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The current research is to develop an easy and eco-friendly method for the synthesis of three different
concentrations of silver nanoparticles (1mMCvAgNPs, 2mMCvAgNPs and 3mMCvAgNPs) using aqueous
whole plant extract of Cleome viscosa and to evaluate their antibacterial, antioxidant and antidiabetic
properties. CvAgNPs were characterized by Using UV–vis spectrophotometer, X-ray diffraction (XRD),
Fourier transform infrared spectroscopy (FT-IR), scanning electron microscope (SEM) and transmission
electron microscope (TEM). The formation of CvAgNPs was confirmed by the observation of band
between 250 nm to 600 nm UV–vis spectrum. The crystalline structure of CvAgNPs with a face-
centered cubic (FCC) was confirmed by XRD. The responsible phytochemicals for the reduction and cap-
ping material of CvAgNPs were observed with FT-IR. The SEM analysis confirmed the size and shapes of
CvAgNPs. The CvAgNPs have shown the rich content of total phenolic and total flavonoid components.
The CvAgNPs have shown significant antibacterial activity on multi drug resistance Gram-negative and
Gram-positive bacteria and also have shown significant strong antioxidant activities (DPPH, ABTS,
H2O2 scavenging, Phosphomolybdenum assay and reducing power). The inhibitory action of CvAgNPs
on a-glucosidase and a-amylase was stronger than the inhibitory action of acarbose. To best of our
knowledge, this is the first attempt on the synthesis of AgNPs using C. viscosa whole plant aqueous
extract. The synthesized CvAgNPs exhibited good antimicrobial, antioxidant and antidiabetic properties.
Hence, to validate our results, the in vivo studies at the molecular level are needed to develop Cleome vis-
cosa as an antibacterial, antioxidant and anti-diabetic agent.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Currently, researchers are fascinated by the rising of a well-
organized process for the synthesis of nanoparticles (NPs) in
large-scale. 1–100 nm molecule sizes are considered as nanoparti-
cles (Khan et al., 2017). Nanomedicine is a rapidly developing
branch of therapeutics in the biomedical field and is capable of for-
mulating finest nanoparticles from metals such as silver (Ag), gold
(Au) and platinum (Pt). Among these metal-NPs, silver nanoparti-
cles (AgNPs) are considered as most suitable for to the surface plas-
mon resonance (SPR), which can be effectively seen by UV–vis
spectrophotometer (Chaudhari et al., 2019). Ag is a general cost-
effective, regularly utilized metal in our daily lives and also an
antimicrobial agent. Because of the above-mentioned reasons, Ag
has been used in the synthesis of NPs which has a broad range of
usages such as preparation of food dispensation, contemporary
ointment and therapeutic insert (Karthik et al., 2013).

Synthesis of AgNPs through physical and chemical techniques
results in the Utilization of enormous and dangerous synthetic
substances and also required high temperature (Quaresma et al.,
2009). The nanoparticles synthesis by the biological process using
plants or plant extracts, micro-organisms and enzymes are highly
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recommended so green-synthesis is a good alternative for physical
and chemical methods (Kuppusamy et al., 2016; Iravani et al.,
2014). Biological agents such as plants, parasites, bacteria’s and
viruses can assimilate and absorb metals and also can be utilized
as decreasing operator and controls the particles of metal nanos-
tructural position. The method of green synthesis of AgNPs using
biological agents is straightforward, solid, nontoxic and eco-
accommodating (Singh et al., 2018; Selvam et al., 2017). Green syn-
thesis of AgNPs by different therapeutic plants include, Berberis
vulgaris (Behravan et al., 2019), Calophyllum tomentosum
(Govindappa et al., 2018), Sonneratia apetala (Nagababu and Rao,
2017), Calliandra haematocephala (Raja et al., 2017), and Helicteres
isora (Bhakya et al., 2016), have been reported to demonstrate
in vitro antioxidant, antibacterial and antidiabetic activities. Based
on the above-mentioned research, the present study was designed
to the synthesis of AgNPs with Cleome viscosa whole plant aqueous
extract and to evaluate their antibacterial, antioxidant and antidi-
abetic properties.

Previous investigations reported that the utilization of various
plant parts, for example, leaf, root, stem, bark, bud, fruit and latex
for silver nanoparticles synthesis. Up to now a lot of work has been
done in green synthesis method for plant-mediated formulation of
silver nanoparticles and the exploration for the roles of phyto-
chemicals for various plants. Flavonoids, phenols, alkaloids, ter-
penoids, amides, aldehydes, terpenoids, carboxylic acid, and
ketones were the most important phytochemicals engaged in the
reduction of silver were distinguished by spectroscopic examina-
tions (Rai et al., 2014; Hembram et al., 2018). A few phytochemi-
cals, for example, flavones, quinones were found and recognized
as water dissolvable which are responsible for the rapid reduction
process. In addition, the reduction properties of plants secondary
metabolites are attributed to the higher potential ability of plant
extracts to synthesize nanoparticles with improved characteristics
(Ahmed and Mustafa, 2020). In the synthesis of silver nanoparti-
cles, plant extracts act as a reducing agent for reducing Ag+ to
Ag0 and capping or stabilizing agents for preventing the aggrega-
tion of the nanoparticles.

Cleome viscosa (Cleomaceae) is a traditional edible medicinal
plant commonly known as Asian spider flower and grows in major
part of the world. Leaves and young shoots are cooked as a veg-
etable (Manandhar, 2002). The seedpods are utilized to prepare
pickles (Facciola, 1990). In the system of Ayurveda, the extracts
are proficient to treat malaria, snake bites, hypertension and diar-
rhea sickness. Visconoside-C, quercetin, astragalin, kaempferol and
kaempferitrin were isolated from the leaves of C. viscosa which
exhibited hepatoprotective action against CCl4-initiated hepato-
toxicity (Nguyen et al., 2017). Quercetin 3-O-(20 0-acetyl)-glucoside
identified in C. viscosa exhibited strong antimicrobial and inflam-
mation property (Senthamilselvi et al., 2012).

