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Introduction: The use of environmentally benign resources for nanoparticles synthesis is
consistently pushed to the front burner in a bid to ensure and enhance environmental protection
and beneficiation. In this light, application of different plant parts for the reduction and
stabilization of nanoparticles is gaining popularity.

Materials and Methods: In this contribution, we have exploited Securidaca inappendicu-
lata stem extract (SISE), as the reducing and stabilizing agent for room temperature synthesis
of highly stable and dispersed AgNPs. The major bioactive compounds in SISE were profiled
using an ultra-high-performance liquid chromatography-quadrupole-time-of-flight mass
spectrometry (UHPLC-MS-QTOF-MS).

Results and Discussion: SISE could reduce silver salts to its nanoparticles almost instan-
taneously with a maximum absorption spectrum at 423 nm, under the optimal conditions.
The fabricated SISE AgNPs was extensively characterized using FTIR, TEM, SEM, XRD,
EDS, Zeta analysis/DLS and TGA/DTG analysis. SISE AgNPs with average particles size
between 10-15 nm and a zeta potential value of —19.5 + 1.8 mV was obtained. It was
investigated for in-vitro biological applications by carrying out, antimicrobial, antioxidant,
hemolytic, cytotoxicity and antidiabetic assays. It was found that SISE AgNPs exhibited
potent antimicrobial capacity against some food borne microbes, good antioxidant property,
while also demonstrating high biocompatibility. Moreover, with a view to extending further
the applications SISE AgNPs, it was tested as a colorimetric nanoprobe for Hg?* detection in
aqueous environment, where good linearity between 0.10 and 10.0 uM, with a detection limit
of 26.5 nM, were obtained. The practicality of the probe was investigated by carrying out
Hg*" detection in water sample, with good accuracy and precision.

Discussion: Overall, this work introduced a new stabilizer for biocompatible AgNPs with
far-reaching applications.

Keywords: silver nanoparticles, Securidaca inappendiculata, biological applications,
mercury (II) ion, colorimetric probe

Introduction

Nano fabrication which deals with the ingenious synthesis of nanomaterials for
wide ranging applications has gained much traction in the past few decades around
the scientific community. This results from the limitless numbers of nanomaterials
that can be produced from careful tuning of different synthesis conditions. In fact,
according to the International Organization for Standardization (ISO), nanomaterial
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is defined as material with any external dimension in the
nanoscale or materials with sizes in the range of 1-100
nm.! Amongst different kinds of nanomaterials available,
silver nanoparticles (AgNPs) has received about the keen-
est interest,

owing to its unique physico-chemical

properties.> As a matter of fact, the use of silver as an
antimicrobial agent dated back to antiquity, as silver sky-
phos (drinking cup) are common features in the Roman
empire.’

The synthesis approach adopted in the fabrication of
nanomaterials do have a direct effect in determining some
physico-chemical property of the final product. Thus, che-
mical and biological synthesis are very popular. In chemi-
cal synthesis, the use of strong reductants such as: sodium
borohydride, hydrazine, N, N dimethyl formamide etc,*°
have been well reported. Regrettably, the toxicity of some
of the chemicals used for chemical-mediated nanoparticles
synthesis has given rise to the call for more environmen-
tally friendly methods. Biological synthesis of nanoparti-
cles, where nature-friendly materials are sourced and used
for nanofabrication has attracted a great deal of attention
among scientists. Plant parts are a repository of bioactive
metabolites and are thus

keenly exploited for

nanomaterials fabrication. Some plants already used for
AgNPs synthesis include: medicinal fern FEquisetum
Centella

Moringa citrifolia L. (noni)

arvense,’ Viburnum opulus L. fruits extract,8
asiatica phenolic extract,’
different parts,'” leaf extracts

aqueous of Lippia

citriodora,” etc. The use of other bio-based materials
such as amino acids, bacterial isolates, fungus isolates
and natural biopolymers, for other metal nanoparticles
all fall within the ambit of the

synthesis.”'>'"® The exceptional properties of AgNPs

synthesis, “green
made it an efficient resource with applications already
extended into diverse human fields of endeavors, ranging
from; potent antimicrobial agents,'® constituents of food

. . 2 .
packaging materials,”® as components of medical sutures

coatings,”’ 2223

in analytical detection of diverse analytes
and as a delivery agent of some drugs, in conjunction with
its role in cancer therapeutics.”*

As it is generally believed in the scientific community,
the inherent metal toxicity of metal nanoparticles (MNPs),
is an issue of great concern.”” As a result, the use of
biocompatible materials for MNPs synthesis is believed
to be a practical mean of reducing the toxicity index of the

final products.” In the same light, having found out from
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literature, that Securicaca inappendiculata has not been
reported for nano-fabrications, thus, we were motivated to
fill this research gap by reporting the very first AgNPs
from this highly important plant material.

Securicaca inappendiculata (Chan Yi Teng) is
a Chinese medicinal plant native to southern Chinese
provinces of Yunnan, Guangxi, Guangdong, and
Hainan.?’” S. inappendiculata has been documented in
ethno-medicine use for the treatment of fractures and
rheumatoid arthritis.”® Aside its use in traditional medi-
cine, several pharmacological activities have been report-
edly associated with the plant including antioxidant,
antidiabetic,  anti-inflammatory =~ and  antibacterial
effects.””** Numerous bioactive compounds particularly
xanthones, triterpene saponins, benzophenones, xanthone
glycosides, organic acids, neolignan glycosides, terpenoid
glycosides, and phenolic compounds have been reported
from the plant.*”?*>" As a result, S. inappendiculata is
highly rich in bioactive materials and as such should be
effective for the reduction of metal salt for nano-synthesis.

