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Abstract

In the current investigation, for the first time, silver nanoparticles (AgNPs) were synthesized using Annona squamosa peel
extract as reducing and stabilizing agents via microwave irradiation assisted method. The nanoparticles had been character-
ized using UV-Vis, FTIR, XRD, and TEM techniques. The biosynthesized nanoparticles exhibited a broad peak at about
430 nm due to the surface plasmon resonance of the AgNPs. From the TEM images, the AgNPs are almost spherical, with
an average size ranging from 18 to 35 nm. FT-IR analysis and phytochemical screening indicated that phenolic compounds
and proteins of A. squamosa might have an essential role in AgNPs synthesis and stabilization. The antioxidant activity
observed was almost comparable to the standard antioxidant agent (ascorbic acid). In vitro antidiabetic studies demonstrated
the significant capability of AgNPs to inhibit the a-amylase in a dose-dependent manner. Thus, this green approach of AgNPs
synthesis via microwave irradiated heating could be a quick, cost-effective, and environmentally friendly method, with the

synthesized AgNPs proving to be a possible anti-diabetic therapeutic candidate.
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1 Introduction

Nanotechnology is quickly expanding due to its wide
range of applications in science and technology. Metal-
lic nanoparticles like gold, silver, platinum, and palla-
dium have attracted much attention due to their unique
size and shape-dependent capabilities, which are useful
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for applications in various fields such as sensor technol-
ogy, catalysis, optics, drug delivery, and data storage
(Jayaprakash et al. 2017). Silver nanoparticles (AgNPs) are
metallic nanoparticles that have a wide range of features,
including significant catalytic and antibacterial activ-
ity. Nanoparticles from a wide range of materials can be
prepared by several methods, including electrochemical,
chemical reduction, and heat-induced evaporation (Nasret-
dinova et al. 2015; Bahiraei et al. 2017). However, most
of these methods are costly; nanotechnology is quickly
expanding due to its wide range of applications in science
and technology. Metallic nanoparticles like gold, silver,
platinum, and palladium have attracted much attention
due to their unique size and shape-dependent capabilities,
which are useful for applications in various fields such
as sensor technology, catalysis, optics, drug delivery, and
data storage (Jayaprakash et al. 2017). AgNPs are metallic
nanoparticles that have a wide range of features, including
catalytic and antibacterial activity. Several methods could
be used to prepare nanoparticles from various materials
and chemicals that require harsh reaction conditions such
as high temperature and pressure. Moreover, the use and
release of toxic chemicals and solvents could be a potential
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source of environmental contamination and ecological
imbalance. In this regard, biological methods, using eco-
friendly solvents and nontoxic reducing agents derived
from plants, bacteria, and fungi, have been suggested as
possible alternatives (Mohanpuria et al. 2008).

Plant extracts have proven to be more useful than other
biological processes since they are easily available, safe
to handle, avoid the time-consuming process of cell cul-
ture and produce crystalline nanoparticles of various
shapes and sizes in a simple, efficient, and low-cost man-
ner (Ahmed et al. 2016). In addition, various metabolites
existing in the plants, including sugars, alkaloids, phe-
nolic acids, terpenoids, polyphenols, and proteins, play an
important role in the bioreduction of silver ions to AgNPs
and their stabilization. As compared with chemical meth-
ods, biological methods for nanoparticle synthesis are
generally very slow. This limitation can be overcome by
integrating biosynthetic methods with microwave chem-
istry. Microwave-assisted synthesis using plant extracts as
both reducing and capping agent is a feasible approach for
the rapid and facile green synthesis of metal nanoparticles.
It has many advantages, such as short reaction time, lower
energy consumption, and better product yield (Nadagouda
et al. 2011; Guadie Assefa et al. 2017). Moreover, micro-
wave irradiation offers rapid and consistent heating of the
reaction medium and thus results in homogeneous nuclea-
tion and growth conditions for nanoparticles (Joseph and
Mathew 2015). Several reports on the synthesis of AgNPs-
based on the microwave-assisted method have been pub-
lished (Joseph and Mathew 2014; Kahrilas et al. 2014;
El-Naggar et al. 2016).