Recently, Lakshmanan et al. (2018) and Pannerselvam et al.
(2020) used C. viscosa fruit and leaves extract for the synthesis of
AgNPs and also evaluated their antibacterial activity and potential
cytotoxic effects against human breast carcinoma cells. However,
the investigation of AgNPs synthesized by traditional edible medic-
inal plants, particularly in C. viscosa is very much limited. Thus, the
current study was aimed to AgNPs synthesis from edible C. viscosa
plant aqueous extract as a reducing and stabilizing agent and to
determine the qualitative and quantitative phytochemical analysis
of synthesized AgNPs. Considering the significance of AgNPs and its
biomedical applications, we focused on the biosynthesis of stable
AgNPs from C. viscosa whole plant aqueous extract by utilizing
bioreduction technique. The produced AgNPs would be
characterized using UV–vis, XRD, FT-IR and SEM with EDX (Energy
dispersive x-ray) and TEM techniques. Furthermore, synthesized
AgNPs were described and assessed for antibacterial, antioxidant
and antidiabetic activity.
2. Material and methods

2.1. Chemicals and reagents used

Folin-Ciocalteu’s reagent, sodium carbonate, aluminium chlo-
ride, potassium acetate, quercetin, Mueller-Hilton agar medium,
DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,20-azino-bis(3-eth
ylbenzothiazoline-6-sulfonic acid)), potassium persulfate, ammo-
nium molybdate, trisodium phosphate, potassium ferrocyanide,
glucose, hemoglobin, sodium azide, 3, 5-dinitrosalicylic acid, ascor-
bic acid and a-amylase were purchased from Himedia (Bangalore,
India). a- glucosidase, p-NPG (p-nitro phenyl a-d-
glucopyranoside)), gallic acid, acarbose was purchased from
Sigma–Aldrich (Bangalore, India). Standard anti-microbial drug,
gentamycin and antidiabetic drug, metformin were purchased
from the local market. All other chemical reagents and buffers
were used as an analytical grade in this study.

2.2. Collection of plant, validation and extract preparation

We Collected the whole plant of C. viscosa from Dravidian
University region of Kuppam of Andhra Pradesh, India, during the
rainy season and the plant was validated with the help of tax-
onomist, Prof. N. Yasodamma, Tirupati, Andhra Pradesh, India.
Water was used as a solvent for the extraction of whole plant pow-
der of C. viscosa in microwave method with two cycles for 10 min
at 100 �C. To find the responsible secondary phytochemicals pre-
sent in the aqueous extract, qualitative phytochemical screening
was performed (Al-Owaisi et al. (2014); Sheel et al. (2014);
Trease and and Evans (2002)).

2.3. Synthesis and characterization (UV–vis, XRD, FT-IR and SEM with
EDX and TEM) of CvAgNPs

5 g of dried whole plant of C. viscosa powder was added with
20 mL of distilled water. The C. viscosa solution was concentrated
at 100 �C for 10 min. The aqueous extract was mixed with 10 mL
of different concentrations of 1 mM AgNO3, 2 mM AgNO3 and
3 mM AgNO3 solution at 26 ± 2 �C temperature. After 1 h, we
observed the colour change of the post-mixtures from light green
into dark brown.

Formation of CvAgNPs was confirmed by UV–visible spectral
analysis. The absorbance spectra was recorded using UV–vis spec-
troscopy (JASCO-V-670, Japan.) at the wavelength between 200
and 600 nm. The FT-IR (Fourier-transform infrared spectroscopy)
spectroscopy analysis was performed (Thermo Nicolet-330,
Madison, WI, USA) to distinguish the potential functional groups
at biomolecules present in the synthesized CvAgNPs. The XRD
(X-Ray Diffraction) spectrum of CvAgNPs was confirmed by using
X-ray diffracts range, it was (Panalytical Xpert-PRO 3050/60)
worked at 30 kV with 100 mA and range was confirmed by using
Cu-Ka waves. The size of the particle and exterior morphology of
biosynthesized CvAgNPs were deliberated by SEM (Scanning elec-
tron microscope) (ZEISS-EVO18, USA) and EDX (Energy-dispersive
X-ray) (NOVA-450 instrument). JEOL JEM 2100 High-Resolution
Transmission Electron Microscope (TEM) was utilized for the imag-
ing and SAED (Selected Area Electron Diffraction) pattern through a
step up the 200 kV voltages.

2.4. Determination of phytochemical contents in synthesized CvAgNPs

2.4.1. Total phenol content (TPC)
Total phenolic content (TPC) was calculated according to the

standard Singleton and Rossi (1965) procedure. 100 mg/mL of
synthesized CvAgNPs and gallic acid standard were mixed with
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Folin–Ciocalteu’s reagent (0.5 mL) and 20% of sodium carbonate
(2.5 mL) in addition to 6.0 mL of distilled water. The resulting solu-
tion was mixed well and incubated at 40 �C for 30 min by using
water bath shaker. The reaction mixture absorbance was measured
at 760 nm. A calibration curve was prepared by using gallic acid
standard.

2.4.2. Total flavonoid content (TFC)
For the determination of total flavonoid content (TFC), alu-

minium chloride colourimetric method was employed by using
Chang et al., (2002). The 50–100 mg/mL concentration of quercetin
standard was used for the construction of the calibration curve. In
brief, 100 mg of three different concentrations of synthesized
CvAgNPs were dissolved in 1 mL of distilled water individually.
0.5 mL of this solution was mixed with 95% ethanol (1.5 mL),
10% aluminum chloride (0.1 mL), 1 M potassium acetate (0.1 mL)
in addition to distilled water (2.8 mL). After incubation at room
temperature (26 ± 2 �C) for 30 min, the reaction mixture absor-
bance was measured at 415 nm.

