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Globally, silver nanoparticles (SNP) were created using a biologically activated green synthesis process that
has raised substantial awareness of medical science and illness therapy. A new method of synthesizing SNPs
based on a bottom-up, “green” approach is described here Guazuma ulmifolia Lam. leaf aqueous extract, in
addition to assessing their antibacterial, anti-inflammatory, also anticancer in-vitro properties. By using
the well diffusion method, the antibacterial activity possessed by nanoparticles against Staphylococcus
aureus, S. gallinarium, Bacillus subtilis, Pseudomonas stuberia, in addition to Escherichia coli was examined.
Subsequently, these G. ulmifolia silver nanoparticles (GUSNPs) were investigated for anticancer activity
assessed by MTT assay utilizing HepG2 carcinoma cell line and anti-inflammatory activity assessed by HRBC
stabilization assay protein denaturation assays. In dosage of 10 pg/mL, the GUSNPs had the maximum
antibacterial activity against the following bacteria: S. aureus (7.1 mm), S. gallinarium (5.2 mm), B. subtilis
(6.7 mm), P. stuberia (6.3 mm), and E. coli (4.7 mm), respectively. Membrane stabilization of HRBCs had
a substantial anti-inflammatory activity (73.27 + 0.89%), whereas the GUSNPs had the best protection
of protein denaturation (79.35 * 0.42%) at 1000 pg/mL. The best cytotoxicity activity of GUSNPs against
HepG2 cell line was found in 500 pg/mL concentration with 24.32% of cell viability. The current study of
GUSNPs has good antibacterial, anti-inflammatory, and anticancer activities

INTRODUCTION

Silver nanoparticles (SNPs) are distinguished by having
the surface area to volume ratio must be high, and at least
one dimension mustbe smaller than 100 nm. As a result of
their outstanding antibacterial activity, the low thermal
resistance and good optical properties of SNPs make them
useful in a variety of industries, such as healthcare, food
processing, environmental health, electronics, catalysis,
and instrumental analysis.!*) Biological approaches, which
use plant extracts or living microbes, because of their
simplicity and speed, have become increasingly popular
in recent years, and cost-effectiveness.["?! Plant extracts

have various advantages. First, plants are readily available
and affordable. Second, unlike the SNPs are synthesized
using plant extracts, which do not cause environmental
damage. It has been shown that SNPs synthesized
from plant extracts or pure phytochemicals possess
antibacterial, antifungal, and antiviral functions,® these
anti-inflammatory,[4] antioxidant,[>* wound healing,[6]
anticancer, "] anticoagulant,[g] cardioprotective,[g] liver
protective,m antidiabetic,['"! anti-cataractogenic,[“]
and anti-aging!!? properties are all benefits of these
compounds.
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SNPs have long been known to suppress numerous
bacterial strains and pathogens found in medical and
industrial operations.[*3] To prevent wound infection,
certain lotions and topical ointments contain silver.
Silver-doped polymers are also used in various surgical
applications, such as dental implants.[**] Additionally,
consumer products containing silver a variety of sports
equipment now contain silver-coated beads and colloidal
silver gel.[®]

As a result of external influences and chemical and
physical stimulation, the body responds to inflammation.
Otherwise, microbes enter the body, followed by a healing
process. White blood cells and inflammatory tissue release
various inflammatory mediators to ward off invasion
and remove invading infections. As a result of excessive
inflammation, reactive oxygen species and reactive
nitrogen species accumulate, causing oxidative stress, cell
damage, DNA damage, and contributing to diseases such as
cancer, heart disease, and diabetes.'” Anti-inflammatory
drugs, such as non-steroidal anti-inflammatory drugs
(NSAIDs), are the two main types of medications used
to treat inflammation. However, chronic NSAID use can
lead to adverse effects such as liver and kidney damage,
stomach inflammation, and the development of stomach
ulcers.[®] Thus, using plants that contain bioactive
chemicals is one alternative to treating the inflammation
of the skin.

A report by the World Health Organization (WHO) states,
thatamong the most common types of cancer, liver cancer
is one of the most common and will cause 830,000 deaths
globally in 2020.1'°! Based on the results by Baloh et
al'?% in addition to cirrhosis and a high mortality rate,
hepatocellular carcinoma (HCC) is the most common
form of liver cancer. Thus, developing novel approaches
to hepatic cancer treatment through nanotechnology is
crucial, especially for plant-based nanomaterial therapy.
Guazuma ulmifolia Lam. (Malvaceae) grows in Latin
America, particularly Brazil and Mexico, and is also
called mutamba and guacimo. The research was carried
out among altitudes 384 plus 387 m, Latitude 21°43’
S/Longitude 49° 3’. An experimental study going on
ethnopharmacology has revealed that mutamba contains
a wide spectrum of medicinal characteristics for its
leaves, flowers, fruit, stem bark, and roots.[2122] The
antibacterial, antioxidant, antiprotozoal, antidiarrheal,
and cardioprotective properties of mutamba have been
proven within and also in-vitro, in-vivo evaluations,
substantiating its traditional applications. The primary
secondary metabolites of this plant were also found to
be phenolic compounds, particularly proanthocyanidins,
aglycones, and glycosylated flavonoids, according to
phytochemical investigations.[?32¢] Some countries
prepare tea from dried leaves, which are then applied
externally to treat bruises, rashes, and even bald spots.
The teais also used it treat kidney and digestive diseases,
fever, diarrhea and diabetes. They apply a bark decoction
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topically to treat skin diseases such as dermatosis, leprosy,
and baldness.