The fruit peels are generally discarded into the environ-
ment, increasing pollution (Deng et al. 2015). However,
these peels contain many important phytoconstituents which
can be used for the synthesis of metal nanoparticles. There
are few reports on using different fruit peels such as banana
peel, papaya peel, and orange peel to synthesize nanopar-
ticles (Ibrahim 2015; Balavijayalakshmi and Ramalakshmi
2017; Manal et al. 2014). This work aimed to explore the
synthesis of AgNPs from Annona squamosa peel extract via
microwave irradiation heating and then test their antioxi-
dant and amylase inhibitory activities. The reason behind
the selection of Annona squamosa for nano-synthesis is that
this plant possesses several medicinal properties such as car-
diotonic, antimicrobial, and insecticidal, and anti-cancerous
activities (Gajalakshmi et al. 2011). It also contains various
chemicals and secondary metabolites such as proteins, phe-
nolic, flavonoids, triterpenoids, and others that catalyze the
formation of tiny and stable AgNPs (Kumar et al. 2021). To
the best of our knowledge, no report is available on utilizing
microwave irradiation for AgNPs synthesis from Annona
squamosa peels and on utilizing synthesized AgNPs in
amylase inhibition.
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2 Materials and methods
2.1 Materials

Amylase, starch, silver nitrate, DNAS, DPPH:, and acar-
bose were purchased from Sigma-Aldrich (USA) and Merck
(Germany).

2.2 Methods

2.2.1 Synthesis and characterization of AgNPs using peel
extract

Fresh peels of Annona squamosa were collected, washed
meticulously with deionized water, dried at 50°C in a hot
air oven for 3 h, and powdered. About 10 g of the pow-
dered peels was taken in a 150 mL beaker containing 100
mL Milli-Q water, mixed well, and boiled for 20 min at
80 °C. The obtained extract was filtered through Whatman
No. 1 filter paper. The filtrate was collected and used for the
microwave-assisted synthesis of AgNPs. In a typical experi-
ment, 10 mL of the filtrate of the Annona squamosa peel
were added to 90 mL of 1 mM AgNO3 in 250 mL Erlen-
meyer flasks to reduce Ag" to Ag®. The reaction mixture was
kept in a turntable domestic microwave oven (LG) operating
at a power of 850 W and frequency 2450 MHz for a plus of
180 S, followed by 15 min incubation at room temperature.
The resulting solution of AgNPs was purified by repeated
centrifugation at 1500 rpm for 15 min. The centrifuging and
re-dispersing process was repeated two to three times using
Milli-Q water. Finally, the pellet was dried at 50 °C in a hot
air oven for 3 h.

2.2.2 Characterization of synthesized AgNPs

The reduction of pure Ag* ions by peel extract was moni-
tored by measuring the UV-Vis spectrum from 200 to
800 nm of the reaction medium using a UV-Vis spectro-
photometer (Shimadzu model UV-1601). FT-IR spectra of
peel extract and AgNPs were recorded on Mattson Satellite
spectrometer using pressed KBr pellets to determine the type
of biomolecules present in the sample extract responsible
for synthesis and stabilization of AgNPs. TEM analysis was
employed to visualize the shape of AgNPs. A drop of aque-
ous suspension (50 pL) containing the synthesized AgNPs
was placed on the carbon-coated copper grids after allowing
the water to evaporate, drying in air. TEM micrographs were
taken by analyzing the prepared grids on the JEOL TEM
2100 high-resolution transmission electron microscope.
Dispersive X-ray spectra (EDX) EDX was recorded using
JEOL- JSM 6360 L. A (Japan) to detect elemental silver in
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AgNPs. The particle size distribution was measured by using
Imagel software analysis of TEM micrographs. X-ray dif-
fraction (XRD) was performed on an X-ray diffractometer
(X’pert Pro MRD X-ray diffractometer (PANalytical BV,
The Netherlands) operated at 30 kV, and 100 mA and the
spectrum was recorded by CuKa radiation with a wavelength
of 1.5406 A in the 20 range of 10°-80°. The Zeta potential
of the synthesized AgNPs was done using dynamic light
scattering (Malvern instrument Ltd., Malvern, UK) to check
the size distribution and stability of AgNPs.

