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Abstract
Background  Recently, researchers are focusing on creating new tools to combat the antibiotic resistant bacteria 
and malignancy issues, which pose significant threats to humanity. Biosynthesized silver nanoparticles (AgNPs) are 
thought to be a potential solution to these issues. The biosynthesis method, known for its environmentally friendly 
and cost-effective characteristics, can produce small-sized AgNPs with antimicrobial and anticancer properties. In this 
study, AgNPs were bio-fabricated from the distilled water and methanolic extracts of Viburnum grandiflorum leaves. 
Physio-chemical characterization of the bio-fabricated AgNPs was conducted using UV-visible spectroscopy, scanning 
electron microscopy, energy dispersive X-ray, and X-ray diffraction analysis.

Results  AgNPs produced from the methanol extract were smaller in size (12.28 nm) compared to those from the 
aqueous extract (17.77 nm). The bioengineered AgNPs exhibited a circular shape with a crystalline nature. These 
biosynthesized AgNPs demonstrated excellent bactericidal activity against both gram-negative (Pseudomonas 
aeruginosa) and gram-positive (Staphylococcus aureus) bacteria. Highest antibacterial activity was observed with 
the methanol extract against P. aeruginosa (14.66 ± 0.74 mm). AgNPs from the methanol extract also displayed the 
highest antioxidant activity, with an IC50 value of 188.00 ± 2.67 μg/mL against 2,2-diphenyl-1-picrylhydrazyl (DPPH). 
Furthermore, AgNPs exhibited notable cytotoxic activity against Rhabdomyosarcoma cell line (RD cell) of human 
muscle cancer cell. The IC50 values calculated from the MTT assay were 26.28 ± 1.58 and 21.49 ± 1.44 μg/mL for AgNPs 
synthesized from aqueous and methanol extracts, respectively.

Conclusion  The methanol extract of V. grandiflorum leaves demonstrates significant potential for synthesizing 
AgNPs with effective antibacterial, antioxidant, and anticancer actions, making them applicable in various biomedical 
applications.
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Background
For decades, nanotechnology has evolved as a pivotal 
field of study, offering distinctive properties and diverse 
applications across industries such as agriculture, food, 
textiles, electronics, and most significantly health care. 
It plays a crucial role in drug delivery, therapy, diagno-
sis, and biosensing, contributing significantly to human-
ity (Burdusel et al. 2018; Erci et al. 2018). Nanoparticles 
(NPs) have well-known uses in the medical fields due to 
their tiny size and remarkable properties, including high 
surface area, chemical, optical, magnetic, and mechanical 
characteristics (Tanase et al. 2019). Recently, AgNPs have 
received extensive research attention for their broad-
spectrum actions (Kalishwaralal et al. 2009), serving as 
alternatives to other inorganic metallic NPs in various 
biomedical such as antimicrobial, antiviral, antibacterial, 
antioxidant, and anticancer and pharmaceutical indus-
tries (Nagarajan et al. 2019; Al-Shmgani et al. 2017; Deya 
and Bellotti 2017).

To meet the growing demand for commercially avail-
able nanoparticles, the extracellular production of inor-
ganic NPs via a green synthesis method has become 
increasingly popular. This approach offers a simple, 
environment friendly, and single-step procedure, elimi-
nating the need for complex equipment and hazardous 
chemicals (Karmous et al. 2020; Nadaroglu et al. 2017). 
The plant extracts, as reducing, capping, and stabiliz-
ing agents, not only reduce costs of maintaining micro-
organism culture but also provide a more stable NPs 
with desired shape and size (Thakur and Mohan 2019; 
Mousavi et al. 2018). Numerous studies have high-
lighted the importance and novelty of AgNPs synthesized 
from plant extracts (Ijaz et al. 2022; Kemala et al. 2022; 
Barabadi et al. 2021).

Plant extract-generated AgNPs, typically ranging from 
1 to 100  nm, exhibit unique physicochemical proper-
ties, including high surface area, shape, size, electric 
conductivity, and optical activity. These properties make 
them effective antibacterial, antioxidant, and antican-
cer agents. The green synthesized AgNPs show toxic-
ity towards bacteria and cause cell lysis. By attaching to 
DNA or denaturing ribosomes, they also stop ribosomes 
from synthesizing proteins and DNA from replicating 
(Schrofel et al. 2014). The bio-fabricated AgNPs dem-
onstrated substantial cytotoxic activity towards HeLa 
cell lines, human epithelial cancer (Hep-2), and prostate 
cancer (PC-3) (Sukirtha et al. 2012; Jacob et al. 2012; He 
et al. 2016). They also serve as antimicrobials in surgical 
instruments, external anti-infection creams, and anti-
cancer medicines (Sondi and Sondi 2004).

This study involves the leaf extracts of Viburnum gran-
diflorum Wall. exDC. for synthesizing AgNPs. It is a 
medicinal evergreen deciduous plant from the Viburna-
ceae family and is indigenous to the Himalayan area. This 
shrub is associated with a variety of biological functions, 
including traditional applications as a diuretic, antispas-
modic, and sedative. The twigs are used as teeth brushes 
and liver defenders with anti-inflammatory effects (Yatoo 
et al. 2018). Despite reports on the antibacterial, anti-
oxidant, and anticancer properties of AgNPs from plant 
extracts, no study has explored the production of AgNPs 
from V. grandiflorum leaves and their specific properties. 
Additionally, most studies use the plant’s aqueous extract, 
but we utilized both aqueous and methanol extracts to 
compare their outcomes. The primary goals of this study 
were to create and characterize AgNPs from V. grandiflo-
rum extracts, assess their bactericidal activity, and evalu-
ate their potential antioxidant and anticancer activities.

Methods
Plant material and extract preparation
Fresh V. grandiflorum leaves were harvested from healthy 
plants in Nakker, located in district Sudhnoti of Azad 
Kashmir, Pakistan. Plant identification was facilitated by 
consulting the flora of Pakistan, and the scientific name 
was confirmed through the Plant List (http://www.the-
plantlist.org). A voucher number was assigned to the 
plant specimen on herbarium sheet, which was then 
submitted to the Herbarium at the University of Poonch 
Rawalakot, Pakistan. The harvested leaves underwent a 
thorough cleaning with tap water to remove any resid-
ual dust and were subsequently air-dried in the shade 
at room temperature. After that, an electric grinder was 
used to finely grind the leaves. Ten grams of the result-
ing powder was mixed with 100 mL of distilled water in 
a 250 mL flask to prepare an aqueous extract, which was 
incubated for three days in a shaking incubator. Follow-
ing that, Whatman No. 42 filter paper was used to further 
purify it. A same process was replicated for the metha-
nol (Sigma-Aldrich, USA) extract. Both the aqueous and 
methanol extracts were employed in the bio-fabrication 
of AgNPs.

Synthesis of AgNPs
For AgNPs synthesis, 20 mL of V. grandiflorum leaf 
extract was mixed with 80 mL of 1 mM silver nitrate 
(AgNO3, Sigma-Aldrich, USA). The reaction solution was 
incubated for 24 h at room temperature, and a change in 
color of the reaction solution was observed, as reported 
by Khalil et al. (2023). Subsequently, the reaction solution 
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underwent centrifugation at 10,000  rpm for approxi-
mately 10 min. Following centrifugation, the AgNPs pel-
let was washed three times with distilled water and once 
with acetone. The resulting AgNPs were freeze dried to 
obtain them in powder form (Krishnaraj et al. 2012). The 
AgNPs produced from the aqueous extract and metha-
nol extract are denoted as Aq-AgNPs and Met-AgNPs, 
respectively.