Mercury (Hg) contamination of major environmental
matrices is quite prevalent nowadays owing to diverse
human activities with potentials for Hg emission. Mining
and fossil fuel combustion account for a large percentage
(60%) of the global Hg emission.*> Artisanal small-scale
gold mining account for another significant percentage,
contributing to 20-30% of Hg pollution on earth.>® Other
major sources such as cement production, iron and steel
production, mercury production and wastes disposal
have been well documented.** The major forms of Hg
include: elemental mercury (Hg"), inorganic mercury
(Hg" and Hg?"), and organic mercury (CH;Hg® and
C,HsHg"). Amongst them Hg*" has received huge interest
in terms of method development, particularly based on the
use of metal nanoparticles as optical probes. This is so, in
view of the associated deleterious health impacts of Hg*"
consumption, which necessitated regular profiling in aqu-
eous environment. Hg*" can impart significant damages on
the CNS, brain and kidney.>> Methylation of Hg in aqu-
eous environment to methylmercury (CH;Hg") can bio-
accumulate and bio-magnify across the trophic level, with
possible high concentrations in animals like fish.*® In view
of the foregoing, the World Health Organization (WHO)
maximum permissible limit of Hg*" in drinking is fixed at
30 nM, while 10 nM, is the acceptable level by the United
State Environmental Protection Agency (USEPA). Since
the human tissues may be a final sink, for Hg*" ingestion

from water bodies, thus the detection of Hg2+ in aqueous

environment has received huge interest from researchers
and thus our group is investigating this using an environ-
mentally-friendly realized AgNPs as part of our objective
for the current work. With considerable attention being
devoted into environmentally benign nanofabrication, we
therefore aimed at a SISE mediated synthesis of biocom-
patible AgNPs, which can be deployed for multifaceted
human applications covering biomedical field, pharmaceu-
tics and environmental science. The use of green synthe-
sized nanoparticles for this wide spectrum applicability are
not common, hence we hope this work will perfectly cover
such research lacuna.

Herein, we have investigated the use of Securicada
inappendiculata as a reductant of silver salt towards envir-
onmentally benign and sustainable synthesis of highly
stable and dispersed AgNPs. S. inappendiculata is rich in
bioactive compounds, which can effect almost instanta-
neous reduction of silver salt to AgNPs. We further inves-
tigated the biological properties of the fabricated SISE
AgNPs by carrying out antibacterial, antioxidant, RBC
hemolytic assay, cytocompatibility assay using normal
human embryonic colon cells (Caco-2) and mouse fibro-
blast (L-929) cells. The inhibition of SISE AgNPs on
common enzyme, implicated in the management of dia-
betes (o-amylase and a-glucosidase), were equally inves-
tigated. Finally, SISE AgNPs was tested as a colorimetric
nanoprobe for the detection of toxic Hg®" in aqueous
environment, with reliable analytical performance indices.
In all, SISE AgNPs was found to show great promise as
a potential biomedical resource, while also exhibiting
satisfactory performance as a probe in environmental man-
agement of heavy metal contamination profiling in envir-
onmental sample.

Materials and Methods

Materials

Potassium persulfate were purchased from Sigma-Aldrich,
Inc. (St. Louis, MO, USA). Also, 2,2-azino-bis-(3-ethylben-
zothiazoline-6-sulfonic acid) diammonium salt (ABTS) and
2,2diphenyl-1-picrylhydrazyl (DPPH) were obtained from
Fluka (Buchs, Switzerland) and Aldrich
Chemical Company (Steinheim, Germany) respectively.
Tryptic soy agar (TSA), phosphate-buffered saline (PBS),
and TSB (tryptic soy broth) were procured from Oxoid
(Hampshire, England). Metal salts for sensing and selectiv-
ity tests include: HgCl, from VWR chemicals BDH,
FeSO,.7H,0 from Merck, FeCl;.6H,0, MgCl,.6H,O and

Chemicals
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NiCl,.6H,O were procured from Loba Chemie,
ZnS04.7H,0,  AI(NO3);.9H,0, CdCl,.2.5H,0, Ca
(NO3),.4H,0, CuS0,4.5H,0, CoCl,.6H,0, were all from
UNIVAR APS FineChem, while KNO; and Pb(NO;),
were procured from ANAPURE.

Plant Material and Extract Preparation

The stems of S. inappendiculate, were purchased from
Bozhou Medicinal Herbs Market, Anhui Province, PR
China. The authentication of the plant was done by
Dr Jian Zuo (Department of Traditional Chinese
The first Affiliated Hospital of Wannan
Medical College, China). A voucher specimen with the
reference number ID: 2017-11-034 was deposited at the
herbarium of the Department of Traditional Chinese
Further study
approval on the use of the plant were not required, accord-

Medicine,

Medicine, Wannan Medical College.
ing to regional and institutional guidelines. The dried
stems of S. inappendiculata (2 Kg) was subjected to
extraction using 95% ethanol. The extracts were filtered
and dried. The dried extract was further subjected to one
round of re-extraction using 50% ethanol. The extract was
dried using a rotary evaporator and the crude ethanol

extract, coded (SISE) was stored at 4°C until further use.

UHPLC-ESI-QTOF MS Characterization
of S. inappendiculata Stem Bark Extract

(SISE)
Qualitative UHPLC-DAD-ESI-QTOF-MS/MS an anlysis
of S. inappendiculata stem bark extract was performed to
determine the tentative identities of the secondary meta-
bolites present. Briefly, 50 mg of the sample was dissolved
in 1 mL of 70% methanol. The mixture was vortexed and
then centrifuged for 5 min at 7168 xg. The supernatant
was subsequently filtered through a 0.2 um nylon mem-
brane syringe filter. The filtrate was then used for LC-MS
analysis as described in our previous report.’

Synthesis of SISE AgNPs

Synthesis of SISE AgNPs was carried out based on our
previous report,” with modifications. 5.0 mg/mL of SISE
was prepared in a mixture of water:ethanol (3:1). Into
a 100 mL beaker, which was wrapped round with alumi-
num foil to avoid light induced oxidation of the reaction
mixture, 95 mL of different concentrations of AgNO;
solution was added under stirring at room temperature
(RT). Then 5.0 mL of SISE aqueous solution, whose pH

has been adjusted to 10.0, using few drops of 0.5M NaOH
solution was added. The mixture was continuously stirred
for 1 hr and was stored at 4 °C before clean-up. The
synthesized SISE AgNPs was centrifuged at 25,200 xg
on a temperature-controlled centrifuge for 30 min in
order to obtain the particles pellets. The pellets were
washed by subjecting to two more rounds of centrifuging
and re-suspension in ultra-pure water. Finally, the pellets
were freeze-dried and subjected to instrumental character-
izations. The synthesis protocol was optimized by chan-
ging the concentrations of AgNOj; solutions used. The
photo images and absorption spectra were collected using
a spectrophotometer and Samsung Galaxy phone A50s.

