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Bioreduction of silver ions following one pot process is described to achieve Rheum rhabarbarum (RR) based silver nanoparticles
(SNPs) which is termed as “RR-SNPs.” The Ultraviolet–visible spectroscopy (UV–vis) confirms the characteristic surface plasmon
resonance band for RR-SNPs in the range of 420–460 nm. The crystalline nature of SNPs was confirmed by X-ray diffraction
(XRD) peaks at 38.2∘, 45.6∘, 64.2∘, and 76.8∘. Transmission electron microscopy (TEM) and scanning electronic microscopy (SEM)
confirm the shape of synthesized SNPs. They are roughly spherical but uniformly distributed, and size varies from 60 to 80 nm.
These biogenic SNPs show persistent zeta potential value of 34.8mV even after 120 days and exhibit potent antibacterial activity
in presence of Escherichia coli (CCM 4517) and Staphylococcus aureus (CCM 4516). In addition, cytotoxicity of RR-SNPs against
in vitro human epithelial carcinoma (HeLa) cell line showed a dose-response activity. The lethal concentration (LC50) value was
found to be 28.5 𝜇g/mL for RR-SNPs in the presence of HeLa cells. These findings help us to evaluate their appropriate applications
in the field of nanotechnology and nanomedicine.

1. Introduction

Today, biosynthetic methods employing agrobased resource
offer a valuable contribution in the preparation of nanoscale
materials and this offers a green biochemical route toggle to
the field of nanobiotechnology [1, 2]. The environmentally
benign green protocol in the synthesis of nanomaterials has
overwhelmed the customary synthesis by chemical routes
and finds many practical rewards such as diminishing the
use of toxic chemical species and expensive surfactants [3].
Many scientific articles describe the synthesis of various
nanomaterials, such as copper, gold, titanium, zinc, and silver,
but silver nanoparticles (SNPs) proved their efficiency as a
potent antimicrobial agent [4–10].

Colloidal nanosuspensions of silver are of special interest
due to their distinctive properties like chemical stability,
excellent conductivity, and catalytic and antibacterial activ-
ities [11]. The biocompatibility and nontoxicity of the plant
extracts reflect the true adaptation of the green route in the
synthesis of biogenic SNPs, even though various types of

physicochemical methods are available [1, 12–14]. A partial
list of bioreduction of silver ions by selected plants and
capping of the synthesized nanoparticles with various stud-
ied parameters are summarized in the Table 1. Researchers
have screened various traditional medicinal plants such as
Aloe vera [15, 16], Alternanthera dentata [17], Chrysopogon
zizanioides [18],DracaenaMahatma [19],Helicteres isora [20],
Manilkara zapota [21],Melia azedarach [22],Mentha piperita
[23], Origanum vulgare [24], Phyllanthus niruri [25], Pisonia
grandis [26], Prunus x yedoensis [27], Rheum australe [28],
and Rheum palmatum [29] for the biosynthesis of SNPs and
checked their efficacy for potent antimicrobial and cytotoxi-
city studies.

Typically, the virtue of medicinal and health beneficial
effects of Chinese rhubarb, botanically better known as
Rheum tangutucum, Rheum officinale, and Rheum palmatum,
catches our attention towards rhubarb species [30]. The clin-
ical efficacy of the rhubarb recently promotes isolate active
anthraquinones such as chrysophanol, physcion, emodin,
aloe emodin, and rhein by supercritical fluid chromatography
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Table 1: Partial list of comparative parameters reported for plant based SNPs in the literature.

Name of plant Source Size of SNPs
(nm)

UV-Vis range
(nm)

Antimicrobial
activity Cytotoxicity Zeta potential

(mv) DLS (nm) References

Aloe vera Leaf 500 400 Present NR NR NR [15]
Alternanthera sessilis Leaf 10–30 420–450 NR Effective NR NR [16]
Alternanthera dentate Leaf 50–100 430 Present NR NR NR [17]
Chrysopogon zizanioides Leaf 85–110 420 NR NR NR NR [18]
Dracaena Mahatma Leaf NR 421 Present NR −31.1 87.1 [19]
Helicteres isora Root 16–95 420–450 Present NR 20.6 86.2 [20]
Manilkara zapota Leaf 70–140 421 NR Effective NR NR [21]
Melia azedarach Leaf NR 436 436 Effective −24.9 78 [22]
Mentha piperita Leaf 90 450 NR Effective NR NR [23]
Origanum vulgare Leaf 63–85 440 Present Effective −26 136 [24]
Phyllanthus niruri Leaf NR 420 Present NR NR 63 [25]
Pisonia grandis Leaf 150 421 NR NR NR NR [26]
Prunus x yedoensis Leaf 20–70 436 Present NR NR NR [27]
Rheum australe Rhizome 100 410 NR Effective NR NR [28]
Rheum palmatum Root 84–130 420 Present Effective −21.6 121 [29]
Rheum rhabarbarum Stem 60–80 420–460 Present Effective 34.8 65 Present work
NR = not reported.

