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The plants of Euphorbiaceae have high medicinal values and their phytochemical composition plays a major role in metal ion
reduction. In this research, Euphorbia granulata (EG) the “spurge family” plant extract was used to reduce silver ions to silver
nanoparticles (AgNPs). This nanoparticle formation was observed by UV-VIS spectrophotometric analysis at different times
and temperatures to achieve the most optimal conditions. The synthesized biogenic silver nanoparticles (EG-AgNPs) were
subjected to FTIR studies. The obtained low-intensity bands of fingerprint region bands (612 cm™) and aromatic OH bands
(3385cm™’) are identified that the reduction of silver ions (Ag") into metallic silver (Ago) nanoparticles. Further, the charge,
size, and morphology of the synthesized EG-AgNPs were studied using various spectroscopic methods including powder X-ray
diffraction (XRD), high-resolution scanning electron microscope (HRSEM), FESEM-EDX elemental mapping, and high-
resolution transmission electron microscope (HRTEM). The notable efficacy of the EG-AgNPs in antimicrobial activity
including minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) suggested the EG-AgNPs
are noteworthy material for biomedical applications. EG-AgNPs exhibited an efficient photocatalytic activity by degrading
environmental pollutants, methylene blue (MB), and methyl orange (MO) dyes. The antioxidant property by radical
scavenging (DPPH) assay of synthesized AgNPs was studied. Furthermore, the studied antioxidant behavior of EG-AgNPs by
DPPH assay strongly supports that the EG-AgNPs are highly suitable materials for anticancer agents.

1. Introduction sions. Over the last few decades, metal nanoparticles have

been explored much in various research fields including
Phytogenic metal nanoparticles have privileged status in ~ medicinal, optical, and catalytic activities [1]. The literature
nanoscience and nanotechnology research due to their inno- ~ reports showed that the notable properties and activities of
vative nature such as unique size, shape, and reduced dimen- nanoparticles are completely dependent on their size, shape,
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morphology, and distribution [2]. Particularly, size and shape
of the particles are playing determinative roles in achieving
adequate results in biomedical applications [3, 4]. Such unique
particles can be prepared by employing plant extract
prompted synthetic methods [5].

Due to its noteworthy physical, chemical, and biological
properties, silver nanoparticles (AgNPs) are showing super-
lative applications in medicinal chemistry including cancer
therapy, biotechnology, and water treatment depending on
their particle size [6]. Recently, our research group reported
that the biosorbed AgNPs are used as food packing materials
composite due to their high efficacy antimicrobial activity
[7]. Among the various availed synthetic routes, environ-
mentally benign green synthetic methodology is an eco-
friendly alternative to save the globe and human health
from toxic chemical synthetic methods [8]. Also, using nat-
ural resources, such as plants including fruits, barks, roots,
seeds, rhizomes, leaves, agrifood waste, and by-products to
prepare metal nanoparticles is an emergent concern towards
cheaper and cost effective [9]. Unlike plants, bacteria and
fungi chemical and physical methods require relatively long
incubation times and triggering biosafety issues while reduc-
tion of metal ions, the medicinal plants extract-mediated
reduction of metal ions, is more stable and cost effective [10].

Also, using such plant extract green synthetic methods is a
beneficial method to achieve large-scale biogenic AgNPs with-
out any toxic by-products. So, it is the responsibility of world
researchers to reduce the production of toxic residues and
encouraged to develop harmless and highly sustainable
methods like green synthetic methods of nanoparticles. The
employed plant extract contain biodegradable antioxidant
biocomponents including phenols, phenolic polysaccharides,
proteins, and vitamins that play simultaneously both reduc-
tion of metal ions and stabilization of nanoparticles [11]. Also,
the interesting feature of this green methodology is, despite the
fluctuating concentration of biocomponents depending on
aging of the natural product and differing from growing envi-
ronment, the most relevant reducing compounds remains in
high concentration to reduce the metal ions [12].

The present work focuses on the development of colloids
of AgNPs mediated with Euphorbia granulata Forssk. and
studies the in vitro biological applications. The synthesis and
stabilization of biogenic AgNPs (EG-AgNPs) will be achieved
by employing unreported E. granulata plant extract, which is a
widely existing weed plant in dried area including Saudi Ara-
bian Peninsula and central Asia. E. granulata (EG) belongs
to Euphorbiaceae family and contains a considerable amount
of phenolic and flavonoid compounds and possessing antiox-
idant capacity. The schematic diagram of the scope of the pro-
posed work is presented in Figure 1.

