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Abstract

Background: Celastrus paniculatus Willd. is a rich source of numerous active constituents such as celapanigin,
celapagin, malkangunin, celapanin, zeylasteral, pristimerin, and zeylasterone which render medicinal properties to its
various parts. Therefore, the present work provides a protocol for the synthesis of AgNPs from in vivo leaf and
in vitro developed callus extract of C. paniculatus and both the extracts have great antibacterial potential, which
may give immense support for the drug preparation using AgNPs prepared from this valuable medicinal plant.

Results: High frequencies of calli induced from leaves and its counterpart, i.e., the natural part leaf were selected as
the experimental materials for the green synthesis. The collected data exhibited gradual color variations started
with whitish color, creamish, and after 8 weeks it ultimately turns into a solid mass of brownish callus. The silver
nanoparticles (AgNPs) were synthesized using in vivo fresh leaves and in vitro developed callus extracts with an
indication of brown colored complex. Further confirmation of AgNPs synthesis in both the samples was done using
UV-visible spectral analysis followed by X-ray diffraction (XRD) analysis, Fourier transformation infrared spectroscopy
(FTIR), and scanning electron microscopic (SEM) analysis.

Conclusion: The antibacterial activity of both extracts reflected the presence of the zone of inhibition in both
gram-positive and gram-negative bacteria. AgNPs derived from callus extract showed better results with 24.00 ±
1.00 mm zones of inhibition. This protocol deserves the recognition of the antibacterial potential of AgNPs
synthesized from CP plant extracts.
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Background
In the current situation, nanotechnology is an advanced
field that deals with the green synthesis of nanoparticles
at nano levels using smaller scales below 1 μm/normally
from 1 to 100 nm [1]. The detailing of nanoparticles is a
significant component of nanotechnology since its par-
ticular characters are characterized at the degree of
nanoparticles, nanocrystals, or nanolayers and are valu-
able in different fields of science, for example, physical,
synthetic, and natural just as drug applications [2].

These particles are of great scientific interest for re-
search due to their different characteristics and large
surface area/volume ratio [3].
Silver nanoparticles are one of the noble metal-based

nanoparticles. Besides, silver nanoparticles have attracted
particular attention because of their unique properties,
including antimicrobial activities, catalytic, chemical sta-
bility, and electrical conductivity [4, 5]. Also, silver ion
behaves completely different properties in the nano-
scale as compared to bulk particles prepared from simi-
lar material [6]. Silver is used in several medical prod-
ucts such as skin ointments, creams used to cure burns
and open wounds [7]. But, chemically synthesized
AgNPs reported toxic in their chemical form so that
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plant-based AgNPs have demonstrated vast application
as green synthesis as compared to pure individual phys-
ical and chemicals methods because it is a low cost, eco-
friendly, and simply advanced technology for large-scale
synthesis of nanoparticles. Moreover, there is no need
for special temperature, high pressure, further use of en-
ergy, and hazardous chemicals [8]. The biological syn-
thesis of inorganic nanoparticles makes nanoparticles
more biocompatible and less harmful to the environ-
ment [9]. Furthermore, dependable attempts have been
made for the search of techniques or protocols by
employing the plants and microorganisms to synthesize
silver and gold nanoparticles [10]. Until now, several
medicinal plants were used to synthesize the leaf-based
nanoparticles as Medicago sativa L. [11], Acalypha
indica L. [12], Garcinia mangostana L. [13], Cathar-
anthus roseus [14], and Ocimum americanum L. [15].
Celastrus paniculatus Willd. popularly known as Mal-

