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Abstract
There is an increasing commercial demand for nanoparticles due to their wide applicability in various
areas such as electronics, catalysis, chemistry, energy, and medicine. Metallic NPs are traditionally
synthesized by wet chemical techniques, where the chemicals used are quite often toxic and flammable.
The focus of the current study was the green synthesis of silver nanoparticles (AgNPs) from 1 mM silver
nitrate (AgNO3) solution using an aqueous solution of Veronica anagallis-aquatica (V. anagallis-
aquatica). Fixed ratio of AgNO3 and plant extract was mixed and conformation of AgNPs was done by
UV visible spectroscopy; which showed a maximum absorption peak at 425 nm. The Fourier transformed
spectroscopy (FTIR) spectrum shows various peaks for different functional groups bearing compounds
that had played role in the bioreduction of AgNPs. Scanning electron microscopy (SEM) analysis
demonstrated that AgNPs were spherical with a size of about 20 nm calculated by Nano measurer
software. The average size of 11.45 nm was calculated using four major peaks 38°, 44°, 64°, and 78° of
X-rays diffraction (XRD) analysis. The chemical composition of AgNPs was revealed by Energy dispersive
X-ray (EDX). The atomic and weight percentages of Ag, Na, Mg, and O were 73.55, 17.91, 6.78, 1.75, and
60.58, 21.20, 8.49, and 9.74. EDX confirmed the intense sharp peak at 73.55 keV. The in vitro antioxidant,
antibacterial, antifungal, antidiabetic, and TBARS were found with positive results. The current study
concluded that V. anagallis-aquatica possesses the ability to synthesize AgNPs. These synthesized
AgNPs showed enhanced properties compared to the V. anagallis-aquatica.

1 Introduction
In several fields, medical, food, industry, etc, the silver nanoparticles (AgNPs) emergence is observed
significantly high in the last few years [1]. This is because AgNPs exhibit unique chemical and physical
properties. These properties range from electrical to biological properties [2]. AgNPs are also used in
textile industries, keyboard preparation, and wound healing [3]. AgNPs have been used in the research
and development field for the enhancement of their intrinsic characteristics [4]. Silver is supposed to be a
non-toxic and safe antimicrobial agent having the capability of killing around 650 numerous types of
microorganisms. The researcher’s interest has grown significantly in recent years to use AgNPs as
antimicrobial agents [5]. The mechanism through which their synthesis takes place is yet to be explained
[6]. Various scientific parameters might be used in the biosynthesis of AgNPs [7]. The biological actions
of AgNPs are dependent upon various factors including shape, size, surface chemistry, size distribution,
composition and morphology, dissolution rate, the efficiency of cells and ions produced in their reactivity,
the type of reducing agents, etc. The AgNPs hold their importance in various biomedical applications
because the bioavailability of the therapeutic agents, after local and systemic administration, is improved
many folds by the AgNPs. Apart from that, AgNPs may also increase the biological distribution of the
therapeutic agents, their cellular uptake in the body, their diffusion into various barriers, and their healing
properties. Therefore, the synthesis of AgNPs with their controlled structure is imperative in numerous
biomedical uses [8–10]. Various methods or strategies are adopted for the synthesis of AgNPs. Some are
briefly described here. Laser ablation and evaporation condensation are various physical approaches to
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the synthesis of AgNPs. Metal nanoparticles (NPs) including gold, silver, lead, and cadmium have been
synthesized [11]. Chemical reduction with the help of reducing inorganic and organic compounds like
sodium borohydride, sodium citrate, and ascorbate is used as reducers for the chemical synthesis of
AgNPs [12]. Synthesizing AgNPs using green chemistry, in which naturally occurring reducing, stabilizing,
and capping agents are utilized. The method is favored over physical and chemical methods because of
having no toxic effects on the AgNPs and is cheap [13]. Silver or metal-based synthesized NPs possess
effective biological properties [14].

Veronica anagallis-aquatica (V. anagallis-aquatica) belongs to the kingdom Plantae (Angiosperms), Order
Lamiales, Family Plantaginaceae, Genus Veronica, and Species anagallis-aquatica. It is also known as
water speedwell and blue speedwell. It is a perennial herb with a stem similar to a root and horizontal in
position and is mostly found in moist habitats. The true native land of this plant is not known but it is
present all over the world. Its stem can reach a maximum of 10 centimeters to about one meter in length.