2. Materials and Methods

2.1. Plants and Chemicals. The Euphorbia granulata Forssk.
plant was collected from King Saud University premises,
Riyadh, and identified (No. 22521) by Dr. Rajagopalan from
the Department of Botany and Microbiology, Herbarium
division, King Saud University, Riyadh, Saudi Arabia, and
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FIGURE 1: Schematic diagram of synthesis of E. granulata plant
extract supported biogenic synthesis of AgNPs.

was identified as the plant specimen. The collected fresh plant
was washed thoroughly in running water and further rinsed
with deionized water. All the chemicals that were used in the
experiments are of analytical grade. Silver nitrate (AgNO,,
Sigma-Aldrich) was purchased and used as received. For the
antimicrobial studies, nutrient agar, Muller-Hinton agar,
ciprofloxacin, and amphotericin were purchased from HiMe-
dia, India, and used as received.

2.2. Preparation of Plant Extract and Characterization. The
plant extraction was collected from boiled milli-Q water by
the general procedure. Typically, 10g of the cleaned plant
was chopped into small pieces using mortar and pestle and
subjected for extraction with 500 mL of milli-Q water in an
Erlenmeyer flask. The mixture was boiled 5min, and then,
the extract was decanted. The decanted crude extract was fur-
ther filtered using Whatman no. 1 filter paper up to the extract
is clear solution and then stored at 4°C for further use. The UV
spectrum of E. granulata plant extract was recorded and
observed the absorption bands between 250 and 400 nm. This
wide range of absorption was comprised of multiple peaks due
to the presence of multiple phytochemical compositions in the
extract instead of the finely resolved peak like flavonoids
(325nm), tannins (280nm), quercetins (255 and 366 nm),
and phenolics (255 and 365 nm) [13].

2.3. Qualitative Phytochemical Analysis. Qualitative phyto-
chemical analysis of the E. granulata extract was performed
using the standard experimental procedures to observe the
common phytoconstituents. Among the existing phytocom-
ponents in the E. granulata extract, phenolic/polyphenolic
compositions were analyzed by lead acetate and alkaline
reagent test. Also, the presence of flavonoids was analyzed by
adopting Shinoda alkaline reagent. All the experiments for
quantitative phytochemical analysis were done in triplicates.
The observed antioxidant compositions in the plant extract
were indicated qualitatively as positive (+) or negative ().

2.3.1. Total Phenolic Content (TPC) Determination. The
Folin-Ciocalteu (F-C) assay involved finding out the antiox-
idant capacity of natural product components by a single-
electron transfer mechanism. Moreover, like 2,2 -azinobis-
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F1GURE 2: Total phenolic and flavonoids content of aqueous extract of E. granulata.

TaBLE 1: Qualitative screening for phytochemical constituents of E.
granulata aqueous extract.

Phytochemical constituents Obtained components®

Alkaloids +
Tannins +
Glycoside +
Phenolic compounds +++
Flavonoids +
Carbohydrates +
Proteins +
Triterpenoids +
Steroids and sterols —
Saponins —
Anthraquinones _
S, present, “-”: absent.

3-ethylbenzothiazoline-6-sulfonic acid (ABTS) assay, the F-
C method was also useful for assaying compounds of bio-
medical interest for antioxidant activity. Therefore, the F-C
method was utilized to determine the presence of phenolic
contents as well as other aromatic OH components [14],
Totally, 10mL of reaction mixture prepared by mixing of
ImL plant extract, 5mL F-C reagent, and 4mL of 7%
Na,CO;. The mixture was incubated 30 min in 40°C water
bath. Then, the OD observation was expressed as gallic acid
equivalents present per mg of the plant extract. The TPC
was determined using UV-Vis double beam spectrophotome-
ter and based on the obtained triplicate values. The amount of
TPC in the plant extracts was calculated by using the formula:

\%
TPC=Clx —, (1)
m

where TPC is in mg/g of gallic acid equivalent, C1 is con-
centration of gallic acid (mg/m), V is volume of extract solu-
tion (mL), and m is the weight of the plant extract (g).

2.3.2. Total Flavonoid Content (TFC) Determination. The
presence of flavonoids was determined by amended alumi-
num chloride colorimetric method [15]. Typically, 1 mL of
plant extract was mixed with 3 mL of analytically pure meth-
anol, and then, 0.1 mL of AICI3 (10%) and 0.1 mL of 1M
CH,COOK was added and diluted with 3mL of distilled
water and incubated 30 min at ambient temperature. Then,
the OD of the mixture was measured and absorbance results
in the presence of flavonoids in terms of quercetin equiva-
lent, as a standard. The TFC was determined as mg/g of
quercetin equivalent of EG materials in the triplicate value.

The measurement was carried out in the triplicate value
based on the quercetin equivalent of EG extract, and the
TFC in the plant extract was calculated by using following
formula:

1%
TFC=Clx —, (2)
m

where TFC is in mg/g of quercetin equivalent, C1 is con-
centration of quercetin (mg/L), V is volume of extract solu-
tion (mL), and m is the weight of the plant extract (g).