2.2.3 Phytochemical screening

The preliminary phytochemical screening of aqueous peels
extract of Annona squamosal for the presence of phyto-
chemicals viz. carbohydrates, alkaloids, saponins, proteins,
amino acids, phenol, diterpenes, tannins, and phytosterols
was performed according to the methods described earlier
(Kaur 2016; Jayaprakash and Sangeetha 2015; Karthikeyan
and Vidya 2019).

2.2.4 Amylase inhibition analysis

2.2.4.1 in vitro a-amylase inhibition assay The inhibition
assay was performed using the DNSA method according
to Olubomethin et al. (Olubomehin et al. 2013) with few
modifications. In short, aliquots of 500 pL of each test sam-
ple at different concentrations were pre-incubated with 500
puL of a-amylase solution (3 U/mL) at room temperature
for 30 min. Then 500 pL of starch solution (1%, w/v) as a
substrate was added to each reaction tube, and the reaction
mixture was incubated at room temperature for 10 min. The
reaction was stopped by adding 1 mL of dinitrosalicylic acid
reagent and then heated in a boiling water bath for 5 min.
After cooling to room temperature, the reaction mixture in
each tube was diluted with 5 mL of distilled water, and the
absorbance was measured at 540 nm. The reference sample
included all other reagents and the enzyme except the test
sample. The a-amylase inhibitory activity was expressed
as percentage inhibition. The a-amylase inhibitory activity
was calculated according to the equation below

a — Amylase inhibition activity(%) = A, — A, /A, X 100

where A is the absorbance of the control (blank, without
AgNPs) and A, is the absorbance of the sample.

2.2.4.2 The mode of a-amylase inhibitory activity of syn-
thesized AgNPs The mode of a-amylase inhibitory activity
of biosynthesized AgNPs was determined using Lineweaver
and Burk double reciprocal plot. a-Amylase inhibition was
determined over a range of starch concentrations (31.2—
500 pg/mL) in the absence and the presence of AgNPs

(120 pg/mL). o-Amylase enzyme activity was carried out
in three independents set of duplicates, and data were pre-
sented as mean + SD.

2.2.5 DPPH:- radical-scavenging activity

DPPH- (2,2-diphenyl-1-picrylhydrazyl) scavenging assay
was performed as described by Brand-Williams et al. (Brand-
Williams et al. 1995). An aliquot of 3.9 mL aliquot of a
6% 107> mol/L of DPPH- in methanol was added to 0.1 mL
of samples (including AgNPs, extract, and ascorbic acid as
the standard antioxidant) at different concentrations (25, 50,
100, and 200 pg/mL). Thirty min later, the absorbance was
measured at 517 nm. The lower absorbance of the reaction
mixture indicated higher radical scavenging activity. Radical
scavenging activity was expressed as the inhibition percent-
age of free radicals by the sample and was calculated using
the following formula:

%DPPH radical scavenging activity = (Ag — A, ) /A, X 100

where A is the absorbance of the control (blank, without
AgNPs) and A, is the absorbance in the presence of the
AgNPs. Methanol was used as a blank. The IC, values
(indicate the concentration of the sample (ug/mL) provid-
ing 50% inhibition) were calculated from the graph-plotted
scavenging percentage against sample concentrations.

2.2.6 Statistical analysis

All the assays were carried out in triplicate, and mean val-
ues were reported using the SPSS program (version 13;
IBM, Armonk, NY, USA), analysis of variance (ANOVA),
and Duncan’s multiple range test differences between the
samples.

