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Abstract

The present study reports the development of potent silver nanoparticles (AgNPs) using bark extract of Acacia nilotica and evaluation
of its wound healing, anti-biofilm, anti-cancer and anti-microbial activity. Stable, small sized nanoparticles with spherical morphology
were obtained after significant optimization studies that was evaluated through UV-visible spectroscopy. Thereafter, physicochemical
characterization of biosynthesized AgNPs was carried out through DLS and FESEM for evaluation of size. EDAX and FTIR were carried
out for the evaluation of composition and possible functional groups involved in the reduction and capping of AgNPs. The antibacterial
potential was investigated through disc diffusion assay against Escherichia coli (E. coli) and Pseudomonas aeruginosa (P. aeruginosa). Further,
the Congo Red Assay (CRA) successfully revealed the anti-biofilm activity against Bacillus subtilis (B. subtilis), Staphylococcus aureus
(S. aureus), Proteus vulgaris (P. vulgaris), Pseudomonas aeruginosa (P. aeruginosa). Alamar blue assay was conducted in A549 cells to reveal
the remarkable anticancer activity of biosynthesized AgNPs that resulted in a very appreciable manner. Further, the wound healing
activity of AgNPs can heal the excised wound of mice up-to 100% within 15 days. All these studies suggested that our biosynthesized

AgNPs possess versatile biomedical application.
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Highlights:

+ Development of potent silver nanoparticles using bark extract of Acacia nilotica.
+ Characterized the ANB-AgNPs via UV, DLS, FTIR, FESEM and EDAX.

+ Evaluated of antibacterial and antibiofilm potential of ANB-AgNPs.

« Evaluated the anticancer and wound healing potential of ANB-AgNPs.

Introduction

Nanobiotechnology is a rapidly developing and promising field
in biomedicine. Metallic nanoparticles have shown great po-
tential in pharmaceuticals, industries and therapeutic field
(Jeeva et al., 2014; Nakkala et al., 2014). Among metallic na-
noparticles, silver has been gaining tremendous attention ow-
ing to their spectacular applications in the field of catalysis,
photovoltaics and biomedicine. Silver nanoparticles possess
properties including antimicrobial, antifungal, larvicidal and
anti-parasitic (Vasanth et al., 2014). Along with this, silver na-
noparticles synthesized through natural products have shown
potent antioxidant (Ali et al., 2012) and catalytic properties
(Balakumar et al., 2017; Vellaichamy and Periakaruppan, 2016
a, ©). Silver nanoparticles are also known for their wound heal-
ing properties specifically green synthesized silver nanopar-

ticles have been proven to exhibit significant wound healing
action (Gong et al., 2018).

Further, cancer is becoming one of the leading causes of
death in the world. The limitations of conventional approach-
es are acting as hurdles in therapeutics (Boisselier and Astruc,
2009; Ong et al., 2013). To overwhelm this dilemma, research-
ers are now moving to better alternatives that can surmount
the problems. So, nanobiotechnology including AgNPs synthe-
sized from plant extract can prove to be a promising substitute
in cancer therapeutics as these are non-toxic and non-inflam-
matory. Numerous studies have investigated plants extracts
for the biosynthesis of AgNPs such as Cinnamon zeylancium
bark, Coleus amboinicus Lour, Medicago sativa, Citrus sinensis
peel, Panax ginseng, Weissella oryza, Terminalia arjuna, Cana-
rium ovatum, Cordia dichotoma, Cicer arientinum, Bacillus brevis,
Justicia glauca, Bombax ceiba (Ahmed et al., 2016; Arya et al,,
2016, 2017; Emmanuel et al,, 2017; Kaviya et al., 2011; Ku-
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mari et al., 2016; Lukman et al., 2011; Narayanan and Sak-
thivel, 2011; Saravanan et al., 2018; Sathishkumar et al., 2009;
Singh et al., 20164, b; Vellaichamy and Periakaruppan, 2016b).

Acacia nilotica plant commonly known as Kiker and babul
has been used in the medical field from ancient time owing
to its medicinal values. Acacia nilotica is commonly found in
almost all tropical and subtropical area of Africa, Asia, Austral-
ia. The plant was shown to have anti-mutagenic activity due
to presence of phytochemicals i.e. polyphenols and gallic acid.
Along with this, extract has been reported to exhibit cytotoxic
activity (Ali et al., 2012).