2.5. Antibacterial activity of the synthesized CvAgNPs

2.5.1. Bacterial strains used in this study
The antibacterial strength of each CvAgNPs (1 mM, 2 mM and

3 mM) was assayed by using five bacterial strains. Four strains of
Gram-negative (Klebsiella pneumoniae, Pseudomonas aeruginosa,
Escherichia coli, Pseudomonas putida) and one strain of Gram-
positive (Staphylococcus aureus) bacteria were used. The strains
were collected from the Microbiology Department, P.E.S Medical
College, Kuppam, India.

2.5.2. Inoculums preparation
Bacterial strains were sub cultivated at 35 �C for overnight into

Mueller-Hilton agar slants. The growth of bacteria was collected
using 5 mL of sterile water.

2.5.3. Antibacterial activity of synthesized CvAgNPs
The disk diffusion technique is utilized to evaluate the antibac-

terial activity of the synthesized CvAgNPs. 10 mL of agar medium
(Mueller-Hilton) was poured into disinfected Petri-dishes followed
by 15 mL of the earlier prepared bacterial suspension. Filter paper
discs loaded with 10 mg/mL of CvAgNPs were placed on the top of
the agar plates. Positive control Gentamycin (5 lg) was loaded on
the filter paper disc. The petri-plates were held in the refrigerator
at 4 �C for 120 min to allow CvAgNPs diffusion/dispersion then
incubated at 35 �C for 24 hrs. The inhibition zones were indicated
as antibacterial activity.

2.6. Antioxidant activity of synthesized CvAgNPs

2.6.1. Assay of DPPH radical scavenging activity
The antioxidant activity of the CvAgNPs was measured based on

the DPPH free radical scavenging activity according to Brand-
Williams et al., (1995) method with slight modifications. 1 mL of
0.1 mM DPPH in methanol was mixed with 1 mL of CvAgNPs
solution of various concentrations (20, 40, 60, 80 and 100 mg/mL).
Consequently, 1 mL of methanol and 1 mL of DPPH was used as
control and gallic acid was used as the reference standard. The
reaction was conceded in three times and the absorbance was
measured at 517 nm after incubation of 30 min in dark.

2.6.2. Assay of ABTS radical scavenging activity
The assay of ABTS radical scavenging activity was adopted from

Re et al., (1999). The stock solution included 7 mM of ABTS and
2.4 mM of potassium persulfate. 1 mL of varying concentrations
(20, 40, 60, 80 and 100 mg/mL) of the CvAgNPs and standard
ascorbic acid were permitted to react with 1 mL of ABTS and the
absorbance wasmeasured at 734 nm after the incubation for 7min.

2.6.3. Assay of H2O2 radical scavenging activity
The ability of the CvAgNPs to scavenge H2O2 was determined

according to the Ruch et al., (1989) method. 2 mmol/l of H2O2 solu-
tion was prepared in neutral phosphate buffer. Synthesized
CvAgNPs (20, 40, 60, 80 and 100 lg/mL) were added to 0.6 mL of
H2O2 solution. The absorbance of H2O2 was measured at 230 nm
after incubation of 10 min against blank and the radical scavenging
activity was compared with ascorbic acid.

2.6.4. Assay of phosphomolybdenum method
The total antioxidant activity of the CvAgNPs was estimated by

the phosphomolybdenum method explained by Prieto et al.,
(1999). 1 mL of each CvAgNPs (20, 40, 60, 80 and 100 mg/mL)
was added with 3 mL of reagent (0.6 M H2SO4, 28 mM Na3PO4

and 4 mM of Ammonium molybdate reagent). Consequently,
4 mL of reagent solution was used as control/blank and ascorbic
acid was used as a reference standard. The reaction mixture was
incubated at 95 �C for 150 min. After the mixture was cooled at
room temperature and absorbance was measured at 695 nm.

2.6.5. Total reducing power ability
The ability of reducing power of CvAgNPs was determined

according to the Oyaizu, (1986) method. Different concentrations
(20, 40, 60, 80 and 100 lg/mL) of the CvAgNPs in 1.0 mL of sterile
distilled water was added with 2.5 mL phosphate buffer (0.2 M; pH
6.6), 2.5 mL potassium ferrocyanide (1%) and mixture was incu-
bated at 50 �C for 20 min. In addition, 2.5 mL TCA (10%) was mixed
with the reaction mixture and centrifuged at 3000 rpm for 10 min.
2.5 mL of the upper layer solution was mixed with 0.5 mL FeCl3
(0.1%) and the absorbance was measured at 700 nm.

2.7. In vitro antidiabetic activity of synthesized CvAgNPs

2.7.1. The activity of a-glucosidase inhibition
1 mg of the a-glucosidase enzyme (isolated from Saccharomyces

cerevisiae) was suspended with 100 mL neutral PBS buffer which
contains the 200 mg of bovine serum albumin (Yin et al., 2008).
The various concentrations (20, 40, 60, 80 and 100 lg/mL) of
CvAgNPs were added with reaction mixture (10 lL of pH 6.8 phos-
phate buffer; 490 lL of 5 mM p-NPG (p-nitro phenyl a-d-
glucopyranoside). The reaction mixture was incubated at 37 �C
for 5 min then add 250 lL of a-glucosidase (0.15 unit/mL) and
again incubated at 37 �C for 15 min. Then cool the reaction and
add 2 mL of sodium carbonate (200 mM) to stop the reaction.
The activity of enzyme inhibition was measured at 405 nm and
acarbose was utilized as a reference compound.