3 Results and discussion
3.1 Synthesis and characterization of AgNPs

In the present study, the synthesis of AgNPs using aque-
ous Annona squamosal peel extract as a reducing agent
was carried out under microwave irradiation. The result-
ing formation of AgNPs was monitored by measuring the
UV-Vis spectrum of the reaction media at 30 s intervals.
Upon microwave irradiation, the color of the reaction mix-
ture gradually changes from colorless to dark brown within
180 s (Fig. 1A). The color change is due to the reduction of
silver ions with the help of bio-molecules present in the peel
extract (Sankar et al. 2014). Phenols and flavonoids present
in Annona squamosal peels act as strong reducing agents
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Fig. 1 Characterization of AgNPs: UV-Vis spectroscopy, inset-tubes
showing the color change in AgNPs after incubation at a different
time interval with Annona squamosa peel extract

by donating electrons to Ag* ions and reduced to form Ag®
nanoparticles (Kumar et al. 2018). The UV-visible spectra
of the reaction mixture recorded at 30-s intervals are illus-
trated in Fig. (1B). After 30 s of microwave irradiation, the
biosynthesized nanoparticles exhibited a broad peak at about
415 nm due to the surface plasmon resonance of the AgNPs
(Hamelian et al. 2018), and the intensity of which increased
with increasing reaction time with a significant change in
wavelength to 430 nm. The hydrodynamic diameter and
stability of the prepared AgNPs were determined using

(A)

Fig.2 Characterization of AgNPs: TEM (A) and PSD (B)
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dynamic light scattering, as shown in Fig. 2A. The aver-
age diameter of the synthesized AgNPs and was determined
to be 80.1 nm. The particle size distribution of the silver
nanoparticles was determined by the polydispersity index
(PDI), and it was found to be 0.362, suggesting a narrow
size distribution. AgNPs, further, the zeta potential value of
the synthesized AgNPs were found to be —20.4 +3.92 mV.
A negative charge on the surface of the produced nanopar-
ticles indicates high stability (Kgatshe et al. 2019). The size
and morphology of the particles were further determined by
Transmission Electron Microscopy (TEM) (Fig. 3A, B). The
TEM image of synthesizing AgNPs shows relatively uniform
spherical particles with an average size ranging from 18 to
35 nm. The TEM pictures also revealed what appears to be
a coating of organic material around the produced AgNPs,
which might explain their excellent dispersion in solution.
The identification of the elemental compositions for bio-
synthesized AgNPs was carried out by EDX analysis. EDX
profile Fig. 2B reveals a strong elemental signal of silver
at approximately 3 keV, which is a typical optical absorp-
tion peak of metallic silver nanocrystallites due to surface
plasmon resonance (Saratale et al. 2017). The crystalline
nature and purity of nanoparticles were also determined
using the powder X-ray diffraction technique (Fig. 4B). The
XRD patterns of the biosynthesized AgNPs show the crys-
talline nature of silver with four main characteristic diffrac-
tion peaks. The peaks at 38.12°, 44.23°, 64.51°, and 77.69°
corresponds to the (111), (200), (220) and (311) planes of
the face-centered cubic structure of silver planes, which are
identical with those reported in the database of JCPDS card
no. 04-0783 for the cubic silver. Additional peaks at 27.82°
and 32.20° were also observed (Fig. 5). These peaks could
be attributed to the peels extract containing organic com-
pounds responsible for reducing silver ions and stabilizing
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Fig.3 Characterization of AgNPs: ZP (A), and EDX (B)