[31]. However, red-stalked rhubarb specifically recognized
as Garden Rhubarb (Rheum rhabarbarum: RR) is an edible
species in European countries and United Kingdom and,
in some parts of North America, it is used specifically
in pizza and custard sweets. RR is a species of plant in
the Polygonaceae family, found to be enriched in similar
anthraquinones including mainly rhein and emodin, which
impart cathartic and laxative properties [32].

In recent years, there have been amultitude of new simple
green methodologies established to aid in the development
of metal nanoparticles with suitable advanced sensory appli-
cations [33]. SNPs can be used to afford conductive coatings
for transparent conductors and flexible electronics with
suitable composite materials. SNPs fastened with metallic
nanowires enhance the plasmonic activity for sensing and
imaging applications and deserve closer attention in device
fabrications [34]. The intriguing properties of SNPs and
the wide range technological interests have been an ever
increasing stimulus to fully focus on specialized applications
such as electrochemical sensors [35], biomedical materials,
optics, and microelectronics [36]. Recently, pectin mediated
synthesis of stabilized SNPs and dual responsive pectin
hydrogels were prepared in sort of drug delivery applications
[37]. It is certainly better to use mild plant mediated biosyn-
thesis of nanoparticles and it is gaining importance due to
advancement in chemical and physical methods, as the green
approach does not involve high pressure and energy and toxic
chemicals [38].

The reported RR is phytochemically distinct from Chi-
nese rhubarb. Up to date, there is no report on synthesis
of SNPs utilizing aqueous stem extracts of RR. The present
articles focus on the bioreduction of aqueous solution of silver
nitrate (AgNO

3
) by aqueous edible RR stem extract, which

results in the reduction of silver ions (Ag+) and formation

of Rheum rhabarbarum based silver nanoparticles termed
as “RR-SNPs.” The disclosed green method is beneficial
because the methodology is simple, effective, rapid, and
easily operable in bulk without much capital expenditure.
Synthesized biogenic RR-SNPs are well characterized from
various spectroscopic techniques. The present biogenic SNPs
possess beneficial cytotoxic responses due to their smaller
dimensions and practically spherical morphology, which
promote their contribution in the application of bionanotech-
nology and nanomedicine.

2. Materials and Methods

2.1. Materials. Silver nitrate (AgNO
3
) was procured from

Sigma Aldrich Chemicals. All the culture media for antimi-
crobial test were purchased from HiMedia and all other
reagents were of analytical grade and used without further
purification. Fresh rhubarb stems were purchased from
open market in Zlin, Czech Republic. Dimethyl sulfox-
ide (DMSO) and 3-(4,5-dimethyldiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) were purchased from Merck,
Germany, and Calbiochem, USA, respectively, for the assay
of anticancer activity. HeLa cells were procured fromDepart-
ment of Virology, Slovak Academy of Sciences, Bratislava.
Double Distilled Water (DDW) was used throughout the
study.

2.2. Synthesis of Biogenic Silver Nanoparticles

2.2.1. Preparation of Aqueous Stem Extract (RR). 20 g of fresh
rhubarb stems is washed with stream of water to remove
adhered inorganics and dust impurities. The chopped stems
(2 cm) were added to 100mL of DDW and heated to 60∘C for
1 h. The pink turbid solution was filtered through sterilized
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cellulose membranes of porosity of ≈11 𝜇m. The collected
light-pink stem extract was designated as RR and stored at
4∘C for further use, that is, for SNPs synthesis as bioreductant.