The current study used G. ulmifolia Lam. aqueous
leaf extract to create SNPs. These nanoparticles were
characterized using UV spectroscopy, FTIR, XRD,
SEM and EDX analysis. We tested the antibacterial,
anti-inflammatory and anticancer activities of silver
nanoparticles in-vitro.

MATERIALS AND METHODS

Leaf Extract Preparation of G. ulmifolia

G. ulmifolia leaves were shade-dry at room temperature
and grind to a powder. About 500 mL of double-distilled
water was combined with 100 g of the plant powder
material, which was then extracted and heated for 20 to 30
minutes. The sample was normal filter through Whatman
filter paper No. 1 to remove undissolved materials, such
as cellular components and other components insoluble in
the extraction solvent. After that, an extract was created.
The extracted material was kept cold (4°C) in anticipation
of future studies.!?”! After the extract add to petri dishand
allowed to dry, a sterile blade was used to scrape it off. In
preparation for more research, the plant powder was lastly
kept in a light-sensitive amber vial.

Synthesis of Silver Nanoparticles by G. ulmifolia
Leaf extract

Silver was extracted for the biosynthetic processes
using 1-mM silver nitrate (AgNO;) double distilled water
solution. Leaf extract is mixed with silver nitrate in a
9:1 ratio. To form silver nanoparticles, G. ulmifolia plant
aqueous extract of 10 and 90 mL AgNO; are combined.
A magnetic stirrer running at 800 rpm was used to
continuously stir the reaction mixture while it was heated
below the boiling point at 702C. The combination turned
reddish brown after a day in a dark environment. Prior to
being characterized, the nanoparticles were keptin a dark,
dry, and cool atmosphere. By using UV spectroscopy, the
color changes from green to brown during the formation
of silver nanoparticles from plant extracts was verified.!?®!

Characterization of GUSNPs Nanoparticles

SNPswere confirmed through UV spectra, FTIR, XRD, SEM
and EDX analysis.

UV-visible spectroscopy analysis

By reducing silver nanoparticles in solution might be seen
through the Perkin-Elmer UV-VIS Spectrometer Lambda-
35. Atvaried reaction rates of 200,300, 400,500, 600, 700,
and 800 nm, in wavelength ranges from 200 to 800 nm,
the solutions were scanned at 480 nm/min. The “UV Win
lab” program was included with the spectrophotometer
to capture and analyze data. A blank (distilled water)
reference was used to adjust the spectrometer’s baseline.
The UV-visible spectrum of G. ulmifolia silver nanoparticles
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(GUSNPs) and the information obtained were graphed. The
reaction solution was incubated for several durations of
0, 1, 6, and 24 hours for each concentration (0.5, 1.0, 1.5,
2.0,2.5,3.0,3.5). Astudy of the time-related impact of SNP
production was conducted.

Fourier transform infrared analysis

Fourier transform infrared (FTIR) analysis was performed
on the dried-outbiomass of the extract after it was treated
with AgNO, to explore and predict an interaction between
different components of a formulation based on their
physicochemical properties in order to determine the
ingredient responsible for the creation of GUSNPs. The
synthesized SNPs were subjected to FTIR measurements
at0, 6,12, and 24 hours of reaction time. With samples to
included KBr pellets, the FTIR Perkin Elmer tool, which has
an absorption wavelength from 4000 to 400 cm™, was used
to obtain the spectra. The results included a comparison
of the functional peak shifts that can represent a specific
molecular vibration. For example, a strong, sharp peak of
approximately 4000 to 400 cm™.

X-ray diffraction analysis

This analysis was carried out by Rica Ku Ultima for the
X-ray diffraction (XRD). An XRD technique and X-ray
powder diffractometer were used to determine the crystal
formation of the biosynthesized silver SNPs. Biologically
studied using this technique the crystalline arrangement
of SNPs formed. By applying the dispersion of SNPs
resting on a glass slide with letting the ethanol solution
evaporate, a thin layer of copper and silver nanoparticles
was produced. X-ray diffraction was applied to this thin
film a scanning haste of 2/min and an operating range of
10-80°.

Scanning electron microscopic analysis

Scanning electron microscopic (SEM) test was performed
on GUSNPs with the Quanto 250 scanning electron
microscope. A carbon-coated copper grid was used to
generate thin films by simply dropping the sample onto it.
The excess solution in the films was then collected with
blotting paper, and a mercury lamp was used to dry the
films above the SEM grid for five minutes.

Energy dispersive X-ray analysis

Utilizing energy dispersive X-ray (EDX) investigation
located and confirmed to exist the elemental silver.
The synthesized nanoparticles’ arrangement was next
investigated by drop-coating a very tiny quantity of the
sample GUSNPs onto carbon film.[?"]