2.4. Biological Studies of EG-AgNPs

2.4.1. Antimicrobial Activity of EG-AgNPs. The antimicrobial
activity of biosynthesized EG-AgNPs were determined with
six bacterial and two fungal strains including Staphylococcus
aureus (ATCC 25923), Escherichia coli (ATCC 25922), Lis-
teria monocytogenes (ATCC 51779), Pseudomonas aerugi-
nosa (ATCC 39327), Klebsiella pneumoniae (ATCC 4352),
Enterococcus  faecalis (ATCC 29212), Candida albicans
(ATCC 10231), and Cryptococcus sp. (ATCC MYA 1763)



were obtained from King Khalid University Hospital, Riyadh,
Saudi Arabia. The antimicrobial activity of biosynthesized EG-
AgNPs was assessed with agar well diffusion methods (CLSI,
2020) [13]. For enhanced diffusion, Muller-Hinton agar
(MHA) was used and wells (6.0 mm) were made on plates with
a sterile cork-borer. The bacterial strains were cultured after
realizing a turbidity of 0.5 McFarland standard on each plate
using a sterile swab. Following, different concentrations (15,
25, 50, and 75 pg/mL) of EG-AgNP solution were transferred
into each well, and the plates were incubated at 37°C for
24h. Earlier, the biosynthesized AgNPs were prepared at the
concentration of 1 mg/mL with dimethyl sulfoxide (DMSO).
The inhibition zone diameter (mm) was measured after the
incubation. Ciprofloxacin, amphotericin, and sterilized dis-
tilled H,O used as positive and negative controls, respectively.
The experiments were completed in triplicates, and the results
were presented in terms of mean standard deviation [16].

2.4.2. Determination of Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC). Bio-
synthesized EG-AgNP solution was prepared in sterile 96-well
plates by twofold serial dilution in the range of 0.78-100 ug/
mL for determining MIC and MBC. The wells were then inoc-
ulated with 18h bacterial strains and adjusted to 0.5 McFar-
land, diluted at a 1:100 ratio, and then incubated at 37°C for
18h. Later, the MIC values were determined with a microtiter
plate reader (Bio-Rad Laboratories, USA) at 600 nm. The
MBC was determined through the spreading of broth from
the nongrowth wells onto nutrient agar plates and was incu-
bated at 37°C for 24h. MBC was differentiated based on the
concentration without any growth of the bacterial strains [17].

2.5. Determination of Radical Scavenging Activity of by DPPH
Method. The antioxidant radical scavenging activity was deter-
mined with the 1,1-diphenyl-2-picrylhydrazil (DPPH) radical
scavenging assay method described by Okawa et al. [18]. A
100 mL of 0.01 mmol concentration DPPH solution was pre-
pared by 3.94 g of DPPH in 100 mL methanol at room temper-
ature. The optical density (OD) of DPPH was optimized at 1.0
(£0.02) at 520nm by adjusting the concentration of DPPH
solution. 1mL of plant extract was mixed with 1mL of
1.0mmol DPPH solution followed by incubation at room
temperature for 30 minutes. The OD of the prepared solution
was taken at optimized nanometer, and the results were
expressed in percentage of radical scavenging activity using
ascorbic acid (ACA) as the standard. The scavenging ability
was calculated by using following formula:

A control — A sample

Inhibition% =
A control

} x100.  (3)

2.6. Photocatalytic Activity of EG-AgNPs. Water contamina-
tions particularly organic dyes are extremely threatening as
carcinogenic and mutagenic agents to humans. Therefore, it
is highly important to remove harmful dyes from wastewater
and industrial effluents. Methyl orange (MO), Methylene blue
(MB), Rose Bengal (RB), and Congo Red (CR) are well-known
organic dyes that are major wastewater contaminations. In the
present study, the photocatalytic degradation of anionic con-
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taminant MO and cationic contaminant MB dyes was carried
out using synthetized EG-AgNPs as a degradation catalyst
[19]. The process was carried out under the sunlight and UV
light irradiation; then, the absorption was monitored using a
UV spectrophotometer. Initially, 100 mL of EG-AgNP homo-
geneous solution was prepared by adding 20 mg of nanocata-
lyst in 100 mL milli-Q water by sonicating 10 min with 20 Hz
amplification. The resulting homogeneously dispersed nano-
catalyst solution was used for the experiments.