kangani, Jyotishmati, or memory-enhancing plant is used in
curing several human ailments like dysentery, diarrhea,
fever, and digestive disorders such as loss of appetite, con-
stipation, and abdominal distension [16]. The leaves of this
plant are emmenagogue and the fresh leaf juice is a worthy
remedy against opium poisoning. The dried powdered form
of leaves, flowers, fruits, and seeds is recommended for the
regular intake to heal mental disorders and enhance mental
power, whereas the swellings and fractures are treated ex-
ogenously with boiled leaves pest [17]. CP plant parts spe-
cifically leaves are a rich source of several secondary
metabolites protein, polyphenol, carbohydrate, flavonoids,
and terpenoids [18]. It is a rich source of many Phytochem-
icals that help as capping and stabilizing agents for the syn-
thesis of AgNPs. Besides this, several reports are also
available on tissue-cultured-derived plant or callus extract
that was also involved in the green synthesis, as seen in the
Carica papaya [18] and Sesuvium portulacastrum [19]. In
CP, work on the use of in vivo leaves extract for the synthe-
sis of AgNPs was recorded by Ramana et al. [20]. The
in vitro multiplication of tissues/ plants parts/ callus in CP
was already evidenced and plants itself area rich source of
phytochemicals and various proteins in both in vivo and
in vitro parts [1, 21, 22]. But, limited reports are available
on the green synthesis of AgNPs by using in vitro tissues/
callus. The present study illustrates the green synthesis of
AgNPs both from in vivo leaves and in vitro-derived callus
of CP and followed by its characterization by various tech-
niques and also analyze its antibacterial potential on
Pseudomonas aeruginosa, Escherichia coli, Staphylococcus
aureus, and Bacillus subtilis.

Methods
Selection and surface sterilization of explants
All the explants and in vivo leaf samples of Celastrus
paniculatus Willd. were collected. It was washed

thoroughly with tap water and excised young leaves of
CP have further sterilized with 70% (v/v) ethyl alcohol
for 30 s followed by 0.1% (w/v) HgCl2 for 10 to 15 s and
finally, 2-3 times rinsed with double distilled water and
used for callusing.

Callus formation and in vitro culture condition
For the induction of callus, the sterilized leaves were in-
oculated into in vitro Murashige and Skoog medium
(MS) [23] supplemented with different concentrations of
BAP (0.5, 1, 2 mg/l), 2,4-D (1, 2, 3 mg/l), Kn (0.5, 0.1
mg/l) alone and an optimal combination of BAP (0.5, 1.2
mg/l) with varying concentrations of 2.4-D (0.5. 1 mg/l)
and Kn (1.2 mg/l). All the cultures were maintained at a
temperature of 25 ± 2 °C. The intensity of illumination
was 3500 Lux with16/8 h dark and light regime. Sub-
culturing was done with regular intervals of 15–20 days
in the same media for maximum induction and prolifer-
ation of callus.

Preparation of aqueous extracts of in vivo leaves and
in vitro callus
The in vitro developed fresh calli and in vivo leaves were
dried in an oven at 40 °C for 24 h. The dried 5 g of fine
powder of both the samples was taken into 250 ml Er-
lenmeyer flask separately and then 50 ml of sterile
double distilled water was poured into it and boiled for
10 min at 70 °C. It was cooled and filtered using What-
man No. 1 filter paper. The filtered extract of leaves and
calli were used for the biosynthesis of silver nanoparti-
cles. Both extracts were stored at 4 °C for further study.

Bio-synthesis of AgNPs
Pure silver nitrate procured from Himedia, Bangalore,
India. The solution of 1 mM AgNO3 was added drop-
wise in the reaction mixture of CP extracts with a ratio
of 1:9 ratio-optimized concentrations (10 ml of extract
to 90 ml aqueous solution of 1 mM AgNO3) in 250 ml
Erlenmeyer flask separately and both were dark incu-
bated at 35 °C for about 48 h. The reduction of silver
ions (Ag+) to AgNPs (Ag0) was achieved by conversion
of color from light yellow to dark brown followed by
spectrophotometry analysis [24].

Characterization of synthesized silver nanoparticles
UV-visible spectroscopy was used for the surface plas-
mon resonance peak (SPR) characteristic of the AgNPs
solution of each sample separately. The reduction of
pure Ag+ ions was monitored by measuring the UV-vis
spectrum of the reaction mixture by diluting a small ali-
quot of both the samples into double distilled water over
a range of 300–600 nm using Elico–India UV-VIS
double beam PC Scanning spectrophotometer [25]. The
crystalline features of AgNPs were noticed during the
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Cu Kα radiation source on an Ultima IV X-ray powder
diffractometer (Rigaku, Tokyo, Japan) [24]. X-ray diffrac-
tion analysis was operated by following the method of
Kumari and Singh [26]. The important functional groups
were determined on a Jasco FTIR-16100 instrument in
the range 4000–500 cm−1 at a resolution of 2 cm−1 [25].
The size details and morphology of AgNPs understand
by the scanning electron microscopy operating at 200
Kv [27].