Characterizations of SISE AgNPs

The absorption spectra of SISE AgNPs was acquired on
a JASCO V-730 Spectrophotometer (Germany), functional
groups interaction between SISE and SISE AgNPs were
elucidated using a Fourier-transformed infrared spectro-
scopy (FT-IR), with wavelength covered between the
region of 4000 to 500 cm '
PerkinElmer FTIR spectrometer, particles images were

on a Spectrum BX

observed using a Transmission electron microscope
(TEM), JEM 2010 (JOEL, Japan) and a field emission
scanning electron microscopy (FESEM), linked to an
energy dispersive X-ray spectroscopy (EDX), on a SEM
microscope, Apreo, FEI (Czech Republic), with a EDX
(X Max 80, United
Kingdom). Particle crystallinity was investigated using an

machine Oxford Instrument,
Empyrean XRD diffractometer (Empyrean, Netherland),
acquiring the 2(6) from 10 to 80° using Cu Ka, using
a radiation wavelength of 0.154 nm and a scan speed of
70.2 s. Particles’ hydrodynamic diameters and zeta poten-
tial were obtained wusing Brookhaven NanoBrooks
zetaPALS (Brookhaven, instrument, USA). Thermal gravi-
metric analysis (TGA) and derivative thermal gravimetric
analysis (DTG), of SISE AgNPs were obtained on a TGA7
(Perkin Elmer, USA), by heating a small fraction of SISE
AgNPs pellets from 50 to 1000 °C at 10.0 °C/min under

nitrogen atmosphere.

Antioxidant Capacity of SISE AgNPs
DPPH Radical Scavenging Activity of (DPPH-RSA)
Radical scavenging activity of SISE AgNPs was carried
out following our previous work with slight
modifications.®” Briefly, 150 pL of SISE AgNPs or stan-
dard ascorbic acid aqueous solution (10 to 40 pg/mL) was
pipetted into 96-well microplate. DPPH already prepared
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in methanol (150 pL, 0.1 mM) was added into the sample
solutions with thorough mixing. The absorbance was
acquired at 517 nm after allowing the reaction to incubate
for 30 min at room temperature. The DPPH radical
scavenging activities was expressed as percentage
inhibition.

DPPH radical scavenging effect (%) = [(Ac — As)/Ac]
x 100 where, Ac is the absorbance of the control, and As is

the absorbance of the sample or standard.

ABTS Radical Scavenging Activity
The ABTS radical scavenging activity of SISE AgNPs was
carried out following our previous report,'> where the
details of the experimental steps are reported.

Antibacterial Capacity of SISE AgNPs
Bacterial Cultures and Cell Suspensions
Staphylococcus aureus, DMST 4745, Escherichia coli
DMST 4212, Vibrio parahaemolyticus PSU.SCB.16S.14,
Listeria monocytogenes F2365, and Pseudomonas aerugi-
nosa PSU.SCB.16S.11 were collected from the Food
Microbiology Laboratory. All bacteria strains were gifted
by the Food Safety Laboratory, department of Food
Technology, Prince of Songkla University, Hat Yai,
Thailand. Bacterial suspensions were prepared following
the method reported by Olatunde et al.*® Bacterial load in
sterile PBS was diluted to 6 log CFU/mL.

Minimum Inhibitory Concentration (MIC)

and Minimum Bactericidal Concentration
(MBC)

The MIC and MBC of SISE AgNPs against selected
bacteria were determined following the procedure outlined
in previous work with minor modification.*®

Biocompatibility Studies

Hemolytic Effect of SISE AgNPs on Human Red
Blood Cells

Hemolytic effect of SISE AgNPs was determined on
viable human erythrocytes as described in previous
publications.'**%*° After written Informed Consent was
provided by the individual, blood sample was collected
from one of the authors (Dr. Titilope J. Jayeoye), as donor
by venipuncture. The freshly collected sample was washed
by suspending in phosphate buffered saline (PBS), pH 7.4
followed by centrifuging at 112 xg for 5 min. The super-
natant and buffy coats were discarded. After three rounds

of washing, the erythrocyte pellet was resuspended in PBS
to a final concentration of 5% (v/v). Different concentra-
tion SISE Ag NPs (100 uL) were added to 400 pL of
erythrocyte solution. Samples containing Triton X-100
(1% in PBS) were used as positive control while those
with only PBS served as negative control. After 1 h of
incubation at 37 °C, the samples were centrifuged at 112
xg at room temperature. Supernatants were collected and
the absorbance read at 540 nm. The results obtained were
presented as % hemolysis. The Ethics Committee of the
Alex Ekwueme Federal University (AE-FUNAI), with
approval detail (EC-AFUNAI-141/2020), granted permis-
sion for the use of human serum.

Effect of SISE AgNPs on Human

Embryonic Colon Cell and Fibroblast Cell
The cyto-compatibility of SISE AgNPs was assessed on
human embryonic colon cells (Caco-2) and mouse fibro-
blast cells (L-929) independently three times. Caco-2 and
L-929 cells were cultured in high glucose Dulbecco’s
Modified Eagle Medium (DMEM) containing 10% fetal
bovine serum and 1% penicillin-streptomycin solution
(Gibco). Briefly, 4x10* cells/mL of CaCo-2 and L-929
were seeded into a 96-well plate and incubated at 37 °C
with 5% CO, atmosphere for 24 h. Cells were treated with
100 pL of varying concentrations of SISE AgNPs (-
26.875-0.209 pg/mL) and incubated for 24 h. The con-
SISE  AgNPs
cytocompatibility test was based on the results of the

centration  of was adopted for
antibacterial assay, with the maximum concentration
being more than three times the MIC value. The viability
of cells after treatment was analyzed using MTT assay and

the optical density measured (OD) at 570 nm.

OD Treatment
Percentage cell viability = ﬁ x 100
ontro

Antidiabetic Property of SISE AgNPs
Determination of a-Amylase Inhibitory Activity
The porcine pancreatic a-amylase inhibitory activity deter-
mination procedure was done by using slightly modified
method from Chakrabarti et al*' and Sudha et al.**

Determination of a-Glucosidase
Inhibitory Activity

The a-glucosidase inhibitory activity determination pro-
cess was performed using slightly modified procedure

from Kumar et al.*?
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SISE AgNPs as Colorimetric Probe for

Hg*" Detection in Aqueous Solution

For Hg”" detection using SISE AgNPs, briefly, into a 5 mL
tube, 200 pL of SISE AgNPs was added, followed by the
addition of 1600 pL ultra-pure water. Then 200 uL of
different concentrations of Hg*" ion solution was injected.
The mixture was vortex mixed and allowed to incubate for
5 min after which the absorption spectra and photo images
were collected using a spectrophotometer and Samsung
phone A50s respectively. The final concentrations of Hg*"
in the 2.0 mL reaction mixture ranged within 0.10—
60.0 pM.

