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With the advancement of nanobiotechnology, eco-friendly approaches of plant-mediated silver nanomaterial (AgNP) biosynthesis
have become more attractive for biomedical applications. The present study is a report of biosynthesizing AgNPs using
Chlorophytum borivilianum L. (Safed musli) callus extract as a novel source of reducing agent. AgNO3 solution challenged with
the methanolic callus extract displayed a change in color from yellow to brown owing to the bioreduction reaction. Further,
AgNPs were characterized by using UV–visible spectrophotometry, X-ray Diffraction (XRD), Atomic Force Microscopy (AFM),
and Fourier Transform Infrared Spectroscopy (FTIR). UV–vis spectrum revealed the surface plasmon resonance property of
AgNPs at around 450 nm. XRD pattern with typical peaks indicated the face-centered cubic nature of silver. AFM analysis
confirmed the existence of spherical-shaped and well-dispersed AgNPs having an average size of 52.0 nm. Further, FTIR analysis
confirmed the involvement of different phytoconstituents of the callus extract role in the process of bioreduction to form
nanoparticles. The AgNPs were more efficient in inhibiting the tested pathogenic microbes, namely, Pseudomonas aeruginosa,
Bacillus subtilis, Methicillin-resistant Escherichia coli, Staphylococcus aureus, and Candida albicans compared to callus extract.
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay confirmed the cytotoxic property of AgNPs
against human colon adenocarcinoma cell line (HT-29) in a dose-dependent manner. At higher concentrations of 500μg/mL
AgNPs, the cell viability was observed to be only 7% after 24 hours with IC50 value of 254 μg/mL. Therefore, these AgNPs
clearly endorse the manifold potential to be used in various biomedical applications in the near future.

1. Introduction

As an emerging field of science in the modern world, nano-
technology has greatly benefited humans. Nanotechnology is
aimed at producing and utilizing nanosized materials

measuring between 1 and 100nm [1]. The unique features of
nanosized materials make them more attractive for applica-
tion in various fields, especially for delivering drug molecules,
image analysis, as a biomarker, biodetection of macromole-
cules or pathogens, etc. [2]. Several types of metals are being
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used for the synthesis of nanomaterials for specific biomedical
applications. They include silver (Ag), gold (Au), titanium
dioxide (TiO2), zincoxide (ZnO),copperoxide (CuO),magne-
sium oxide (MgO), calcium oxide (CaO), and silica (Si). These
nanostructures exhibit uniquephysicochemical andbiological
properties, including strength, plasticity, durability, and func-
tions.Thus, theyarewidelyapplied indifferentareas, including
electronics, biomedicine, and bioengineering [3]. As silver
possess antimicrobial activity, it is being widely used in the
preparation of various antimicrobial agents for the past few
years [4, 5]. Today, silver is used to synthesize silver nanopar-
ticles (AgNPs) for different applications in the fields of medi-
cine, food, health care, etc. This is due to the fact that AgNPs
with a larger surface area-to-volume ratio possess unique bio-
logical, electrical, thermal, and optical properties [6–8].

There are several approaches to synthesize AgNPs,
including chemical, physical, and biological methods [3, 9–
11]. However, the preferred method is by using the biological
route that involves plant compounds or plant extracts,
microbes, or their products. This is mainly because of safety,
cost-effectiveness, and environment-friendly aspects. On the
other hand, chemical and physical methods involve toxic che-
micals, a lot of energy, great pressure, and high temperature
[6, 9, 12]. AgNPs were successively produced using different
plant extracts, such as Leptadenia reticulata [9], Cassia didy-
mobotrya [10], Andrographis paniculata [12], Prunus japon-
ica [13], Talinum triangulare [14], Euphorbia antiquorum
[15], Thymbra spicata [16], and Cleome viscosa [17].
Recently, AgNPs are being synthesized from the plant callus
as a novel source. For instance, the callus induced from Cath-
aranthus roseus, Sesuvium portulacastrum, Taxus yunnanen-
sis, Centella asiatica, Cucurbita maxima, etc., are used for the
biosynthesis of AgNPs [4, 18–21]. Advantageously, callus cul-
tures mitigate the problems of wild plant source scarcity. In
addition, callus extracts are more efficient in producing more
distinct and scattered AgNPs compared to those biosynthe-
sized using leaf extracts with higher bioactivities [4, 21].