Antibacterial Activity of GUSNPs

The antibacterial activity of the GUSNPs sample was
examined on five different bacterial species by means
of the well diffusion method. For this investigation, five
bacterial pathogens were utilized: 2 Gram-negative
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bacteria (Pseudomonas stuteria and Escherichia coli)
and three gram-positive bacteria (Bacillus subtilis,
Staphylococcus nepalensis and S. aureus). By two-fold
dilution by 10 mg within 1-mL of sterilized double distilled
water, concentrations of 10, 5, 2.5 mg, and 1.12 mg/mL
were prepared. After, the culture was incubated at 37°C for
24 hours and bacterial culture inoculation using a nutrient
agar medium for bacterial growth. Next, the inhibition
zone was noted.

In-vitro Anti-Inflammatory Activity of GUSNPs

Albumin denaturation assay inhibition

Using the suppression of albumin denaturation method,
GUSNPs extract was evaluated for its anti-inflammatory
effects.[30:31]

e Reagents

5% Bovine serum albumin, 1N HCI, Phosphate buffer saline
(pH-6.3).

e Procedure

This reaction mixture contains 0.5 mL of distilled water,
5% bovine serum albumin and 0.05 mL of bovine serum
albumin. By adding 1 N HCI, the pH was raised to 6.3.
Following a 20-minute incubation period at 37°C, varying
volumes of plant extract were added 5 minutes heat
treatment at 57°C was applied to the reaction mixture.
Following cooling a phosphate buffer saline solution of
2.5 mL was added to the samples. Spectrophotometric
measurements of turbidity were made at 600 nm. To
determine the protein denaturation of percentage

inhibition, the following formula was used:

(-%bsComrol '-%bssample)
% Inhibition = X100

AbScontrol

HRBC membrane sabilization method*

Lysosomal enzymes secreted in the course of inflammation
can induce a number of illnesses. It has been suggested
thatalso chronic or acute inflammation is related to these
enzymes of extracellular activity. Non-steroidal medicines
function as non-steroidal agents because they inhibit
lysosomal enzymes or stabilize lysosomal membranes.

e Reagents

Alsevers solution, 2% dextrose, 0.8% sodium citrate, 0.5%
citric acid, 0.42% NaCl, 0.15M Phosphate buffer (pH 7.4),
0.36% Hypo saline, HRBC suspension (10% v/v)

e Procedure

After 2 mL of blood was extracted from healthy donors,
equal parts of sterilised the Alsevers mixture were
added and the mixture was centrifuged by 3000 rpm.
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Before being used, in the packed cells, isosaline solution
was used to clean them and 10% v/v saline was used to
make a suspension. Both were then stored at 4°C without
being disturbed. About 1-mL of phosphate buffer, 2 mL of
hyposaline, and half a milliliter aspirin used as control
(50, 100, 200, 500, and 1000 pg/mL), sterile distilled
water (as an alternative of hypo saline to make 100%
hemolysis), and 10% HRBC suspension were additional
to the arranged mixture along with plant extracts (50,
100, 200, 500, and 1000 pg/mL) in common saline.
Spectrophotometric measurements of the hemoglobin
content of the supernatant solution were done by
incubating every assay mixtures by 37°C for 30 minutes
along with centrifuging the supernatant at 3000 rpm for
20 minutes. This formula can be used to determine the
percentage of membrane stabilization in HRBCs:

(-%bSComml '-Abssample)

Percentage stabilization = X100

Ab SControl

In-vitro Anticancer Activity
MTT assay to determination of mitochondrial synthesis

e Reagents

Confluent monolayer cell cultures, TPVG solution,
Dulbecco’s modified Eagle’s, medium (DMEM) with
antibiotics, new born calf serum/sheep serum, microtitre
plate (96 well), drug dilutions, MTT, prepared in Hanks
balanced salt solution without phenol red, 2 mg/mL (HBSS-
PR). (Sigma Chemicals), Propanol, Microplate reader
(ELISA Reader, Bio-rad).

GUSNPs extract’s anticancer activity in-vitro was
investigated with the HepG2 cell line. Using DMEM media
containing 10% FBS, 1.0 x 10° cells/mL were adjusted
after centrifugation of the cell culture. A 96-well micro
titre plate with a flat bottom was used, and 100 pL each
well received a diluted cell suspension. After 24 hours to
determine that the cell population is sufficient, 100 mL
of diverse dilutions of the experiment samples created
in the maintenance medium were introduced to the cells
after they had been cleaned with phosphate buffer saline.
Following a 48-hour incubation period at 37°C in a 5%
CO, atmosphere, microscopic analysis was performed on
the plates and observations were made every 24 hours.
Following a 48-hour period, each well received 20 mL of
MTT (2 mg/mL) in MEM-PR (MEM devoid of phenol red).
The plates were incubated at 37°Cin a 5% CO, environment
for two hours after being gently shook. To dissolve the
resulting formazan, add 100 mL of DMSO isopropanol and
gently shake the plate. A microplate reader at 540 nm the
absorbance was measured. Use the following formula to
calculate the proportion of viable cells and use the dose-
response curve to determine the numerical value of drug
concentration and test sample concentration required to
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inhibit growth of the cell by 50%.