In the present investigation, we have used bark extract of
A. nilotica to facilitate green synthesis of AgNPs (ANB-ANPs).
Though A. nilotica bark has earlier been employed for biosyn-
thesis of AgNPs and evaluated for their antibacterial and cat-
alytic activities (Prasad, 2015; Karuppiah et al., 2014; Preethy
and Savitha, 2016), a systematic study exploring various di-
mensions of AgNPs synthesis is missing. Hence, this study was
conducted where aqueous extract of A. nilotica bark was used
for green synthesis of AgNPs and several parameters that influ-
ence the synthesis were investigated. The AgNPs were assessed
by UV-visible spectrophotometry followed by further physic-
ochemical characterization by DLS, FESEM, EDAX and FTIR.
Further, their wound healing, anti-biofilm, antibacterial and
anticancer activities analysis was performed. The antibacterial
potential of ANB-ANPs was determined against E. coli and P.
aeruginosa (a multi-drug resistant bacteria). For anti-biofilm
activity, the AgNPs were assessed against two Gram-positive
bacteria B. subtilis, S. aureus and two Gram-negative bacteria
P. vulgaris, P. aeruginosa. Further, the anticancer activity of
ANB-AgNPs was evaluated against A549 (human lung carcino-
ma) cells. To evaluate the wound healing potential the excision
and treatment study on mice model were performed.

Materials and methods

Material

Silver nitrate (AgNOsz, 99.99%, molecular weight = 169.87),
Luria broth and Luria Agar were purchased from Central Drug
House, India. Dulbecco’s Modified Eagle Medium high glucose
(DMEM HG), Fetal Bovine Serum (FBS), 0.25% Trypsin-EDTA
were procured from Life Technologies, USA. Dulbecco’s phos-
phate buffered saline (PBS) without calcium and magnesium
chloride, Sodium bicarbonate, Resazurin sodium salt was pur-
chased from Sigma Aldrich, India. Kanamycin was purchased
from Himedia, India. Filtration was done using Whatman No.
1 filter paper and double distilled water (in-house prepared)
was used for the preparation of extract and other solutions.

Plant sampling

Acacia nilotica bark samples were collected from the campus
of Central University of Rajasthan, Ajmer. The samples were
then separated, washed thoroughly with tap water followed by
rinsing with DD water. The samples were then shade dried for
10-15 days.

Preparation of aqueous extract of A. nilotica bark

For this, dried barks were cut into small pieces and ground into
fine powder by using mortar pestle. 10 g powdered bark was
weighed and mixed in 100 ml DD water. Further, it was boiled
for 20 min at 60 °C under continuous stirring. The obtained
mixture was then kept at room temperature to cool down and
then filtered under reduced pressure condition. The clear fil-
trate was then used for reaction and kept at 4 °C for further use.

Biosynthesis of silver nanoparticles

Aqueous bark extract was added drop-wise to 1 mM AgNO;
solution in an Erlenmeyer flask under continuous stirring at
500 rpm. The reaction was incubated until the color changed.
The reaction mixture was then subjected to centrifugation at
10 000 rpm for 10 min followed by washing the pellet thrice
with DD water. The obtained particles were then re-suspend-
ed, and their synthesis was confirmed by UV-visible spectro-
photometer. The remaining pellet was dried for their further
characterizations. The samples were later dried in vacuum for
further studies.

UV-visible spectrophotometer analysis

The synthesized ANB-AgNPs were initially confirmed and
characterized by UV-visible spectroscopy because of their
unique characteristic properties. The AgNPs were analyzed
through wavelength scanning ranging from 300-700 nm. The
obtained spectra were then used as a base for further charac-
terization as it gives a rough idea about shape, size and yield of
the synthesized particles.

Optimization of reaction parameters

The bio-fabrication of AgNPs is a very sensitive reaction in
terms of size, shape, yield and agglomeration state that are in-
fluenced by certain important parameters. Here, we have opti-
mized these parameters including the effect of reaction time,
AgNOj3 concentration, ratio of extract to AgNO5 and tempera-
ture of the reaction.

Firstly, the time of the reaction was optimized by perform-
ing reaction for stipulated time points of 10, 20, 40, 60, 80,
120, 160 and 200 min. The concentration of AgNOj3 and the
extract volume was kept constant for each reaction. Further,
the reaction mixtures were subjected to centrifugation at 1000
rpm for 10 min, washed thrice and dispersed in DD water.
After sonication, the fully dispersed AgNPs were monitored
through UV-visible spectrophotometer. The data procured was
then used as the base information for next optimizations.