UV–visible spectroscopy
UV-visible spectroscopy was employed to illustrate the 
reduction of Ag+ in the reaction solution. Pure water 
served as a reference, and a small quantity of colloidal 
solution was scanned within the wavelength range of 
300–700 nm. UV-Visible spectroscopy analysis was con-
ducted using a PerkinElmer Lambda 950 UV/Vis spec-
trometer (Oluwaniyi et al. 2016).

Scanning electron microscopy (SEM)
SEM was utilized to unveil the morphological charac-
teristics of AgNPs. After being suspended in double-
distilled water for 10 min, the AgNPs powder underwent 
sonication. The resulting sample was then applied onto 
a carbon-coated copper grid and exposed to a mercury 
lamp for complete drying. Field emission scanning elec-
tron microscopy (MIRA 3 XM) was employed for the 
morphological analysis (Jyoti et al. 2016). Additionally, 
EDX coupled with SEM was applied to analyze the chem-
ical composition of the AgNPs.

X-ray diffraction (XRD) analysis
For XRD investigation, purified AgNPs were freeze-dried 
and then subjected to an XRD analysis using a diffrac-
tometer (Bruker D8 Diffractometer) with Cu K- radiation 
at a wavelength of 1.54 nm.

Antibacterial activity
The bactericidal activity of plant extracts and AgNPs 
against clinically isolated bacteria, such as Pseudomonas 
aeruginosa and Staphylococcus aureus, was evaluated 
using the disc diffusion assay (Pal et al. 2007). Bacterial 
species were acquired from combined military hospital 
(CMH) Rawalakot. A nutritional medium was prepared 
by dispersing 14 g of Muller Hinton agar (Merck, USA) 
in 500 mL of distilled water. All glass components, disc 
(6 mm in diameter made from Whatman filter paper no. 
1), and nutritional medium were autoclaved for 15  min 
at 121 °C. The sterilized nutrient agar medium and pure 
bacteria culture (1.5 × 108 CFU/mL) were poured into 
petri dishes. Subsequently, filter paper discs permeated 
with AgNPs and plant extracts were strategically placed 
on the nutrient agar medium. The petri dishes were then 
incubated at 37 °C for 24 h. To quantify the antibacterial 

efficacy, the zone of inhibition surrounding the discs was 
measured in millimeters (mm).

Antioxidant activity
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-
Aldrich, USA) method was used to assess the antioxidant 
activity (Bhakya et al. 2016). As a standard, ascorbic acid 
was used. AgNPs in various concentrations (125, 250, 
500, and 1000  μg/mL) were added to the 1 mL DPPH 
solution and properly mixed. The solution was then kept 
at room temperature for 30 min. A UV-Vis spectropho-
tometer was used to measure the absorbance at 517 nm. 
Methanol and distilled water were employed as a blank 
solution, and DPPH (all components except the sample) 
was utilized as a reference. The antioxidant activity is cal-
culated using the formula provided below (Khane et al. 
2022).

	
% antioxidant activity =

pc − ps

pc
× 100

‘ps’ stands for AgNPs/ascorbic acid absorption, while ‘pc’ 
stands for control absorbance. The regression line equa-
tion was used to calculate the IC50 for the investigated 
samples at various concentrations.

Anticancer activity
The anticancer activity was confirmed following the pro-
cedure of Lyons et al. (1998) with small modifications. 
Rhabdomyosarcoma cell line (RD cell) of human muscle 
cancer cell obtained from the National Institute of Health 
(NIH), Islamabad. These cell lines were then created at 
Pakistan Institute of Engineering and Applied Sciences 
(PIEAS) Phyto medicine facility in Islamabad. In cul-
ture flasks at 37 °C and a CO2 stream in a CO2 incubator, 
RD cells were multiplicated. Eagle’s Minimal Essential 
Medium (EMEM) was applied to facilitate the cells ben-
eficial replication. More than 80% of merged cells were 
utilized in a culture flask. The cells were taken out of the 
growing flask and cleaned in PBS that had been auto-
claved. After adding 0.5 mL of trypsin, the culture flask 
was allowed to sit for two to three minutes. The cells 
were taken out of the incubator, frozen to separate any 
clusters, and examined under an inverted microscope. 
Cells were combined with 5 mL of EMEM medium using 
a pipette (10%). In a brand-new flask, 2.5 mL of single 
cell suspension was added. In 96-well plates with 200 
μL of growth medium, 5 × 103 cancer cells were seeded 
each well. The cells were subjected to generated AgNPs 
at increasing concentrations after 24  h. After 24  h, the 
media was swapped with an MTT solution (10 μL, 5 mg/
mL/well) prepared in PBS, and the cells were cultured 
for an extra 3 hours in a humidified incubator at 37  °C 
with 5% CO2. A micro titer plate reader operating at 



Page 4 of 12Talib et al. Botanical Studies            (2024) 65:4 

595 nm was used to measure absorbance after the plates 
were slightly stirred for 1 min with isopropanol (50 mL) 
poured to each well (Bio-Rad). The percentage of viable 
cells was calculated by using the following equation.

	
% cell viability =

Absorbance of AgNPs treated cells
Absorbance of untreated cells

× 100

The means and standard error of means of the data were 
used to represent the outcomes of three independent 
tests.

Data analysis
Each test was run three times. Analysis of variance 
(ANOVA) was used to evaluate the data, and the least 
significant difference (LSD) method was used to compare 
the means.

Results and discussion
Synthesis of silver nanoparticles (AgNPs)
The synthesis of AgNPs was achieved by treating the 
plant extracts (both aqueous and methanol) with an 
AgNO3 solution. The color of the colloidal solution 
underwent noticeable changes, turning from greenish to 
brown in the case of the aqueous extract and from light 
to dark brown in the case of the methanol extract within 
24  h of introducing a pure solution of 1 mM AgNO3 
into the plant extracts. This alteration in color is a well-
established phenomenon observed when silver ions are 
reduced to AgNPs, as reported by Alsalhi et al. (2016). 
Similar hue changes from yellowish to dark brown have 
been documented by Widatalla et al. (2022) and Ali et 
al. (2016). The color transformation is attributed to the 
conversion of Ag+ ions into Ag0 and the incidence of 
vibrations in the Surface plasmon resonance (SPR) as elu-
cidated by Ahmed et al. (2019) and Baran et al. (2018). 
Singh et al. (2010) further suggested that electron oscilla-
tion and SPR play pivotal roles in color changes. The pro-
cess for the green fabrication of AgNPs is shown in Fig. 1.

UV-visible spectroscopy
The UV-Vis spectroscopy method was employed to 
investigate indirectly the bio-reduction of AgNPs gener-
ated from an aqueous solution of AgNO3. The choice of 
solvent for plant extraction was found to influence the 
reduction of Ag+ to Ag0. The UV-Vis spectrum of AgNPs 
produced from the aqueous extract is shown in Fig.  2a, 
revealing an absorption peak occurring at 475 nm. Con-
versely, the plant extract itself did not exhibit any absorp-
tion peak in this region. Figure 2b illustrates the UV-Vis 
spectrum of AgNPs synthesized from the methanol 
extract, with the absorption peak occurring at approxi-
mately 469  nm. It is well-established that AgNPs typi-
cally exhibit an absorption peak in the 400–500 nm range 
(Widatalla et al. 2022; Aziz et al. 2017; Mittal et al. 2012). 
Interestingly, we observed a shift in the absorption peak 
from 475 to 469 nm (a blue shift) when methanol extracts 
were utilized for AgNPs production in comparison with 
that of aqueous extracts. This shift is linked to altera-
tions in the size of the AgNPs, as a blue shift is associated 
with a reduction in nanoparticle size (Haiss et al. 2007). 
Moreover, the total absorption peaks and the breadth of 
the absorption peaks are indicative of the size distribu-
tion and shape of AgNPs in the solution (Teponno et al. 
2006). The presence of a single SPR band further vali-
dates the spherical and round shape of the AgNPs (Raza 
et al. 2016).