Chlorophytum borivilianum L. (Safed musli) is a valued
medicinal plant, having copious bioactive components, such
as phenols, saponins, flavonoids, alkaloids, tannins, steroids,
triterpenoids, and vitamins. The plant is effective in curing
chronic leucorrhoea, diabetes, arthritis, high blood pressure,
and delayed menopause [22, 23]. To overcome the problems
of Safed musli cultivation in the field, plant tissue culture
approaches have been adopted to obtain its bioactive com-
pounds. Safed musli callus culture as a reliable source for
plant secondary metabolites has been proven previously by
Charl et al. [24]. Further, they have also reported the antimi-
crobial and antioxidant activities of Safed musli callus
extract. However, to date there is no report on the biosynthe-
sis of AgNP using Safed musli plant or its callus. Therefore,
the present study reports a biological method of synthesizing
AgNPs using Safed musli callus extracts to evaluate their bio-
logical properties.

2. Materials and Methods

2.1. Preparation of Callus Extracts of Safed Musli. To initiate
the callus cultures of Safed musli, the method explained by

Nakasha et al. [23] was followed. Briefly, shoot buds of Safed
musli were inoculated on solid Murashige and Skoog
medium containing 5mg/L 2,4-dichlorophenoxy acetic acid
and cultured for 4 weeks and then harvested. To prepare
the callus extract, 20 g fresh weight callus was grinded along
with 100mL of methanol and boiled for about 5min. By
using the Whatman no. 1 filter paper, the extract was filtered
and kept at 4°C. The extract was used for AgNP preparation
within 1 week.

2.2. Biosynthesis of AgNPs. About 10mL of callus extracts
was challenged with 90mL of 1mM AgNO3 (silver nitrate)
solution contained in an Erlenmeyer flask (250mL). The
reaction mixture was kept at room temperature on a shaker
(150 rpm) without light. The change in color was recorded
periodically up to 5 hours, and the AgNPs were stored at
room temperature for 3 months to check the stability. The
reaction mixture was centrifuged at 20,000 rpm for 15min
to concentrate the biogenically synthesized AgNPs for fur-
ther characterization.

2.3. Characterization of AgNPs

2.3.1. UV-Visible Spectral Analysis. The change in color for-
mation in the reaction mixture was visually monitored.
About 2mL of the solution was periodically collected after
1, 3, and 5 hours of incubation, and the reduction of silver
ions was measured at 300–600 nm UV-visible spectrum
using a spectrophotometer (ELICO, India).

2.3.2. X-Ray Diffraction (XRD) Analysis. On the glass slide, a
single drop of AgNP solution was added and coated. It was
later analyzed to record the crystalline nature of the bio-
synthesized nanoparticles by using an X-ray diffractometer
(XRD), model XRD-6000, Shimadzu, Japan, with 40 kV and
30mA with Cu ka radiation at 2θ angel.

2.3.3. Atomic Force Microscopy (AFM). Using AFM (A.P.E.
Research A100, Italy), AgNPs were characterized to observe
their morphological features. At first, the solution containing
AgNPs was sonicated at room temperature for 15min by
using an ultrasonicator. Later, the AgNP solution was dried
to form a thin layer on a mica-based glass slide, and this
was used for observing under AFM.

2.3.4. Fourier Transform Infrared Spectroscopy (FTIR)
Analysis. FTIR analysis of biogenically synthesized AgNPs
was performed by using a Perkin Elmer FTIR spectrum-
using KBr pellet using a Shimazdu IR Prestige-21 FTIR
instrument with a diffuse reflecting mode (DRS-8000). All
the measurements were carried out in the range of 400–
4000 cm−1.

2.4. Antibacterial Activity Evaluation. The biosynthesized
AgNPs were assessed for their antimicrobial activity using
a disc diffusion method against common human patho-
genic Gram-positive bacterial strains, Bacillus subtilis B29
(ATCC 29737), Methicillin-resistant Staphylococcus aureus
(MRSA) (ATCC700698) (Gram-positive), Pseudomonas
aeruginosa (ATCC 15442), and Escherichia coli E266
(Gram-negative), and one fungal species, Candida albicans
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90028. All microbial strains were procured from the Labo-
ratory of Molecular Biomedicine, Institute of Bioscience,
UPM, Serdang, Malaysia. All bacterial strains were main-
tained on the Mueller-Hinton Agar (MHA) media, while
C. albicans 90028 was cultured on the potato dextrose agar
(PDA) medium. To evaluate antibacterial activities, the
disc diffusion assay method was employed with little mod-
ifications [24]. Briefly, the pure culture of each microbe
was evenly swabbed onto the separate petri plates using
sterile cotton swabs. The culture medium was placed with
sterile discs (6mm in diameter) precoated with different
concentrations (100, 200, and 300μg/mL) of AgNPs and
the methanolic leaf extract. Dimethyl sulfoxide (DMSO)
(10μg/μL) and gentamycin (10μg/disc) were used as neg-
ative and positive controls, respectively, against all the
tested microbes. Each treatment was replicated 5 times,
and the experiment was repeated twice. All plates were
incubated at 37°C for 24 hours, and the appearance of
the zone of inhibition (mm) was recorded with the help
of a ruler.