2.7.2. The activity of a-amylase inhibition
In 1% phosphate buffer and starch solution was prepared and

incubated with 500 lL enzyme (a-amylase) for 10 min at 37 �C.
1 mL (20, 40, 60, 80 and 100 lg/mL) of synthesized CvAgNPs was
added to the enzyme solution. 2 M of NaOH is applied to stop
the reaction process. 1 mL of Dinitro salicylic acid is assorted and
the reaction is maintained in the hot water bath for 5 min. After
completion of incubation, test tubes were cooled by running tap
water, the final volume of test solution was makeup to 10 mL using
sterile distilled water and absorbance was measured at 540 nm.
Acarbose was used as a reference substance (Hansawasdi et al.,
2000).

2.7.3. Assay of non-enzymatic glycosylation of hemoglobin (HbA1c)
In vitro antidiabetic activity of synthesized CvAgNPs was

scrutinized with the HbA1c method (Chaudhari et al., 2013). The
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combination of 2% glucose, 0.06% haemoglobin and 0.02% sodium
azide solutions were organized in 0.01 M phosphate buffer (pH
7.4). 1 mL of different concentrations (20, 40, 60, 80 and 100 mg/
mL) of CvAgNPs was mixed with above combination. The reaction
mixture was incubated in a dark place at room temperature for 72
hrs. The levels of HbA1c were measured at 520 nm. Metformin was
used as a reference drug for this assay.

2.8. Method of calculation for scavenging and inhibitory activity

The obtained absorbances of in vitro antioxidant assays (DPPH,
ABTS, H2O2, Phosphomolybdenum method, and reducing power
ability) and in vitro antidiabetic assays (a-glucosidase inhibition,
a-amylase inhibition and HbA1c levels) were estimated by the fol-
lowing formula;

Percentage of free radical scavenging=inhibitory activity

¼ Acð Þ � Asð Þ= Acð Þ � 100

whereas Ac- Absorbance of control; As- Absorbance of the test sam-
ple (CvAgNPs).

2.9. Statistical analysis

The total data included in this work were subjected to a one-
way ANOVA for Mean ± SE (n = 3) and the significant difference
between the means of treated groups were determined by Tukey’s
post hoc test (P < 0.05) using SPSS software (SPSS version 16.0,
SPSS Inc. Chicago, IL, USA).

3. Results and discussion

3.1. Screening of qualitative phytochemicals

Phytochemical screening of aqueous extract of the whole plant
of C. viscosa was presented in Table 1. Phytochemical screening
demonstrated the nearness of alkaloids, sugars, coumarins, flavo-
noids, glycosides, proteins and amino acids, saponins, steroids,
phenols and tannins. The nearness of these organically active com-
pounds may assume a major role in capping and stabilization of
AgNPs (Oluwaniyi et al., 2016).

3.2. Synthesis of CvAgNPs

Current worldwide interest for the utilization of eco-friendly
and cost-effectiveness push the utilization of incredible medicinal
Table 1
Screening of phytochemicals of aqueous extract of C.
viscosa whole plant.

Phytochemicals Aqueous extract

Alkaloids +
Anthraquinones –
Carbohydrates +
Coumarins +
Flavonoids +
Gums –
Glycosides +
Oils and fates –
Proteins and amino acids +
Saponins +
Steroids +
Phenols +
Reducing sugars –
Tannins +

+ Sign means presence and �Sign signifies
nonappearance
plants to organize the green synthesis of AgNPs, that have various
organic and reactant properties. The present study dealt with the
synthesis, characterization, quantifications of phytochemical con-
tents, antibacterial, antioxidant and antidiabetic activities of
CvAgNPs.

The green synthesized AgNPs are commonly demonstrated with
their range, shape, and surface area with dispersity. When the
whole plant of aqueous extract was mixed with three different
concentrations i.e. 1mMAgNO3, 2mMAgNO3 and 3mMAgNO3 and
incubated at 26 ± 2 �C, from 30 min to 1 h of time, changed its color
from brown to dark-brown (Fig. 1), signifying the formation of
1mMCvAgNO3, 2mMCvAgNO3 and 3mMCvAgNO3. It was a profi-
cient and fast technique, which was very much clarified by differ-
ent scientists who worked with various plant frameworks
(Bharathi et al., 2018; Bhakya et al., 2016). Color change was
observed due to the action of surface plasmon resonance in AgNPs
(Anandalakshmi et al., 2016). Our outcomes are similar to
Govindappa et al. (2018), who reported the development of AgNPs
within 30 min of incubation. However, Balavijayalakshmi and
Ramalakshmi, (2017) stated that colour change was observed after
24 h of performance the moderate decrease of the AgNO3 by the
solvent extract of Carica papaya.

3.3. Characterization of CvAgNPs using UV–vis, XRD, FT-IR, SEM with
EDX and TEM analysis

The aqueous extract colour was changed from brown to dark-
brown after adding of 1 mM AgNO3, 2 mMAgNO3 and 3 mM AgNO3

from 30 min to 1 h, afterwards no more colour alterations were
observed up to 24 h of incubation in three concentrations
(Fig. 1). This might be due to the presence of high content of phe-
nols and flavonoids in the whole plant aqueous extract of C. viscosa
which reduced silver to AgNPs owing in the direction of surface
plasmon resonance of synthesized CvAgNPs. Bioreduction of Ag+
ions were pragmatic in the 1 mM AgNO3, 2 mM AgNO3 and
3 mM AgNO3 solutions from C. viscosa chemical compounds.
Fig. 2 shows the UV–vis absorption spectra of synthesized
1mMCvAgNPs, 2mMCvAgNPs and 3mMCvAgNPs. It was observed
that the maximum absorbance of all synthesized CvAgNPs occurs
at 434 nm range, it represents that the AgNPs were formed. Similar
results were observed for Aloe Vera leaf extract (Ashraf et al., 2016),
it specified the development of AgNPs.