Control - Sample

Percentage of inhibition (%) = X 100

Control

Statistical Study

Mean * SD values are the three independent extraction
analyzes (n = 3). The IC;, (effective half) of the different
fractions from the antibacterial, anti-inflammatory
and anticancer tests were analyzed using the ANOVA
investigation, through a minimum difference of p <0.05
as the level consequence.

RESULTS

Silver Nanoparticles Synthesis

The obtained leaf aqueous extract was placed in a Borosil
Erlenmeyer flask of 500 mL on room temperature, sample
added with 10 and 90 mL of 1M solution of silver nitrate
within a 1:9 ratio (Fig. 1). A magnetic stirrer running
at 800 rpm was used to continually stir the reaction
mixture while it was heated below the boiling point of
60°C. The combination turned reddish brown after a
day in a dark environment. Prior to being characterized,
the nanoparticles were kept in a dark, dry, and cool
atmosphere. By using a UV-visible spectroscope was
used to measure the change from yellow-green to brown
in color, and silver nanoparticles appearing from plant
extract were verified (Fig. 1).

UV-visible Spectroscopy Analysis of GUSNPs
Sample

A crucial characterization technique for studying
nanoparticles is UV-vis analysis. A UV-vis spectrophoto-
meter has been used to investigate the silver nitrate
nanoparticles formed media of surface plasmon resonance
(SPR). As aresult of SPR excitation, visible light is absorbed
by the nanoparticles, giving them different colors. UV-vis
testing is performed on every sample of nanoparticles. Its
UV-vis spectrumis displayed in Fig. 2. The peak absorption
range for the produced nanoparticles was 300 to 800 nm.

A —quueous extract GU with B - Mixture of plant extract with
AgNO, AgNO;after 24 hours

Fig. 1: Silver nanoparticles synthesis of G. ulmifolia plant leaves
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Fig. 2: UV- Visible spectroscopy analysis of GUSNPs sample

GUSNPs aqueous leaf extract had distinct bands of silver
nitrate nanoparticles at a distance about 420 nm (Fig. 2).

FTIR Analysis of GUSNPs Sample

Using FTIR spectra, GUSNP aqueous leaf extract was
analyzed. About 2 to 5 mL of the GUSNPs aqueous
leaf extract sample were utilized for analysis. In the
FTIR analysis, seven strong peaks were found. Certain
functional groups were detected, including aromatics,
aliphatic amines, phenols, aldehydes, and 1° amines (Table
1). The seven drop-down peaks 3295.7,2935, 1591, 1382.1,
1044.2,827.78,and 599.97, were noted. The following were
noted: H, C-H stretching, N-H bend, C-C stretch, C-N stretch,
C-Cl stretch, and C-Br stretch (Table 1 & Fig. 3).

Typical XRD Pattern of GUSNPs Sample

Four unique peaks with 20 values were visible in the
synthesized SNPs GU aqueous leaf extract has an X-ray
diffraction pattern. 27.76,32.12, 46.14, and 76.61° are the

Table 1: FTIR analysis of GUSNPs sample

S. No Origin Peak value  Functional group
1 H bonded 3295.7 Phenols
2 C-H stretching 2935 Aldehyde
3 N-H bend 1591 1° Amines
4 C-C stretch 1382.1 Aromatics
5 C-N stretch 1044.2 Aliphatic amines
6 C-Cl stretching 827.78 Halo compound
7 C-Br stretching 599.97 Halo compound
5 - r&
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Fig. 3: FTIR analysis of GUSNPs sample
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Fig. 4: Typical XRD pattern of GUSNPs sample

four values that were observed and can be viewed as sets
of face-centric planes (100), (110), (200) and (622) (Fig. 4).
The silver nanoparticles’ face-centered cubic (FCC) lattice
structure of these plane sets might be listed. The silver
nanoparticles were calculated to have an average diameter
of 240 nm using the Debye-Scherrer equation.

SEM Analysis of GUSNPs Sample

Find a better understanding of the scanning-reflective
electron microscope using the shape and size of the
resulting nanoparticles. Silver nanoparticles in individual
aggregates as well as their quantity, were visible in
the standard SEM picture. Silver nanoparticles had a
morphology that was primarily spherical, aggregating
into massive irregular structures with a lackluster
appearance. Utilizing Image ] software, the nanoparticles
were quantified from the SEM picture. 240.83, 243.31, and
549.18 nm, respectively, were the silver nanoparticle sizes
in SEM pictures of GUSNPs aqueous leaf extract (Fig. 5).

EDX Analysis of GUSNPs Sample

Qualitative and quantitative information on the chemical
composition of SNPs evaluated by EDX analysis. A
physically powerful signal for silver (Ag) on 3 keV the EDX
spectrum of leaf extract of GUSNPs showed, confirming
the production of SNPs. Other signals were detected for K,
Cl, Na, O, Cu, and C, which are chemicals found in GUSNPs
that act as capping agents (Fig. 6).