SEM analysis of AgNPs
The morphological characteristics of the synthesized 
AgNPs were examined using SEM. SEM image con-
firms that the AgNPs fabricated from aqueous extract 
exhibited a round shape with a mean size of 17.77  nm 
(Fig. 3). Similarly, the AgNPs synthesized from the meth-
anol extract were also round, with a smaller mean size of 
12.28 nm (Fig. 4). As depicted in Fig. 2, the SEM findings 
are aligned well with the results obtained from UV-Vis-
ible spectroscopy. Notably, the AgNPs synthesized from 
the methanol extract are smaller in size compared to 

Fig. 1  Schematic diagram for the synthesis of AgNPs
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those synthesized from the aqueous extract in consistent 
with prior studies (Huang et al. 2011; Yousaf et al. 2020).

EDX analysis of AgNPs
The elemental makeup of AgNPs was verified using an 
EDX detector integrated with FESEM. Strong silver (Ag) 
spectral peaks at about 3  keV were seen in the energy 
dispersive spectra as a result of metallic silver nano crys-
tallites being absorbed by AgNPs’ SPR (Fig.  5). AgNPs 
have a distinctive optical absorption peak of about 3 keV 
because of SPR (Magudapatty et al. 2001). Notably, the 
signal is more pronounced in AgNPs fabricated from 
the methanol leaf extract of V. grandiflorum, indicating 
a higher purity of AgNPs in this case. These findings are 
consistent with a previous study on Curcuma longa-gen-
erated AgNPs, where a strong signal for Ag and a typical 

absorption peak at 3 keV were observed (Sathishkumar et 
al. 2010).

X-ray diffraction
XRD study was applied to establish the crystalline phase 
and orientation of the bio-fabricated AgNPs. Accord-
ing to Fig. 6, the obtained diffraction peaks are at 38.95, 
44.05, 65.00 and 79.45 for Aq-AgNPs and at 38.35, 45.45, 
65.95, and 78.65 for met-AgNps, which relate to Miller 
indices of 111, 200, 220, and 311 planes (Prathna et al. 
2011). The findings for the V. grandiflorum generated 
AgNPs were in good accord with JCPDS file no. 04-0783, 
and synthesized AgNPs were found to have face centered 
cubic symmetry. Although the size of the NPs is changed 
with the type of leaf extract, but the position of the dif-
fraction peak remained unchanged (Mehmood et al. 

Fig. 3  SEM micrograph of AgNPs synthesized from aqueous extract of Viburnum grandiflorum leaves (a) and particle size distribution histogram (b)

 

Fig. 2  UV-visible spectra of AgNPs. AgNPs were synthesized from aqueous (a) and methanol (b) extracts of Viburnum grandiflorum leaves
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2016). This shows that AgNPs were pure and very crystal-
line in composition, as evidenced by the strong and nar-
row diffraction peak in the XRD spectrum (Sarwer et al. 
2022; Goyal et al. 2018).

Antibacterial activity of AgNPs
The antibacterial properties of AgNPs make them prom-
ising for treating bacterial infections (Haider and Kang 
2015). In this study, the antibacterial application of 
AgNPs was investigated against S. aureus and P. aeru-
ginosa. Unlike many studies that solely use the plant’s 
aqueous extract for AgNP synthesis, the use of differ-
ent solvent extracts for AgNP synthesis is an innovative 
approach with potential advantages in terms of antibac-
terial activity. The results indicated that different solvent 
extracts influence the size of AgNPs, resulting in distinct 

antibacterial activities. Figure 7 presents the antibacterial 
results of AgNPs, demonstrating the high susceptibil-
ity of both S. aureus (Gram-positive) and P. aeruginosa 
(Gram-negative) bacterial strains to the AgNPs. Previous 
study also confirms the antibacterial activity of AgNPs 
against these bacteria (Sheng et al. 2022). The highest 
antibacterial activity was shown by Met-AgNPs against P. 
aeruginosa (14.66 ± 0.74 mm) as compared to Aq-AgNPs. 
This is attributed to the particle size, as Met-AgNPs were 
smaller in size than Aq-AgNPs. Small AgNPs may read-
ily diffuse or may pierce bacterial cell membranes to stop 
the growth of the bacteria by interfering with the pro-
cesses of their natural metabolism (Mubarak et al. 2018; 
Saravanan et al. 2015). Smaller AgNPs have more surface 
area than larger ones, which results in stronger antibacte-
rial activity (Kvitek et al. 2008). Moreover, the stabilizing 

Fig. 5  EDX spectra of AgNPs synthesized from aqueous (a) and methanol (b) extracts of Viburnum grandiflorum leaves

 

Fig. 4  SEM micrograph of AgNPs synthesized from methanol extract of Viburnum grandiflorum leaves (a) and particle size distribution histogram (b)
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agent and functional groups present in the methanol 
extract may have been attached to the surface of the NPs 
and contributed to the higher activity of Met-AgNPs. 
Additionally, the polydispersity of synthesized nanoparti-
cles and the plant extract originally used for nanoparticle 
synthesis may be strongly correlated with the antibacte-
rial activity of biosynthesized nanoparticles. Interest-
ingly, we observed that the Gram-negative bacterium 
(P. aeruginosa) was more susceptible to AgNPs than the 
Gram-positive bacterium (S. aureus). This difference may 
be attributed to the thin peptidoglycan layer in Gram-
negative bacteria, along with an additional lipopolysac-
charide outer membrane, facilitating the entry of released 

ions and NPs into the cell. Conversely, the thick pepti-
doglycan layer in the cell walls of Gram-positive bacte-
ria, containing covalently linked teichoic and teichuronic 
acids, may act as a shield against the inhibitory effects of 
AgNPs (Shrivastava et al. 2007).

In the case of plant extracts, only the methanol extract 
exhibited antibacterial activity compared to AgNPs; 
the aqueous extract showed none. AgNPs, with their 
significantly larger surface area, smaller size, and sur-
face-adhered biomolecules, likely contribute to their 
potent antibacterial activity (Ahmad et al. 2015). When 
AgNPs come into contact with bacterial surfaces, they 
can cause serious damage to the cell membrane and 

Fig. 7  Antibacterial activity of AgNPs synthesized from aqueous and methanol extracts of Viburnum grandiflorum leaves

 

Fig. 6  XRD patterns of AgNPs synthesized from aqueous (a) and methanol (b) extracts of Viburnum grandiflorum leaves
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alter the structure of bacteria (Periasamy et al. 2012). 
Due to their small size, extensive surface area, and dis-
tinct electrostatic charge, AgNPs can efficiently interact 
with bacterial cells, easily accessing and influencing the 
cellular contents (Chen et al. 2010). Another important 
process likely involving in AgNPs’ antibacterial activity 
is that they are suspended in the solution. As a result, 
Ag ions are discharged, interact with sulfur-containing 
proteins in bacteria’s cell walls, and immediately change 
how those proteins function (Ovington 2004). Numer-
ous studies have anticipated that the release of Ag ions by 
AgNPs is principally responsible for eliciting inhibitory 
effects against bacterial strains when interacting with the 
cell surface of microbes (Lee et al. 2005).

