

[42]AuNPs 40 % 71 %
Ag/Au BNPs 48 % 41 %

4 HRBCs heat induced hemolysis activity AgNPs 28 % 73 % [71,72]
AuNPs 20 % 94 %
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