Results and Discussion
UHPLC-ESI-QTOF MS Profiling of
S. inappendiculata Stem Bark Extract
(SISE)

The biosynthetic capacity of plant extracts depends on the
content and type of secondary metabolites present. Some
class of plant bio-actives have shown to be highly effica-
cious as reducing and/or stabilizing agents compared to
others.** Thus, it is pertinent to the know the type of
metabolites present in plant extract intended for biogenic
synthesis of metal nanoparticles. The putative identities of
the individual compounds found in the extract of
S. inappendiculata stem bark was determined using
UHPLC-ESI-QTOF-MS analysis in the negative ioniza-
tion mode, as previously reported in our earlier
investigation.*> Moreover, previously documented reports
had alluded to the presence of xanthones and phenolics in
S. inappendiculata. The negative ion mode was adopted
considering its good sensitivity towards xanthones and
even better sensitivity towards phenolics vis-a-vis the
positive mode. Considering the good sensitivity of
xanthones, and even better sensitivity of phenolics in the
negative ionization mode. The base peak chromatogram of
the extract revealed majority of the compounds were
eluted within 21 min and the different peaks suggest the
presence of different compounds (Figure S1). The putative
identities of these compounds, retention time, exact mass,
chemical formula, score, mass error (within + 5 ppm) are
presented in Table S1. It is apparent that most of the
compounds obtained were present as glycosides.
Phenolics constitute the majority of the compounds and
these included flavonoids, phenolic glycosides, phenolic

lipids and xanthone glycosides. Some of these compounds

have previously been reported to possess strong antioxi-
dant activities.*>*” Given the strong positive correlation
that exist between antioxidant ability of bioactive com-
pounds and their capacity for reductive biosynthesis of
metallic nanoparticles, the presence of these compounds
in S. inappendiculata stem bark extract is a good indica-
tion of its potential viability for green synthesis.

Synthesis of SISE AgNPs

Room temperature synthesis of SISE AgNPs was con-
ducted by mixing pH adjusted SISE solution to pH 10.0
(using NaOH solution) and AgNO; under stirring. The
synthesis protocol and the applications of the fabricated
SISE AgNPs in this work, is shown in Scheme 1. Our
objective was to realize a nanomaterial with potential
applications especially in biomedical and environmental
fields.

Since the synthesis process is dependent on the con-
centrations of AgNO; used, the concentration of AgNO;
was optimized from the outset. As shown in Figure 1, the
absorbance maximum of the nanoparticles realized, under
different concentrations of AgNOj are as follows. 1.0 mM
(425 nm), 2.0 mM (427 nm), 3.0 mM (423 nm), 4.0 mM
(425 nm) and 5.0 mM (426 nm). In all, sharp absorption
spectra are obtained, while color transition of colorless
AgNOj; to sparkling yellow color, which is characteristic
of small sized AgNPs are furnished (Figure 1 inset).
Further, since the absorbance maximum can be used to
predict the particle sizes of nanoparticles,*® AgNO; con-
centration at 3.0 mM, furnished the shortest absorbance
maximum and was selected at the optimized concentration
for this work. The role of NaOH on the synthesis process
was investigated and depicted in Figure S2. As shown, the
photo images and the absorption spectra of AgNO; salt
(Figure S2(A)), AgNO; salt and NaOH mixture (Figure S2
(B)) and the mixture of AgNOj; salt, NaOH and SISE
(Figure S2(C)), clearly shows that nanoparticles formation
in the presence of NaOH alone is non-feasible. It was only
the mixture of AgNO; salt, NaOH and SISE (Figure S2
(C)), that a sparkling yellow color of SISE AgNPs was
obtained, which undoubtedly confirmed the role of SISE
metabolites as the reductant and not NaOH.

The AgNPs synthesis success was profiled by monitor-
ing the absorption spectra of the optimized concentration,
under time frame of 75 min. As displayed in Figure S3, the
absorption spectra remained unchanged after less than 15
min, while the synthesis kinetics obtained through a plot of
A3 against Time (Figure S4), saturated quite fastly. This
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Figure 1 UV-V is absorption spectra of SISE AgNPs synthesis under different
concentrations of AgNOj3, (a) SISE (b) 1.0 (c) 2.0 (d) 3.0 (e) 4.0 (f) 5.0 mM, inset
shows the photo images.

is a proof of the reductive capacity of SISE, arising from
the multitudinous bioactive metabolites present. For full
completion of the nucleation and growth process of the
nanoparticle’s synthesis, we adopted synthesis time of 1 hr
(60 mins), after which the synthesized nanoparticles were
stored at 4 °C.

The mechanistic basis of SISE mediated synthesis is
explained as follows. The addition of NaOH solution to
SISE, will that the

ensure bioactive constituents

(xanthones and phenolics) are deprotonated, furnishing
negative charges on their structures. The addition of
AgNO; salt (Ag"), will be firmly attracted to the bioactive
materials. As a result, rapid redox reaction is subsequently
set off, where electrons for the reduction of Ag" is pro-
vided by the bioactive materials. The synthesis of metal
nanoparticles generally follows three notable stages viz:
formation of seed, nucleation/growth stage and particles
the Ostwald
process.49’50 In the present SISE mediated synthesis of

maturation stage through ripening
AgNPs, the seed formation stage is so rapid that observa-
ble color change of AgNO; solution was immediately
noticed just after the addition of SISE solution, under
stirring at room temperature (RT). At the nucleation/
growth stage, the multitudinous Ag’ served as catalyst
for more reduction of Ag’, as a result, more of AgNPs
are formed, while further stirring ensured that the particles
are grown into maturation and subsequently stabilized by
plethora of the identified bioactive constituents in Table
S1. Taking Eriodyctiol as a putative bioactive constituent
of SISE,

depicted in Figure 2. Accordingly, Ag" will bind to the

the mechanistic reduction of AgNO; is

free OH groups, after which it is reduced to Ag’, while
Eriodyctiol is oxidized to its ketonic equivalent. At the
nucleation stage, Ag" are bound to the free OH groups of
Eriodyctiol, after which the energy for the reduction of
Ag" is supplied by the metabolite, very rapidly, AgNPs
seeds are formed (Stage I). At stage II, the already formed
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Figure 2 Mechanism of SISE AgNPs synthesis, using Eriodyctiol as a putative bioactive metabolite from SISE.

seeds are further attacked by more Ag’ in solution,
resulting in further reduction and formation of more
nanoparticles. This circle continues until all the reductant
are exhausted. The particles grow, mature and are
finally stabilized by Eriodyctiol and other bioactive
metabolites.