To the best of our knowledge, V. anagallis-aquatica, the extract has not yet been tested for AgNPs
synthesis. So in the present work, very stable AgNPs were synthesized using V. anagallis-aquatica extract.
V. anagallis-aquatica extract acted both as a reducing as well as a capping agent. Antioxidant,
antibacterial, antifungal, antidiabetic, and thiobarbituric acid activities of synthesized AgNPs were
evaluated.

2 Materials And Methods

2.1 Collection, Identification, and Extraction of plant
material
V. anagallis-aquatica collection was done from district Bannu Khyber Pakhtunkhwa (Surrani area), and
was recognized by Dr. Faizan Ullah at the department of Botany, University of Science and Technology
Bannu by a taxonomist. The leaves detached from the whole plant were washed using water to remove
dust particles. The fresh cleaned leaves (2.5gm approximately) were taken in a 250 ml flask and added to
100 ml deionized water and boiled for 10 minutes to facilitate the formation of aqueous extract. Leaves
were chopped into fine particles and then the mixture was kept for 24 hours in a laboratory at room
temperature and further filtered using Whatman No.1 filter paper.

2.3 Silver nanoparticles synthesis (AgNPs)
For AgNPs synthesis according to the standard protocol of [15], 10 ml solution from10 mM silver nitrate
solution was added to 1 ml aqueous leaves extract and incubated in the dark. The resulting solution was
then analyzed using ultraviolet-visible spectroscopy. To be dried dry powder of silver nanoparticles, the
solution was centrifuged at 13000 rpm for 2 minutes and was then washed with deionized water at least
three times.
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2.4 Factors affecting synthesis rate, size, and shape of
AgNPs
To study the effect of V. anagallis-aquatica extract on the synthesis of AgNPs concentration of the V.
anagallis-aquatica extract was varied from 0.5-2 ml. To study the effect of the temperature, AgNPs were
synthesized at different temperatures 25°C, 50°C, 75°C, and 100°C. To study the effect of acidic and basic
conditions on the synthesis of the AgNPs pH of the reaction mixture was maintained from 2-to 12
respectively. To study the effect of the time on the completion of the reaction was monitored from 0 to 30
min after every 5 min interval and the last reaction was monitored after 24 hrs [16].

2.5 Characterization of AgNPs
The reduction of the silver ion in the solution was determined using SHIMADZU UV
SPECTROPHOTOMETER (UV-1800). The purified AgNPs were examined for the presence of the various
functional groups using the FT-IR Shimadzu (IR Prestige-21) spectrometer (Japan). FT-IR analysis was
carried out through Shimadzu (IR Prestige-21) spectrometer (Japan). The prepared materials were fully
dried to remove the traces of moisture before subjecting them for FTIR analysis. Potassium bromide
(KBr) powder was also dried 2–3 times. For blank analysis, a pure KBr pellet was prepared and used.
Then 5% solid solution of each sample with KBr in the form of a thin pellet was prepared. The FT-IR
spectra of the materials were obtained in the IR radiation range 500–4000 cm-1. The crystalline nature of
the AgNPs was determined by JDX-3532 (JEOL JAPAN) X-ray diffractometer having a fixed radiation
wavelength of λ-1.54 Aº. For structural analysis, the XRD patterns of the prepared materials were studied
by JDX-3532 (JEOL JAPAN) X-ray diffractometer having a fixed radiation wavelength of λ-1.54 Aº. Each
sample was sized to one square inch for XRD analysis. The samples were placed in a glass-made holding
system and then transferred to the X-ray generating tube. The acceleration voltage of 35 kV and 20 mA
current were applied while the degree of scanning was in the range from 10 to 50°. The diffracted
intensities were recorded from 20° to 80°. The size and shape of NPs of the prepared materials in the
project were analyzed by using JEOL SCANNING ELECTRON MICROSCOPE MODEL JSM-5910 (Japan).
Current-voltage applied was in the range from 5 kV-20 kV. The resolution of the microscopic lens varied
from 10000X to 50000X. An appropriate amount of samples were taken and mounted on Aluminum
stubs with conductive taps and then subjected to SEM analysis. Micrograph images of all the samples
were obtained under suitable resolution and voltage. The purity of AgNPs in solution was determined by
using the EDX NOVA-450 instrument technique.