Antioxidant activity of AgNPs
A DPPH scavenging assay was employed to evaluate 
the antioxidant activity of Aq-AgNPs, Met-AgNPs, and 
ascorbic acid. Figure 8 illustrates a significant difference 
in antioxidant activity, with a dose-dependent increase 
observed. For Aq-AgNPs, the recorded value increased 
from 35.29% at the lowest concentration (125  μg/mL) 
to 62.48% at the highest concentration (1000  μg/mL). 
In comparison, Met-AgNPs exhibited values of 46.27% 
and 68.96% for the respective concentrations, indicating 
a higher scavenging activity than Aq-AgNPs. The anti-
oxidant results are also expressed in IC50 values (Fig. 8b), 
where Met-AgNPs demonstrated a lower IC50 value 
(188.00 ± 2.67  μg/mL) than Aq-AgNPs (264.01 ± 2.67  μg/
mL). A lower IC50 value indicates higher antioxidant 
activity.

The presence of various functional groups on the sur-
face of AgNPs may contribute to their elevated antioxi-
dant activity. These findings suggest the potential use of 

AgNPs as an alternative antioxidant in the treatment of 
conditions induced by free radicals. Several studies have 
demonstrated that AgNPs produced from plant extracts 
exhibit high antioxidant activity (Sarwer et al. 2022; 
Khalil et al. 2012; Nagaich et al. 2016). The alkaloids, phe-
nols, proteins, and other substances found in V. grandi-
florum can donate hydrogen from their hydroxyl group 
(-OH) to free radicals, generating stable phenoxyl radi-
cals (Chang et al. 2001).

Anticancer activity of AgNPs
V. grandiflorum generated AgNPs substantially reduced 
the cell viability of RD cell lines at a concentration of 10 
to 100 μg/mL (Fig. 9). Aq-AgNPs decreased the RD cell 
lines’ viability from 100 ± 0.33 to 11 ± 1.67% when AgNPs 

Fig. 9  Cell viability of RD cell lines against AgNPs

 

Fig. 8  Antioxidant activity of AgNPs against DPPH (a) and IC50 value of AgNPs (b). The results are represented in means and standard error of means of 3 
replicates. Different letters indicate the significant difference among the means calculated by ANOVA and LSD at p = 0.05
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concentration was raised from 0 to 100 μg/mL. Whereas, 
in the case of Met-AgNPs, the cell viability of RD cell 
lines was decreased from 100 ± 0.33 to 6 ± 1.78% when 
AgNP concentration was raised from 0 to 100  μg/mL, 
much lower than that of Aq-AgNPs. These results clearly 
show that Met-AgNPs, which are smaller in size than Aq-
NPs, have more anticancer activity. Utilizing data from 
the MTT assay, the anticancer efficacy of AgNPs was 
quantified in terms of the half-maximal inhibitory con-
centration (IC50), as presented in Table 1.

The IC50 value of Aq-AgNPs and Met-AgNPs was 
26.28 ± 1.44 and 21.49 ± 1.58  μg/mL, respectively. Again, 
IC50 values suggest the higher anticancer activity of Met-
AgNPs. AgNPs’ enhanced cytotoxicity in RD cell lines 
may be due to their greater cell uptake and stability. 
AgNPs are not affected by p- glycoprotein efflux because 
of their smaller size and increased surface area, which 
permits them to enter cells via endocytosis (Gabizon 
1992; Wei et al. 2009). Previous studies also suggest the 
great potential of biosynthesized AgNPs against cancer 
cell lines (Firdhouse and Lalitha 2013; Gajendran et al. 
2014). Recent studies by AshaRani et al. (2009) and Naga-
jyothi et al. (2014) have demonstrated that AgNPs pro-
duced through green synthesis methods can inhibit the 
proliferation of human glioblastoma cells, A549 lung car-
cinoma, and MCF-7 breast cancer cells. The exact mech-
anism of action of AgNPs against cancer cells is not fully 
understood. Nevertheless, Xu et al. (2012) found that a 
silver NPs hydrogel induced DNA damage and the pro-
duction of reactive oxygen species (ROS) in cancer cells, 
leading to cell death. In vitro studies have shown that 
AgNPs can also exhibit cytotoxic effects on normal cells. 
However, the extent of cytotoxicity depends on factors 
like particle size and concentration. Larger particles tend 
to be less toxic than smaller ones, and higher concen-
trations are more likely to cause harm. It’s important to 
emphasize that the toxicity of AgNPs is dose-dependent, 
and the concentrations used in scientific studies may not 
always reflect real-world exposure levels. Additionally, 
the findings can vary depending on the specific type of 
normal cells studied, as different cell types may respond 
differently to AgNPs (Akter et al. 2017).

It is noteworthy to consider the potential role of sec-
ondary metabolites in contributing to the antibacterial, 
antioxidant and anticancer potential of Viburnum gran-
diflorum derived green-fabricated silver nanoparticles. V. 
grandiflorum is known to contain a diverse array of sec-
ondary metabolites including flavonoids, phenolic acids, 
tannins and terpenoids as reported in previous literature 
(Suleman et al. 2018). These bioactive compounds are 
recognized for their inherent biological properties and 
have been linked to various health-promoting effects. 
Chen et al. (2021) describes 185 new and 228 known sec-
ondary metabolites from Viburnum genus between 2008 

and 2020. Future investigations could explore the specific 
phytochemical constituents responsible for the observed 
antibacterial, antioxidant and anticancer activities. Incor-
porating such an analysis would provide valuable insights 
into the mechanistic basis of the bioactivity exhibited 
by the green-synthesized silver nanoparticles and fur-
ther contribute to the understanding of V. grandiflorum 
medicinal potential.

Conclusion
In this study, we successfully synthesized AgNPs 
using aqueous and methanol extracts of V. grandiflo-
rum, employing an ecofriendly, cheap, and non-toxic 
method. The AgNPs synthesized from methanol extract 
were smaller in size compared to those from the aque-
ous extract. Both Aq-AgNPs and Met-AgNPs exhib-
ited a spherical shape with a crystalline nature. These 
biosynthesized AgNPs demonstrated potent antibacte-
rial activity against P. aeruginosa and S. aureus bacteria. 
Additionally, they showed antioxidant potential against 
DPPH. Furthermore, AgNPs effectively reduced the via-
bility of RD cell line, with the methanol extract yielding 
more effective AgNPs compared to the aqueous extract. 
Overall, this study suggests that AgNPs generated by V. 
grandiflorum possess significant antibacterial, antioxi-
dant, and anticancer activities, making them potentially 
valuable in pharmaceutical applications.

Acknowledgements
We acknowledge the facility of SEM, EDX, and XRD provide by the National 
Institute of Laser Optronics (NILOP).

Author contributions
HT: Investigation, Methodology, Software; AM: Conceptualization, Writing-
Original draft preparation, Supervision; MSA: Formal analysis, Writing - review 
& editing, Validation; AM: Visualization, Data curation; MARK: Writing - review 
& editing; MR: Writing - review & editing; RTK: Writing - review & editing; KSA: 
Writing - review & editing; HQ: Writing - review & editing. All authors read and 
approved the manuscript.

Funding
Not Applicable.

Data availability
All data associated with the study is presented in manuscript.