AgNPs (Basavegowda et al. 2014). FTIR measurements
were carried out to identify the functional groups in bio-
molecules of peel extract responsible for the bio-reduction
of Ag* and capping/stabilization of AgNPs (Fig. 4A). FTIR
spectrum of Annona squamosa peel shows different major
peak positions at 3386, 2927, 1731, 1612, 1419, 871, 620,
and 420 cm™" These groups were also found in AgNPs,
and some peaks were shifted from their original wave num-
ber from the peel extract (3413, 2923, 1743, 1612, 1103,
860, 728, and 439 cm™"). The broad and intense peak at
3386 cm™! corresponds to the OH stretching vibrations of
the phenol/carboxylic group present in the extract, a peak at

g g g g g g '
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

(KeV)

2927 cm™! can be assigned to the alkyne group present in
phytoconstituents of extract. The peak located at 1612 cm™!
could be assigned to C=0 stretching or amide bending. The
peak at 1388 cm™! was assigned to nitro N-O bending and
721 cm™! assigned to the C-H alkenes stretch. The peak
located at 1731 cm™! could be assigned to C=0 aldehyde.
The observed peaks are mainly attributed to the presence
of some secondary metabolites like flavonoids, triterpenes,
tannins, steroids, and saponins excessively present in plant
extract, as also suggested by other researchers (Banerjee

@ Springer



88

Rendiconti Lincei. Scienze Fisiche e Naturali (2022) 33:83-91

A
1 —— AgNPs
’1‘ 1: ~ Peel
g |/ | .
E; 4 H‘, l‘:\, \
(&3 i A ¥
& M
8 1 M
T | i
@D 14
o R
o ,
4000 3500 3000 2500 2000 1500 1000 500
wavenumber (cm™")
B 160
140 4
120 4
111
Z 1004 |
4 ;
=
.5. 80 J'
3 60 - J.’
h ‘
A \ | 200 3N
40 '\ | % 220 J
Wl 141 ‘
20 Pl { A\l \ 1
el {POIYER ) i ‘
et AW e Viuaggpand
04
T T T T T T T T T

0 10 20 30 40 50 60 70 80 90
Pos. [°2Th.]

Fig.4 Characterization of AgNPs: FT-IR (A) and XRD (B)
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Fig.5 Antioxidant activity of Annona squamosa peel extract and its
AgNPs

et al. 2014; Prathna et al. 2011). The existence of flavo-
noids, proteins, alkaloids, steroids, saponins, and phenolic
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compounds was confirmed in this study by phytochemical
analysis, as shown in Table 1.

3.2 Antioxidant activity

The antioxidant activity of Annona squamosa fruit peels
and Annona squamosa fruit peels-AgNPs was examined by
DPPH- scavenging assay using ascorbic acid as a positive
control. The results on the effect of different concentrations
of peel extract biosynthesized nanoparticles, and ascorbic
acid on DPPH radical scavenging activity is shown in Fig. 5.
The DPPH. radical scavenging tends to increase as the con-
centration of all tested substances increases.

At doses ranging from 25 to 200 g/mL, the peel extract
exhibited a scavenging rate ranging from 12.5 to 87.9%,
compared to 19.55-90.04% and 30.96-97.63% for AgNPs
and ascorbic acid, respectively. Compared to peel extract and
AgNPs, ascorbic acid exhibited the greatest radical scaveng-
ing action with the lowest ICs, values (71.9 ug/mL).

Annona squamosa fruit peels extract exhibited the lowest
radical scavenging activity with the greatest ICs, (111.2 ug/
mL), whereas AgNPs had 104.1 pg/mL. This finding is
consistent with the reported DPPH- scavenging activity in
the literature (Dhayalan et al. 2017; Pérez et al. 2017). The
higher free radical inhibition of nanoparticles may be attrib-
uted to the presence of phytochemicals adsorbed onto their
surfaces, their excellent dispersion, and their small sizes
(Srirranjani et al. 2016).