Fig. 5: SEM analysis of GUSNPs sample
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Fig. 6: EDX analysis of GUSNPs sample

Antimicrobial Activity of GUSNPs Sample

GUSNPs produced by the filtrate and the antibacterial
activity against Staphylococcus aureus, S. gallinarium,
Bacillus subtilis, Pseudomonas stuberia, and Escherichia coli
were shown to be good, with the maximum inhibitory zone.
Green nanoparticle suspensions at various concentrations

were against gram-positive and gram-negative bacteria
examined for antibacterial efficacy. The antimicrobial
agent’s ability to rupture separate bacterial cells was
assessed with the well diffusion method. Antibacterial
effects against gram-positive bacteria and gram-negative
bacteria were tested in various samples, as presented in
Table 2.

Bacteria like S. aureus, S. gallinarium, B. subtilis, P.
stuberia, and E. coli exhibit varying percentages of zone
of inhibition at different concentrations (10, 05, and
2.5 pg/mL concentrations) (Table 2). S. aureus, B. subtilis,
P. stuberia, S. gallinarium, E. coli and standard amoxicillin
have an average percentage of inhibition of 7.1, 6.7, 6.3,
5.2,4.7and 13.8 mm at 10 ug/mLconcentration (Table 2 &
Plate 1). In this approach, the GUSNPs aqueous leaf extract
demonstrates the inhibition zone of microorganisms.
The best inhibition zone was identified at 10 pg/mL
concentration in GUSNPs sample (Plate 1).

Pseudomonas stuberia

Escherichia coli

Plate 1: Antimicrobial activity of GUSNPs sample

Table 2: Antimicrobial activity of GUSNPs sample

Zone of inhibition (mm)

S. No. Organisms
10 ug/mL 05 ug/mL 2.5 ng/mL Standard (Amoxicillin)

1 Staphylococcus aureus 7.1 3.6 2.4 8.5

2 S. gallinarium 5.2 3.7 2.6 8.7

2 Bacillus subtilis 6.7 3.7 4.2 11.9

3 Pseudomonas stuberia 6.3 6.3 5.4 13.8

4 Escherichia coli 4.7 3.8 2.5 7.2
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Table 3: Protein denaturation assay of GUSNPs sample

%of inhibition

Samples

1000 pg/mL 500 ug/mL 250 ug/mL 125 ug/mL 62.5 ug/mL 31.25 ug/mL 15.65 ug/mL
GUSNPs 79.35+0.42 68.33£0.23 57.71+0.13 45.53+0.76 35.73+0.79 24.81+0.83 17.33£0.95
Aspirin 87.32+£0.27 76.17 £0.72 65.28 £ 0.89 54.59 + 0.96 44.10+0.98 33.15+0.68 21.97 £0.22
Table 4: HRBC membrane stabilization assay of GUSNPs sample
% of inhibition
Sample
1000 pug/mL 500 ug/mL 250 pg/mlL 125 pug/mlL 62.5 ng/mL 31.25 ug/mL 15.65 pug/mlL
GUSNPs 73.27 £0.89 62.26 £ 0.52 51.26 £ 0.15 42.47 £ 0.34 34.82 +0.03 25.52 £ 0.66 18.29 + 0.99
Aspirin 85.32+0.84 75.94 + 0.04 64.71 + 0.38 56.35 +0.69 47.31+0.21 39.51+0.92 30.31+0.47
Anti-inflammatory Activity In-vitro . Profeindenntarationnssay
Protein denaturation assay of GUSNPs sample E "
The albumin denaturation inhibition assay of anti- é
inflammatory activity using GUSNP samples was assessed, <
to avoid protein denaturation which tests the capability of 8 40
silver nanopa.rtlcles. GUSNPS were effectlv.e in inhibiting § o GUSNDS
the degradation of albumin by heat at different doses g —o— Aspirin

(Table 3 and Fig. 7). Calculate the percent inhibition at
15.62,31.25,62.5,125, 250,500, and 1000 pg/mL extract
concentrations. From the least concentration (15.62 pg/
mL) to the uppermost concentration (1000 pg/mL), the
percentage of inhibition ranged from 17.33 + 0.95 to 24.81
+ 0.83, 35.73 £ 0.79, 45.53 £+ 0.76, 57.71 + 0.13, 68.33 +
0.23, and 79.35 * 0.42% (Table 3). The 50 percentage of
inhibitory concentration (ICsy) was 214.72 pg/mL, while
the control aspirin had an ICg, of 87.32 pg/mL (Table 3).
The findings indicate that GUSNPs were efficient at
inhibiting heat-induced albumin denaturation. The bio-
generated nanosilver showed a maximum inhibition of
79.35 + 0.42% at 1000 pg/mL, showing its potential to
prevent protein denaturation during inflammation (Fig. 7).
This study suggests that the anti-inflammatory properties
of nanoparticles are the result ofa synergistic or individual
effect of numerous phytochemical substances coated on
the nanoparticles, such as naphthalene, hexadecanoic acid,
and phytol.