2.2.2. Synthesis of RR-SNPs. To synthesize RR-SNPs, 1mM
of AgNO

3
solution was mixed with stem extract (RR) in

the volume ratio of 1 : 2 and stirred occasionally at 200 rpm
over a period of 30min at room temperature (≈18–20∘C).
The formation of colloidal SNPs was observed and it is
perceived by the color change from pink to brown. After-
wards, they were kept in dark for 24 h. Then, they were
centrifuged usingHeraeusMultifuge X1R (Thermo Scientific,
Germany) at room temperature and they achieved biogenic
SNPs. Finally, these obtained SNPs are termed as “RR-SNPs.”
The purification was done by repeated centrifugation at
10000 rpm.The experiments were repeated by redispersion of
the SNPs in 10–20mL of DDW, and the SNPs were collected
by centrifugation. The freeze-dried SNPs are then grinded
and collected as brown powder.

2.3. Characterization

2.3.1. UV-Visible (UV-Vis) Spectroscopy Analysis. Bioreduc-
tion of the AgNO

3
to RR-SNPs by bioreductant aque-

ous RR was monitored using UV-Vis Spectrophotometer
(VARIAN-EL08043361). The samples used for analysis were
subsequently measured in the ultraviolet-visible spectrum at
regular time intervals. Samples were loaded into a 1 cm path
length quartz cuvette for themeasurement.The spectrumwas
scanned from 200 nm to 800 nm.

2.3.2. Fourier Transform Infrared Spectroscopy (FTIR). The
purified and freeze-dried RR-SNPs and RR were character-
ized by FTIR spectroscopy (Nicolet 6700, ATR) in the scan-
ning range 4000–600 cm−1. The resolution was 4 cm−1 with
64 scans and the measurement was done with Germanium
crystal.

2.3.3. Dynamic Light Scattering (DLS). The average particle
size, size distribution, and zeta potentials of RR-SNPs in
colloidal suspension were evaluated by using dynamic light
scattering experiments. It measures the Brownian motion
and relates this to the size of the particles. The nanosize
measurements were performed using the Zetasizer (Nano ZS,
Malvern, UK).Themeasurement was repeated in triplicate at
a fixed angle of 173∘ at 25∘C. Furthermore, the electrophoretic
velocity of RR-SNPs was evaluated using the zeta potential
values.

2.3.4. Scanning ElectronMicroscopy (SEM). Themorphologi-
cal features of the RR-SNPs were investigated by re-
cording their scanning electron micrographs (FEI, Nova
NanoSEM450, Netherlands) at different magnification with
accelerating voltage of 5 kV.

2.3.5. Transmission Electron Microscopy (TEM). The samples
for TEM measurements were done by placing a drop of the
colloidal suspension of RR-SNPs on carbon-coated copper
grids and dried prior to measurement for 2 h at 60∘C. The

images of SNPs were taken on a TEM, FEI Technai F20,
operated at accelerating voltage 200 kV, and equipped with
an energy-dispersive X-ray spectrometer.

2.3.6. Thermal Gravimetric Analysis (TGA). Thermogravi-
metric analysis was performed by using a thermogravimetric
analyzer TA Q500 (TA Instruments, USA). The weight loss
of material was determined at heating rate of 10∘C/min in
temperature range from 25 to 600∘C under inert atmosphere
(N
2
purge flow 50mL/min; initial sample weights were about

14 ± 0.3mg).

2.3.7. X-Ray Diffraction (XRD). The XRD patterns of RR
and RR-SNPs were obtained using X-ray diffractometer
(PANalytical X’Pert PRO) equipped with PIXcel detector and
CuK𝛼 (𝑙 = 1.540 Å) radiation in a 𝜃-2𝜃 configuration. The
diffraction angle was varied in the range of 10–90∘, while the
scanning rate was 0.026/min, operating at a voltage of 40 kV
and a current of 30mA.

2.4. Antibacterial Assay. The antibacterial activity of RR-
SNPs was tested against two bacterial strains: Escherichia coli
(E. coli, CCM 4517) and Staphylococcus aureus (S. aureus,
CCM 4516). The study was conducted in a sterile nutri-
ent agar (2.5%) medium, which was sterilized (at 120∘C,
15 lb for 20min), then poured into the sterile Petri plates
(80mm), and then allowed to become solid. The inoculum
(i.e., bacterial cells suspension of E. coli and S. aureus) was
prepared individually for each bacterial strain under aseptic
condition. Thereafter, each of the nutrient agar plates was
flooded with these two bacterial culture separately. After
that, four round (8mm) agar blocks were removed from
each of the Petri plates. 100 𝜇L of the RR (control) and
three different concentrations of RR-SNPs (test sample) were
placed in the hole of 8mm dimension (depicted in Table 2
and Figure S3 in Supplementary Material available online at
http://dx.doi.org/10.1155/2016/4964752).The plates were then
incubated at 37∘C for 48 h to evaluate the antibacterial activity
of RR-SNPs.