Further, the effect of different AgNOj3 concentrations
(0.5 mM, 1 mM, 1.5 mM and 2 mM), extract to AgNOs; ratios
(1:40,1:20,1:10,1:6.5and 1:5) and effect of various
reaction temperatures (4 °C, 25 °C, 40 °C, 60 °C and 80 °C)
were optimized in the same manner by keeping the other two
parameters fixed and the reaction were exposed to UV-visible
spectrophotometer.

Microwave assisted synthesis of silver nanoparticles
The biosynthesized reaction of AgNPs was also performed by
irradiating the reaction mixture by microwave using the above
optimized data. The bark extract was added drop-wise to
AgNOj; solution and the reaction mixture was then irradiated
for 30 s at 900 W of power. Color of the reaction changes after
30 s and the reaction mixture was then subjected to centrifu-
gation followed by washing of obtained AgNPs pellet. Further,
the same steps were followed for 60, 90 and 120 s the color
of reaction changed rapidly followed by analysis on UV-visi-
ble spectrometer at regular time intervals (i.e. 30, 60, 90 and
120 s).

Physicochemical characterization of ANB-AgNPs

The very first characterization was done with UV-visible spec-
trophotometer because it confirmed the synthesis of AgNPs
and gives a rough qualitative idea about size, shape and agglo-
meration state. For further quantitative confirmation of all
these properties, the nanoparticles were subjected to DLS and
FESEM. EDAX and FTIR were carried out to evaluate the com-
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position and possible functional groups involved in reduction
and capping of AgNPs.

Evaluation of antibacterial activity using disc diffusion
assay

To evaluate the antibacterial activity of the synthesized
ANB-AgNPs, disc diffusion assay was executed against E. coli
and P. aeruginosa. The experiment started with a single colony
of both the bacteria that were obtained through streaking the
glycerol stock of each of them on LB agar plates. The single
colonies were picked and inoculated into LB broth followed
by incubation at 37 °C for 16 h at 150 rpm for primary cul-
ture. From the primary culture, 1% inoculum was inoculated
in fresh broth and incubated to grow till 0.4 optical density
at 600 nm. From that, 100 pl of the culture of each bacterium
was spread on separate LB agar plate and sterile six paper discs
(5 mm) were placed. Four of them were impregnated with dif-
ferent concentrations of ANB-AgNPs (0.25-1 pg). Remaining
discs were used as the negative and positive control by saturat-
ing with de-ionized water and antibiotic (kanamycin 1 pg/ml),
respectively. The plates were then kept at 37 °C for 24 h and
zone of inhibition was measured.

Anti-biofilm activity of ANB-AgNPs by CRA plate
method:

To evaluate the antibiofilm activity of ANB-AgNPs, Congo red
agar (CRA) plate method was performed (Ansari et al., 2015;
Kalishwaralal et al., 2010). Here in this method, a special me-
dia- brain heart infusion (BHI) broth supplemented with 5%
sucrose, 1% agar and 0.08% Congo red was utilized against
four biofilm forming bacteria including B. subtilis, S. aureus, P.
vulgaris, P. aeruginosa. The plates were prepared and after solid-
ification the colonies of bacteria were inoculated on separate
plates with and without ANB-AgNPs and inoculated aerobical-
ly at 37 °C for 24-48 h.

Evaluation of anticancer activity against A549 cell line
To evaluate the anticancer activity of ANB-AgNPs, Alamar
blue assay was performed against A549 cells. The cells were
continuously grown in DMEM media with 10% FBS, 1% pen-
strep and maintained in 5% CO, at 37 °C in CO, incubator.
A flask with 80-85% confluency was used for the experiment
followed by trypsinization and cell counting. Cells were seeded
in 96 well plate at a cell density of 1 x 104 cells/well and were
allowed to grow for 24 h. After that, used media was discard-
ed and cells were washed with PBS. Further treatment of dif-
ferent concentrations (10-200 pg) was given to A549 cells to
evaluate the anticancer property and likewise, treatment was
given to HEK293 cells in a concentration of 3-100 pg. After
that, the used mixture was discarded and fresh mix of media
and Alamar blue reagent (resazurin 0.15 mg/ml) in a volume
ratio of 90 pl + 10 pl was added to each well along with the pos-
itive control. The absorbance was then measured at 570 and
600 nm using a microtiter plate reader after 4 h.

Animal experiment for wound healing

The animal ethical committee of The IIS University approved
the use of mice used in experiments and approved the proto-
cols used.