Characterization of SISE AgNPs

Detailed instrumental characterizations of SISE AgNPs
were conducted in order to gain informed knowledge on
the morphological properties of the synthesized nanoparti-
cles. Figure 3A shows the FTIR spectrum of SISE
(Figure 3A(a)), with notable peaks at 3320, 2900, 1620,
1410, 1162 and 932 cm'. These peaks can be ascribed to
the C-H stretching vibration of OH groups, which is char-
acteristic of flavonoids and phenolics, C-H stretching of
aliphatic compounds (2900 cm '), C=O stretching of
amides and C=C from active phyto-constituents in SISE
(1620 cm").>! The peak at 1410 cm™ ' is assigned to the
C-C stretching of ringed form aromatic compounds, while
the peaks at 1162 and 932 cm ' are attributed to the
C-O-C and C-OH stretching vibrations of some notable
secondary alcohols. The identified peaks in SISE AgNPs
(Figure 3A(b)), are located at the wavelengths, 3420,
2910, 1590, 1390 and 1060 cm™'. As observed, they are
all shifted in comparison with those profiled in SISE,
which indicated the interaction between SISE and the

synthesized AgNPs. These similar peaks have been identi-
fied in our previous works.”>?

The TEM images of SISE AgNPs are displayed in
Figure 3B. As can be clearly seen, the images are spherical
and highly dispersed, attesting to the stability of colloidal
solution. The TEM images at higher magnification (50
nm) is shown in Figure 3C. The particles are monodis-
persed with similar sizes. This shows that the seed forma-
tion stage and the particles maturation stage during the
nanoparticle’s synthesis occurred almost spontaneously,
arising from the high reductive capacity of SISE in redu-
cing silver salt to its nanoparticles. The histogram of the
particles’ sizes is shown in Figure S5. It revealed that the
particles are well distributed between 10—15 nm, which
falls within the range of size distribution particularly of
interest in biological assays. The particle size was further
investigated using the dynamic light scattering (DLS)
machine, which measures the sizes of nanomaterials in
solution. As shown in Figure 3D, shows a DLS size of
37.5 + 2.5 nm, with polydispersity index (PDI) of 0.218.
This size was much higher than the sizes from TEM,
owing to the fact that DLS measurements are carried out
in aqueous environment, as a result, there exist a tendency
of measuring the hydration shell of water molecules sur-
rounding the particles unlike TEM, where measurements
are conducted on already dried surfaces. The PDI value
obtained validated the images observed from TEM,
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Figure 3 (A) FTIR of (a) SISE (b) SISE AgNPs (B) TEM (200 nm) (C) TEM (50 nm) (D) Hydrodynamic diameter from DLS (E) FESEM (F) XRD of SISE AgNPs.

showing that the particles are of monodispersed morphol-
ogy. The FESEM images of SISE AgNPs are revealed in
Figure 3E. As can be seen, white specs of AgNPs are
conspicuous on the surface, as marked by the red arrows.
The particles are spherical and of similar shape, just simi-
lar to the images from TEM. The x-ray diffraction (XRD)
of SISE AgNPs is shown in Figure 3F. The characteristic
crystalline facets of Ag are displayed with 2 theta (°),
positions of 38.52, 46.35, 64.50 and 76.95°, which are
assigned to the (111), (200), (220) and (311) of face
centered cubic, fcc crystallographic structure of AgNPs,
using 01-071-3762 reference code from library. The other
conspicuous peaks not assigned may have resulted from
the crystallization of SISE stabilizer on the fabricated
AgNPs surfaces, which further validated the presence of
bioactive compounds on the nanoparticles’ surfaces. The
Scherer equation was used to estimate the crystallite size
of SISE AgNPs using the equation, [L= A/BcosO], where
L represent the crystallite size, k is a constant 0.9, A is the
wavelength of the X-ray radiation source, while p is the
angular full width at half maximum (FWHM) of the most
prominent peak of the XRD spectrum of the nanoparticles,
at diffraction angle 6. The estimated average crystalline

size of SISE AgNPs was calculated to be about 17.3 nm,
which is quite close to the size distribution of 10—15 nm
estimated from TEM. The Energy Dispersive X-ray spec-
troscopy (EDS) analysis of SISE AgNPs, which can reveal
the surface morphological features of the nanoparticles is
displayed in Figure S6. Sharp and intense peak of Ag at
3.0 keV, with presence of carbon and oxygen peaks are
clearly observed. The major identified elemental composi-
tions of SISE AgNPs, revealed Ag (77.8%), C (13.6%)
and O (8.6%). Which confirmed that the reductant effected
good synthesis of a stable and dispersed nanoparticles. The
elemental mapping from EDS is shown in Figure S7,
which validated the presence of Ag, C and O. Further,
the thermogravimetric analysis (TGA) and differential
thermogravimetric analysis (DTG) plot of SISE AgNPs
is shown in Figure S8. As can be seen, three major stages
can be identified in the TGA plot (Figure S8 A). These
stages are detailed in Table S2 as, stage I (41.75-169.81),
with the onset at 41.75 °C, stage I (169.71-662.22), with
the onset at 169.71 °C, and stage III (662.22-1010.00),
with the onset at 662.22 °C. Stage I is attributed to the loss
of moisture, stage Il is a result of the degradation of
carbonaceous materials, while stage III is the total
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decomposition stage, equally tagged the ash stage.
The percent ash of 59.5% of SISE AgNPs at 1010 °C,
attest to the heat stability and robustness of the fabricated
nanoparticles. This similar TGA profile has been reported
by Okaiyeto et al.>' The DTG profile of SISE AgNPs
(Figure S8 B), is reflective of the various stages identified
in the TGA profile.

In all, extensive characterizations of SISE AgNPs con-
firmed stable, monodispersed particles with particles’ sizes
suitable for multifarious applications in both biomedical
and environmental field.