Declarations

Ethics approval and consent to participate
The cancer cell lines were used during experiments by permission of 
Institutional review board (IRB) University of Poonch Rawalakot, Rawalakot, 
Azad Kashmir, Pakistan.

Table 1  IC50 of AgNPs against RD cell lines
Cell lines IC50 (μg/mL)

Met-AgNPs Aq-AgNPs
RD cell line 21.49 ± 1.44 26.28 ± 1.58



Page 10 of 12Talib et al. Botanical Studies            (2024) 65:4 

Competing interests
The authors affirm that they have no known financial or interpersonal conflicts 
that might have appeared to have an impact on the research presented in this 
paper.

Author details
1Department of Botany, University of Poonch Rawalakot, Rawalakot,  
Azad Kashmir 12350, Pakistan
2Department of Botany, Women University of Azad Jammu and Kashmir 
Bagh, Bagh 12500, Pakistan
3Birmingham Institute of Forest Research, University of Birmingham, 
Birmingham B15 2TT, UK
4Department of Physics, University of Poonch Rawalakot, Rawalakot,  
Azad Kashmir 12350, Pakistan
5Department of Materials Engineering, National Institute of Lasers and 
Optronics (NILOP), Lehtrar Road, Nilore, Islamabad 45650, Pakistan
6Department of Botany, University of Azad Jammu & Kashmir, 
Muzaffarabad, Pakistan
7Department of Botany, University of Chakwal, Chakwal 48800, Pakistan

Received: 22 August 2023 / Accepted: 14 January 2024

References
Ahmad A, Syed F, Shah A, Khan Z, Tahir K, Khan AU, Yuan Q (2015) Silver and gold 

nanoparticles from Sargentodoxa cuneata: synthesis, characterization and 
antileishmanial activity. Rsc Adv 5:73793–73806. https://doi.org/10.1039/
C5RA13206A

Ahmed MJ, Murtaza G, Rashid F, Iqbal J (2019) Eco-friendly green synthesis of silver 
nanoparticles and their potential applications as antioxidant and anticancer 
agents. Drug Develop Indus Pharm 45:1682–1694. https://doi.org/10.1080/0
3639045.2019.1656224

Akter M, Sikder MT, Rahman MM, Ullah AKMA, Hossain KFB, Banik S, Hosokawa 
T, Saito T, Kurasaki M (2017) A systematic review on silver nanoparticles-
induced cytotoxicity: physicochemical properties and perspectives. J Adv Res 
9:1–16. https://doi.org/10.1016/j.jare.2017.10.008

Al-Shmgani HSA, Mohammed WH, Sulaiman GM, Saadoon AH (2017) Biosynthesis 
of silver NPs from Catharanthus roseus leaf extract and assessing their antioxi-
dant, antimicrobial, and wound healing activities. Art Cell Nanomed Biotech 
45:1234–1240. https://doi.org/10.1080/21691401.2016.1220950

Ali ZA, Yahya R, Sekaran SD, Puteh R (2016) Green synthesis of silver nanoparticles 
using apple extract and its antibacterial properties. Adv Mater Sci Engineer 
2016:4102196. https://doi.org/10.1155/2016/4102196

AlSalhi MS, Devanesan S, Alfuraydi AA, Vishnubalaji R, Munusamy MA, Murugan 
K, Nicoletti M, Benelli G (2016) Green synthesis of silver nanoparticles 
using Pimpinella anisum seeds: antimicrobial activity and cytotoxicity on 
human neonatal skin stromal cells and colon cancer cells. Int J Nanomed 
11:4439–4449. https://doi.org/10.2147/ijn.s113193

AshaRani PV, Low Kah Mun G, Hande MP, Valiyaveettil S (2009) Cytotoxicity and 
genotoxicity of silver nanoparticles in human cells. ACS Nano 3:279–290. 
https://doi.org/10.1021/nn800596w

Aziz SB, Abdullah OG, Saber DR, Rasheed MA, Ahmed HM (2017) Inves-
tigation of metallic silver nanoparticles through UV-Vis and optical 
micrograph techniques. Int J Electrochem Sci 12:363–373. https://doi.
org/10.20964/2017.01.22

Barabadi H, Mojab F, Vahidi H, Marashi B, Talank N, Hosseini O, Saravanan M (2021) 
Green synthesis, characterization, antibacterial and biofilm inhibitory activity 
of silver nanoparticles compared to commercial silver nanoparticles. Inorg 
Chem Commun 129:108647. https://doi.org/10.1016/j.inoche.2021.108647

Baran MF (2018) Green synthesis of silver NPs (AGNPs) using Pıstacıa Terebınthus 
leaf extract: antimicrobial effect and characterization. Int J Math Sci 2602(5)

Bhakya S, Muthukrishnan S, Sukumaran M, Muthukumar M (2016) Biogenic synthe-
sis of silver NPs and their antioxidant and antibacterial activity. Appl Nanosci 
6:755–766. https://doi.org/10.1007/s13204-015-0473-z

Burdusel AC, Gherasim O, Grumezescu AM, Mogoantă L, Ficai A, Andronescu E 
(2018) Biomedical applications of silver nanoparticles: an up-to-date over-
view. Nanomater 8:681. https://doi.org/10.3390/nano8090681

Chang ST, Wu JH, Wang SY, Kang PL, Yang NS, Shyur LF (2001) Antioxidant activity 
of extracts from Acacia confusa bark and heartwood. J Agricult Food Chem 
49:3420–3424. https://doi.org/10.1021/jf0100907

Chen SF, Li JP, Qian K, Xu WP, Lu Y, Huang WX, Yu SH (2010) Large scale photo-
chemical synthesis of M@ TiO2 nanocomposites (M = ag, pd, au, pt) and their 
optical properties, CO oxidation performance, and antibacterial effect. Nano 
Res 3:244–255. https://doi.org/10.1007/s12274-010-1027-z

Chen J, Zhao ZY, Zhang XH, Shao JH, Zhao CC (2021) Recent advance on chemistry 
and bioactivities of secondary metabolites from Viburnum plants: an update. 
Chem Biodivers 18:e2100404. https://doi.org/10.1002/cbdv.202100404

Deya C, Bellotti N (2017) Biosynthesized silver NPs to control fungal infections in 
indoor environments. Adv Nat Sci Nanosci Nanotechnol 8:1–8. https://doi.
org/10.1088/2043-6254/aa6880

Erci F, Cakir-Koc R, Isildak I (2018) Green synthesis of silver NPs using Thymbra 
Spicata L. var. Spicata (zahter) aqueous leaf extract and evaluation of their 
morphology-dependent antibacterial and cytotoxic activity. Artif Cells 
Nanomed Biotechnol 46:150–158. https://doi.org/10.1080/21691401.2017.1
415917

Firdhouse MJ, Lalitha P (2013) Biosynthesis of silver nanoparticles using the extract 
of Alternanthera sessilis - antiproliferative effect against prostate cancer cells. 
Cancer Nanotechnol 4:137–143. https://doi.org/10.1007/s12645-013-0045-4

Gabizon AA (1992) Selective tumor localization and improved therapeutic index 
of anthracyclines encapsulated in long-circulating liposomes. Cancer Res 
52:891–896

Gajendran B, Chinnasamy A, Durai P, Raman J, Ramar M (2014) Biosynthesis and 
characterization of silver NPs from Datura inoxia and its apoptotic effect 
on human breast cancer cell line MCF7. Mater Lett 122:98–102. https://doi.
org/10.1016/j.matlet.2014.02.003