For the degradation study, 50 mL of 1 mmol MO and MB
solutions were prepared and UV absorption of the dye solu-
tions was measured as 424nm and 668 nm for the MO and
MB dyes, respectively. In each experiment, with each 50 mL
of aqueous dye solution, 10 mL of homogeneously dispersed
nanocatalyst solution was added in dark condition, and the
absorption was recorded at 0 min of nanocatalyst addition.
The reaction was investigated under sunlight and UV light
exposer, and the absorption was reordered periodically using
a UV-visible spectrophotometer. The percentage of dye degra-
dation was calculated using the following equation:

DP(t) = {(““)A_O‘“)} X 100, (4)

where A, is initial absorption and A, is recorded absorp-
tion periodically of the dye solution. The experiment was com-
pleted in triplicate.

3. Results and Discussion

3.1. Characterization Methods of Synthesizing EG-AgNPs.
The bioextract-mediated reduction of silver ions (Ag") into
silver nanoparticles (Ag®) was monitored in an aqueous
solution by a UV-Vis spectrophotometer (Spectra UV-VIS
double beam UVD-3500, Labomed, Inc.) at regular time
interval in wavelength ranges between 200 and 800 nm at
room temperature. One equivalent of reaction mixture was
diluted with 3 equivalent volume of deionized water, and
the absorption was measured. The synthesized biosorbed
EG-AgNPs were subjected to Fourier transform infrared
spectroscopy (FTIR) analysis to identify the presence of
functional groups. The FTIR was performed using Fourier
transform infrared spectrophotometer, Shimadzu with a res-
olution of 4cm™". The samples were scanned in the spectral
ranges of 4,000-500 cm™' by an average of 25 scans per sam-
ple, and the result obtained was analyzed. Properly washed
and dried sample of synthesized EG-AgNPs was used for
powder X-ray diffraction (XRD) analysis using MiniFlex
600 (Rigaku, CuKea, 40kV, 15mA, Tokyo, Japan) at the
wavelength of 0.154nm. A dried synthesized EG-AgNPs
was subjected to the scanning electron microscope (JSM-
7600F as thermal FESEM, Japan) at 20kV to study the mor-
phological features of synthesized silver nanoparticles. The
metal particles become electronically coupled and aggre-
gated over the time of drying, and it is difficult to find the
domain of isolated nanoparticles.

To break the aggregated particles, the dried sample was
subjected to probe sonication for a sufficient amount time
and the smear was made on a carbon-coated copper grid.
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FIGURE 4: Formation of biomaterials capped AgNPs (EG-AgNPs)
with time at 50°C temperature.

The coated film on the SEM grid was allowed to dry under
vacuum and exposed 5min under mercury light. Total com-
position of elements and atomic proportions of synthesized
EG-AgNPs was determined using EDX spectrometer. Nanodi-
mensional morphology of AgNPs was characterized using
well-known technique called high-resolution transmission
electron microscopy (HRTEM). The synthesized EG-AgNPs
were dispersed in milli-Q water and the drop coated in a cop-
per grid, and the micrograph was recorded at an accelerating
voltage of 200 kV using HRTEM, JEM-2100F, Japan.
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F1GURE 6: XRD spectrum of synthesized EG-AgNPs.

3.2. Phytochemicals Analysis of E. granulata Extracts. The
quantitative analysis of photochemical composition of the
E. granulata plant extract is given in Figure 2, and also, the
qualitative screening is presented in Table 1. The analysis
shows that the plant extract has various phytoconstituents
such as flavonoids, tannins, and phenolic compounds, glyco-
side, and proteins. It is noteworthy that the wide spread
weed E. granulata is showing an interesting and valuable
medicinal plant for the therapeutic uses and phytochemical
investigations. As per the hypothetical mechanism of bio-
synthesis of EG-AgNPs, there could be involvement of ade-
quate complex antioxidant enzyme networks [20]. The
current investigation result of the antioxidant potential of
E. granulata extract offers a favorable report toward a hypo-
thetical mechanism about the involvement of antioxidant
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TaBLE 2: Observed diffraction peak position and intensity of dried EG-AgNP powder XRD pattern.

X axis 27.88 32.38 38.22 46.36 54.94 57.58 64.62 67.62 74.60 76.84 85.70

Y axis 28.76 57.14 14.92 67.04 30.50 32.01 14.78 17.58 13.57 36.01 20.93

Plane (111) (200) (111) (220) (311) (222) (220) (400) (112) (311) (222)

molecules of the plant extract in the biogenic synthesis of
silver nanoparticles.