The Antioxidants Activity of SISE AgNPs
The antioxidant property of SISE AgNPs investigated
using the DPPH-RSA and ABTS-RSA assays is shown
in Figure 4A and B, respectively. As shown, SISE
AgNPs exhibited comparable activity with ascorbic
acid (AA) standard. The antioxidant activities of nano-
particles, particularly those synthesized by plant extract
have been documented. AgNPs synthesized using the
outer peel extract of Ananas comosus showed promising
ABTS-RSA and DPPH-RSA in a dose dependent
manner.” The antioxidant potentiality of SISE extract
had been investigated and reported in our previous
work,* and thus not repeated here. These antioxidant
activities can be associated with the phenolic and other
numerous bioactive compounds present in the plant
extracts, which can donate hydrogen or protons to free
radicals and thus terminating the chain reaction of
oxidation.”> Hydrogen or protons can be donated by
the several hydroxyl groups in the benzene ring of the

120 -
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—o—SISE AgNPs

(2]
o
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different phenolics contained in the extract.* El Batal
et al>’ attributed the antioxidant activities of zinc NPs to
ZnNPs capped with biological contents, particularly
phenolic compounds, which possess the free radical
scavenging activity. Generally, the antioxidant properties
of polyphenols are lower than polyphenols-capped metal
nanoparticles, suggesting that the increase chemical
properties of the nanoparticles may be due to synergistic
effects from the encapsulating bioactives and the metal
nanoparticles.”® Previously, de Souza et al, observed
a higher antioxidant activity of flavonoid-metal com-
plexes relative to the individual components.’® The
authors attributed this observation to the acquisition of
additional superoxide dismutating centers the complex.
SISE is endowed with phenolics, but the “complex” in
the present study is a small-sized metalNP (10-15 nm).
Thus, it is more plausible that the observed higher anti-
radical activity of SISE AgNPs may be related to the
increase in surface area-to-volume ratio which afforded
the encapsulating bioactives with larger active surface
for effective radical quenching underpinned by rapid
electron transfers and valence transition. Similar syner-
gistic antioxidant action by phyto-synthesized AgNPs
was previously observed by Yousaf et al in the radial
scavenging effect of Achillea millefolium L. extract
synthesized silver nanoparticles.'’

Thus, the antioxidant study revealed that SISE
AgNPs could serve as an antioxidant agent, which
might be helpful in combating some deleterious condi-
tions associated with oxidative stress or reactive radi-

cals’ generation.
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Figure 4 (A) DPPH radical scavenging and (B) ABTS activity of SISE AgNPs, in comparison with standard Ascorbic acid (AA).
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Table 1 Antimicrobial Activity of SISE AgNPs

Bacterial Minimum Minimum

Strains Inhibitory Bactericidal
Concentration

(MBC) (ug/mL)

Concentration
(MIC) (ug/mL)

P. aeruginosa
E. coli
V. parahaemolyticus

S. aureus

N A N NN
0 00 N AN

L. monocytogenes

Note: Values represent mean (n = 3).

Antimicrobial Activity of SISE AgNPs

SISE AgNPs showed great inhibition towards both Gram-
negative bacteria (GNB) and Gram-positive bacteria
(GPB), with MIC and MBC values ranging from 1 to 4
pg/mL and 2 to 8 pg/mL, respectively (Table 1). The
electrostatic interaction between positively charged nano-
particle and the negatively charged bacterial surface,
which can induce alteration in the outer membrane integ-
rity of bacteria as well as leakage of cytoplasmic contents,
is often adduced as the mechanistic basis of the antimicro-
bial properties of AgNPs.’’ Similarly, positive ions
released by nanoparticle could interact with the negatively
charged components (sulphur and phosphorus) of bacterial
DNA, and binds with the double-stranded DNA, leading to
the disordering of the helical structure by cross-linking
within and between the nucleic acid strands. Thus, indu-
cing stress and ultimately bacterial death.’® However, the
fabricated SISE AgNPs is negatively charged, hence elec-
trostatic interaction may not hold as the basis of interac-
tion with bacterial cells. It is safer to reason that the
proximity of SISE AgNPs to the bacterial cells in aqueous
solution may trigger the release of some secretions to the
surrounding milieu, which will facilitate the leaching of
Ag". Moreover, the high surface area to volume ratio of
SISE AgNPs, can enhance the passage of SISE Stabilizers
on the nanoparticles into the bacterial cells, providing
synergistic combinations of SISE on one hand and deleter-
ious Ag" on the other hand, which may be responsible for
bacterial inactivation.”” The inner and outer membrane of
the bacterial cell can be partitioned by their interaction
thus

permeable,’® which may further facilitate the penetration
161

with  phenolics, rendering them membrane
of the released ions from nanoparticles. Qais et a
reported that antimicrobial properties of AgNPs synthe-

sized using Murraya koenigii leaves against extended-

spectrum [(-lactamase-producing enteric bacteria and
methicillin-resistant Staphylococcus aureus was attributed
to the attack of AgNPs on the bacterial cell’s respiratory
chain and cell division. From the result in Table 1, the
MIC and MBC were higher for GPB as compared to GNB.
These findings were in agreement with the report of
Jayeoye et al®> who documented a lower resistance for
GNB against AgNPs synthesized using 3-aminophenyl
boronic acid as compared to GPB. This could be asso-
ciated with the differences in their varying membrane
structure between GNB and GPB. Acharya et al®® attrib-
uted differences in cell wall compositions as the basis of
high resistivity of GPB to both spherical and rod-shaped
AgNPs in comparison to GNB. The outer membrane of
GPB is composed of several layers of peptidoglycan as
compared to the single layer of peptidoglycan in GNB,
which could justify the high resistivity of GPB towards
AgNPs.®

Biocompatibility of SISE AgNPs

Hemolytic Assay

Cyto-compatibility of metal nanoparticles is always an
important issue of consideration when evaluating their
viability. This is more so given that metal nanoparticles
have in the past demonstrated considerable toxicity and
thus pose serious potential concerns over environmental
and human health risk. Hemolysis of erythrocytes is
a simple and reliable approach to quickly obtain basic
insights about the biocompatibility of nanomaterials. The
effects of SISE Ag NPs on human erythrocyte hemolysis
are presented in Figure 5A. The erythrocytes sample incu-
bated with Triton X-100 revealed massive hemolysis
within 1 h adjudicated by the release of hemoglobin.
RBC hemoglobin release by Triton-X 100 was due to
membrane rupture as a result of increased permeability.**
In contrast, the extent of erythrocyte hemolysis induced by
both nanoparticles was far lower (less than 10%) as shown
in Figure 5A. As previously outlined in the guideline for

in vitro hemolysis proposed by Liu J et al,*

that erythro-
cyte hemolysis of less than 10% should be considered non-
hemolytic. Although the present data does not necessarily
establish a complete absence of cytotoxicity by these
nanoparticles,® it however indicates that they do not

pose any risk of hemolysis and are likely cyto-compatible.