2.5. Evaluation of Cytotoxicity against Colon Cancer Cell Line
HT-29.Weevaluated the cytotoxic effect ofmycogenicAgNPs
on colon cancer cell lineHT-29 as reported earlier [9]. In brief,
the cells were grown on the Dulbecco’s Modified Eagle’s
Medium (DMEM) contained with penicillin (100U/mL),
streptomycin (100 g/mL), L-glutamine (2mM), and fetal
bovine serum (10%). Approximately 5× 104 cells were used
for the inoculation in a well of 96-well plates. ACO2 incubator
adjusted to 37°Cwas used to incubate the cells for 48 hours. To
study the cytotoxicity, the cells were treated with biosynthe-
sizedAgNPs(10,20,40,80,120,and160μg/mL)andincubated
for 48 hours to evaluate cell survivability using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) test. Firstly, fresh MTT solution (5mg/mL) was
preparedandabout10mLof itwasdispensed toeachwell. Fur-
ther, itwaskept for the incubationupto4hoursunder the same
conditions. Using a multiwell ELISA plate reader, the absor-
bance was documented at 570nm. The obtained absorbance
was transformed into cell viability percentage using the given
formula below:

2.6. Statistical Analysis. All the experiments were replicated
three times and repeated thrice. The data obtained from
each experiment was represented as mean ± standard devi-
ation (SD).

3. Results and Discussion

3.1. Callus Formation and Synthesis of AgNPs. Synthesizing
AgNPs through the biological route has gained more impor-
tance in recent times because of the fact that the biological
method yields stable and uniform AgNPs with superior phar-
macological significance [8, 10]. The present study involved
the use of Safed musli callus extract as a substrate to synthe-
size AgNPs at room temperature. In this study, yellow-
colored friable calli formed after 2 months were harvested
(Figure 1).

Apparently, Safed musli calli at this stage are considered
as matured and well developed to secrete plant secondary
metabolites. Hence, calli harvested after 2 months were uti-
lized in the process of synthesizing AgNPs [23, 24]. In gen-
eral, the production and features of nanoparticles vary
depending on the bioactive compounds occurring in solvent
extracts of a plant species [9]. When the AgNO3 solution
was challenged with the methanolic callus extract of Safed
musli, there was a change in the color from yellow to light
brown due to bioreduction reaction (Figure 2). This clearly
suggests the biosynthesis of AgNPs, which is correlated to
the excitation of surface plasmon resonance vibrations in
AgNPs [9, 18, 25]. The color change was immediately
observed within an hour, and the intensity of the color
increased with the incubation time up to 5 hours. However,

more than 5 hours of incubation showed no observable
change in the color. The color intensity increased gradually
with an increase of incubation time and remained the high-
est after 5 hours of incubation. Till now, the exact mecha-
nisms involved in the biosynthesis of AgNPs from plant
extracts are not clearly understood. However, some possible
mechanisms which might be involved in the biosynthesis are
being proposed. Accordingly, the cellular enzymes along
with the occurrence of diverse classes of phytocompounds,
such as phenolics, flavonoids, phytosterols, terpenoids,
organic acids, alkaloids, and alcohols, occurring in plant
extracts might efficiently reduce forming AgNPs from silver
ions [26, 27]. Previously, researchers have reported that the
incubation duration for completing the bioreduction of sil-
ver ions to form AgNPs varies from one plant species to
another due to differences in the occurrence of phytoconsti-
tuents in the plant extracts [9, 10].

3.2. Characterization of AgNPs

3.2.1. UV-Visible Spectroscopy Analysis. Theuse ofUV-visible
spectroscopy, XRD,AFM, and FTIR analysis has provided the
information related to the size, shape, dispersion, and surface
area of callus extract-mediated AgNPs. The UV spectrum
showed the presence of a sharp absorbance peak at around
450 nm, suggesting the occurrence of AgNPs (Figure 3).
According to previous reports, the UV-visible absorption
band in between 425 and 460nm indicates surface plasmon
resonance (SPR) of AgNPs [8, 18, 28]. This SPR peak along
with the bioreducing agents of the callus extract may possibly
be involved in capping to form and stabilize AgNPs [9]. The

%cell viability = Values of optical density in the experimental samples
Values of optical density in the control samples × 100 1
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presence of a broad peak could be correlated to the polydisper-
sal nature of AgNPs with spherical shape [29].