2.6 Biological Activities of AgNPs

2.6.1 Antibacterial activity
The antibacterial activity of the synthesized AgNPs was carried out using the agar well diffusion method
[17]. Three bacterial strains (E. coli, S. aureus, K. pneumoniae) were used to assess the antibacterial
activity. The concentration of 100, 500, and 1000 µg/ml of extract and AgNPs were used. Nutrient agar
and all other material were sterilized. About 20 ml of nutrient growth medium was poured into Petri plates
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and allowed them to cool at optimum temperature. The bacterial strains were streaked using a sterilized
swab. Wells were punctured in the agar and 70 µl samples (both extract and AgNPs), dimethyl sulfoxide
(DMSO) as a negative control, and standard drug (Levofloxacin) were administered into the wells, and
plates were placed for a period of 24 hrs in a safety cabinet. At the end of 24 hrs, readings were taken as
an inhibitory zone in mm.

2.6.2 Antifungal activity
The antifungal assay was performed using a standard protocol of [18]. Two fungal strains (Aspergillus
niger and Aspergillus flavus) were used. The fungal media that was incorporated was saboroud dextrose
agarose (SDA). 9 gm SDA was liquefied in 100 ml deionized water and autoclaved to get rid of
contamination. About 10 ml of this SDA was poured into each test tube in a safety cabinet. Nearly 4 mm
of fungal strains were detached from the parent culture and put into the respective test tube. About 200 µl
extract, as well as AgNPs, were also poured into the tubes. Terbinafine served as a positive control; while
DMSO served as a negative control. The readings were taken after 3 days.

2.6.3 Antioxidant Activity

2.6.3.1 DPPH assay
DPPH assay was performed according to [19]. About 0.003 gm of DPPH mixed in 50 ml of deionized H2O.
Ascorbic acid was used as standard. 200 µl from different concentrations of AgNPs and plant extract
was mixed with 800 µl freshly prepared DPPH solution. After dark incubation of 30 min absorbance was
measured against a blank at a wavelength of 517 nm using a BMS spectrophotometer. % scavenging
was calculated by using the formula (i);

% scavenging = Ac-As/Acx100 (i)

Where Ac = Control absorbance, As AgNPs and plant extract absorbance

2.6.3.2 ABTS radicals scavenging activity
The standard method of [20] was used for ABTS radicals scavenging. 2.45 mM Potassium persulfate and
7 mM ABTS solutions were made in deionized H2O. The two solutions were left for an overnight period
after intermixing with one another. Production of a dark blue color confirmed the presence of ABTS free
radicals. Optical density was measured using a spectrophotometer and adjusted to 0.7. About 300 µl
AgNPs solution and plant extract were mixed with the same volume of ABTS solution and absorbance
were taken at 734 nm. % scavenging was calculated by using the formula (i).

2.6.3.3 H2O2 radicals scavenging activity
The hydrogen peroxide (H2O2) assay was performed using the standard method [21]. About 200 µl AgNPs
and plant solution, 400 µl H2O2 (2 mM) solution, and 400 µl phosphate buffer (50 mM) of 7.4 pH were
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mixed; followed by 20 min incubation. Absorbance was measured at 617 nm using a BMS
spectrophotometer against a blank. % scavenging was calculated by using the formula (i).

2.6.4 Antidiabetic activity (α-amylase activity)
The in vitro antidiabetic activity was assessed using the standard method [22]. About 200 µl α-amylase
solution was mixed with equal volumes of various concentrations of the synthesized AgNPs and plant
extract. This solution could incubate for 10 min at room temperature. After incubation, 200 µl starch
solution was added to all the tubes and again incubated for three minutes. About 200 µl of dinitro
salicylic acid was added to each test tube and heated for ten minutes at 95ºC. Nearly 5 ml of distilled
water was added to the tubes after cooling time. The % inhibition was assessed by following the equation
(i).