Cyto-Compatibility Assay on SISE AgNPs
Thousands of different nanoparticles are involved in our
daily life with various origins from food, cosmetics,
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Figure 5 (A) Effects of SISE AgNPs on erythrocyte hemolysis and (B) Cytotoxicity effects of SISE AgNPs on the viability of mouse fibroblast cells (L-929) and human
embryonic colon cells (CaCo-2) at different concentration (0.209-26.875 pg/mL). Error bars represent the standard deviation of two measurements.

diagnosis, therapy, etc. It is believed that decreasing the
size of materials up to nanometer can facilitate their unfa-
vorable absorption since they can pass the biological
barriers.®® Hence, assessing the biocompatibility of
synthesized SISE AgNPs targeted for biological usage
was deemed necessary. The cyto-compatibility of metallic
nanoparticles broadly depends on their shape, size, and
aggregation behavior which is mostly affected by pH and
electrolyte concentration. The synthesized SISE AgNPs
were investigated for their cytotoxicity against Caco-2
and L-929 cells at a range of (0.209-26.875 pg/mL). The
results of cytotoxicity (Figure 5B) demonstrated concen-
tration dependent toxicity for synthesized SISE AgNPs.
Moreover, the SISE AgNPs at tested concentration of
13.43 pg/mL showed > 80% of cell viability for Caco-2
and L-929 cells lines. Similar studies on AgNPs have been
previously demonstrated biocompatible with Caco-2 and

HEK293T cells.®’

Antidiabetic Property of SISE AgNPs

Diabetes, a metabolic disease characterized by excessive
hyperglycemia with devastating consequences, has grown
to become one of the major public health nuisance of the
21st century due to the increasing number of the global
population living with the disease as well as the mortality
and morbidity rates accrued to the disease. One of the
main approaches used in treating diabetes involves the
inhibition of alpha glucosidase and alpha amylase
enzymes. These enzymes are domicile in the saliva, pan-
creatic juice and mucosal brush border of the small

intestine are extensively involved in the breakdown of
carbohydrate and polysaccharides into absorbable smaller
molecules mostly glucose molecules before it is absorbed
into the blood. These ultimately lead to increased glucose
concentration in the blood.® As such, suppressing the
activity of these two enzymes essentially reduces the
amount of absorbable glucose concentration in the blood,
which consequently reduces postprandial blood glucose
level. Inhibition of these enzymes (alpha-glucosidase and
alpha-amylase) is one of the effective regimens in the
treatment of diabetes.®”’® The results from the evaluation
of the in vitro antidiabetic effects of SISE AgNPs is shown
in Figure 6. As can be seen, SISE AgNPs displayed potent
alpha-amylase and alpha-glucosidase inhibition activity at
concentrations ranging from of 0.2—-1.4 ug/mL. The per-
centage inhibition of alpha-amylase ranged between 5.3—
100% at 0.2—1.4 pg/mL (Figure 6A); while the percentage
inhibition for alpha-glucosidase enzyme was between 9—
100% (Figure 6B).

Hg>" Sensing Using SISE AgNPs

The detection and monitoring of toxic and hazardous
metal ion especially Hg®" is important in view of the
possible effects of Hg?* on human, health and the envir-
onment. As shown in Figure 7, the addition of different
concentrations of Hg*" to the colloidal solution of SISE
AgNPs, shifted, with
a reduction in intensity, in a concentration dependent

the absorption spectra blue

fashion (Figure 7A). Moreover, the sparkling yellow
color of SISE AgNPs, progressively faded and finally
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Figure 6 In vitro antidiabetic potentials of SISE AgNPs on (A) a-amylase and (B) a-glucosidase.
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Figure 7 (A) UV-V is absorption spectra of SISE AgNPs, in the presence of Hg?* ranging from 0.0-60.0 uM, inset shows the photo images of the various concentrations and

(B) Plot of absorbance ratio Asgs/A4,3 against Hg2+ concentrations.

turned colorless at the very high concentrations of Hg*",
(Figure 7A inset). This showed that SISE AgNPs can
conveniently serve as a detection probe for efficacious
monitoring of toxic heavy metal in aqueous environment.
As mentioned above, on addition of different concentra-
tions of Hg*", SISE AgNPs blue shifted from absorbance
maximum at 423 nm to as much as 385 nm. The sensi-
tivity (a measure of change in analyte response

to concentration) of Hg>" was obtained from the plot of
Asss/Ass versus Hg?' concentration, as shown in
Figure 7B. The ratio increased with the concentration of
Hg”", then plateaued at 20.0 uM. There existed a linear
range between Ajzgs/Ayy3 versus Hg2+ concentration from
0.10-10.0 uM. The calibration plot can be fitted into the
equation, Asgs/Ags = 0.037[Hg?'] + 0.7643, (R*=0.996).
To our knowledge using this ratio furnished better linear

International Journal of Nanomedicine 2021:16

e 7569

Dove:


https://www.dovepress.com
https://www.dovepress.com

Jayeoye et al

Dove

range than using the more popular absorbance decrease at
a single point.

The limit of detection (LOD) and limit of quantifica-
tion (LOQ), which are central to analytical method design,
was calculated using the equations, 3.3S(y)/slope and 10S
(yx)/slope, respectively. S(y) was evaluated from the
standard deviation of the regression, while slope is from
the calibration plot (ICH, 1996).”' The LOD and LOQ of
our SISE AgNPs towards Hg”" detection was calculated to
be 26.5 and 93.7 nM, respectively.

Mechanism of Hg”* Detection Based on
SISE AgNPs

The mechanistic basis of Hg>" reaction with SISE AgNPs,

causing changes in the absorption spectra and naked eye

visible color perturbation is explained, as shown in
Figure 8A. The fabricated SISE AgNPs is stable in aqu-
eous environment owing to the numerous SISE bioactive
materials serving as stabilizers. The addition of Hg*" will
to the
negatively charged SISE AgNPs surfaces, to induce redox
reaction between AgNPs (Ag”) and Hg*"
the multitudinous SISE stabilizers on the nanoparticles are

facilitate the rapid attachment/adsorption of Hg”"
. In the process,
damaged. The standard electrode potentials of the metals