The CvAgNPs crystalline nature was confirmed by XRD analysis
(Fig. 3). The XRD showed the evidence of diffraction peaks at
[111], [200], [220] and [311] appearing at 2h. These peaks indi-
cate the crystalline face-centered cubic (FCC) nature of the three
CvAgNPs which is in concurrence with the catalog of the Joint
Committee on Powder Diffraction Standards. The intense of extra
peaks at 2h points of CvAgNPs are a result of the association of
AgNO3 which was utilized for the synthesis of AgNPs (Rajakumar
et al., 2017; Taha et al., 2019). The expanding of Bragg’s peaks
shows the arrangement of nanoparticles and Debye-Scherrer’s
condition ascertains the mean size of the AgNPs was 24 nm. The
examples of XRD propose that crystallization of the bioorganic
stage happens on the outside of AgNPs. Our outcomes are in
confirmation with the results of Rajakumar et al. (2017) and
Taha et al. (2019).

The SEM images of the biosynthesized three different concen-
trations of CvAgNPs at different enlargements are exposed in
Fig. 4. It was found that CvAgNPs were rod-shaped, spherical,
and triangular in shape (Fig. 4A–C). Fig. 4A confirmed the
biomolecular outside layer on the layer of AgNPs surface, which
is liable in favor to improve the AgNPs stability. The SEM micro-
graph is shown in Fig. 6A, B and C established and confirmed the
attendance of metal AgNPs. Our outcomes are confirmed with
the results of Jyoti et al. (2016).



Fig. 1. Schematic diagram of biosynthesis of CvAgNPs.
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Fig. 2. UV–vis absorption spectrum of synthesized 1mMCvAgNPs, 2mMCvAgNPs
and 3mMCvAgNPs.
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Fig. 5 represents the EDX spectrum of the CvAgNPs recommend
the attendance of silver (Ag) as the major feature element. Metallic
AgNPs commonly show a characteristically strong indication peak
at 3 keV, due to the surface plasmon resonance (Anandalakshmi
et al., 2016). Fig. 5 gives on qualitative information of biosynthe-
sized CvAgNPs. Observed the attendance of elements i.e. C
(4.59%), O (11.13%) and Ag (84.28%) at different atomic percentage
(20.55%, 37.43% and 42.03%). The biosynthesized AgNPs demon-
strate strong significance in the ranges of 3–4 keV (Ismail et al.,
2018).

The TEM micrographs of the biosynthesized CvAgNPs magnifi-
cations are shown in Fig. 6A–C. It was found that CvAgNPs were
rod-shaped, spherical, and triangular in shape with maximum par-
ticles in the size range of 50 nm (Fig. 6C). Fig. 6B and C confirmed
the biomolecular covering on the exterior layer of CvAgNPs, which
are liable to improve the steadiness of AgNPs. The SAED model
confirmed the elemental AgNPs presence and also in agreement
with the XRD analysis. The standard crystallite size of the CvAgNPs
was estimated at 40.06 nm (Fig. 6A–C). The TEM picture demon-
strated the cross-section borders between the two adjoining planes
to be 5 nm separated which compares to the interplanar
detachment of the [111] plane of face-focused cubic silver
(Bhakya et al. 2016).

FT-IR spectra in Fig. 7A–C indicated the presence of phytochem-
icals which may be responsible for the synthesis of AgNPs from an
aqueous extract from C. viscosa. Fig. 7A indicates the FT-IR spectra
of 1mMCvAgNPs, the highest peak at 3738.82, 3458.88 and
2361.83 cm�1 attributed to OAH stretch, NAH stretch and O@C@O
stretching vibration of alcohol, phenols, primary amine and
carbon-dioxide with the medium, sharp and strong intensity. The
medium and low bands at 650.62, 454.52 and 425.32 cm�1 corre-
sponded to CABr stretch and CAI stretch possible of halo-
compound and alkyl halides.

In Fig. 7B represents the FT-IR spectra of 2mMCvAgNPs; in this
spectrum total, 8 peaks were observed. Among these peaks
3683.67 and 2175.17 cm�1 attributed to OAH stretch and AC„CA
stretch vibration of alcohol, phenols and alkynes compounds. The
medium bands at 1503.37 and 1233.47 cm�1 corresponded to
CAC (in–ring) stretch and CAN stretch possible of aromatics and
aliphatic amines compounds. Another peak at 1089.62 cm�1 was
assigned to the presence of amines (CAN) compounds.

In Fig. 7C represents the FT-IR spectra of 3mMCvAgNPs, the
highest peaks 3678.33 and 1830.71 cm�1 attributed to OAH
stretching (Strong, Sharp) and C@O stretching (Strong) vibration
of alcohol, phenols and anhydride compounds. The other peaks at
1502.77, 1229.82 and 1089.43 cm�1 were assigned to the presence
of aromatics (CAC (in–ring) stretching), aliphatic amines (CAN
stretch) and alkyl halides (CAN, CACl stretch), respectively
(Sasikala et al., 2015). This spectroscopic examination affirmed
the nearness of phenol, alcohols, amides, aldehydes, aliphatic ami-
nes and alkyl halides have a solid bonding with Ag and further-
more assumes a noteworthy job in diminishing and capping of
Ag particles for the change of Ag + into AgNPs (Jamdagni et al.,
2018; Bharathi et al., 2018).
3.4. Screening of qualitative phytochemicals

The results of qualitative phytochemical screening of synthe-
sized CvAgNPs are shown in (Table 2). Phytochemical profile of
synthesized 1mMCvAgNPs, 2mMCvAgNPs and 3mMCvAgNPs
revealed the presence of saponins, steroids, phenol, coumarins



Fig. 3. XRD spectra of (A) 1mMCvAgNPs, (B) 2mMCvAgNPs and (C) 3mMCvAgNPs.