Preparation of ointment

For topical application, an ointment was prepared using
ANB-AgNPs along with Carbopol which forms a hydrogel after
combining with water. The prepared combination of ANB-Ag-
NPs-Carbopol hydrogel was used as topical applicator for

wound healing experiment whereas only Carbopol hydrogel
and Povidine-Iodine were used as negative and positive con-
trol, respectively (Moideen et al., 2011).

Excision and treatment of wound

Six to eight-week-old mice weighing about 100-700 g were
used to evaluate the wound healing potential of ANB-AgNPs.
All the experimental procedure and animal care were per-
formed according to the guidelines of National Institute of
Health Guide for the care and use of laboratory animal. All
the mice were kept on a 12-hour light/dark cycle in a room at
22-25 °C with proper ventilation, and supplied with standard
pellet diet and water regularly. One day before, the mice were
shaved through the dorsal side of their body. Using a dermato-
logical pencil, 10 mm mark was made on the shaved skin and
the marked portion was cut through a sterile surgical blade
under anesthetic condition (Gong et al., 2018; Wilkinson et
al., 2011).

After excision, all the mice were randomly divided into
three groups (n = 5 for each group) which includes group-I con-
sidered as the negative control where only Carbopol hydrogel
was used as ointment applicator. Group-II included the Car-
bopol hydrogel having ANB-AgNPs as ointment applicator and
group-1II included positive control where Povidine-lodine was
used. The wound was treated by the ointment after subsequent
days.

Percentage of wound healing

The percentage of wound healing or wound reduction was de-
termined by calculating the ratio of reduction of size from the
day of excision with an interval of four days. A reduction curve
was plotted by calculating the percentage of wound healing
through a mean of meter ruler in all three groups on 1st, 6th,
10th and 15th days. The formula for calculation of wound heal-
ing is as follow:

% of WH = (WA, - WA, / WA,) x 100

Where
WH = Wound healing
WA, = Wound area on day 0
WA, = wound area ondayn (n=1, 6,10 and 15)

Statistical analysis

All the experiments were done in duplicates, with three sepa-
rate experiments to demonstrate reproducibility. All the data
were presented as mean + standard deviation (z SD) of all the
experiments.

Results and discussion

Preparation of extract from A. nilotica bark

A clear, light brown color aqueous extract of A. nilotica bark
was obtained after boiling and filtration. The extract can be
stored at 4 °C and used up to 2-3 weeks. the extract should be
kept on room temperature before reaction.

Biosynthesis of ANB-AgNPs

The biosynthesis reaction of AgNPs by bark extract resulted
in the change of color from light yellow to a dark grayish solu-
tion that visually confirmed the synthesis of AgNPs (Fig. 1A).
This was due to the action of the phytochemicals present in the
extract including phenolic compounds and other secondary
metabolites. The major constituent of the extract is secondary
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metabolites including cardiac glycosides, flavonoids, saponins,
and tannins, as reported by Singh et al. (2016a, b). The main
role of the reducing agent is to provide electrons to ions to
form atoms and when matter is sized down, there is a huge
raise in its surface free energy. This leads to increase in both

chemical and physical interaction of the particles with its sur-
rounding, introducing aggregation of these atoms that leads to
rise in nano sized particles. Reducing agents have potential to
reduce Ag* into AgC and their stabilization by capping.

0.4 1

0.3 1

Absorbance (a.u.)

0.2

0.1

L} L} L}
300 400 500 600 700
Wavelenth (nm)

Fig. 1. (A) Biosynthesis reaction of AgNPs via Acacia nilotica bark (a) bark extract; (b) AgNO, solution; (c) color change due to AgNPs synthesis.
(B) UV-visible spectra showing SPR peak around 420 nm. (For colour resolution see the on-line edition)

UV-visible spectrophotometer analysis

The UV-visible spectrophotometer has been largely employed
for the characterization of AgNPs synthesis. These nanoparti-
cles have been observed to exhibit characteristic strong sur-
face plasmon resonance (SPR) band near 420 nm. This occurs
due to the collective oscillation of free electrons of the con-
duction band after excitation by a particular wavelength of
incident light (Ajitha et al., 2016; Pradeepa et al., 2014). The
graph distribution procured from this study gives the estimat-
ed information about the size, shape, yield and agglomeration
state of AgNPs.