3.3. Synthesis and UV Absorption Analysis of Biogenic EG-
AgNPs. Initially, for an adequate test [21], three samples of
9mL of 1mM AgNO; solution were taken as the initial
amount to which 1 mL of aqueous leaf extract in each samples
was added and incubated at 40°C, 50°C, and 60°C using water
both. Over the period of 5 to 10min, samples at 50°C and
60°C, a visible color change was observed from white to pale
yellow, light brown, and then dark brown. The similar changes
were observed of sample with 40°C from 15 min onwards. The
intensity of the color was increased with increase in incubation
time. In the present study, we observed the appearance of the
absorption peak at 446 nm which is exactly synchronized with
the literature reports. In addition, the formation of EG-AgNPs
at room temperature needs a minimum 6h incubation time.
In our study, the observed absorption peak at 446 nm further
confirms the biosynthesis of Ag nanoparticles. Figure 3 shows
the UV absorption spectra of bioextract (EG), absence of
nanoparticle at the time of EG addition in the AgNO; solu-
tion, and the complete formation of EG-AgNP absorption
(446 nm) at 50°C.

With the result of stabilized reaction condition for syn-
thesis of biogenic AgNPs in hand, 5mL of freshly prepared
E. granulata plant extract was assorted drop wise to 95mL
of 1 mmol aqueous AgNO; (99.99%) solution. The reaction
mixture was kept undisturbed at 50°C until the colorless
solution turns to a brownish color. The reaction mixture
was turned light brownish color to dark brown color indi-
cates the complete formation of Ag’ nanoparticles from
Ag" ions. Synthesized silver nanoparticles were confirmed
by sampling the reaction mixture at regular time intervals,
and the absorption maxima were recorded by UV/Vis spec-
tra, at the wavelength of 200-800 nm in UV-3600 Shimadzu
spectrophotometer at 1 nm resolution [22].

The optical properties of nanoparticles due to collective
oscillation of conduction electrons combined with the inci-
dent light exhibit strong absorption of electromagnetic wave
in the visible region. So, UV-Vis spectroscopy is one of the
widely used characterization to understand the formation
of nanoparticles. The insight of UV spectra analysis can give
the size and shape of the nanoparticles. The complete forma-
tion of nanoparticles was observed by UV spectra recorded
from reaction mixture at constant time interval of the reac-
tion progress of 0 min to 30 min, and the increased intensity
of absorption evidenced that the formation of number of
AgNPs in the reaction (Figure 4). The synthesized EG-
AgNPs show strong absorption band around 446 nm, which
is a typical absorption band of spherical AgNPs due to their
surface plasma. Also, the broad absorption band represented

that the particles were polydispersed. Over the time of 1 h at
50°C, the smooth absorption peak turns pulse-like band due
to the aggregation of generated nanoparticles under applied
temperature. Also, there a strong and sharp gradually increas-
ing absorption at 288 nm indicates the increase in concentra-
tion of aromatic quinones due to the oxidation of phenolic
components in E. granulata extraction. The particles were
then purified using ultracentrifugation in 20,000 rpm for
20 min. The resulting colloidal precipitate was washed repeat-
edly in deionized water in order to remove excess silver ions.
The purified wet EG-AgNPs were further kept overnight in
60°C in a vacuum oven, and the resulting dried, free flow
AgNPs were utilized for further studies.

3.4. Functional Group Analysis of EG-AgNPs. The FTIR spectra
of the EG-AgNPs explained the involvement of various aro-
matic OH compounds in silver nitrate salt reduction and the
AgNPs stabilizations [23]. Figure 5(a) represents FTIR spec-
trum of EG extract with a band at 3385cm™ corresponds to
O-H stretching hydrogen bonded phenols and alcohols. The
absorption band 2925cm™ and 612cm™ corresponds to C-H
stretching vibrations of aromatic and alkyl functional groups,
respectively, and the peaks observed at 1614cm™ represent
the presence of intramolecular hydrogen bonded carbonyl keto
groups. The sharp band at 1387 cm™ could possibly to N-O
asymmetric shows the availability of nitro compounds in the
E. granulata extract. A band observed at 1072cm™ could be
an aliphatic amines C-N stretching frequency. All aforemen-
tioned characteristic functional groups of the phytoconstitu-
ents were present in the EG extract, which participates in the
bioreduction process for the reduction of silver ion to Ag’
nanoparticle. The synthesized EG-AgNPs show (Figure 5(b))
lower-intensity FTIR bands at 3392 cm™ than 3385 cm-1 from
EG extract, and the aromatic C-H stretching band 2928 cm’!
disappeared. Also, the disappearance of fingerprint region
bands at ~612 cm™ in EG-AgNPs was observed compared with
EG extract. These notable changes presumably indicate the
reduction of silver ions (Ag") into metallic silver (Ago) nano-
particles [24]. The intensity of alkene group 1614cm™ and
alkyl functional groups around 612cm™ bands reduced indi-
cating the capping effect of the phytocomponents in EG-
AgNPs. Also, an intense band appeared at 1387 cm™ shows
that nitro compounds in E. granulata extract does not involved
in the metal ion reduction process. On the other hand, the
reduced intensity band at 1072 cm™" shows that the participa-
tion of the amine group in the reduction process. It is articu-
lated from the spectrum (Figure 5) that the functional groups
present in the E. granulata extract involved during the metal
ion reduction and certain common functional groups pre-
sented in the yielded EG-AgNPs were adsorbed components
from the E. granulata extract.
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F1GUre 7: High-resolution scanning electron microscope (FESEM) images at magnifications: (a) 50000x and (6b) 75000x, energy-dispersive
X-ray (EDX) elemental mapping (c), and spectrum of biosorbed Ag/AgCl NPs (d). Transmission electron microscope (TEM) images (e-i).