Fig. 4. SEM images of synthesized (A) 1mMCvAgNPs (B) 2mMCvAgNPs and (C) 3mMCvAgNPs.
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and flavonoids which may be responsible for the efficient capping
and stabilization of nanoparticles and this was further confirmed
by FT-IR spectrum. Our outcomes are confirmed with the results
of Devi et al. (2019).
3.5. Determination of TPC and TFC in synthesized CvAgNPs

In the obtained TPC (23.62 ± 1.21, 38.44 ± 2.76 and 67.73 ± 3.77
GAE mg/g of CvAgNPs) and TFC (46.85 ± 1.84, 56.49 ± 1.88 and



Fig. 5. EDX pattern of synthesized CvAgNPs.

Fig. 6. TEM micrograph. Size of (A) 1mMCvAgNPs, (B) 2mMCvAgNPs and (C) 3mMCvAgNPs with SAED pattern.
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85.95 ± 3.13 QRE mg/g of CvAgNPs) in the synthesized
1mMCvAgNPs, 2mMCvAgNPs and 3mMCvAgNPs were represented
in Fig. 8. Dissimilar type of phytochemical constituents with a
numerous functional group, which perform as reducing agents
for Ag+ ions to AgNPs. Synthesized AgNPs from the leaf (Singh
et al., 2019) and seeds (Deshmukh et al., 2019) have the potential
for reduction of Ag+ ions to AgNPs.

3.6. Antibacterial activity of synthesized CvAgNPs

Antibacterial activity was performed by using 1mMCvAgNPs,
2mMCvAgNPs and 3mMCvAgNPs showed significant zone of inhi-
bition against all the clinical isolated bacterial pathogens (Figs. 9
and 10). The 3mMCvAgNPs showed maximum zone of inhibition
against K. pneumoniae, P. aeruginosa, E. coli and P. putida (Gram
negative) and S. aureus (Gram positive) at 10 mg/mL while
1mMCvAgNPs exhibited minimum zone of inhibition. In our study,
the synthesized CvAgNPs demonstrated maximum zone of inhibi-
tion against Gram negative bacterial pathogens (K. pneumoniae, P.
aeruginosa and P. putida) compared to Gram positive bacterial
pathogen (S. aureus). The distinction in affectability of Gram posi-
tive and Gram-negative micro-organisms to CvAgNPs was due to
the distinction in thickness and constituents of their film structure
(Dakal et al., 2016). Our present results are in accordance with the
previous findings which demonstrate the biosynthesized AgNps
have shown strong antibacterial activity. (Pirtarighat et al., 2019).

3.7. In vitro antioxidant activity of synthesized CvAgNPs

Antioxidants attract a particular interest as they can protect the
human body from free radicals and prevent commencement of the
degenerative diseases. Furthermore, they have the potential for



Fig. 7. FT-IR spectra of the synthesized (A) 1mMCvAgNPs (B) 2mMCvAgNPs and (C) 3mMCvAgNPs.

Table 2
Screening of phytochemicals of biosynthesized CvAgNPs.

Phytochemicals 1mMCvAgNPs 2mMCvAgNPs 3mMCvAgNPs

Alkaloids – – –
Anthraquinones – – –
Carbohydrates – – –
Coumarins + + +
Flavonoids + + +
Gums – – –
Glycosides – – –
Oils and fates – – –
Proteins and amino acids – – –
Saponins + + +
Steroids + + +
Phenols + + +
Reducing sugars – – –
Tannins – – –

+ Sign means presence and �Sign signifies non-appearance.
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considerable investment resources at the expense of health care.
Different methods were used to investigate the antioxidant prop-
erty of samples like plant extracts, synthetic antioxidants, diets,
vegetables etc. (Alam et al., 2013). Previous reports stated that
the green synthesis, characterization and assessment of antioxi-
dant action of silver nanoparticles from Cestrum nocturnum and
spice blend extracts (Keshari et al., 2018; Otunola and Afolayan,
2018). The present examination was to investigate the anti-
oxidant property of synthesized CvAgNPs.

DPPH is a stable free radical well-known for its role in reducing
the acceptance of hydrogen or electron from donors. The DPPH
scavenging activity of the CvAgNPs was studied based on colour
change. CvAgNPs exhibited good DPPH scavenging property when
compared to gallic acid (Fig. 11). Hence, the 3mMCvAgNPs had
revealed higher inhibition by 92.88% DPPH scavenging activity
while 1mMCvAgNPs had shown less inhibition (88.27%) and
2mMCvAgNPs had shown moderate inhibition (89.58%) of DPPH
radical scavenging activity (Fig. 11). Percentage of DPPH scaveng-
ing activity of these CvAgNPs was in dose-dependent. Similar type
of results were also noticed in the IC50 values (1mMCvAgNPs: 35.
58 ± 4.37 mg/mL; 2mMCvAgNPs: 26.46 ± 1.94 mg/mL and
2mMCvAgNPs: 20.32 ± 1.33 mg/mL) (Fig. 12). The changing of col-
our was might be to scavenging the DPPH due to contribution of
hydrogen or stable electron in the DPPH particle is responsible
later than the addition of CvAgNPs into the solution of DPPH
(Kanipandian et al., 2014). The DPPH scavenging potential of
CvAgNPs might be attributed to the functional groups stick on to
them which were initiated as of the whole plant aqueous extract.