HRBC membrane stabilization assay of GUSNPs sample

Table 4 shows the GUSNPs’ anti-inflammatory activity
results of as considered with the membrane stabilization
experiment. Heat-induced hemolysis was inhibited at
different extract concentrations. Samples were added to
the HRBC mixture at 15.62, 31.25, 62.5, 125, 250, 500 and
1000 pug/mL concentrations, and the %hemolysis was
correlated to control aspirin. At a dose of 1000 pg/mL,
the greatest level of inhibition was found (Table 4). The
sample had the highestanti-inflammatory activity (73.27 £
0.89%), followed by 62.26 + 0.52,51.26 £ 0.15,42.47 £ 0.34,
34.82 + 0.035, 25.52 £ 0.66, and 18.29 + 0.99% (Table 4
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Fig. 8: HRBC membrane stabilization assay of GUSNPs sample

& Fig. 8). Its effectiveness as compared to regular aspirin
was 85.32%. Table 4 and Fig. 8 show that the IC;, values
for GUSNPs and aspirin were 239.52 and 86.14 pg/mL,
correspondingly.

Anticancer activity in-vitro of GUSNPs sample by ‘HepG2
carcinoma cell line’

The cytotoxicity of silver nanoparticles containing GU was
evaluated it was limited to different concentrations in the
HepG2 cell line to determine the IC;, values using the MTT
assay. The sample is made at various concentrations (500,
400, 300, 200, and 100 pg/mL). GUSNPs had a significant
influence on the HepGz2 cell line at doses ranging since 500
to 100 pg/mL, according to an MTT test (Table 5 & Fig. 9).
GUSNPs demonstrated the highest cytotoxicity next to
the HepG2 cell line by a dosage of 500 ug/mL, with 24.32
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Table 5: Anticancer activity in-vitro of GUSNPs sample by HepG2 carcinoma cell line

S . % of Inhibition
ampie

b 500 ug/mL 250 ug/mL 125 ug/mL 62.5 ug/mL 31.25 ug/mL 15.65 pg/mlL
GUSNPs 70.20 £ 0.57 58.26 +1.7 49,34 +7.34 38.77 £ 7.46 27.60 £ 2.67 18.36 +9.95
50 HepG2 carcinoma cell line Utilizing FTIR analysis, the seven strong peaks were
£ 70 detected in the GUSNPs aqueous leaf extract. Halo
Eig compounds, aromatics, aliphatic amines, phenols,
§ 10 aldehydes, and 1° amines were among the functional
30 —&— GUSNPs groups that were detected. 3295.7, 2935, 1591, 1382.1,
ng 1044.2, 827.78, and 599.97 are the seven drop-down

0 peaks that were noted. N-H bend, C-C stretch, C-N stretch,
0 100 200 300 400 500 600

Sample concentration (ug/ml)

Fig. 9: Anticancer activity in-vitro of GUSNPs sample by HepG2
carcinoma cell line

percent cell viability. Silver nanoparticles designed studies
showed increased cell passage, with an IC;s, of 65.14 ng/
mL (Table 5). Cell viability reduced as concentrations
increased. Maximum cell death was found at 500 pg/mL
concentration (Fig. 9).

DISCUSSION

A spectrophotometer’s absorption spectra of the generated
silver nanoparticles were used to confirm the colour shift
of the aqueous extract including plants and metal salts,
which signifies the combination of SNPs and Au-NPs.[33!
Under dark conditions, the current study’s leaf aqueous
extract turned reddish brown after just 24 hours. A dark,
dry, and cool environment was used to preserve the
nanoparticles prior to their characterization. UV-visible
spectroscopy was used to confirm that plant extract had
formed silver nanoparticles by observing a colour modify
as of yellow green to brown. Related to this, Domany et
al.B* and Ahmed et al.®! demostrated similar findings,
stating that the primary visual evidence of AgNPs
synthesized with Fusarium oxysporum is visible by color
change, indicating that Ag+ is reduced to Ag’ Through the
protein reducing agent contained in the fungal extract and
metabolites.3¢]

A crucial characterisation technique for studying
nanoparticles is UV-vis analysis. As a result of SPR
excitation, visible light is absorbed by the nanoparticles,
giving them different colors. UV-vis testing is performed
on every sample of nanoparticles. GUSNPs aqueous leaf
extract had distinct bands of silver nitrate nanoparticles
at a distance of about 420 nm. In fresh leaves of Guazuma
ulmifolia Lam, comparable outcomes were noted at 535 nm.
According to Kartika et al.,33] the earlier publication,
these results coincided. But the length of time it took to
reduce depended on the temperature, pH, and bioactive
components of the plant.!3]
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C-Cl stretch, C-Br stretch, H, and C-H stretching were all
noted. Based on research conducted by Zhang et al.,3®!
Niu et al.,®% You et al,*% Luo et al.,*V and others, it
appears that the FTIR absorbance band that is emerging
it is associated with plant biological components such
as protein, glucomannan, starch, saponin, colchicine,
flavonoids, polysaccharides, phenylpropene and sugar.
Four unique peaks with 26 values were visible in the
synthesized SNP’s GU aqueous leaf extract X-ray diffraction
pattern. The following four numbers can be viewed as sets
of face-centric planes: (100), (110), (200),and (622). These
setsinclude 27.76,32.12,46.14,and 76.61°. These plane sets
might be listed to the silver nanoparticles’ face-centered
cubic (FCC) lattice equation. 240 nm was determined to be
calculation using the Debye-Scherrer equation the average
size of silver nanoparticles was measured. The NP’s
amorphous crystalline structure is verified by XRD.[*?]
Scanning electron microscopy offered further in order
about the produced nanoparticles morphology and size
features are produced. Shape of the silver nanoparticles
is mostly spherical, and they are assembled into irregular
structures with opaque regions morphologies. SEM scans
revealed that green produced silver nanoparticles had
a spherical form. SEM pictures GU aqueous leaf extract
of silver nanoparticles were 240.83 nm, 243.31 nm, and
549.18 nm, in that order. The uniform distribution and
compact size of the produced nanoparticles indicate that
plant extract contains an adequate amount of reducing
and stabilizing chemicals.[*?!