2.5. Anticancer Activity. The anticancer activity of RR-SNPs
(test sample) and RR (negative control) was investigated
in presence of HeLa cells. Before performing anticancer
activity test, the RR-SNPs and RR were sterilized and filtered
through 0.22𝜇m filter bed. On the other hand, HeLa cells, at
concentration of 5000 cells per well, were seeded in 96-tissue
culture plate and incubated overnight at 37∘C in the CO

2

incubator (5% CO
2
). Thereafter, the said RR-SNPs and

RR were placed into HeLa cells at different concentrations
(10, 50, 100, 150, 200, 250, and 500 𝜇g/mL) and incubated
again at 37∘C in 5% CO

2
atmosphere until 72 hours. After

that, test samples were collected every 24 h interval and
then the medium was removed and replaced with a freshly
prepared growth medium (100 𝜇L of DMSO) with MTT at
concentration of 0.5mg/mL and incubated at 37∘C, 5% CO

2

for 2 h. Afterwards, the absorbance of DMSO extraction
was measured using the plate reader (DYNEX MRXII) at
the wavelength of 595 nm. The cell viability was determined
spectrophotometrically by comparing the absorbance of
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Table 2: Antibacterial activity results of RR and RR-SNPs.

Serial no Test sample
Zones of inhibition (mm)

S. aureus E. coli
After 24 h After 48 h After 24 h After 48 h

I (E) RR 0 0 0 0
II (1) RR-SNPs 1∗ 2.6 3.4 2.3 3.3
III (2) RR-SNPs 2∗ 6.6 7.3 4.0 7.6
IV (3) RR-SNPs 3∗ 8.7 9.8 10.6 10.8
∗RR-SNPs 1: composition (RR 4mL + 5 𝜇LAgNO

3
); RR-SNPs 2: composition (RR 4mL + 10 𝜇LAgNO

3
); RR-SNPs 3: composition (RR 4mL + 15 𝜇LAgNO

3
).

treated and untreated cells (negative control). The data are
presented (as mean ± n = 6) in Figure 6.

3. Results and Discussion

3.1. UV-Visible Spectroscopy Analysis. In order to check the
efficacy of the bioreductant (RR), UV-Vis experiments were
carried out. After optimizing the results, in respect to yield of
SNPs and UV-Vis absorption peaks, the optimum silver ion
concentration was fixed (i.e., 1mM). Three different combi-
nations of RR and AgNO

3
mixer were prepared to evaluate

the efficiency of RR for the formation of SNPs. Figures 1(a),
1(b), and 1(c) represent the UV-visible absorption spectra of
RR-SNPs variation with RR and AgNO

3
. It can be seen from

the UV-Vis spectra that the observed intense absorption peak
in the range of 420–460 nm, was due to surface plasmon
excitation of SNPs.

In Figure 1(a), the stoichiometric volume ratio of AgNO
3

solution from 50 𝜇L to 300 𝜇L (1 : 80, 1 : 40, 1 : 20, and 1 : 10)
was varied with the constant volume of RR (i.e., 4mL).
The surface plasmon excitation was observed at 455 nm and
results indicate that the size of SNPs can be controlled by
optimizing the amount of silver ions. In Figure 1(b), the
RR was varied from 1mL to 6mL keeping the volume of
AgNO

3
solution constant (i.e., 250 𝜇L). Here, it can be seen

that as the volume of the RR (a bioreductant) increases,
the SPR band shifted towards the longer wavelength region
signifying the formation of RR-SNPswith higher dimensions.
For the composition of 5mL of RR with 250 𝜇L of AgNO

3

solution, the observed RR-SNPs formation is less, due to the
depletion of the Ag+ ions by RR. Finally, subsequent variation
of both RR (0.5mL to 3.5mL) and AgNO

3
solution (3.5mL

to 0.5mL) was examined and depicted in Figure 1(c). It has
also beennoticed that bathochromicity of the SPRbandwidth
with increase in volume of silver ions signifies the formation
of high dimensional SNPs.