Goyal M, Kumar S, Bahadur I, Verma C, Ebenso EE (2018) Organic corrosion 
inhibitors for industrial cleaning of ferrous and non-ferrous metals in 
acidic solutions: a review. J Mol Liq 256:565–573. https://doi.org/10.1016/j.
molliq.2018.02.045

Haider A, Kang IK (2015) Preparation of silver nanoparticles and their industrial 
and biomedical applications: a comprehensive review. Adv Mater Sci Eng 
2015:165257 https://doi.org/10.1155/2015/165257

Haiss W, Thanh NT, Aveyard J, Fernig DG (2007) Determination of size and concen-
tration of gold nanoparticles from UV– vis spectra. Analyt Chem 79:4215–
4221. https://doi.org/10.1021/ac0702084

He Y, Du Z, Ma S, Cheng S, Jiang S, Liu Y, Li D, Huang H, Zhang K, Zheng X (2016) 
Biosynthesis, antibacterial activity and anticancer effects against prostate 
cancer (PC-3) cells of silver nanoparticles using Dimocarpus longan lour. Peel 
extract. Nanosc Res Lett 11:1–10. https://doi.org/10.1186/s11671-016-1511-9

Huang J, Zhan G, Zheng B, Sun D, Lu F, Lin Y, Chen H, Zheng Z, Zheng Y, Li Q (2011) 
Biogenic silver nanoparticles by Cacumen platycladi extract: synthesis, forma-
tion mechanism, and antibacterial activity. Ind Eng Chem Res 50:9095–9106. 
https://doi.org/10.1021/ie200858y

Ijaz I, Bukhari A, Gilani E, Nazir A, Zain H, Saeed R (2022) Green synthesis of silver 
nanoparticles using different plants parts and biological organisms, charac-
terization and antibacterial activity. Environ Nanotechnol 18:100704. https://
doi.org/10.1016/j.enmm.2022.100704

Jacob SJP, Finub J, Narayanan A (2012) Synthesis of silver NPs using Piper longum 
leaf extracts and its cytotoxic activity against Hep-2 cell line. Coll Surf B Bioin-
terf 91:212–214. https://doi.org/10.1016/j.colsurfb.2011.11.001

Jyoti K, Baunthiyal M, Singh A (2016) Characterization of silver NPs synthesized 
using urtica dioica linn. Leaves and their synergistic effects with antibiotics. J 
Rad Res Appl Sci 9:217–227. https://doi.org/10.1016/j.jrras.2015.10.002

Kalishwaralal K, Banumathi E, Pandian SRK, Deepak V, Muniyandi J, Eom SH, 
Gurunathan S (2009) Silver nanoparticles inhibit VEGF induced cell prolifera-
tion and migration in bovine retinal endothelial cells. Coll Surf B: Biointer 
73:51–57. https://doi.org/10.1016/j.colsurfb.2009.04.025

Karmous I, Pandey A, Ben K, Haj KB, Chaoui A (2020) Efficiency of the green syn-
thesized NPs as new tools in cancer therapy: insights on plant-based bioengi-
neered nanoparticles, biophysical properties, and anticancer roles. Bio Tra Ele 
Res 196:330–342. https://link.springer.com/article/https://doi.org/10.1007/
s12011-019-01895-0

Kemala P, Idroes R, Khairan K, Ramli M, Jalil Z, Idroes GM, Tallei TE, Helwani Z, Safitri 
E, Iqhrammullah M, Nasution R (2022) Green synthesis and antimicrobial 
activities of silver nanoparticles using Calotropis gigantea from Ie Seu-Um 
Geothermal area, Aceh Province, Indonesia. Molecules 27(16):5310. https://
doi.org/10.3390/molecules27165310

Khalil MMH, Ismail EH, El-Magdoub F (2012) Biosynthesis of au nanoparticles using 
olive leaf extract: 1st nano updates. Arab J Chem 5:431–437. https://doi.
org/10.1016/j.arabjc.2010.11.011

Khalil S, Mehmood A, Khan MA, Ahmad KS, Abasi F, Raffi M, Ali K, Khan ME, Jones 
DA, Abdelkarim M (2023) Antibacterial, antioxidant and photocatalytic 

https://doi.org/10.1039/C5RA13206A
https://doi.org/10.1039/C5RA13206A
https://doi.org/10.1080/03639045.2019.1656224
https://doi.org/10.1080/03639045.2019.1656224
https://doi.org/10.1016/j.jare.2017.10.008
https://doi.org/10.1080/21691401.2016.1220950
https://doi.org/10.1155/2016/4102196
https://doi.org/10.2147/ijn.s113193
https://doi.org/10.1021/nn800596w
https://doi.org/10.20964/2017.01.22
https://doi.org/10.20964/2017.01.22
https://doi.org/10.1016/j.inoche.2021.108647
https://doi.org/10.1007/s13204-015-0473-z
https://doi.org/10.3390/nano8090681
https://doi.org/10.1021/jf0100907
https://doi.org/10.1007/s12274-010-1027-z
https://doi.org/10.1002/cbdv.202100404
https://doi.org/10.1088/2043-6254/aa6880
https://doi.org/10.1088/2043-6254/aa6880
https://doi.org/10.1080/21691401.2017.1415917
https://doi.org/10.1080/21691401.2017.1415917
https://doi.org/10.1007/s12645-013-0045-4
https://doi.org/10.1016/j.matlet.2014.02.003
https://doi.org/10.1016/j.matlet.2014.02.003
https://doi.org/10.1016/j.molliq.2018.02.045
https://doi.org/10.1016/j.molliq.2018.02.045
https://doi.org/10.1155/2015/165257
https://doi.org/10.1021/ac0702084
https://doi.org/10.1186/s11671-016-1511-9
https://doi.org/10.1021/ie200858y
https://doi.org/10.1016/j.enmm.2022.100704
https://doi.org/10.1016/j.enmm.2022.100704
https://doi.org/10.1016/j.colsurfb.2011.11.001
https://doi.org/10.1016/j.jrras.2015.10.002
https://doi.org/10.1016/j.colsurfb.2009.04.025
https://link.springer.com/article/
https://doi.org/10.1007/s12011-019-01895-0
https://doi.org/10.1007/s12011-019-01895-0
https://doi.org/10.3390/molecules27165310
https://doi.org/10.3390/molecules27165310
https://doi.org/10.1016/j.arabjc.2010.11.011
https://doi.org/10.1016/j.arabjc.2010.11.011


Page 11 of 12Talib et al. Botanical Studies            (2024) 65:4 

activity of novel Rubus ellipticus leaf generated silver nanoparticles. J Saudi 
Chem Soc 27(1):101576. https://doi.org/10.1016/j.jscs.2022.101576

Khane Y, Benouis K, Albukhaty S, Sulaiman GM, Abomughaid MM, Al Ali A, Aouf 
D, Fenniche F, Khane S, Chaibi W, Henni A (2022) Green synthesis of silver 
nanoparticles using aqueous Citrus limon zest extract: characterization and 
evaluation of their antioxidant and antimicrobial properties. Nanomaterials 
12(12):2013. https://doi.org/10.3390/nano12122013

Krishnaraj C, Jagan EG, Ramachandran R, Abirami SM, Mohan N, Kalaichelvan 
PT (2012) Effect of biologically synthesized silver nanoparticles on Bacopa 
monnieri (Linn.) Wettst. Plant growth metabolism. Proc Biochem 47:651–658. 
https://doi.org/10.1016/j.procbio.2012.01.006