3.3 Amylase inhibition
3.3.1 Invitro a-amylase inhibition assay

The amylase inhibitory activity of the AgNPs against
a-amylase as a representative enzyme was investigated and
compared to those of acarbose (standard drug). The results
are shown in Table 2 in the form of percent inhibition.
The A. squamosa-AgNPs effectively inhibited a-amylase
in a dose-dependent manner with the lowest inhibition
(20.1 £0.5%) at 25 pg/mL and the maximum inhibition
(90.4%) at the 200 pg/mL. Similarly, dose-dependent
inhibition of a-amylase by acarbose revealed substantial
inhibition at all dosages. It varied from 17.90.5 percent at
the lowest concentration to 88.40.1 percent at the highest
concentration of 200 g/mL. The IC, value of AgNPs and
acarbose was 80 and 88 pg/mL, respectively. The Km, V
max values and mode of inhibition of AgNPs synthesized
from Annona peel extract (120 pg/mL) on the activity of
a-amylase were determined by Lineweaver—Burk plot
analysis of data according to Michaelis—Menten kinetics.
As shown in Fig. 6, the mode of inhibition of AgNPs syn-
thesized from Annona peel extract on a-amylase activity
displayed noncompetitive inhibition. Km of control and
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Table 1 Phytochemical Test name Expected results Results

screening of aqueous extract of

Annona squamosa peel Steroids Liebermann—Burchard test A reddish-violet area +
Triterpenoids salkowski tests Reddish-brown color at the edge of the two ~ +

surface surfaces

Phenols ferric chloride test Dark green +
Alkaloids Wagners-test Reddish-brown precipitate +
Molisch's test Red violet ring +
Saponins Foam layer +
Fehling's test Red precipitate +
Biuret test Violet color +

Table 2 Inhibition % of a-amylase by synthesized AgNPs

Concentration % of inhibition

(ng/mL) Acarbose AgNPs Peel extract
25 17.9+0.5b 20.13+0.5a 9.43+0.2c

50 35.46+0.4b 38.53+0.2a 21.06+0.2¢c
100 67.8+0.7b 69.57+0.4a 40.8+0.5¢

200 88.4+0.1b 90.47 +0.05a 69.3+0.1c

ICs 88.6 80.7 137.8

Values are expressed as mean+SD (n=3). Means having different
letters within each item in the same raw are significantly different
(»>0.05)

AgNPs' inhibited reaction remained constant at 87 ug/mL,
whereas Vmax decreased to 0.41 pmol/min comparing with
0.888 pmol/min for control uninhibited enzyme. This finding
of inhibition mode was similar to previous studies obtained
using AgNPs synthesized using Annona muricata (Badmus
et al. 2020; Thatoi et al. 2016a)], Lonicera japonica (Balan
et al. 2016), Bauhinia variegata (Johnson et al. 2018), Heri-
tiera fomes, Sonneratia apetala (Thatoi et al. 2016b), and
Momordica charantia (Dhivya and Rajasimman 2015). The

Fig. 6 Inhibition of a-amylase
Lineweaver—Burk plots of the
reciprocal of initial velocities vs.
reciprocal of 5 fixed substrate
concentrations in absence (red);
presence of 120 ug/mL AgNPs
(blue)

004 0.3

non-competitive manner of inhibition of AgNPs observed
in this work implies that binding of these NPs may have
changed the conformation of the a-amylase.

4 Conclusions

To the best of knowledge, this is the first scientific study to
examine the usage of Annona squamosa fruit peels extract
in the manufacture of stable AgNPs using microwave irra-
diation and the subsequent in vitro assessment of their anti-
diabetic and antioxidant properties. The antioxidant activity
of AgNPs was almost comparable to standard vitamin C as
estimated through DPPH. test. Furthermore, in vitro, antidia-
betic activity studies demonstrated the significant capability
of AgNPs to inhibit the a-amylase in a dose-dependent man-
ner. Thus, this green approach of silver nanoparticle syn-
thesis via microwave irradiated heating could be a quick,
cost-effective, and environmentally friendly method, with
the synthesized silver nanoparticle proving to be a possible
anti-diabetic therapeutic candidate.

10
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