To evaluate the stability of RR-SNPs, the UV-visible
absorption spectra of RR-AgNO

3
mixture (1 : 80, 1 : 40, 1 : 20,

and 1 : 10) keeping the volume of RR as constant were
measured after 30 and 120 days (see Figure 2), respectively. A
wavelength shift of 435 nm from455 nmwas observed for RR-
SNPs after 30 days as well as 120 days. There is no noticeable
change in the position of peaks on 120th day (Figure 2); this
clearly indicates that the formedRR-SNPs donot agglomerate
and RR serves as an effective stabilizing agent for the
SNPs.

3.2. Fourier Transforms Infrared Analysis. The FTIR analysis
was carried out to identify the possible functional groups
present in RR, responsible for the reduction of silver ions
(Ag+) to SNPs (Ag∘). The bands at 3240 cm−1 and 1237 cm−1
correspond to the O–H stretching and C–O stretching of
benzene ring containing acids and/or alcohol compounds
(like quinones, emodin, and rhein), respectively. The peaks
at 1700 and 2912 and 2876 cm−1 signify the C=O stretching
of ketones and/or acids and C–H stretching (–CH

2
/–CH

3
) of

aliphatic bands, respectively.
The bands at 872 cm−1 and 777 cm−1 can be assigned

to the C–H bending of alkenes and alkanes, respectively. A
strong C–C stretching band vibration at 1300 cm−1 was
observed in addition to 720 cm−1 band for C–Cl stretching,
which is due to alkyl halide (Figure 3). The quinones are
the major water-soluble phytochemicals that are responsible
for the immediate reduction of the AgNO

3
solution. They

undergo tautomerization, leading to the formation of the
SNPs [39].

3.3. Particle Size, XRD, and Electron Microscopy Analysis.
Representative histogramdisplayed in Figure S1d (see Supple-
mentary Material) showed that the particles are distributed
in the range of 15–170 nm and majority of the particles are
in the range of 60–80 nm. The polydispersity index (PI)
value for the colloidal suspension is 0.196, indicating that the
size distribution of RR-SNPs is nanoscopic. This was further
supported by SEM and TEM studies; SEM and TEM were
shown in Supplementary Material, from which the average
mean size of the RR-SNPs is ≈50 nm and seems to be roughly
spherical in morphology (see Figures S1a and S1b).

In Figure 4, the XRD pattern clearly shows that the
RR-SNPs are crystalline in nature. The major diffraction
peaks for RR-SNPs at 38.2, 45.6, 64.2, and 76.8∘ could be
attributed to (111), (200), (220), and (311) crystallographic
planes, thereby confirming the formation of SNPs. Due to
the crystallization of bioorganic phase on the SNPs, the
observation of diffraction peak at 23.5∘ has been noticed.
The diffraction pattern reflects the crystalline nature of
RR-SNPs [40]. The EDX spectrum displayed in Figure S1c
(SupplementaryMaterial) shows strong signal at 3 keV, which
is the typical absorption pattern of metallic nanocrystalline
silver surface, and indicates the presence of SNPs. In addition,
weak signals for Cl, K, P, and S elements were also noticed.

The zeta potential and electrophoretic mobility dis-
tribution of RR-SNPs that were observed on 120th day,
34.8 ± 1.5mV, were presented in Supplementary Material
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Figure 1: Variation of UV-visible spectra of RR-SNPs obtained using stem extract of Rheum rhabarbarum (RR) with (a) volume of AgNO
3

,
(b) volume of RR, and (c) volume of both RR and AgNO

3

.

(Figures S2a and S2b). It indicates that SNPs comprising RR
are stable and prevent agglomeration for longer duration. It is
reported that SNPs from Dracaena Mahatma [19], Helicteres
isora [20], Melia azedarach [22], and Origanum vulgare [24]
show excellent zeta potential stability. Similar zeta potential
values of RR-SNPs have also been noticed in the present
work, which are significantly high and quite stable up to
120 days.

3.4. Thermal Gravimetric Analysis. The thermal stability of
RR and RR-SNPs was studied using TGA and dramatically
carried out between temperatures and weight loss in (%)
as given in Figure 5. The experimental results showed 3.10,
6.73, 29.27, 18.28, and 5.26% degradation of RR: they show
weight loss in five steps and total weight loss of 37.35% was
observed and 62.65% of residue remained in the alumina
crucible. However, degradation of RR-SNPs was observed in
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four weight loss stages, that is, 7.24, 26.24, 19.04, and 1.05%.
The total weight loss observed for RR-SNPs was 46.42%
and 53.58% of residue remained in the alumina crucible.
The first step of degradation in RR and RR-SNPs observed
due to the evaporation of adsorbed water molecules. The
complete degradation of RR has occurred in the fourth step,
while RR-SNPs occurred in the third step. This observation
is most likely a consequence of the surface desorption of
bioorganic compounds present in the RR-SNPs. Accordingly,
stem extract stabilized SNPs are expected to be made up
of molecules responsible for the reduction of metal ion and
stabilizing the particles in the solution. The difference in
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decomposition between the RR and RR-SNPs is found to be
10%, and it confirms the presence of SNPs in the RR.