2.6.5 TBARS (Thiobarbituric acid reactive substances)
assay
The lipid peroxidation produces a product, Thiobarbituric acid reactive substances e.g. malondialdehyde
(MDA) assessed by TBARS assay. This assay measures malondialdehyde (MDA) present in the test
sample. The standard method of [23] was used. Centrifugation at speed of 4,000 x g for 10 min was used
for homogenate to yield a pellet and the supernatant. Pellet was unused and the supernatant was used.
At 37°C, for 60 min 100 µl supernatant was incubated in the presence or absence of plant extract and
AgNPs. After incubation, TBA, 8.1% SDS, and acetate buffer were added and again incubated for 60 min
at 100°C. The formation of the light pink color showed the reaction of MDA with TBA. By using ice tubes
were cooled, absorbance was measured at 532 nm.

3. Results

3.1 Synthesis of AgNPs

3.1.1 Ultraviolet visible technique
Silver nitrate (AgNO3) solution turned black after the addition of plant extract which indicated the
formation of AgNPs. The solution was checked by UV-visible spectroscopy at wavelengths between 200–
800 nm. Figure 1 indicated 425 nm absorption bands of the AgNPs

3.1.2 Factors affecting the synthesis of silver nanoparticles
Various concentrate of ions 0.5-2 ml plant extract was used and absorbance was recorded in a UV-Visible
spectrophotometer. Absorbance at 425, 425, 430, and 430 nm showed (Fig. 2a). The Surface Plasmon
Resonance bands became sharper by increasing plant extract concentration and appeared at 430
(absorbance 0.99982) at a lower concentration of 0.5 ml and 425 nm (absorbance 1.6) at a higher
concentration of 2 ml.
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Different temperature conditions 25ºC, 50ºC, 75ºC, and 100ºC were used for AgNPs synthesis.
Absorbance at 435, 430, 425, and 425 nm was recorded (Fig. 2b). At a lower temperature, a 25ºC
absorbance peak of 425 (absorbance 1.75) was observed which increased with the increase in
temperature, and a final absorbance peak of 435 nm (absorbance 2.401) was observed at 100 ºC.

Figure 2c shows AgNPs formation at different time intervals. Absorbance (1.279992) at 409 nm appeared
after 5 minutes. This absorbance peak becomes sharp with the passage of time and a final 430 nm peak
with the absorption of 2.1996 was recorded after 24 hours.

Figure 2d indicated the formation of AgNPs at different pH. An almost straight line was observed at
acidic pH values of 1–6; while with an increase of pH the sharp peaks 420, 425, and 430 nm were
recorded in pH range of 7–12.

3.2 Characterization of AgNPs

3.2.1 Analysis through Fourier Transformed Infrared (FTIR)
The FTIR technique was performed to identify the possible biomolecules with their different functional
groups. Peaks at 3500 to 3100, 1725, and 1415 cm-1 relate to hydroxyl functional group in molecule and
hydrogen bonds involving OH group, C = O groups, and Carbon double bond aromatic ring vibrations were
shown by plant extract sample (Fig. 3a). AgNPs FT-IR demonstrates clear variation in the location of
some peaks i.e. at 3500 to 3100, 1695, 1442, 1300, and 1000 cm-1 and they relate to OH group, C = O
group, stretching C = C aromatic ring, and C-OH stretching vibrations. This determines the interaction
between AgNO3 and the functional groups that are involved sites of phytochemicals in reducing the salt
(Fig. 3b).

3.2.2 Analysis through X-Ray D diffraction (XRD)
AgNPs' exact nature can be determined by the XRD spectrum. Distinct peaks of 38°, 44°, 64°, and 78° are
recorded in a spectrum of values ranging from 20-to 80 (Fig. 4). Debye-Scherer’s formula has been used
for size evaluation.

D=

D = crystallite size (nm)

K = Scherer’s constant = 0.9

λ = X-ray wavelength = 0.15406 nm

β = FWHM = Full length at half maximum (radian)

θ = Peak position (Radian)

Nanoparticles size was calculated by using the above-mentioned formula, which was 11.45 nm.
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3.2.3 Scanning electron microscopy analysis (SEM)
SEM analysis clearly shows that the AgNPs are small and uniform in size, almost spherical in nature is
free from agglomeration (Fig. 5). Using nano measurer software average particle size was calculated
which is about 20 nm.

3.2.4 Energy-dispersive X-ray analysis (EDX)
The chemical composition of biologically synthesized AgNPs was revealed by the EDX spectrum.
Different peaks strong peak from silver (Ag) and small peaks from Sodium (Na), Magnesium (Mg), and
Oxygen (O) was observed in the spectrum. The atomic and weight percentages of Ag, Na, Mg, and O were
73.55, 17.91, 6.78, 1.75, and 60.58, 21.20, 8.49, 9.74 (Fig. 6).