Antibacterial activity by agar well diffusion method
The silver nanoparticles synthesized using leaves and
callus extracts were used to study antibacterial activity
by the agar well diffusion method. The cultures used for
antibacterial activity with pathogenic isolates were
Escherichia coli, Pseudomonas aeruginosa, as gram-
negative and Bacillus subtilis, Staphylococcus aureus as
gram-positive bacteria. The three different concentra-
tions of silver Nanoparticles samples (40 μl, 50 μl, and
60 μl) were poured into each well on all plates using a
sterile micropipette along with streptomycin as positive
control and stored in the incubator for 24 h at 37 °C.
The zone of bacterial inhibition was observed and mea-
sured [28].

Results
Callus formation
The callus induction was significant, i.e., 100% growth
response when inoculating the leaves of CP in 1.0 mg/l
of BAP. Although, less than this concentration of BAP,
0.5 mg/l and 2.0 mg/l BAP did not provide for suitable
calli induction (Table 1). It was followed by 2,4 D (1 mg/
l) alone and a combination of BAP + Kn ((2 + 2 mg/l)
that responded similarly and shows 86% growth (Table

1). The initially growing callus was whitish in color and
slow-growing, but after 2 weeks it became slightly green-
ish with a friable texture. After 4 weeks, it turned from
light green to dark green and then to become a compact
brownish solid callus at the end of 8 weeks (Fig. 1e).
After 8 weeks, the calli were collected and used for the
synthesis of AgNPs, considering their maturity and
brownish color.

UV-visible spectroscopy
With the addition of callus and leaf extracts with 1 mM
AgNO3 solution, color change initially appeared from
yellow to brown. It was due to the reduction of Ag+ to
Ag0 (Fig. 2a, c). The spectra of AgNPs synthesized from
CP in vivo leaves and in vitro-derived callus were re-
corded after time intervals of 2 min, 30 min, 1 h, 2 h,
and 24 h from the beginning of the reaction (Fig. 3a, b).
The color intensity was noted to increase with an in-
crease in the reaction time (Fig. 2b, d). The absorption
spectrum of callus and leaves extracts revealed a peak at
441 nm and 436 in callus and leaves respectively. It indi-
cated that there was no characteristic SPR peak observed
at the initial stage (2 min). After 1 h, the SPR peak
started to appear in the visible range at 435 nm and be-
came more prominent after some time. With increasing
reaction time, the SPR peak became more intense and
indicated the biogenic synthesis of silver nanoparticles.

X-ray diffraction analysis (XRD)
The X-ray diffraction pattern of silver nanoparticles
clearly showed, under the 2 theta angle, the main peaks
at 32.025, 46.081, 64.30, and 76.638 corresponding to
the planes (289), (154), (220), and (76), synthesized from
the in vivo leaves extracts of CP (Fig. 4a). A face-centric

Table 1 Effect of different hormones on callus formation from leaf explants of CP Willd.

Name of
hormones

Hormonal
concentration
(mg/l)

Callus induction (in weeks) % growth
frequency2 Weeks 4 Weeks 6 Weeks 8 Weeks

2,4 D 1.0 + + ++ +++ 86

2.0 − + ++ +++ 75

3.0 − + + + 20

BAP 0.5 − + + + 20

1.0 + + ++ ++ 100

2.0 − + + ++ 60

Kin. 0.5 − + + ++ 55

1.0 − + ++ +++ 80

BAP + 2,4 D 0.5 + 0.5 − + ++ +++ 50

1 + 1 − + ++ ++ 60

BAP +Kin 1 + 1 − + ++ ++ 50

2 + 2 + ++ ++ +++ 86

Note: ‘+’ = slow growth, ‘++’ = moderate growth, ‘+++’ = rapid growth (placed after callus description in the “Results” section)
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cubic structure was displayed in AgNPs. Besides, two
unassigned peaks appeared at 56.29 and 74.25. These
two peaks were lower than those of silver. In the callus-
derived AgNPs, the prominent peaks observed at 32.50,
46.11, 64.37, and 77.30 corresponding to the (188.6),
(216), (106.1), and (90) planes, respectively (Fig. 4b).
Similar to leaf extract, two unassigned peaks were ob-
served at 59.79 and 85.61.