3.2.2. XRD Analysis. The observation of diffraction peaks of
XRD analysis provides the details on crystalline nature and

chemical composition of the biosynthesized AgNPs. The
result of the XRD pattern of AgNPs synthesized using Safed
musli callus extract is illustrated in Figure 4. The diffracted
intensities from 20° to 70° were recorded. The observed peaks
at 2θ of 38.34°, 44.54°, and 64.6° correspond to (111), (200),
and (220) planes, respectively, of face-centered cubic struc-
ture of silver. These results are similar to the record of the
Joint Committee on Powder Diffraction Standards (JCPDS
no. 04-0783). Likewise, other minor peaks observed might
be correlated to the crystalline organic compounds that are
adsorbed on the AgNP surface. Similar diffraction patterns
were also observed by previous findings related to AgNPs
synthesized from plant sources [10, 18, 27].

3.2.3. AFM Analysis. AFM analysis was carried out to record
the topological features of biosynthesized AgNPs from callus
extract of Safed musli. The result evidently disclosed that the
existence of spherically shaped AgNPs is evenly dispersed
(Figure 5). The size of the AgNPs ranged between 35.1 and
168.0 nm with an average size of 52.0 nm. The biosynthesized
AgNPs were found with a roughness of 7.9 nm and root
mean square roughness of 14.6 nm (Figures 5(a) and 5(b)).
These observations are in confirmation with the previously
reported nanoregime and spherically shaped AgNPs bio-
synthesized from different plant species, including Leptade-
nia reticulata, Murraya koenigii, Centella asiatica, Cleome
viscosa, and Coptidis rhizoma [8, 17, 18, 27, 30].

3.2.4. FTIR Analysis. The likely interaction of biosynthesized
AgNPs and different phytocompounds occurring in Safed
musli callus extract was determined by FTIR analysis. These
phytoconstituents are accredited to function as reducing
and stabilizing agents during their AgNP biosynthesis [10,
29]. Figure 6 demonstrates the FTIR spectral data of
biosynthesized AgNPs with 14 distinct peaks in the range of
the 4000–500 cm−1 region. A broad peak at 3437.86 cm−1 cor-
responds to the stretching vibrations of –O-H and –N-H
groups. Likewise, the peak at 2920.59 cm−1 is the result of –

Figure 1: Showing the callus formation on MS medium
supplemented with 2,4-D (5mg/L) after 2 months.
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Figure 2: Yellow color of the Safed musli callus extract (A);
transparent color of AgNO3 solution (B), and brown color of the
reaction mixture after 48 hours of exposure to AgNO3 indicating
the formation of AgNPs (C).
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Figure 3: UV–visible absorption spectroscopy showing the
characteristic SPR peak of AgNPs.
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Figure 4: XRD pattern of biosynthesized AgNPs using callus extract
of Safed musli.
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C-H groups. The bands at 1623.72 cm−1 and 1376 cm−1 might
be because of the stretching vibrations of C=C groups and the
presence of C-N-like amine or C-O-like phenol groups,
respectively. The wave number 1382.41 could be assigned to
the –CH2 group. The peak at 1019.38 is due to stretching of
C=O groups. Three weak bands at 828.4, 671.13, and
615.95 cm−1 correspond to bending vibrations of –O-H and
C-H groups. Similar observations were made by earlier
researchers on other plant-based AgNPs [10, 27, 31]. Further,
these absorbance peaks may be endorsed to numerous phyto-
chemical compounds present in the callus extract of Safed
musli. In support of this, a previous study by Charl et al.
[24] has confirmed the occurrence of different phytoconstitu-
ents using gas chromatography–mass spectrometry analysis.
Overall, FTIR data shows the multifunctionality of Safed
musli callus extract in the process of bioreduction as well as
to stabilize AgNPs.

3.3. Assessment of Antibacterial Activity. AgNPs exhibit a
broad spectrum antimicrobial activity and, hence, are widely
used in clinical applications [5, 7–9]. Nevertheless, their use
as antimicrobials will be effective and can be applied only
after addressing the problems of their adverse side effects
[3]. Hence, we assessed antimicrobial activities of the

biosynthesized AgNPs from Safed musli callus extract against
human pathogens. It was observed that AgNPs efficiently
inhibited all the tested bacterial strains in dose-dependent
ways (Table 1). Interestingly, AgNPs exhibited a higher zone
of inhibition when compared to the callus extract. The high-
est inhibition of AgNPs was observed against C. albicans
(15 83 ± 1 08 mm) followed by B. subtilis (14 83 ± 1 60
mm) and E. coli (12 60 ± 0 52mm) at 300μg/mL concentra-
tion. However, all microbes were inhibited by AgNPs at the
300μg/mL concentration. The maximum inhibitory activity
was observed against B. subtilis (16 0 ± 1 7) followed by C.
albicans (15 3 ± 0 5) and E. coli (14 3 ± 1 6) at 300mg/mL
concentration of AgNPs. Earlier, investigators have suggested
few possible mechanisms of antimicrobial action by plant-
based AgNPs. Accordingly, AgNPs denature the cell wall of
microbes, destabilize the outer membrane, block cellular res-
piration, inhibit biosynthesis, and disrupt proton motive
force. Also, higher surface area-to-volume ratio of AgNPs is
responsible for the antimicrobial activity [3, 7, 8, 14]. The
results of the current study clearly indicate that AgNPs syn-
thesized from Safed musli callus extract could be used as anti-
bacterial agents to treat many human diseases.