3.5. Antibacterial Activity of RR-SNPs. For evaluating the
antibacterial/antimicrobial activity of RR-SNPs, S. aureus and
E. coli are selected as these are common pathogen of human
body. See Figure S3 in Supplementary Material; the figure
shows the zones of inhibition produced by RR and SNPs
comprising RR in presence of S. aureus and E. coli. The
aqueous RR-SNPs suspensions of three varied compositions
of AgNO

3
(5 𝜇L, 10 𝜇L, and 15 𝜇L were designated as samples

1, 2 and 3, resp.) could inhibit the growth of bacterial strains
as shown in Table 2. However, no change in the zone of
inhibition was observed during 6 days of the incubation
period.
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Figure 6: Anticancer activity of (a) RR and RR-SNPs on HeLa cell lines after 24 h of incubation and (b) RR-SNPs on HeLa cell lines after 24 h
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3.6. Anticancer Activity of RR-SNPs. Anticancer activity of
RR-SNPs was performed in presence of HeLa cell lines. HeLa
cells were cultured at humidified atmosphere (5% CO

2
) at

37∘C. Cells were cultured and were seeded in to 96-tissue
culture plates and incubated for 24 h in the aforementioned
incubation conditions. The tested materials were dispersed
in the full growth medium at concentration of 1mg/mL. The
sonicated samples of RR-SNPs were sterile filtered through
0.22𝜇m filter and incubated at different concentrations (0–
100 𝜇g/mL) for 24 h and 48 h. After the incubation, the
medium was replaced with medium containing MTT at con-
centration of 0.5mg/mL and incubated again for additional
2 h. Afterwards, MTT medium was removed and 100 𝜇L
of DMSO was added. The absorbance was measured by
plate reader at the wavelength of 595 nm. OD value was
subjected to sort-out percentage of viability by using the
following formula of OD value of experimental samples
(RR-SNPs):

% of Viability

=
OD value of experimental samples (RR-SNPs)
OD value of experimental control (untreated)

× 100.

(1)

The RR has no effect on cell viability in the tested
concentration range as shown in Figure 6(a). Whereas RR-
SNPs show cytotoxic effect on HeLa cells, 50% of the cells
were survived after 24 h incubation based on the fitting curve.
The rest of surviving cells proliferate as seen after 48 h by
increase in OD, but, compared to control, the LC

50
stays at

28.5𝜇g/mL (Figure 6(b)).

4. Conclusion

The development of metallic nanoparticles is inexpensive
using plantmediated greenmethods and specifically provides
controlled size and morphology. The nanoparticles must be
free of toxic contaminants as required in therapeutic appli-
cations in the field of nanomedicine. In this context, facile
green protocol for the synthesis of SNPs using RR extract
has been demonstrated at room temperature.We have shown
that the aqueous stem extract of Garden Rhubarb (Rheum
rhabarbarum) can be used as bioreductant and stabilizer
for the efficient synthesis of SNPs. The SNPs formation
was confirmed by various spectroscopic analysis: UV-visible,
FTIR, and XRD analysis, and size of the particles was studied
by DLS and TEM analysis. The zeta potential value 34.8mV
for RR-SNPs indicates the stability of nanoparticles and lower
aggregation over a period of 120 days. The antibacterial
activity of RR-SNPs is potent towards Gram-positive (+ve)
strains of Staphylococcus aureus (S. aureus) and Gram-
negative (−ve) strains of Escherichia coli (E. coli). The lethal
concentration (LC

50
) value for RR-SNPs was found to be

28.5 𝜇g/mL against HeLa cell line. Furthermore, RR-SNPs
show significant antibacterial action on tested pathogenic
(S. aureus and E. coli) microorganisms. As a result, it is
observed that the fine tuning in the process variables and
pharmaceutical formulations of these biogenic RR-SNPs
could be of great interest in the field of nanobiotechnology
and nanomedicine.
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