Both qualitative and quantitative details about the
compound makeup of SNPs are provided by EDX analysis.
The production of SNPs was confirmed by the metallic Ag
at 3 keV strong signals in the EDX spectra of the GUSNPs
aqueous leaf extract. For K, Cl, Na, O, Cu, and C compounds
in GUSNPs serving as capping agents anumber of additional
signals were recorded. Determine the sample’s elemental
composition and purity as well as to validate that selenium
ions were converted to elemental selenium were used
EDX analysis.[**l Pyrzynska and Sentkowska,**! have
confirmed by the EDAX technology to the nanoparticles are
made entirely of selenium and do not include any previous
fundamental impurities.
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In the currentinvestigation, the greatestinhibitory zone of
GUSNPs produced by the filtrate shown good antibacterial
action beside Staphylococcus aureus, S. gallinarium,
Bacillus subtilis, Pseudomonas stuberia, and Escherichia
coli. Although it was initially discovered that using silver
nanoparticles was more successful, chemical-based
nanoparticles were later shown to have a harmful effect.
[46] As aresult, researchers concentrated on creating non-
toxic, economically viable, and environmentally benign
nanoparticles using plant extract. Gram + and gram -
bacteria were reduced towards suspensions of green
synthesized nanoparticles at different concentrations
to evaluate their antibacterial activity. The findings
demonstrate that, in contrast as for gram + bacteria,
gram - bacteria are more predisposed to nanoparticles.[*”]
This may be brought on by the silver nanoparticles’
electrostatic contact with thatresults in death of bacterial
cell membrane.

The average percentage of inhibition of S. aureus, B. subtilis,
P. stuberia, S. gallinarium, and E. colibacteriais 7.1,6.7,6.3,
5.2 and 4.7 mm in the current experiment. Krishnaraj et
al.*® reported to the SNPs generated as of the extract of
Acalypha indica leaves had a particle size of 20 to 30 nm
and a minimum inhibitory concentration (MIC) of
10 pg/mL when tested beside ‘Escherichia coli and Vibrio
cholera’. During a different test,[*?) SNPs average size was
produced by Allium cepa stem extract was 67 nm, and they
demonstrated antibacterial efficacy against Salmonella
typhimurium and E. coli. As a consequence of Kim et al.,[>")
Ag-NPs had a lowest amount inhibitory concentration of
100 pg/mL beside both S. aureus and E. coli. The zone of
inhibition on the bacteria is thus demonstrated by the
GUSNPs aqueous leaf extract. In the GUSNPs sample, the
greatest zone of inhibition was noted at a dosage of 10
ug/mL. In accordance through Ruiz-Baltazar et al.,>! the
standard element volume obtained from the extract of
Melissa officinalis was 12 nm. They also noticed that silver
nanoparticles with high control and anti-inflammatory
properties next to S. aureus and E. coli could be produced
using Melissa officinalis. Based on the reports, AgNPs can
clingitattaches to the cell membrane of bacteria and enters
the cytoplasm.!®2%3] These facts change the structure of
the cells that destroy the organism.

GUSNPs a sample using the albumin denaturation test
of anti-inflammatory activity was evaluated by testing
the ability to prevent protein denaturation of silver
nanoparticles. Through the activation of transcription
factors like NF-KB, to control the generation of cytokines
and the reactive oxygen species function as a mediator.
This implies that other cytokines and ROS directly cause
an seditious reaction.>*>°! The similar results were
observed in Cadaba fruticosa by JerunNisha et al.[>°]
Control aspirin had an ICs, value of 87.32 pg/mL with a
50 percent inhibitory concentration (ICg,) of 214.72 pg/
mL. Many diseases are caused by lysosomal enzymes
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that are released during inflammation, to be associated
with acute or chronic inflammation and the extracellular
activity of these enzymes is consideration. Consequently
to Rajendran Vadivu and Lakshmi,[®”) non-steroidal
medications work by either blocking these stabilizing the
lysosomal membrane or lysosomal enzymes. At 1000 pug/
mL, the maximum inhibition of 79.35 + 0.42% was noted,
demonstrating the bio-generated nano silver’s ability
to stop the denaturation of proteins implicated in the
inflammatory process. It was shown that ethanol extracts
decreased the amount of ROS productionin cells. This study
is consistent with other studies of Pogostemon speciosus
Benth.,>8! Ceropegia juncea,!® Enteromorpha prolifera.l®®)
Flavonoids, a component of therapeutic plants that have
been exposed to contain anti-inflammatory activities, have
been found in ethanol extracts of Hymenocallis littoralis.!®"
Therefore, the individual or combined effects of different
phytochemical components including naphthalene,
hexadecanoic acid, and in this study, phytol coated on the
nanoparticles may be the nanoparticles responsible for
the anti-inflammatory properties.