3.4. AgNPs against Cancer Cells. Additionally, the activity of
AgNPs against cancer cell line HT-29 was carried out using
the MTT assay. The results of the study are represented in
Figure 7. The percentage of cell viability decreased with
increased concentrations of AgNPs from 0 to 500μg/mL. It
evidently suggests that AgNPs exhibit dose-dependent cell
inhibitory activities. Further, increase in the exposure time
from 24 hours to 48 hours decreased the cell viability per-
centage. After 24 hours, the control treatments recorded
100% cell viability, while only 7% of cells survived at
500μg/mL of AgNPs, which further decreased to 2% after
72 hours of incubation time. This signifies a high toxicity
effect of AgNPs. Although biosynthesized AgNPs exhibit less
toxicity at a lower dose, they induce very high lethal effect at
higher doses. Similarly, earlier researchers have documented
the potential cell inhibitory action of plant-based AgNPs in a
dose-dependent manner [3, 8, 32]. The IC50 value of AgNPs
was calculated to be 254, 216, and 174μg/mL after 24 hours,
48 hours, and 72 hours, respectively, of treatment.

0.13 �휇m

0.00 �휇m

x: 5.0 �휇m

y:
 5

.0
 �휇

m

(a)

4.02.00.0 �휇m
168.0 nm0.0

2.0

4.0

140.0

120.0

100.0

80.0

60.0

35.1

(b)
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In a previous report, it is stated that the Safed musli callus
extract possesses various classes of phytochemicals [24].
Thus, phytocompound reactive functional groups, such as
hydroxyl, carboxyl, and amino groups, couple with silver
ions to exhibit a higher cytotoxicity. Likewise, it is proven
that silver ions along with reactive functional groups interact
vigorously with the cellular architecture to cause cellular
damage [3, 9, 32].

In addition, silver ions possess strong affinity towards
sulfhydryl groups of essential enzymes and phosphorus-
comprising bases. Hence, AgNPs interact effectively with
nucleic acids and cause DNA damage via disrupting the
mitochondrial respiratory chain, encouraging reactive oxy-
gen species formation, inhibiting DNA replication and cell
division, promoting apoptosis, etc. [3, 32, 33]. Moreover,

other characteristics of AgNPs, such as nanoregime nature,
spherical shape, and particle surface, also contribute to
anticancer properties. Similarly, it has been reported that
nanomaterials prepared by using diverse bulk materials
have elucidated their cell inhibitory activities against colon
cancer cells. Specifically, the anticancer activity was mainly
attributed to the chemical composition of the plant
extracts and characteristics of nanoparticles, including size
and morphological features of AgNPs [9, 33, 34].

4. Conclusion

In conclusion, this study describes an efficient, cost-effec-
tive, and environment-friendly approach for biosynthesiz-
ing AgNPs using the Safed musli callus extract. The
biofabricated AgNPs possess spherical shape with a parti-
cle size ranging between 35.1 and 168.0 nm. The XRD pat-
tern established that AgNPs occur in the form of
nanocrystals, while AFM observation confirmed the spher-
ical shapes of AgNPs. The FTIR spectrum revealed the
occurrence of phytochemicals in the callus extracts and
are attributed in the biosynthesis and stabilization of
AgNPs. Further, the exhibition of antimicrobial and anti-
cancer activity by the biosynthesized AgNPs suggests that
they could be utilized in the fabrication of nanodrugs for
therapeutical applications, such as antimicrobial agents,
and for the treatment of colon cancers. In total, these find-
ings clearly endorse the manifold potential of these phyto-
fabricated AgNPs.
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Table 1: Antimicrobial activities of Safed musli callus extract and its biosynthesized AgNPs against human pathogens.