The biosynthesized CvAgNPs were additionally scrutinized for
their antioxidative prospective according to the assay of ABTS free
radical scavenging study; the results are displayed in Fig. 11 and
Fig. 12. The maximum ABTS radical scavenging activity of CvAgNPs
at the three different concentrations (1 mM, 2 mM and 3 mM)
showed of 67.83%, 71.89% and 77.63%, whereas ascorbic acid
showed 83.66% at 100 mg/mL. The IC50 values of three concentra-
tions of CvAgNPs were 67.4 ± 2.41 (1 mM), 64.66 ± 2.09 (2 mM)
and 48.5 ± 1.25 mg/mL (3 mM) respectively. The outcomes exhibit
the assurance of huge bioactive molecules of C. viscosa whole plant
aqueous extract on the layer of the synthesized AgNPs, which are
increased in the ABTS radicals scavenging efficiencies.



Fig. 8. TPC and TFC in the synthesized CvAgNPs. Each vertical bar represents the mean ± SE (n = 3). The vertical bars with similar colour and having the same alphabet do not
differ significantly whereas the bars with similar colour and having the different alphabet differ significantly at p < 0.05. (One Way ANOVA followed by Tukey’s post hoc test).

Fig. 9. Zone of inhibition of synthesised CvAgNPs against K. pneumoniae, S. aureus, P. aeruginosa, E. coli and P. putida. Data are representing mean ± SE (n = 3).
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Khoshnamvand et al., (2019) in their investigation established that
the analysis of the correlation between polyphenolic compounds of
Allium ampeloprasum and the antioxidant movement showed that
polyphenolic compounds contribute significantly to the antioxi-
dant movement.

H2O2 is estimated as one of the significant agentsof cell growth
and could attack various cell vitality generating frameworks (Liu
et al., 2013). H2O2 is formed due to the result of respiration in every
living cell and must be removed from the cell as it is harmful. Cells
produce enzyme catalases to remove from H2O2. H2O2 scavenging
action dependent on the polyphenolic substance present in the
synthesized CvAgNPs, which can give electrons to H2O2 thus neu-
tralize it to water. The maximum percentage of H2O2 scavenging
activity was noticed in 3mMCvAgNPs (76.17%) while
1mMCvAgNPs (64.48%) was inhibited the low level of H2O2 when
compared to standard gallic acid (78.26%). The IC50 values of three
concentrations of CvAgNPs were 76.61 ± 2.57 (1 mM), 70.13 ± 1.6
(2 mM) and 62.45 ± 1.9 mg/mL (3 mM) also exhibited same move-
ment (Fig. 12). This activity was shown in a dose-dependent
manner.

Total antioxidant capacity (TAC) of the three different concen-
trations of synthesized CvAgNPs was also evaluated by the
standard phosphomolybdenum method (Figs. 11 and 12). This
method is based on the reduction of isopolymolybdate complexes,
polyoxometalates containing blue colored Mo (VI) to Mo (V) by the
CvAgNPs ensuing in the development of a green colored complex
(phosphomolybdenum). Higher TAC power was shown by
3mMACvAgNPs (67.68 ± 2.73 mg/mL) than the remaining
1mMCvAgNPs (116.14 ± 5.46 mg/mL) and 2mMCvAgNPs
(96.72 ± 3.73 mg/mL) while standard ascorbic acid was shown 48.
37 ± 2.66 mg/mL. Our results were resembled previous reports on
leaf extract-mediated biocompatible AgNPs from Pteris tripartita
(Baskaran et al., 2016).

Fig. 13 showed the dose-dependent response for the reducing
powers of the biosynthesized CvAgNPs. Reducing power increased
consistently with increasing the concentration of CvAgNPs-20–10
0 mg/mL. Among three concentrations of CvAgNPs, 3mMCvAgNPs
exhibited high reducing power near to standard (gallic acid) due
to the presence of polyphenols and functional groups in the
CvAgNPs. Remaining two concentrations of synthesized AgNPs
have shown the moderate and low reducing power activity. How-
ever, these polyphenols have shown electron-donating capacity
(Chen et al., 2020). This result was correlated with biosynthesized
AgNPs of Prosopis farcta fruit extract (Salari et al., 2019).



Fig. 10. Bactericidal activity of synthesized 1mMCvAgNPs, 2mMCvAgNPs, 3mMCvAgNPs and gentamycin against (A). K. pneumoniae, (B). S. aureus, (C). P. aeruginosa, (D). E. coli
and (E). P. putida. NC– Negative control (Distilled Water); PC-Positive control (Gentamycin).

Fig. 11. Percentage of DPPH, ABTS, H2O2 radical scavenging activity and total antioxidant capacity (TAC) of the biosynthesized CvAgNPs.

3610 S. Yarrappagaari et al. / Saudi Journal of Biological Sciences 27 (2020) 3601–3614
3.8. In vitro antidiabetic activity of synthesized CvAgNPs

In the stomach, starch related enzymes i.e. pancreatic a-amylase
and intestinal a-glucosidase, are responsible for the breakdown
of polysaccharides and disaccharides into monosaccharides
appropriate for absorption (Sales et al., 2012). Control of these
two enzymes is valuable for the treatment of type-2/NIDDM,
since they will control the levels of blood glucose (Podsedek
et al., 2014). The CvAgNPs have potentially inhibited the activities
of a-amylase and a-glucosidase enzymes in a dose-dependent



Fig. 12. IC50 values of DPPH, ABTS, H2O2 scavenging activity and total antioxidant activity of synthesized CvAgNPs. Each vertical bar represents the mean ± SE (n = 3). The
vertical bars with similar colour and having the same alphabet do not differ significantly whereas the bars with similar colour and having the different alphabet differ
significantly at p < 0.05. (One Way ANOVA followed by Tukey’s post hoc test).