Since the membrane of red blood cells (RBCs) is equivalent
to the membrane of lysosomes and their stability indicates
anti-inflammatory properties, the HRBC membrane
stabilization technique was used.!®?l According to Yesmin
etal.[®® the stability membrane of the lysosomal impedes
the discharge of enzymes that induce irritation, hence
preventing tissue injury and subsequent inflammation.
Heat-induced hemolysis was inhibited by varying extract
concentrations. 15.62, 31.25, 62.5, 125, 250, 500, and
1000 pg/mL concentrations of HRBC solution were added
to each sample individually for incubation. The largest
%of inhibitory was seen at 1000 pg/mL conc. Based on
the results of Kumar et al,,!® the hypotonicity of the
hyposaline in this study caused cell membrane lysis, the
release of cell fluids, and the loss of electrolytes, all of
which resulted in cell shrinkage. This in turn affected
the hemolysis of RBC. The sample with the highest anti-
inflammatory activity among them was 73.27 * 0.89%j;
the next highest percentages were 62.26 + 0.52, 51.26 *
0.15,42.47 + 0.34, 34.82 + 0.035, 25.52 + 0.66, and 18.29
+ 0.99%, correspondingly. When compared to regular
aspirin, it was 85.32%. By keeping the RBC membrane
stable and limiting the discharge of lytic enzymes and
previous seditious mediators, the plant extracts from
Solanum khasianum demonstrated remarkable anti-
inflammatory action. Ethanolic extract from the roots
of S. khasianum had nearly identical efficacy to that of
diclofenac. Still, a experiment of protein denaturation
was second-hand before to report the anti-inflammatory
efficacy in-vitro of S. khasianum’s fruit plus leaf methanolic
extract.%®] For both the aspirin and GUSNPs sample, the
IC5, value was initiate towards the 86.14 and 239.52 pg/
mL. Previous reports in numerous Solanaceae species[66'68]
presented similar results of anti-inflammatory efficacy
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with HRBC membrane stabilization method.

As a result of several studies®®7! the cytotoxicity of
metal nanoparticles is related to a number of factors,
including sizes, morphologies, and surface charges
in addition to distinct biological resources providing
reducing and capping agents. Within concentrations
vary starting from 500 to 100 pg/mL, the MTT test
of GUSNPs shows a significant effect on the HepG2
cell line. With 24.32% of cell viability, the 500 pg/mL
concentration of GUSNPs demonstrated the strongest
cytotoxicity action against the HepG2 cell line. With
increasing convergence of silver nanoparticles-engineered
tests, it was found that the level of cell passage increased,
and the IC5, was 65.14 pg/mL. The cell viability reduced
as the concentration greater than before. In the maximum
cell death was noted at the concentration of 500 pg/mL.
The IC5, standards (2.41 and 2.31 ug/mL™1) intended for
‘MCF-7 with HepG2 tumour cell lines’ of SNPs produced as
of the Callisia fragrans leaves aqueous extract hold small
than to the ICy, valuations of former plant extracts.[’27*
The rationale is to C. fragrans leaf samples include lupeol
and beta-amyrin. These compounds undergo a redox
interaction by means of Ag" atoms to produce lupenone
and beta-amyrone, which are energetic chemicals by
tremendous anticancer capabilities.l”>76]

CONCLUSION

G. ulmifolia leaf SNPs are made sustainably and contain
a selection of uses, including industrial and therapeutic,
antimicrobial with anti-inflammatory applications.
When silver ions are present, changes the colour to
brown. The UV-vis, XRD, SEM, FTIR and EDAX analysis
characterization was conducted. Analyzing the particle
shape and size was done using SEM technology. The silver
NPs’ nature and particle size was measured using XRD.
FTIR reported flavonoids also alkaline components. Beside
the plant in addition carry out fine in the inhibitory zone
through having antimicrobial qualities against bacteria.
This study the plant G. ulmifolia a potent anti-inflammatory
drug can be used as lead compound for designing gives on
idea that the compound of which can be used for treatment
of inflammation. Concentration-dependent cytotoxicity
against HepG2 cancer cell lines from G. ulmifolia -mediated
silver nanoparticles induced. Some new therapeutic
agents for the cancer treatment has been evaluated as
of G. ulmifolia -based SNPs. G. ulmifolia SNPs induced
reactive oxygen species production and decreased the
cell viability in HepG2 cell lines. Additional investigation
can be conducted with common medications due to
plants’ to compare the effects of SNPs ability to inhibit
environmental harm, used for treating these diseases. This
medicinal plant showed positive results utilizing silver
nanoparticles, a fast rising material in different fields and
one of the innovations.
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