3.3 Antibacterial and antifungal assay
The antifungal potential of plant extract and AgNPs were assed (Fig. 7). AgNPs showed good antifungal
inhibition as compared to the plant extract. Results are mentioned in Table 1. AgNPs and plant extract
antibacterial results are shown in Fig. 8. The results showed that AgNPs exhibited a higher zone of
inhibition as compared to plant extract while lower as compared to the standard antibacterial drug
(Table 2).

Table 1
AgNPs vs. Veronica anagallis-aquatica (VAA) extract inhibition against fungal strains

Species Terbinafine DMSO DDH2O 100 µg/ml 500 µg/ml 1000 µg/ml

A. niger (VAA) 130 mm 0 0 14 mm 20 mm 22 mm

A. niger (AgNPs) 130 mm 0 0 27 mm 50 mm 65 mm

A. flavas (VAA) 130 mm 0 0 09 mm 10 mm 11 mm

A. flavas (VAA) 130 mm 0 0 14 mm 28 mm 130 mm
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Table 2
Zone of inhibition of Veronica anagallis-aquatica (VAA) extract and AgNPs against various bacterial

strains
Zone of inhibition (mm)  

S. no Strains  

    100 µg/mL 500 µg/mL 1000 µg/mL Levofloxacin DMSO

    VAA AgNPs VAA AgNPs VAA AgNPs AgNPs VAA  

3 E. coli 0 8 1 9 3 10 20 18 0

5 S. aureus 0 8 1 10 3 11 16 15 0

6 K. pneumonia 0 5 1 6 2 7 18 20 0

3.4 Antioxidant assay

3.4.1 DPPH Activity
Synthesized AgNPs possessed commendable antioxidant activity as compared to the plant extract but
showed lesser scavenging potential than the standard ascorbic acid (Fig. 9a).

3.4.2 ABTS activity
Our findings noted a significant ABTS antioxidant effect of synthesized AgNPs as compared to plant
extract which showed the least activity. The ascorbic acid scavenging percentage was somewhat above
the AgNPs (Fig. 9b).

3.4.3 Hydrogen peroxide assay
Different concentrations of AgNPs and plant extract (20–100 µg/ml) were tested against hydrogen
peroxide free radicals to check AgNPs scavenging potential. The higher concentration of 100 µg/ml of
ascorbic acid, AgNPs, and plant extract revealed 89.69%, 87.11%, and 53.8% percentage scavenging
respectively (Fig. 9c).

3.4.4 Antidiabetic activity (Alpha amylase activity)
In vitro inhibitory effect of AgNPs against α-amylase enzyme is shown in Table 3. The percentage
inhibition of α-amylase enzyme shown by AgNPs was higher as compared to the plant sample but lower
than the standard acarbose.
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Table 3
Comparison of percentage inhibition results shown by acarbose, plant, and AgNPs

Concentration
(µg/ml)

Acarbose inhibition
(%)

Plant extracts inhibition
(%)

AgNPs inhibition
(%)

100 60 22 54

200 74 38 58

300 76 44 64

400 82 50 76

500 86 56 80

3.5 TBARS assay
Figure 10 shows the concentration of MDA produced (in nmol) and AgNPs and the plant extract-treated
group. The results of the AgNPs are significant as compared to the plant extract.

4 Discussion
Nanotechnology has got success in addressing many severe health care problems, food and feed,
cosmetics, gene/drug delivery, mechanics, environment, and catalysis [24–29]. There are various
applications of AgNPs e.g. as antimicrobial agents, anti-inflammatory agents, anti-cancer agents, and in
wound healing processes [30–33].

In the present study; UV analysis was performed for confirmation of AgNPs synthesis. Optical absorption
spectra are dependent on the shape and size of the AgNPs and are dominated by “surface plasmon
resonance” that generally shifted to greater wavelengths with an increase in the particle size [34]. UV-
visible spectroscopy showed a maximum absorption peak at 425 nm which conformed to the formation
of AgNPs. The results of the present study are supported by [16] who reported the green synthesis of
AgNPs by using Calligonum polygonoides crude extract.