Concentration
(μg/mL)

Zone of inhibition (mm)
Bacillus subtilis Staphylococcus aureus Pseudomonas aeruginosa Escherichia coli Candida albicans

B29 (MRSA) ATCC 15442 E266 90028

Callus extract

100 07 33 ± 0 57 04 66 ± 2 08 04 66 ± 1 52 05 33 ± 0 57 08 00 ± 1 00
200 08 66 ± 0 57 06 00 ± 1 00 08 00 ± 1 15 06 33 ± 0 57 12 00 ± 1 73
300 10 66 ± 1 15 08 66 ± 1 15 09 65 ± 1 52 10 30 ± 1 52 12 66 ± 0 57

AgNPs

100 09 66 ± 1 15 06 33 ± 0 57 08 16 ± 1 08 07 83 ± 0 76 12 00 ± 2 64
200 12 33 ± 1 57 09 50 ± 1 50 10 00 ± 1 00 12 30 ± 1 53 14 33 ± 1 52
300 14 83 ± 1 60 10 50 ± 1 50 12 00 ± 0 00 12 60 ± 0 52 15 83 ± 1 08

The experiment included DMSO (20 μL) as the negative control, while streptomycin (100mg/mL) for bacteria and nystatin (100mg/mL) for yeast served as the
positive control. Each value represents the mean ± standard deviation (SD) of 3 replicates per treatment in 3 repeated experiments. Note: “-” represents no
activity observed, while “MR” represents Methicillin-resistant.

120

100

80

60

40C
el

l s
ur

vi
va

l (
%

)

20

0
500 250 125 62.5

Concentration (�휇g/mL)
31.25 15.625 0

24 hours
48 hours
72 hours

Figure 7: Cytotoxicity results of biosynthesized AgNPs using callus
extracts of Safed musli.

6 Journal of Nanomaterials



References

[1] K. Jemal, B. Sandeep, and S. Pola, “Synthesis, characterization,
and evaluation of the antibacterial activity of Allophylus serra-
tus leaf and leaf derived callus extracts mediated silver nano-
particles,” Journal of Nanomaterials, vol. 2017, Article ID
4213275, 11 pages, 2014.

[2] O. V. Salata, “Applications of nanoparticles in biology and
medicine,” Journal of Nanobiotechnology, vol. 2, no. 1, p. 3,
2004.

[3] G. R. Rudramurthy and M. K. Swamy, “Potential applications
of engineered nanoparticles in medicine and biology: an
update,” Journal of Biological Inorganic Chemistry, vol. 23,
no. 8, pp. 1185–1204, 2018.

[4] Q. H. Xia, Y. J. Ma, and J. W. Wang, “Biosynthesis of silver
nanoparticles using Taxus yunnanensis callus and their anti-
bacterial activity and cytotoxicity in human cancer cells,”
Nanomaterials, vol. 6, no. 9, p. 160, 2016.

[5] Ł. Klapiszewski, T. Rzemieniecki, M. Krawczyk et al., “Kraft
lignin/silica–AgNPs as a functional material with antibacterial
activity,” Colloids and Surfaces B: Biointerfaces, vol. 134,
pp. 220–228, 2015.

[6] X. F. Zhang, Z. G. Liu, W. Shen, and S. Gurunathan, “Silver
nanoparticles: synthesis, characterization, properties, applica-
tions, and therapeutic approaches,” International Journal of
Molecular Sciences, vol. 17, no. 9, article 1534, 2016.

[7] G. R. Rudramurthy, M. K. Swamy, U. R. Sinniah, and
A. Ghasemzadeh, “Nanoparticles: alternatives against drug-
resistant pathogenic microbes,” Molecules, vol. 21, no. 7,
p. 836, 2016.

[8] M. K. Swamy, M. S. Akhtar, S. K. Mohanty, and U. R.
Sinniah, “Synthesis and characterization of silver nanopar-
ticles using fruit extract of Momordica cymbalaria and
assessment of their in vitro antimicrobial, antioxidant and
cytotoxicity activities,” Spectrochimica Acta Part A: Molecu-
lar and Biomolecular Spectroscopy, vol. 151, pp. 939–944,
2015.

[9] M.K. Swamy,K.M.Sudipta,K. Jayanta, andS.Balasubramanya,
“The green synthesis, characterization, and evaluation of the
biological activities of silver nanoparticles synthesized from
Leptadenia reticulata leaf extract,” Applied Nanoscience, vol. 5,
no. 1, pp. 73–81, 2015.

[10] M. S. Akhtar, M. K. Swamy, A. Umar, A. Sahli, and
A. Abdullah, “Biosynthesis and characterization of silver
nanoparticles from methanol leaf extract of Cassia didymobo-
tyra and assessment of their antioxidant and antibacterial
activities,” Journal of Nanoscience and Nanotechnology,
vol. 15, no. 12, pp. 9818–9823, 2015.

[11] G. Milczarek, M. Motylenko, A. Modrzejewska-Sikorska et al.,
“Deposition of silver nanoparticles on organically-modified
silica in the presence of lignosulfonate,” RSC Advances,
vol. 4, no. 94, pp. 52476–52484, 2014.