Fourier transform infrared spectroscopy (FTIR)
FTIR spectra of leaf extract-AgNPs showed main peaks
at 4000 cm−1 to 600 cm−1 (Fig. 5a). It shows specific
peaks at 3351 cm−1 (meant for O–H stretching for alco-
hols), 2929 and 2427 cm−1 for O–H stretching of car-
boxylic group, 1580 cm−1 meant for –C=C aromatic
ring, 1384 cm−1 for –C–N stretching of an aromatic
amine group, 1092 cm−1 for aliphatic amine phenol/

Fig. 1 In vitro callus induction at different time intervals in CP from leaves explant. a Initiation of callus. b After 2 weeks. c After 4 weeks. d After
6 weeks. e After 8 weeks

Fig. 2 a (1) AgNO3 solution (2) CP leaf extract (3) Synthesized AgNPs. b Showing color intensity of CP leaf extract after time intervals of 2 min, 30
min, 1 h, 2 h, and 24 h. c (1) AgNO3 solution (2) CP callus extract (3) synthesized AgNPs. d Showing color intensity of CP callus extract after time
intervals of 2 min, 30 min, 1 h, 2 h, and 24 h
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alcohol and lastly 1048 cm−1 for secondary alcohols/car-
boxylic/ester group. There were 5 FTIR peaks obtained
from callus extract-AgNPs, i.e., at 2925, 2854, 1746,
1384, and 1150 cm−1 (Fig. 5b). The observed peaks de-
note carboxylic group, –CH alkaline bonds, –C=O ester,
–C–N, and –C–C stretch, respectively.

Scanning electron microscopy (SEM)
SEM analysis was performed to determine the morph-
ology and size of the silver nanoparticles synthesized
from CP leaves and callus extracts. The SEM micro-
graph (Fig. 6a, b) indicates that the AgNPs synthe-
sized in the sample were cubic nanoparticles that
were distributed randomly over the residues. The
average diameter of the nanospheres was between 32
and 57 nm. All particles were uniform and well dis-
persed without larger aggregations. The shape of the
AgNPs may be due to the availability of different
quantities and the nature of the capping agents
present in the leaf and callus extracts. This is also
supported by the shifts and differences in areas of the
peaks obtained in the FTIR analysis in the present
study. The obtained results from FE-SEM strongly
confirmed that Celastrus paniculatus leaf and callus

extracts might act as a reducing and capping agent in
the production of silver nanoparticles.

Antibacterial activity
The effective inhibition of bacterial growth was observed
by the silver nanoparticles and positive control (strepto-
mycin) after 24 h of incubation in contrast to the nega-
tive control discs without any ZOI (Table 2). AgNPs
exhibited significant bacterial activity against gram-
positive as compared to gram-negative bacteria E. coli, P.
aeruginosa. According to Table 2, it was evident that the
maximum ZOI of 22.16 ± 1.52 mm shown by AgNPs
prepared from CP leaf extracts towards S. aureus, while
a lesser degree of ZOI was observed serially in B. subtilis
(21.33 ± 1.25 mm) as gram-positive and P. aeruginosa
(21.67 ± 0.25 mm) and E. coli (21.66 ± 0.76 mm) as
gram-negative bacteria.
Whereas in the case of the callus synthesized AgNPs,

the maximum ZOI was observed in B. subtilis (24.00 ±
1.00 mm). It was higher than the other bacteria like E.
coli (23.00 ± 0.50 mm), P. aeruginosa (22.33 ± 0.57 mm),
and S. aureus (21.50 ± 0.50 mm). These data were statis-
tically significant when calculated by Duncan’s multiple
tests [29] as post hoc and one-way analysis of variance

Fig. 3 The UV-visible spectra of AgNPs synthesized from CP in vivo leaves and in vitro-derived callus were recorded after time intervals of 2 min,
30 min, 1 h, 2 h, and 24 h from the beginning of the reaction in a leaf extract, b callus extract
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Fig. 4 FTIR spectra of CP extract in the range 4000–500 cm−1 at a resolution of 2 cm−1. a Leaf extract. b Callus extract
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by using SPSS (Ver. 11, SPSS Inc. Chicago, USA)
software.