Fig. 13. Ferric reducing antioxidant power capacity of biosynthesized CvAgNPs.
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manner (20–100 mg/mL) (Fig. 14). Compared with the standard
acarbose, the 3mMCvAgNPs showed significantly high inhibition
activity (57.62%; 90.14%), while the 2mMCvAgNPs showed
moderate inhibition activity (56.98%; 81.62%) and 1mMCvAgNPs
showed low inhibition activity (46.92%; 78.14%) in both
a-amylase and a-glucosidase enzymes. The IC50 values of
acarbose (14.06 ± 0.89; 18.52 ± 1.23 mg/mL), 1mMCvAgNPs
(53.72 ± 2.11; 55.91 ± 2.98 mg/mL), 2mMCvAgNPs (42.44 ± 2.68;
37.73 ± 2.05 mg/mL) and 3mMCvAgNPs (21.92 ± 1.74; 21.76 ±
1.91 mg/mL) of a-amylase and a-glucosidase inhibition activity
were graphically represented in Fig. 15. CvAgNPs have shown high
inhibition on a-glucosidase activity when compared to a-amylase
activity. The AgNPs diminished the levels of enzymes, which are in
charge of catalyzing the hydrolysis of complex carbohydrates and
increased the utilization rate of glucose reported by Balan et al.,
(2016), and Sengottaiyan et al. (2016).
The results obtained for the HbA1c assay are presented in
the graphical representation in Figs. 14 and 15. The percentage
inhibition of HbA1c is dose-dependent as shown in Fig. 14. The
percentage of inhibition at the concentrations of 20, 40, 60, 80
and 100 mg/mL by the CvAgNPs showed a dose-dependent
reduction. The highest concentration 100 mg/mL of
1mMCvAgNPs, 2mMCvAgNPs, 3mMCvAgNPs and metformin
showed a maximum inhibition of 26.12, 27.96, 32.68 and
36.89% respectively while the lowest concentration 20 mg/mL
of 1mMCvAgNPs, 2mMCvAgNPs, 3mMCvAgNPs and metformin
showed a minimum inhibition of 2.78, 3.68, 10.81 and 15.40%
respectively. The IC50 values of the synthesized CvAgNPs and
standard were found to be 175.17 ± 14.13, 177.69 ± 15.65,
164.19 ± 10.91 and 159.31 ± 9.9 mg/mL respectively. Similar
results were found in biologically synthesized AgNPs from
Pouteria sapota (Prabhu et al., 2018).



Fig. 15. IC50 values of a- amylase, a-glucosidase and HbA1c inhibitory activity of synthesized CvAgNPs. Each vertical bar represents the mean ± SE (n = 3). The vertical bars
with similar colour and having the same alphabet do not differ significantly whereas the bars with similar colour and having the different alphabet differ significantly at
p < 0.05. (One Way ANOVA followed by Tukey’s post hoc test).

Fig. 14. Inhibition activity of CvAgNPs on a-amylase, a-glucosidase and HbA1c.
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This study indicates that the synthesized CvAgNPs showed high
inhibition activity against a-glucosidase and a-amylase than acar-
bose. In addition, CvAgNPs showed significant antibacterial and
antioxidant activities due to the rich amount of phenolic and flavo-
noid content present in synthesized CvAgNPs. A few studies have
reported biological activities such as antimicrobial, antioxidant
and antidiabetic activity of Pisum sativum (Patra et al., 2019), Ipo-
moea batatas (Das et al., 2019), Lysimachia foenumgraecum
(Chartarrayawadee et al., 2020) and Ribes nigrum (Vorobyova
et al., 2020).

4. Conclusions and recommendations

Synthesis of AgNPs from the biological agent is eco-friendly,
low-cost and proficient to synthesis at room temperature. The cur-
rent research is developed an easy and eco-friendly method for the
synthesis of three different concentrations of silver nanoparticles
(1mMCvAgNPs, 2mMCvAgNPs and 3mMCvAgNPs) using aqueous
whole plant extract of Cleome viscosa. We have characterized the
synthesized CvAgNPs using UV–vis spectroscopy, XRD, SEM, TEM
and FTIR analysis. The spectra of UV–vis confirmed the biosynthe-
sized CvAgNPs supporting on surface plasmon resonance reading.
XRD spectra confirmed the structure of FCC and crystalline nature
in AgNPs. The reducing and capping of AgNPs are due to the pres-
ence of phytochemicals, which was confirmed by FT-IR spectra
analysis. The SEM monograph revealed rod-shaped, spherical,
and triangular-shaped AgNPs. TEM micrograph displayed different
shapes of synthesized AgNPs like rod-shaped, spherical, and trian-
gular in shape with size between 5 and 50 nm. The synthesized
CvAgNPs demonstrated maximum antibacterial activity against
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Gram negative bacterial pathogens (K. pneumoniae, P. aeruginosa
and P. putida) compared to Gram positive bacteria pathogen (S.
aureus). The synthesized CvAgNPs demonstrated favorable antiox-
idant activity against DPPH, ABTS, H2O2 free radicals and also
shown high TAC and RP. The CvAgNPs also showed good antidia-
betic activity against a-amylase, a-glucosidase and HbA1c. The
outcome of the present study confirms that the phytochemicals
and polyphenols are in charge of the whole plant of C. viscosa aque-
ous extract for the synthesis of AgNPs and demonstrated effective
biological actions attempted. Thus, this safe and eco-friendly syn-
thesis process can be used for the development of AgNPs which
also demonstrate effective biological properties in the future. Fur-
ther studies are necessary in order to get more applications of
these biosynthesized AgNPs.
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