[12] V. S. Kotakadi, S. A. Gaddam, Y. S. Rao, T. Prasad, A. V.
Reddy, and D. S. Gopal, “Biofabrication of silver nanoparticles
using Andrographis paniculata,” European Journal of Medici-
nal Chemistry, vol. 73, pp. 135–140, 2014.

[13] A. Saravanakumar, M. M. Peng, M. Ganesh, J. Jayaprakash,
M. Mohankumar, and H. T. Jang, “Low-cost and eco-friendly
green synthesis of silver nanoparticles using Prunus japonica
(Rosaceae) leaf extract and their antibacterial, antioxidant
properties,” Artificial Cells, Nanomedicine, and Biotechnology,
vol. 45, no. 6, pp. 1165–1171, 2017.

[14] O. A. Ojo, B. E. Oyinloye, A. B. Ojo et al., “Green synthesis of
silver nanoparticles (AgNPs) using Talinum triangulare (Jacq.)
Willd. leaf extract and monitoring their antimicrobial activ-
ity,” Journal of Bionanoscience, vol. 11, no. 4, pp. 292–296,
2017.

[15] C. Rajkuberan, S. Prabukumar, G. Sathishkumar, A. Wilson,
K. Ravindran, and S. Sivaramakrishnan, “Facile synthesis of
silver nanoparticles using Euphorbia antiquorum L. latex
extract and evaluation of their biomedical perspectives as anti-
cancer agents,” Journal of Saudi Chemical Society, vol. 21,
no. 8, pp. 911–919, 2017.

[16] H. Veisi, S. Azizi, and P. Mohammadi, “Green synthesis of the
silver nanoparticles mediated by Thymbra spicata extract and
its application as a heterogeneous and recyclable nanocatalyst
for catalytic reduction of a variety of dyes in water,” Journal of
Cleaner Production, vol. 170, pp. 1536–1543, 2018.

[17] G. Lakshmanan, A. Sathiyaseelan, P. Kalaichelvan, and
K. Murugesan, “Plant-mediated synthesis of silver nanopar-
ticles using fruit extract of Cleome viscosa L.: assessment of
their antibacterial and anticancer activity,” Karbala Interna-
tional Journal of Modern Science, vol. 4, no. 1, pp. 61–68,
2018.

[18] V. R. Netala, V. S. Kotakadi, V. Nagam, P. Bobbu, S. B. Ghosh,
and V. Tartte, “First report of biomimetic synthesis of silver
nanoparticles using aqueous callus extract of Centella asiatica
and their antimicrobial activity,” Applied Nanoscience, vol. 5,
no. 7, pp. 801–807, 2015.

[19] R. I. Iyer and T. Panda, “Biosynthesis of gold and silver nano-
particles using extracts of callus cultures of pumpkin (Cucur-
bita maxima),” Journal of Nanoscience and Nanotechnology,
vol. 18, no. 8, pp. 5341–5353, 2018.

[20] D. A. Osibe, N. V. Chiejina, K. Ogawa, and H. Aoyagi, “Stable
antibacterial silver nanoparticles produced with seed-derived
callus extract of Catharanthus roseus,” Artificial Cells, Nano-
medicine, and Biotechnology, vol. 46, no. 6, pp. 1266–1273,
2018.

[21] M. A. Barkat, M. Mujeeb, M. Samim, and S. Verma, “Biosyn-
thesis of silver nanoparticles using callus extract of Cathar-
anthus roseus var. alba and assessment of its antimicrobial
activity,” British Journal of Pharmaceutical Research, vol. 4,
no. 13, article 1591, 1603 pages, 2014.

[22] J. J. Nakasha, U. R. Sinniah, A. B. Puteh, and M. Kumara
Swamy, “Influence of tuber weight and cutting on growth
and yield of safed musli (Chlorophytum borivilianum),”
Archives of Agronomy and Soil Science, vol. 63, no. 5,
pp. 619–625, 2017.

[23] J. J. Nakasha, U. R. Sinniah, N. Kemat, and K. S. Mallappa,
“Induction, subculture cycle, and regeneration of callus in
safed musli (Chlorophytum borivilianum) using different types
of phytohormones,” Pharmacognosy Magazine, vol. 12, no. 47,
Supplement 4, pp. 460–S464, 2016.

[24] R. K. Charl, M. K. Swamy, and U. R. Sinniah, “Antimicrobial
properties of safed musli (Chlorophytum borivilianum) callus
extract and GC-MS based chemical profiling,” Bangladesh
Journal of Botany, vol. 46, no. 1, pp. 205–310, 2017.