Discussion
Green nanoparticle synthesis is an environmentally
friendly process for the synthesis of silver nanoparticles
[30]. However, the use of plants for the production of
nanoparticles has attracted the attention of researchers
as a fast, inexpensive, and single step for the biosynthesis
process. The development of a simple, safe, and green
synthetic path would provide further charm in the syn-
thesis and application of silver nanoparticles [31]. The
synthesis of silver nanoparticles using in vivo leaf and
in vitro-derived callus was an important innovative green

technology for modern material science. The nanoparti-
cles are meant to trap the desired molecules and re-
leased them in their proper form to the targeted sites
[32, 33]. Here, the main aim was to make the silver
nanoparticles both from leaf and callus and try to ob-
serve the impact of its antibacterial activities. By various
parameters, the nanoparticles were characterized
followed by their implications over the different bacteria
by measuring the zone of inhibitions.
Callus formation occurred from the leaf explants after

8 weeks of inoculation on MS medium. After 8 weeks,
callus becomes matured and brownish which helps in the
synthesis of silver nanoparticles may be due to the pres-
ence of secondary metabolites. These phytochemicals act

Fig. 5 XRD analysis of a leaf extract and b Callus extract plotted by theta (degree) versus intensity (counts)

Fig. 6 Scanning electron micrograph of a leaf extract and b callus extract shows the characteristic depth at 100 μm scale and 50 μm scale,
respectively. The arrow marks indicate the cubic nanoparticles in both leaf and callus extract

Solanki et al. Future Journal of Pharmaceutical Sciences            (2021) 7:60 Page 6 of 9



as capping and stabilizing agents for silver nanoparticle
synthesis. The calli obtained from CP during this study
are close to the previous report of Thomas and Philip
[34]. Several reports evidenced the use of other hormones
like NAA and kinetin [16], IAA and NAA [35], kinetin
and IBA [36] promotes the callusing in the leaves of CP.
However, the other report [24] suggests that the similarity
in calli-derived from leaves of Centella asiatica. It is note-
worthy to mention that it is rich in phytochemicals and
therefore used for AgNPs synthesis. The above findings
confirm with the earlier reports in the leaves of CP as well
[20] and in the leaf of Leptadenia reticulate Retz [37].
The peak of SPR and different molecules of callus ex-

tracts could be responsible for the recovery and
stabilization of silver nanoparticles [38]. The reduction
in the stabilization of silver ions in AgNPs is thought to
be due to the involvement of callus proteins and second-
ary metabolites. This can be approved due to its proteins
via its free amino groups or cysteine residues that bind
to AgNPs and stabilize AgNPs during biogenesis [19].
This may be due to the bioorganic compounds present
on the surface of AgNPs. Unplanned crystalline

structures (56, 29, and 74, 25) are appeared to confirm
the presence of organic compounds present in leaf ex-
tract [38, 39].
The visual color change was initially characterized in a

visible UV-spectrophotometer. It was examined due to
the reduction of Ag+ to Ag0. The appearances of dark
yellow, dark brown, reddish-brown color solution were
consistent with AgNPs synthesis in both the samples
through UV-visible spectroscopy. The increased color
intensity represents a rapid reduction process to under-
stand the mechanism of increased AgNPs synthesis.
Such color change signaled the presence of certain active
biomolecules in the two extracts of CP. In both samples,
periodic changes in UV-visible absorption peaks were re-
corded between the range of 420–450 nm, which repre-
sents surface plasmon resonance (SPR). The SEM
analysis of leaf and callus synthesized AgNPs repre-
sented the presence of cubical shaped uniform silver
nanoparticles in both samples. Moreover, the average
diameter of the nanospheres was ranging between 32
and 57 nm. These peaks were lesser than those of silver
and it could be the presence of bioorganic compounds

Table 2 Antibacterial activity of silver nanoparticles synthesized by using CP leaf and callus extract against various microorganisms.
The data were statistically evaluated through one-way analysis of variance. The data represents mean ± standard deviation. Data for
each column in the respective bacteria followed by the different letters (a to h) are significantly different according to Duncan’s
multiple range test [29] at P < 0.05. These letters (a to h) usually compare the means of different concentrations and the treatments

Name of the
organisms

Concentrations Zone of inhibition (mm)

Celastrus leaf sample Celastrus callus sample

Plant extract AgNPs Callus extract AgNPs

Escherichia coli 40 μl 13.06 ± 0.40a 19.50 ± 0.5d 15.83 ± 0.76b,c 20.16 ± 0.76d,e