0.85 V] and [E® agi/ag0 = 0.80
V].”? Accordingly, Hg*" will oxidize Ag® to furnish Hg’

. o —
are given as, [E” ygo4/mg0 =

and Ag', while it is also reduced, in the process. The
progressive loss of SISE AgNPs color intensity on Hg*"
injection is a testament to the degradation/disintegration of

the formed nanoparticles, as shown in the proposed

A
| :
- _A\ Redox reaction
L Hgtt =/ A | between ng*&Ag
- ) -
| —
- - | A Hg2++Ag°-—> Hg' + Ag!
| | Degraded, colorless
SISE AgNPs SISE AgNPs-ng* SISE AgNPs
5 complex
8 B4 b ¥ LSS
= : §? .'
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Figure 8 (A) Mechanistic basis of Hg?" interaction with SISE AgNPs and (B) TEM images of (a) SISE AgNPs in the absence and (b) in the presence of 20.0 uM Hg?" inset

shows the photo images.
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mechanism. This was further probed, by investigating the
TEM images of SISE AgNPs in the absence and presence
of Hg”". Figure 8B shows the TEM images of SISE
AgNPs without Hg?" (Figure 8B(a)). The particles are
round and well ordered, while color of the solution is
depicted in Figure 8B(a) inset. However, on adding 20.0
uM, Hg>" to SISE AgNPs, the particles are clearly
observed to be degraded (Figure 8B(b)), which laid further
credence to the mechanism, that Hg®' initiated redox
degradation of SISE AgNPs, with concomitant loss of
the nanoparticles. In fact, quite a few related works have
been reported based on this mechanism for Hg*" detection

in aqueous environment.”*’°

Precision of SISE AgNPs Probe Towards
Hg** Detection

The precision was expressed in terms of relative standard
deviation (%RSD) by estimating the response of Hg”" at
0.5 and 5.0 uM, for the same day (n = 9) and for three
consecutive days, in order to express the intra- and inter-
day precisions. The RSD was 3.7% for intra-day precision
and 4.4% for the inter-day precision. This showed that
SISE AgNPs could serve as detection probe for Hg>"
determination with reliable reproducibility.

Selectivity of SISE AgNPs Towards Hg2+

The selectivity of the probe to Hg*" in comparison with other
potential interfering metal ions was estimated by charging
20.0 uM, Hg*" and comparing with other interfering metal
ions at 50.0 pM, as shown in Figure S7. Accordingly, only
the addition of Hg?" could manifest in appreciable decrease
in absorption spectra, with a blue shift in absorbance max-
imum. Further, the yellow color of SISE AgNPs was retained
after the addition of other metal ions, while it turned almost
colorless in the presence of Hg?" (Figure S9A inset).
Moreover, there was a significant increment in Aszgs/Ago3
ratio in comparison with the blank sample, even when other
metal ions were about 2.5-fold higher than Hg*" concentra-
tion (Figure S9B). This is owing to the fact that only Hg*"
could initiate the oxidative etching effect on SISE AgNPs.
This shows the method can be selective for practical deter-

be observed, the analytical figures of merit obtained from
the use of SISE AgNPs for the detection of Hg®" is
comparable or better than some of the reported methods.
It is worth emphasizing, however, that while highly toxic
reductants were used for the synthesis of some of the
reported probes, the use of SISE in this work is exhilarat-
ing in terms of its use as an eco-friendly bio resource, to
further deepen the “green research” concept.

Real Sample Application of SISE AgNPs

for Hg2+ Detection

The practicality of SISE AgNPs for Hg?" detection in real
sample was demonstrated by performing Hg** determina-
tion using the Prince of Songkla University, Hatyai,
Thailand, wastewater reservoir. The sample was collected
and processed by boiling, cooling, centrifuging and pas-
sing through a membrane filter of 0.22-micron size. The
standard addition technique was used for Hg”" estimation
on the sample, by spiking different concentrations of Hg*"
into the processed water sample. Then the detection assay
was carried out as explained above. The final concentra-
tion of Hg?" (0.25, 1.0 and 5.0 uM), were estimated using
the calibrated plot. Accordingly, the percent recovery
(Found/Added x 100) estimated is shown in Table 2,
which ranged between 95.6-102.7%. The recovery esti-
mated revealed that SISE AgNPs can be reliably applied
for Hg®" determination in real environmental sample.

Conclusion

In this work, Securidaca inappendiculata stem extract
(SISE), has been investigated as an eco-friendly bio
resource for the reduction and stabilization of silver nano-
particles (AgNPs), at room temperature. SISE was found
to be rich in bioactive components which facilitated the
synthesis of AgNPs almost instantaneously. The synthe-
sized SISE AgNPs was investigated for wide spectrum
biological antioxidant,

applications, ranging from

Table 2 Real Sample Application of SISE AgNPs Towards Hg**
Detection in Water, (n = 3)

mination of ngJr in complex samples. Concentration Hg** (uM) Recovery (%) RSD (%)
Added Found (n=3)
Comparison of SISE AgNPs with 0 0.0 _ _
+ .

Reported Works for Hg*" Detection 025 0239 +0.025 95.6 18
The comparison of SISE AgNPs probe with other reported 1.00 0.98 £ 0.065 %8.0 34

. 2+ . . 5.00 5.13 £025 102.6 29
detection strategy for Hg™" is shown in Table S3. As can
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antibacterial, hemolytic, cyto-compatibility and antidia-
betic potentiality. SISE AgNPs was found to possess
good in-vitro performances for the aforementioned assays,
which may be a positive reality, towards more detailed
applications of SISE in the biomedical field. Since the
human biological system may be the final sink for Hg*"
exposure from the environment, the need for consistent
monitoring of Hg®" in environmental samples cannot be
over-emphasized. Consequently, we further exploited the
capacity of our synthesized SISE AgNPs as an optical
probe towards the detection of Hg>" in aqueous environ-
ment, with exciting analytical performances. SISE AgNPs
demonstrated linearity within 0.10-10.0 uM, with a limit
of detection of 26.5 nm, when investigated for Hg*" detec-
tion. On comparison with other potential interfering metal
ions, SISE AgNPs was found to be highly selective
towards Hg?", which further accentuated the prospect of
the probe in practical monitoring of toxic heavy metal of
interest. Finally, we demonstrated the use of SISE AgNPs
for Hg*" determination in real sample, with good accuracy
and precision. In all, SISE AgNPs presented positive
potentiality to serve as a multifaceted nanomaterial, with
intrinsic capacity to function for diverse applications.

Highlights

e Securidaca inappendiculata stem extract (SISE), was
used as the reductant and stabilizing agent for silver
nanoparticles synthesis at room temperature.

e SISE AgNPs were of average size 1015 nm, with zeta
value of —19.5 + 1.8 mV.

e SISE AgNPs was tested for different biological assays
(antioxidants, antibacterial, biocompatibility and
antidiabetic).

e SISE AgNPs was applied as optical probe for Hg*"
detection, with limit of detection of 26.5 nM.

e SISE AgNPs could detect Hg*" in wastewater sample

with good accuracy.

Abbreviations

SISE, Securidaca inappendiculata stem extract; SISE
AgNPs, synthesized silver nanoparticles from SISE; Hg*",
mercury (II) ion; RT, room temperature.
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