TaBLE 3: Antimicrobial activity of E. granulata extract, EG-AgNPs, and standard drug by an agar well diffusion method.

Zone of inhibition (mm)/concentrations (pg/mL)

Microbial pathogens EG-AgNPs Plant extract Ciprofloxacin
15.00 25.00 50.00 75.00 50.00 10.00

Bacterial pathogens
S. aureus 7.20 £ 0.60 12.70 £ 0.35 15.40 £ 0.50 17.20 £ 1.30 08.35+1.57 18.95+1.25
E. coli 8.60£2.00 13.40+1.75 15.80 £ 1.15 20.05£0.90 11.38£0.70 21.30 £ 1.65
P. aeruginosa 7.50 £0.50 12.18 £ 1.05 15.10 £0.63 17.70 £ 1.20 12.50 £2.15 18.50 £ 0.55
K. pneumoniae 7.10£0.18 11.70 £1.20 16.24 £ 0.48 17.00 £ 1.30 11.73 £0.80 17.90 £2.40
L. monocytogenes ND = 07.75+£1.70 11.00 £ 0.65 14.05+£1.28 13.33£1.52 19.40 £ 0.67
E. faecalis 7.05+1.20 11.95+£1.15 16.15+£0.45 18.75+£0.80 10.55£2.00 19.50 £0.52

Fungal pathogens Amphotericin
C. albicans 8.00+£1.15 11.45+1.00 14.66 £ 1.52 16.30 £ 1.05 12.20 £ 2.51 19.40 £ 0.75
Cryptococcus sp. ND 07.24+£0.70 11.15+£0.51 13.40 £1.25 10.55+£0.80 16.25 £ 0.60

*ND: not detected.

TaBLE 4: MIC value of EG-AgNPs by a microdilution method.

Microbial pathogens MBC value (ug/mL)

EG-AgNPs Ciprofloxacin
Bacterial pathogens
S. aureus 12.48 3.12
E. coli 6.24 3.12
P. aeruginosa 25.00 6.24
K. pneumoniae 12.48 3.12
L. monocytogenes >100.00 6.24
E. faecalis 12.48 6.24
Fungal pathogens Amphotericin
C. albicans 6.24 6.24
Cryptococcus sp. 12.48 12.48

3.5. Powder X-Ray Diffraction (XRD) Analysis. The crystallin-
ity and mean particle phases of synthesized EG-AgNPs have
been characterized using powder XRD pattern (Figure 6).
The face centered cubit (FCC) crystalline nature of silver

nanoparticles is confirmed based on the observed de Bragg’s
reflections of dried AgNPs obtained from the biosorbed sam-
ple. The peaks appearing position at 20 = 38.1, 44.3, 64.4, 77.3
, and 81.5 corresponds to the refractive planes (111), (200),
(220), (311), and (222). In comparison to the flection plans,
the intensity of the reflection (111) indicates the growth direc-
tion of other four nanocrystals. The presence of other reflec-
tion peaks may attribute due the presence of colloidal AgCl
crystals along with EG-AgNPs. From XRD peaks, utilizing
full-width at half-maximum (FWHM) of Gaussian, the aver-
age particles’ crystallite size was calculated. The FWHM values
were applied in the Scherrer equation:

kA
Bcosb’ )

D=

where D is the average crystallite size, A is the X-ray wave-
length (CuKa radiation 1.54056 A), f is line broadening at
FWHM in radians, 0 is Bragg’s angle in degree, and k is the
Scherrer constant. The observed values is 0.9438 shows that
the synthesized particles are spherical crystals with cubic
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symmetry, and the calculated average NP size is about
10.85nm. The calculated Gaussian fitted FWHM values of
EG-AgNPs and EG-AgNPs/AgCl colloids are presented in
Table 2 and supporting information (SI) file.*