Various concentrations (0.5-2 ml) of plant extract were used and absorbance was recorded in UV-Visible
spectrophotometer at 425, 425, 430, and 430 nm. The Surface Plasmon Resonance bands became
sharper by increasing plant extract concentration and appeared at 430 (absorbance 0.99982) at a lower
concentration of 0.5 ml and 425 nm (absorbance 1.6) at higher concentration of 2 ml. The broadband at
a lower concentration of the extract was mainly due to the formation of the anisotropic particles [35].

Different temperature conditions 25ºC, 50ºC, 75ºC, and 100ºC were used for AgNPs synthesis.
Absorbance at 435, 430, 425, and 425 nm were recorded. At lower temperature, a 25ºC absorbance peak
of 425 (absorbance 1.75) was observed which increase with an increase in temperature and a final
absorbance peak of 435 nm (absorbance 2.401) was observed at 100ºC. Similar results were reported by
[36].
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In the present study; AgNPs were synthesized at different time intervals. Absorbance (1.279992) at 409
nm appeared after 5 minutes. This absorbance peak became sharp with the passage of time and a final
430 nm peak with the absorption of 2.1996 was recorded after twenty-four hours.

The formation of AgNPs was carried out at different pH. An almost straight line was observed at acidic
pH values of 1–6 while with an increase of pH the sharp peaks 420, 425, and 430 nm were recorded in
the pH range of 7–12. The synthesis of the AgNPs was repressed by acidic conditions and improved by
basic conditions [35].

The presence of the different functional groups which are involved in the capping and reducing of AgNPs
are conformed by FTIR analysis. The FTIR analysis showed different peaks which correspond to the
different functional groups. The smaller sharp peaks at 3750 cm-1 indicate OH stretching of alcohols and
phenols, and peaks near 3400 cm-1 represent the presence of alkyne CH bond and primary amines. This
suggests the interaction of plant extract phenolic compounds with that AgNPs [37]. Another broad peak
around 1600 cm-1 represents the amide stretching bond that might be associated with proteins that are
involved in silver ion reduction. These findings confirm the occurrence of organic molecules on the
surface of the synthesized AgNPs as mentioned in the findings of [2].

For structural analysis, the XRD patterns of the prepared materials were studied. Four strong Bragg
reflections at 38°, 44°, 64°, and 78° resemble the planes of (1 1 1), (2 0 0), (2 2 0), and (3 1 1) respectively
which can be indexed according to the face of the face-centered cubic crystal structure of silver. The
calculated average crystallite of the AgNPs is 11.45 nm for four major peaks 38°, 44° 64°, and 78° of
XRD. Similar results were also reported by [16, 38].

Morphology and distribution of AgNPs were examined by SEM. SEM demonstrated the average size of
the synthesized nanoparticles in the range of 20 nm. Some nanoparticles of great size might be due to
aggregation of smaller particles that happens during the drying process in an oven. The present results
indicated that AgNPs have sphere-shaped Similar size ranges shape of AgNPs have been reported by
[16].

The AgNPs synthesis was also confirmed by EDX analysis. EDX presented a discrete peak for elemental
Ag. However, some of the other impurities including Na, Mg, and O were also observed. The occurrence of
impurities may be due to matrix leftover. It might be from the glass support that was used for sample
mounting just before the EDX analysis. This greater percentage of Ag, as examined by elemental
investigation established that the particles were mostly composed of Ag [39].

Similar results are obtained about the antifungal activity. The synthesized AgNPs showed good
antifungal activity by inhibiting A. niger and A. flavus fungal strains. The exact antifungal mechanism is
not fully understood, but it is understood that they cause permeability of the fungal membrane and
causes their inactivity [40].
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The mechanism by which AgNPs exhibit antibacterial activity is not fully known yet. Many reports are
there suggest that AgNPs adhere to the surface of the cell membrane of the bacteria and thus result in
the disruption of their functional inactivity [41]. Earlier reports of [40] demonstrated the antibacterial
activity of the AgNPs dependent on the size of the NPs. It is evident that smaller NPs having greater
surface area shows the greater bactericidal activity as compared to larger NPs. It is also suggested that
the smaller NPs not only attach to the cell membrane of the bacteria but also get penetration inside the
cells and resulting in cell death. Our results demonstrated good antibacterial activity against tested
pathogens which is similar to [42].