Kvitek L, Panacek A, Soukupova J, Kolar M, Veccerova R, Prucek R, Holecova M, Zbo-
ril R (2008) Effect of surfactants and polymers on stability and antibacterial 
activity of silver nanoparticles (NPs). J Phys Chem C 112:5825–5834. https://
doi.org/10.1021/jp711616v

Lee D, Cohen RE, Rubner MF (2005) Antibacterial properties of Ag nanoparticle 
loaded multilayers and formation of magnetically directed antibacterial 
micro particles. Langmuir 21:9651–9659. https://doi.org/10.1021/la0513306

Lyons BW, Wu LL, Astill ME, Wu JT (1998) Development of an assay for modulat-
ing anti-acetylcholine receptor autoantibodies using human rhabdomyo-
sarcoma cell line. J Clin Labor Anal 12:315–319. https://doi.org/10.1002/
(sici)1098-2825(1998)12:5<315::aid-jcla12>3.0.co;2-y

Magudapathy P, Gangopadhyay P, Panigrahi BK, Nair KGM, Dhara S (2001) Electrical 
transport studies of Ag nanoclusters embedded in glass matrix. Phys B: Cond 
Matt 299:142–146. https://doi.org/10.1016/S0921-4526(00)00580-9

Mehmood A, Murtaza G, Bhatti TM, Raffi M (2016) Facile green approach to investi-
gate morphology-controlled formation mechanism of silver nanoparticles. J 
Clust Sci 27:1797–1814. https://doi.org/10.1007/s10876-016-1042-7

Mittal AK, Kaler A, Banerjee UC (2012) Free radical scavenging and antioxidant 
activity of silver NPs synthesized from flower extract of Rhododendron 
Dauricum. Nano Biomed Engineer 4:118–124. https://doi.org/10.5101/nbe.
v4i3.p118-124

Mousavi B, Tafvizi F, Bostanabad SZ (2018) Green synthesis of silver NPs using 
Artemisia turcomanica leaf extract and the study of anti-cancer effect and 
apoptosis induction on gastric cancer cell line (AGS). Artifi Cells Nanomed 
Biotech 46:499–510. https://doi.org/10.1080/21691401.2018.1430697

MubarakAli D, LewisOscar F, Gopinath V, Alharbi NS, Alharbi SA, Thajuddin N (2018) 
An inhibitory action of chitosan nanoparticles against pathogenic bacteria 
and fungi and their potential applications as biocompatible antioxidants. 
Microb Pathog 114:323–327. https://doi.org/10.1016/j.micpath.2017.11.043

Nadaroglu H, Gungor AA, Selvi INCE (2017) Synthesis of NPs by green synthesis 
method. Int J Inn Res Rev 1:6–9

Nagaich U, Gulati N, Chauhan S (2016) Antioxidant and antibacterial potential 
of silver nanoparticles: biogenic synthesis utilizing apple extract. J Pharm 
7141523. https://doi.org/10.1155/2016/7141523

Nagajyothi PC, Sreekanth TVM, Lee JI, Lee KD (2014) Mycosynthesis: antibacterial, 
antioxidant and antiproliferative activities of silver nanoparticles synthesized 
from Inonotus Obliquus (Chaga mushroom) extract. J Photochem Photobiol B: 
Biol 130:299–304. https://doi.org/10.1016/j.jphotobiol.2013.11.022

Nagarajan S, Kalaivani G, Poongothai E, Arul M, Natarajan H (2019) Characterization 
of silver NPs synthesized from Catharanthus roseus (Vinca rosea) plant leaf 
extract and their antibacterial activity. IJRAR 6:680–685

Oluwaniyi OO, Adegoke HI, Adesuji ET, Alabi AB, Bodede SO, Labulo AH, Oseghale 
CO (2016) Biosynthesis of silver nanoparticels using aqueous leaf extract 
of Thevetia peruviana Juss and its antimicrobial activities. Appl Nanosci 
6:903–912. https://doi.org/10.1007/s13204-015-0505-8

Ovington LG (2004) The truth about silver. Ostomy Wound Manage 50:1S–10S
Pal S, Tak YK, Song JM (2007) Does the antibacterial activity of silver NPs depend on 

the shape of the nanoparticle? A study of the gram-negative bacterium Esch-
erichia coli. Appl Environ Microbiol 73:1712–1720. https://doi.org/10.1128/
AEM.02218-06

Periasamy S, Joo HS, Duong AC, Bach THL, Tan VY, Chatterjee SS, Cheung GY, 
Otto M (2012) How Staphylococcus aureus biofilms develop their character-
istic structure. Proc Nat Acad Sci 109:1281–1286. https://doi.org/10.1073/
pnas.1115006109

Prathna TC, Chandrasekaran N, Raichur AM, Mukherjee A (2011) Biomimetic 
synthesis of silver nanoparticles by Citrus limon (lemon) aqueous extract 
and theoretical prediction of particle size. Coll Surf B: Biointerf 82:152–159. 
https://doi.org/10.1016/j.colsurfb.2010.08.036

Raza MA, Kanwal Z, Rauf A, Sabri AN, Riaz S, Naseem S (2016) Size-and shape-
dependent antibacterial studies of silver nanoparticles synthesized by wet 
chemical routes. Nanomater 6:74. https://doi.org/10.3390/nano6040074

Saravanan M, Duche K, Asmelash T, Gebreyesus A, Negash L, Tesfay A, Hailekiros 
H, Niguse S, Gopinath V, Barik S (2015) Nano-Biomaterials-A new approach 
concerning multi-drug resistant tuberculosis (MDR-TB). Pharm Nanotechnol 
3:5–18. https://doi.org/10.2174/2211738503666150415230743

Sarwer Q, Amjad MS, Mehmood A, Binish Z, Mustafa G, Farooq A, Qaseem MF, 
Abasi F, de la Pérez JM (2022) Green synthesis and characterization of silver 
nanoparticles using Myrsine Africana leaf extract for their antibacterial, 
antioxidant and phytotoxic activities. Molecules 27(21):7612. https://doi.
org/10.3390/molecules27217612

Sathishkumar M, Sneha K, Yun YS (2010) Immobilization of silver NPs synthesized 
using curcuma longa tuber powder and extract on cotton cloth for bacte-
ricidal activity. Bioresour Technol 101:7958–7965. https://doi.org/10.1016/j.
biortech.2010.05.051

Schrofel A, Kratosova G, Safarik I, Safarikova M, Raska I, Shor LM (2014) Applica-
tions of biosynthesized metallic NPs - a review. Acta Biomater 10:4023–4042. 
https://doi.org/10.1016/j.actbio.2014.05.022

Sheng Y, Narayanan M, Basha S, Elfasakhany A, Brindhadevi K, Xia C, Pugazhendhi A 
(2022) In vitro and in vivo efficacy of green synthesized AgNPs against Gram 
negative and Gram positive bacterial pathogens. Proc Biochem 112:241–247. 
https://doi.org/10.1016/j.procbio.2021.12.012

Shrivastava S, Bera T, Roy A, Singh G, Ramachandrarao P, Dash D (2007) Charac-
terization of enhanced antibacterial effects of novel silver nanoparticles. 
Nanotechnol 18:225103. https://doi.org/10.1088/0957-4484/18/22/225103

Singh A, Jain D, Upadhyay MK, Khandelwal N, Verma HN (2010) Green synthesis of 
silver nanoparticles using Argemone mexicana leaf extract and evaluation of 
their antimicrobial activities. Dig J Nanomater Bios 5:483–489