3.6. Scanning Electron Microscopy (SEM) and Energy-
Dispersive X-Ray Spectroscopy (EDX). The FESEM image of
the sample was presented in Figures 7(a) and 7(b). The resolu-
tion of SEM was operated between a few nanometers to micro-
meters and at various magnifications which was be easily
adjusted. The FESEM micrographs of nanoparticle images
showed that the nanoparticles synthesized were polydispersed
and most of them are spherical shaped, highly distributed and
adsorbed with E. granulata biomaterials. Figures 7(c) and 7(d)
shows the FESEM-EDX elemental mapping of EG-AgNPs of
intense peaks between 2.0eV and 7.0 eV with 82% of Ag, 9%
of oxides, and 8% of chlorine ions. The strong signal of the
optical absorbance band at 5.0 eV reveals the presence of pure
metallic silver nanoparticles. The presence of other elements
signals such that oxygen and chloride ions along with silver
ion in the EDX graph explained the presence of colloidal AgCl
and binding of the biomolecules to the surface of silver parti-
cles. Also, absence of other element signals is the strong
evident of the purity of the synthesized EG-AgNPs.

3.7. Transmission Electron Microscopy (TEM) Study. TEM
technique involves irradiation of a tiny amount of sample by
a high-energy electron beam. As a result, we can obtain clear
images of atomic resolution can be visualized for structural
characterization and identification of various phases of nano-
materials like, cubic, spherical, or, hexagonal. TEM micro-
scopic analysis (Figures 7(e)-7(i)) of synthesized EG-AgNPs
confirmed that most of the nanoparticles were spherical in
shape and the size between 5nm and 30 nm. Also, there are
some needle shape particles existing with 5nm width and
20 nm length. The recorded SEM and TEM images were pre-
sented in SI file*. From the results, the synthesized nanoparti-
cles were between 5nm and 20nm in size and the mean
particle size has been estimated as 15nm. Also, it shows that
nanoparticles were capped with plant constituents which will
be very useful to prevent the nanoparticle aggregation.

3.8. Antimicrobial Activity of EG-AgNPs. The antibacterial effi-
cacy of EG-AgNPs was examined for six bacterial pathogenic
strains i.e., S. aureus, E. coli, L. monocytogenes, P. aeruginosa,
K. pneumoniae, and E. faecalis and two fungal pathogens (C.
albicans and Cryptococcus sp.). The acquired results exhibited
that biosynthesized EG-AgNPs demonstrated a significant
antimicrobial activity towards all the tested pathogenic strains.
The inhibition zones were range between 7.05+1.20 and
21.30 + 1.65 mm. Inhibition zone results were provided in
Table 3. The results presented in Table 3 displayed that the
EG-AgNPs efficiently inhibit the growth of tested microbial
pathogens to various inhibition zones expect L. monocytogenes
and Cryptococcus sp., from lower to higher concentrations.
The EG-AgNPs exhibited maximum activity against E. coli
(20.05+0.90mm) and C. albicans (16.30 + 1.05mm), con-
trastingly lowest activities found with L. monocytogenes
(14.05 £ 1.28 mm) and Cryptococcus sp. (13.40 + 1.25), both

9
TaBLE 5: MBC value of EG-AgNPs.
Microbial pathogens EG- AgI\I;/IIJIsC value (#gC/ir;rI:))ﬂoxacin
Bacterial pathogens
S. aureus 6.24 3.12
E. coli 6.24 3.12
P. aeruginosa 25.00 6.24
K. pneumoniae 12.48 3.12
L. monocytogenes 100.00 12.48
E. faecalis 50.00 6.24
Fungal pathogens Amphotericin
C. albicans 12.48 6.24
Cryptococcus sp. 25.00 12.48

bacterial and fungal pathogens, respectively. Overall, the anti-
microbial activities of EG-AgNPs were maximum and mini-
mum against E. coli (bacterial pathogen) and Cryptococcus
sp. (fungal pathogen), respectively. Further, when compared
to standard drug ciprofloxacin (10 ug/mL), EG-AgNPs pre-
sented equivalent activities against tested bacterial pathogens
than the fungal pathogens.

3.9. MIC and MBC of Synthesized EG-AgNPs. EG-AgNPs were
found to be a potent antimicrobial activity against both bacte-
rial and fungal pathogens. The documented MIC values of
EG-AgNPs on microbial pathogens were presented in
Table 4. The results evidently showed that EG-AgNPs effi-
ciently controlled the bacterial growth and also killed the path-
ogens at low concentrations. The MIC value of EG-AgNPs was
minimum (6.24 yg/mL) and maximum (100.00 pg/mL) against
tested microbial pathogens. Further, S. aureus and E. coli were
found to be most susceptible pathogens with MIC value of
6.24 pg/mL, whereas L. monocytogenes (100.00 yg/mL) consid-
ered highly resistant pathogens among the tested bacterial
pathogens. Hence, no definite recognized standards for MIC
breakpoints on the resistance levels of drugs.