DPPH is synthetic-free radicals that are used to assess the antioxidant activity of desired compounds and
molecules. In the current investigation, the DPPH radical scavenging activity of green synthesized AgNPs
was explored in comparison with the standard (ascorbic acid) and plant extract. AgNPs showed good
activity in comparison with the extract. Our results are similar to the findings of [16]. The antioxidant
activity of the AgNPs is probably due to its electron-donating capability with which it gets stabilizes the
free radicals [43–45].

ABTS is also free radicals that are used in antioxidant assays. The antioxidant activity of the synthesized
AgNPs depends upon concentration. Our results are in accordance with [46–48].

Hydrogen peroxide is an unstable inorganic species [49] and due to its instability characteristic, it acts as
a free radical. In the current study; AgNPs were used as a scavenger for these free radicals. The NPs
showed good concentration-dependent antioxidant activity. The results are by the reports got earlier [50,
51].

In the small intestine, two principal enzymes are present for polysaccharides' metabolism. These are
termed α-amylase and β-glucosidase. These enzymes convert the consumed polysaccharides to
monosaccharides. The action of enzymes on polysaccharides generally results in an increased
postprandial blood glucose quantity. This is due to the captivation of glucose from polysaccharides in
the small intestine [52]. Those medications having an inhibition-like action on these enzymes might
control the increase in post-prandial blood glucose levels. In the market, numerous drugs are present to be
used for this purpose. The current results of our work demonstrated significant α-amylase activity that
was obtained from the synthesized AgNPs. The extract activity was not significant as compared to the
AgNPs which shows their good enzyme inhibitory action [16].

LPO (Lipid peroxidation) is a key feature of MDA as lipid peroxidation can result in increased oxidative
stress [53]. The increased MDA and TBARS levels reflect higher lipid peroxidation. Our results showed the
ability of AgNPs to inhibit LPO significantly.

5 Conclusions
The current study concluded that V. anagallis-aquatica possesses the ability to synthesize AgNPs
cheaply. UV-visible spectroscopy demonstrated that the AgNPs synthesis is directly proportional to the
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extract concentration and vice versa. Various phytochemicals shown by FTIR stay responsible for the
green synthesis of AgNPs. The crystalline nature and average size of 11.45 nm are calculated using XRD
analysis. The size of AgNPs confirmed by SEM was 20 nm. EDX analysis showed the presence of various
impurities including Na, Mg, O, etc. Good antimicrobial, antioxidant, and sugar reducing activity was
possessed by the synthesized AgNPs. MDA levels were reduced by the green synthesized AgNPs as
compared to the plant extract.
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Figures

Figure 1

The UV-vis absorption spectrum of AgNPs. V. anagallis-aquatica Volume: 1 ml; time: 24 hours;
temperature: 25 ºC; pH: 10
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Figure 2

a The UV-vis absorption spectrum with different volumes of V. anagallis-aquatica. Time: 24 hours;
Temperature: 25 ºC; pH: 10

b The UV-vis absorption spectrum with different temperatures. V. anagallis-aquatica volume: 1 ml; time:
24 hours; pH: 10

c The UV-vis absorption spectrum of AgNPs at different times. V. anagallis-aquatica volume: 1 ml;
temperature: 25 ºC; pH: 10

d The UV-vis absorption spectrum of AgNPs at acidic and basic conditions. V. anagallis-aquatica volume:
1 ml; temperature: 25 ºC; time 24 hours 
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Figure 3

a FTIR spectrum of V. anagallis-aquatica plant extract

b FTIR spectrum of V. anagallis-aquatica green synthesized AgNPs indicates different functional groups

Figure 4

XRD analysis of AgNPs AgNPs.
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Figure 5

SEM analysis of AgNPs.

Figure 6

EDX analysis graph
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Figure 7

Antifungal results .activity of AgNPs and plant extract.
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Figure 8

Antibacterial activity of AgNPs and plant extract.
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Figure 9

a DPPH scavenging Assay of AgNPs and plant extract.

b ABTS scavenging assay of AgNPs and plant extract.

c Hydrogen peroxide scavenging assay of AgNPs and plant extract.
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Figure 10

MDA (nmol/mg protein) in plant extract and AgNPs treated groups.