Sondi I, Sondi BS (2004) Silver NPs as antimicrobial agent: a case study on E. Coli as 
a model for Gram-negative bacteria. J Col Inter Sci 275:177–182. https://doi.
org/10.1016/j.jcis.2004.02.012

Sukirtha R, Priyanka KM, Antony JJ, Kamalakkannan S, Thangam R, Gunasekaran 
P, Krishnan M, Achiraman S (2012) Cytotoxic effect of green synthesized 
silver NPs using Melia azedarach against in vitro HeLa cell lines and lym-
phoma mice model. Proc Biochem 47:273–279. https://doi.org/10.1016/j.
procbio.2011.11.003

Suleman M, Nouren S, Hassan SM, Faiz AH, Sahr GA, Soomro GA, Tahir MA, Iqbal 
M, Nazir A (2018) Vitality and implication of natural products from Viburnum 
grandiflorum: an eco-friendly approach. Pol J Environ Stud 27:1407–1411. 
https://doi.org/10.15244/pjoes/76798

Tanase C, Berta L, Coman NA, Rosca I, Man A, Toma F, Mocan A, Jakab-Farkas L, 
Biro D, Mare A (2019) Investigation of in vitro antioxidant and antibacterial 
potential of silver NPs obtained by biosynthesis using beech bark extract. 
Antioxidants 8:459. https://www.mdpi.com/2076-3921/8/10/459#

Teponno RB, Tapondjou AL, Gatsing D, Djoukeng JD, Abou-Mansour E, Tabacchi 
R, Tane P, Stoekli-Evans H, Lontsi D (2006) Bafoudiosbulbins a, and B, two 
anti-salmonellal clerodane diterpenoids from Dioscorea bulbifera L. var sativa. 
Phytochem 67:1957–1963. https://doi.org/10.1016/j.phytochem.2006.06.019

Thakur S, Mohan GK (2019) Green synthesis of silver NPs of boswellic acid, and 
it’s in vitro anticancer activity. Int J Pharma Bio Sci 10:92–100. https://doi.
org/10.22376/IJPBS.2019.10.3.P92-100

Wei Z, Hao J, Yuan S, Li Y, Juan W, Sha X, Fang X (2009) Paclitaxel-loaded pluronic 
P123/F127 mixed polymeric micelles: formulation, optimization and in 
vitro characterization. Int J Pharm 376:176–185. https://doi.org/10.1016/j.
ijpharm.2009.04.030

Widatalla HA, Yassin LF, Alrasheid AA, Ahmed SA, Widdatallah MO, Eltilib SH, 
Mohamed AA (2022) Green synthesis of silver nanoparticles using green 
tea leaf extract, characterization and evaluation of antimicrobial activity. 
Nanoscale Adv 4(3):911–915. https://doi.org/10.1039/d1na00509j

Xu L, Li X, Takemura T, Hanagata N, Wu G, Chou LL (2012) Genotoxicity and 
molecular response of silver nanoparticle (NP)-based hydrogel. J Nanobio-
tech 10:1–11. https://doi.org/10.1186/1477-3155-10-16

Yatoo MI, Gopalakrishnan A, Saxena A, Parray OR, Tufani NA, Chakraborty S, Iqbal 
HMN (2018) Anti-inflammatory drugs and herbs with special emphasis on 
herbal medicines for countering inflammatory diseases and disorders-a 
review. Recent Pat Inflamm Allergy Drug Discov 12:39–58. https://doi.org/10.
2174/1872213x12666180115153635

https://doi.org/10.1016/j.jscs.2022.101576
https://doi.org/10.3390/nano12122013
https://doi.org/10.1016/j.procbio.2012.01.006
https://doi.org/10.1021/jp711616v
https://doi.org/10.1021/jp711616v
https://doi.org/10.1021/la0513306
https://doi.org/10.1002/(sici)1098-2825(1998)12:5<315::aid-jcla12>3.0.co;2-y
https://doi.org/10.1002/(sici)1098-2825(1998)12:5<315::aid-jcla12>3.0.co;2-y
https://doi.org/10.1016/S0921-4526(00)00580-9
https://doi.org/10.1007/s10876-016-1042-7
https://doi.org/10.5101/nbe.v4i3.p118-124
https://doi.org/10.5101/nbe.v4i3.p118-124
https://doi.org/10.1080/21691401.2018.1430697
https://doi.org/10.1016/j.micpath.2017.11.043
https://doi.org/10.1155/2016/7141523
https://doi.org/10.1016/j.jphotobiol.2013.11.022
https://doi.org/10.1007/s13204-015-0505-8
https://doi.org/10.1128/AEM.02218-06
https://doi.org/10.1128/AEM.02218-06
https://doi.org/10.1073/pnas.1115006109
https://doi.org/10.1073/pnas.1115006109
https://doi.org/10.1016/j.colsurfb.2010.08.036
https://doi.org/10.3390/nano6040074
https://doi.org/10.2174/2211738503666150415230743
https://doi.org/10.3390/molecules27217612
https://doi.org/10.3390/molecules27217612
https://doi.org/10.1016/j.biortech.2010.05.051
https://doi.org/10.1016/j.biortech.2010.05.051
https://doi.org/10.1016/j.actbio.2014.05.022
https://doi.org/10.1016/j.procbio.2021.12.012
https://doi.org/10.1088/0957-4484/18/22/225103
https://doi.org/10.1016/j.jcis.2004.02.012
https://doi.org/10.1016/j.jcis.2004.02.012
https://doi.org/10.1016/j.procbio.2011.11.003
https://doi.org/10.1016/j.procbio.2011.11.003
https://doi.org/10.15244/pjoes/76798
https://www.mdpi.com
https://doi.org/10.1016/j.phytochem.2006.06.019
https://doi.org/10.22376/IJPBS.2019.10.3.P92-100
https://doi.org/10.22376/IJPBS.2019.10.3.P92-100
https://doi.org/10.1016/j.ijpharm.2009.04.030
https://doi.org/10.1016/j.ijpharm.2009.04.030
https://doi.org/10.1039/d1na00509j
https://doi.org/10.1186/1477-3155-10-16
https://doi.org/10.2174/1872213x12666180115153635
https://doi.org/10.2174/1872213x12666180115153635


Page 12 of 12Talib et al. Botanical Studies            (2024) 65:4 

Yousaf H, Mehmood A, Ahmad KS, Raffi M (2020) Green synthesis of silver nanopar-
ticles and their applications as an alternative antibacterial and antioxidant 
agent. Mater Sci Eng C Mater Biol Appl 112:110901. https://doi.org/10.1016/j.
msec.2020.110901

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.msec.2020.110901
https://doi.org/10.1016/j.msec.2020.110901

	﻿Antibacterial, antioxidant, and anticancer potential of green fabricated silver nanoparticles made from ﻿Viburnum grandiflorum﻿ leaf extract
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Plant material and extract preparation
	﻿Synthesis of AgNPs
	﻿UV–visible spectroscopy
	﻿Scanning electron microscopy (SEM)
	﻿X-ray diffraction (XRD) analysis
	﻿Antibacterial activity
	﻿Antioxidant activity
	﻿Anticancer activity
	﻿Data analysis

	﻿Results and discussion
	﻿Synthesis of silver nanoparticles (AgNPs)
	﻿UV-visible spectroscopy
	﻿SEM analysis of AgNPs
	﻿EDX analysis of AgNPs
	﻿X-ray diffraction
	﻿Antibacterial activity of AgNPs
	﻿Antioxidant activity of AgNPs
	﻿Anticancer activity of AgNPs

	﻿Conclusion
	﻿References