The MBCs are the lowest concentration of any compound
that kills the bacterial population at 100%, and it is evident
with visible growth of microbial pathogens on agar plates.
The MBC values of tested microbial pathogens were presented
in Table 5. The minimum and maximum MBC values were
found to be 6.24 and >100.00 ug/mL against E. coli and L.
monocytogenes, respectively. These MBC values are constantly
with results of MIC by which E. coli was viewed as the most
susceptible pathogens. The observed MIC and MBC petri
plate images were presented in SI file*.

Generally, AgNPs are extensively used in the pharmaceuti-
cal industry and it has potential inhibitory activities against var-
ious microorganisms. It has also been used as an ointment to
subside the microbial infections particularly from burns and
wounds without cytotoxicity [25, 26]. Hence, the present study
results encouraged and revealed one more effective and efficient
plant extract-mediated silver nanoparticles with more promis-
ing biological applications in future therapeutic approaches.
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3.10. Radical Scavenging Activity of EG-AgNPs by DPPH
Method. The significant antioxidant potential of EG-AgNPs
was evaluated by DPPH radical scavenging assay having IC,,
30.04 ug/mL (Figure 8). The ascorbic acid was used as a stan-
dard. The results strongly recommend the application of EG-

AgNPs as useful natural antioxidants for health preservation
against different oxidative stress associated with degenerative
diseases. In fact, antioxidant evaluation is essential for EG-
AgNPs before its use in in vivo models and also biomedical
applications. The current antioxidant activity result correlated
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irradiation.

with a previous report evaluated by literature reports [27]; they
investigated in vitro antioxidant activity of biosynthesized
nanoparticles from P. pinnata extract and found significant
free radical scavenging potential.

Mostly, AgNPs are extensively used in the pharmaceuti-
cal industry and it has potential inhibitory activities against
various microorganisms. It also been used as an ointment
to subsides the microbial infections particularly from burns
and wounds. Hence, the present study results encouraged
and revealed one more effective and efficient plant extract

mediated silver nanoparticles with more promising biologi-
cal applications in future therapeutic approaches.

3.11. Catalytic Activity towards MB and MB Degradation. The
general photocatalytic performance was taken under UV irradi-
ation due to the presence of potential energy barrier between
the valance band and conduction band. The organic dye
undergoes irradiation of incident light electron are excited from
the valance band to conduction band. Having EG-AgNPs in the
reaction mixture, the silver nanoparticles are readily accepting
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the excited state electron and it presents the recombination of
electron with valance band holes. Therefore, the valance band
positively charged holes interact with H,O and producing OH
radicals (OH). At the same time, the excited state electrons
present in silver nanoparticles produces superoxide radical
anions (O,-) by reacting with oxygen, which also react with
H,O and generated OH radicals. These generated superoxide
and OH radicals undergo reaction with dye molecule and pro-
duce H,O and CO,. The overall degradation process is sche-
matically represented in Figure 9.

Figure 10 shows that EG-AgNPs’ supported degradation
process was effectively done both under sunlight and UV
light irradiation, and at the same time, there is no notable
dye degradation observed in the blank solutions. Though
the dye degradation is carried out in both sunlight and UV
light, the UV irradiation works efficiently for degrading dyes
in the presence of EG-AgNPs.

Figure 10(a) shows that the degradation of MO is about
89.91% and 72.02% under UV light and sunlight, respectively.
Likewise, Figure 10(b) shows that MB degraded about 89.34%
and 75.95% under UV light and sunlight irradiation, respec-
tively. Both MO and MB dyes are degraded almost equally,
and the little bit higher degradation nature of cationic dye
MB may be due to the presence of the positively charged
vacant sulfur group. The observed triplicate values of both
MO and MB dye degradation were presented in SI file*.

4. Conclusions

In this study, we have achieved to synthesize biogenic AgNPs
(EG-AgNPs) using E. granulata plant extract as reductant at
50°C in neutral pH and without using any harmful reducing
agents. The formation of EG-AgNPs was confirmed through
UV-VIS, FTIR, and XRD spectroscopies and electron micro-
scopic analysis. The morphology and shape of EG-AgNPs
were confirmed by HRSEM, and the particles are spherical,
rod, and needle with 5 to 20nm in size has been identified
by HRTEM analysis. The EG-AgNPs showed antioxidant
and excellent antimicrobial activities against various patho-
genic microorganisms. Among the tested pathogens, S. aureus
and E. coli were found to be the most susceptible pathogens
with MIC value of 6.24 ug/mL whereas, L. monocytogenes
(100.00 ug/mL) are considered highly resistant pathogens
among the tested bacterial pathogens. Also, EG-AgNPs have
the ability for free radical scavenging and more than 85% of
toxic organic dye degradation. Based on the aforementioned
results, the synthesized EG-AgNPs are fascinating and suitable
for upscaling of metallic organonanomaterials to explore var-
ious biomedical as well as catalytic applications.
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