50 μl 13.83 ± 0.76a 20.73 ± 0.87d,e,f 15.90 ± 0.49b,c 20.83 ± 0.85e,f

60 μl 15.23 ± 0.68b 21.66 ± 0.76f 16.66 ± 0.57c 23.00 ± 0.50g

Positive control 33.00 ± 1.00h

Negative control 0

Pseudomonas sp. 40 μl 14.50 ± 0.50a 19.16 ± 1.25d 15.83 ± 0.76b,c 20.50 ± 0.50e

50 μl 15.66 ± 0.76a,b,c 21.00 ± 1.00e 15.06 ± 0.60a,b 21.52 ± 0.50e,f

60 μl 15.73 ± 0.25a,b,c 21.67 ± 0.25e,f 16.83 ± 0.76c 22.33 ± 0.57g

Positive control 30.00 ± 0.50h

Negative control 0

Staphylococcus aureus 40 μl 14.66 ± 0.57b,c 19.00 ± 0.50d 14.00 ± 1.00b 20.50 ± 0.50e

50 μl 15.83 ± 0.76c 21.16 ± 1.04e,f 16.00 ± 1.00c 21.66 ± 1.52e,f

60 μl 0.00 ± 0.00a 22.16 ± 1.52f 0.00 ± 0.00a 21.50 ± 0.50e,f

Positive control 31.23 ± 1.07g

Negative control 0

Bacillus subtilis 40 μl 13.00 ± 1.00a 18.33 ± 0.57c,d 13.00 ± 1.00a 20.73 ± 0.75e

50 μl 14.16 ± 0.76ab 19.16 ± 0.57d 14.33 ± 0.76a,b 21.33 ± 1.25e

60 μl 15.56 ± 1.10b 21.33 ± 1.25e 17.16 ± 0.76c 24.00 ± 1.00f

Positive control 26.33 ± 0.57g

Negative control 0
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on the surface of AgNPs. As in the case of the XRD ana-
lysis of the leaves, unplanned crystalline structures (59,
79 and 85, 61) displayed that indicates the existence of
organic compounds of the callus extract [40–42].
The shape of AgNPs may be due to the availability of

different amounts and the nature of the styling agents
present in the leaf and callus extracts. The study related
to FTIR represented the presence of numbers of various
functional groups like carbohydrates, flavonoids, poly-
phenols, proteins, and terpenoids in extracts of leaf and
callus. This may be considered to be a reducing, capping,
and stabilizing agent that promotes the rapid synthesis
of silver nanoparticles. Silver nanoparticles have been re-
ported to be the memorable antibacterial activity against
the bacteria. AgNPs may preferentially bind to the cell
membrane and cause dissipation of proton motive force
(PMF) and thereby causing destruction of the mem-
brane. The action of silver nanoparticles takes place on
the surface of the bacterial cell membrane, which dis-
rupts their permeability and their respiratory functions
[2]. The use of 8-week calli-derived AgNPs is considered
to have a higher potential for the synthesis of silver
nanoparticles compared to in vivo leaf. It may be due to
interfering with other complex/metabolites in binding
with AgNO3 to form nanoparticles. This study will lead
to the development of a simple bioprocess for the syn-
thesis of silver nanoparticles and will open a new possi-
bility of very conveniently synthesizing silver
nanoparticles using plant parts that will be useful in bio-
medical applications.

Conclusion
Plant-based nanoparticles are a significant alternative
way of idiomatic expression against chemical and phys-
ical methods. AgNPs were effectively synthesized from
both in vivo leaves and in vitro developed callus of C.
paniculatus. In this study, different characterization
techniques were used viz. UV-spectra analysis, XRD
method, FTIR analysis, and SEM analysis for the con-
firmation of AgNPs. The antibacterial activity as shown
by the use of synthesized AgNPs from plant extract can
be recommended in the field of nanomedicine. The syn-
thesis of silver nanoparticles using in vivo fresh leaves
and in vitro developed callus in C. paniculatus was
found to establish an energetically and economically
feasible rapid method using silver nitrate. Besides, this
method is very simple and user friendly which do not re-
quire any special tools and technique for synthesis.
Thus, it can be explored in the field of medicine.
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