[25] J. M. Ashraf, M. A. Ansari, H. M. Khan, M. A. Alzohairy, and
I. Choi, “Green synthesis of silver nanoparticles and character-
ization of their inhibitory effects on AGEs formation using
biophysical techniques,” Scientific Reports, vol. 6, no. 1, article
20414, 2016.

[26] S. Iravani, H. Korbekandi, S. V. Mirmohammadi, and
B. Zolfaghari, “Synthesis of silver nanoparticles: chemical,

7Journal of Nanomaterials



physical and biological methods,” Research in Pharmaceutical
Sciences, vol. 9, no. 6, p. 385, 2014.

[27] G. Sharma, J.-S. Nam, A. Sharma, and S.-S. Lee, “Antimicro-
bial potential of silver nanoparticles synthesized using medic-
inal herb Coptidis rhizome,” Molecules, vol. 23, no. 9, article
2268, 2018.

[28] K. Mallikarjuna, G. Narasimha, G. Dillip et al., “Green synthe-
sis of silver nanoparticles using Ocimum leaf extract and their
characterization,” Digest Journal of Nanomaterials and Bios-
tructures, vol. 6, no. 1, pp. 181–186, 2011.

[29] K. Jyoti, M. Baunthiyal, and A. Singh, “Characterization of sil-
ver nanoparticles synthesized using Urtica dioica Linn. leaves
and their synergistic effects with antibiotics,” Journal of Radi-
ation Research and Applied Sciences, vol. 9, no. 3, pp. 217–
227, 2016.

[30] S. Bonde, D. Rathod, A. Ingle, R. Ade, A. Gade, and M. Rai,
“Murraya koenigii-mediated synthesis of silver nanoparticles
and its activity against three human pathogenic bacteria,”
Nanoscience Methods, vol. 1, no. 1, pp. 25–36, 2012.

[31] K. Niraimathi, V. Sudha, R. Lavanya, and P. Brindha, “Biosyn-
thesis of silver nanoparticles using Alternanthera sessilis
(Linn.) extract and their antimicrobial, antioxidant activities,”
Colloids and Surfaces B: Biointerfaces, vol. 102, pp. 288–291,
2013.

[32] S. Salehi, S. A. S. Shandiz, F. Ghanbar, M. R. Darvish,
A. Mirzaie, and M. Jafari, “Phytosynthesis of silver nanoparti-
cles using Artemisia marschalliana Sprengel aerial part extract
and assessment of their antioxidant, anticancer, and antibacte-
rial properties,” International Journal of Nanomedicine,
vol. 11, pp. 1835–1846, 2016.

[33] I.-M. Chung, I. Park, K. Seung-Hyun, M. Thiruvengadam, and
G. Rajakumar, “Plant-mediated synthesis of silver nanoparti-
cles: their characteristic properties and therapeutic applica-
tions,” Nanoscale Research Letters, vol. 11, no. 1, p. 40, 2016.

[34] M. S. AlSalhi, S. Devanesan, A. A. Alfuraydi et al., “Green syn-
thesis of silver nanoparticles using Pimpinella anisum seeds:
antimicrobial activity and cytotoxicity on human neonatal
skin stromal cells and colon cancer cells,” International Jour-
nal of Nanomedicine, vol. 11, pp. 4439–4449, 2016.

8 Journal of Nanomaterials



Corrosion
International Journal of

Hindawi
www.hindawi.com Volume 2018

Advances in

Materials Science and Engineering
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Journal of

Chemistry

Analytical Chemistry
International Journal of

Hindawi
www.hindawi.com Volume 2018

Scienti�ca
Hindawi
www.hindawi.com Volume 2018

Polymer Science
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Advances in  
Condensed Matter Physics

Hindawi
www.hindawi.com Volume 2018

International Journal of

Biomaterials
Hindawi
www.hindawi.com

 Journal ofEngineering
Volume 2018

Applied Chemistry
Journal of

Hindawi
www.hindawi.com Volume 2018

Nanotechnology
Hindawi
www.hindawi.com Volume 2018

Journal of

Hindawi
www.hindawi.com Volume 2018

High Energy Physics
Advances in

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Tribology
Advances in

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Chemistry
Advances in

Hindawi
www.hindawi.com Volume 2018

Advances in
Physical Chemistry

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research InternationalMaterials

Journal of

Hindawi
www.hindawi.com Volume 2018

N
a

no
m

a
te

ri
a

ls

Hindawi
www.hindawi.com Volume 2018

Journal ofNanomaterials

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/ijc/
https://www.hindawi.com/journals/amse/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/scientifica/
https://www.hindawi.com/journals/ijps/
https://www.hindawi.com/journals/acmp/
https://www.hindawi.com/journals/ijbm/
https://www.hindawi.com/journals/je/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/ahep/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ac/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