Ample amount of reports has been generated based on
UV-visible spectra analysis of AgNPs. According to them, Ag-
NPs with spherical shape give the absorbance maxima around
420 nm with one single peak or SPR band. However, particles
having different shapes i.e. cuboid, rod, triangle etc. tend to
show two or more peaks of SPR band (Mie, 1976). Further,
the bathochromic shift of SPR band indicates larger parti-
cles size formation. Similarly, hypsochromic shift indicates
the decreased particle size with stability (Stamplecoskie and
Scaiano, 2010; Zhang et al., 2007). Reports also revealed that
an increase in the SPR band in terms of absorbance or height
indicates the increase in yield of AgNPs, but as the yield in-
creases, aggregation is likely to occur which is due to the in-
crease in collision frequency of AgNPs (Sathishkumar et al,,
2009; Zhang et al., 2007).

Here, synthesized ANB-AgNPs were scanned using UV-vis-
ible spectrophotometer for confirmation of their synthe-
sis. The optimization studies were done with the procured
data (Fig. 1B). AgNPs biosynthesis here showed SPR band at
420 nm with a single peak, that tends to show spherical shape
with smaller size and for quantitative confirmation, further
physicochemical studies were executed.

Optimization of reaction parameters
The study of optimization of the parameter is very signifi-
cant and essential due to the sensitivity of synthesis reaction

for AgNPs that controls size, shape, yield and agglomeration
state. The absorbance spectrum of ANB-AgNPs (Fig. 2A) was
obtained at different time points which revealed that at reac-
tion time 20 min, the absorbance maxima of SPR was obtained
around 420 nm. Wherein at other time points (40, 80, 120, 160
and 200 min), the absorbance maxima showed bathochromic
shift (near 435 and 440 nm) indicating larger particles forma-
tion (Stamplecoskie and Scaiano, 2010; Zhang et al., 2007). So,
20 min of synthesis could be considered as optimized time
for the reaction. Further, in the case of AgNO3 concentration,
0.1 mM and 0.5 mM showed very low yield along with hypsoch-
romic shift at 410 nm (Fig. 2B). On the other hand, 1.5 mM and
2 mM AgNOj3 showed absorbance spectra with bathochromic
shift including very high yield that could result in aggregation
(Sathishkumar et al., 2009). The SPR band of 1 mM AgNO;
obtained near 420 nm henceforth suggested it to be the opti-
mized concentration for ANB-AgNPs synthesis. Next optimi-
zation was done for extract to AgNOj, ratio. The procured data
from UV-visible spectra (Fig. 2C) suggested that 1:20 (0.5 ml
of extract) shows the absorbance spectra near 420 nm with the
considerable amount of yield. Whereas in case of 1 ml extract,
the yield obtained was high along with a red shift near 440 nm
suggesting larger particle size because of aggregation due to
the collision of higher amount of AgNPs (Sathishkumar et al.,
2009, Zhang et al., 2007). Similarly, in case of temperature op-
timization, the spectrum (Fig. 2D) revealed that 25 °C temper-
ature is suitable for ANB-AgNPs synthesis.

Microwave assisted synthesis of silver nanoparticles
The biosynthesis reaction of AgNPs was further conducted by
microwave synthesis using the above-optimized parameters.
The UV-visible scan data was obtained at regular time intervals
at 30, 60, 90 and 120 s (Fig. 3). The obtained results indicat-
ed that the microwave assisted synthesis of nanoparticles was
achieved in shorter duration of time. The color change was ob-
served within 10 sec indicating the reduction of AgNOj lead-
ing to formation of nanoparticles.
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Fig. 2. UV-vis spectra of the optimization studies including (A) reaction time; (B) AgNO, concentrations; (C) extract to AgNO, ratio; (D) temperature of

reaction. (For colour resolution see the on-line edition)
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Fig. 3. UV-vis spectra of microwave assisted AgNPs synthesis.
(For colour resolution see the on-line edition)

Physicochemical characterization of silver
nanoparticles

DLS was performed with freshly prepared ANB-AgNPs in sus-
pension. The study revealed the average hydrodynamic size of
AgNPs in the range of 56 nm (Fig. 4A). Furthermore, the PDI
(Poly dispersive index) was found to be 0.2 attributed to the
homogenous synthesis of particles. The charge on the particles
was assessed by zeta analysis and the resulted zeta potential
was -16.6 mV (Fig. 4B).

Further, FESEM was conducted to investigate the size and
morphology of synthesized ANB-AgNPs. Accordingly (Fig. 5A),
it was evident that the ANB-AgNPs were spherical in shape
having a smooth surface. The image also revealed that the av-
erage particles were found to be around 20-50 nm without
any aggregation. The representative EDS spectrum (Fig. 5B)
showed the absorption spectrum with an intense high peak at
3 keV. It is a characteristic absorption for metallic silver con-
firming the purity of our synthesized AgNPs (Vijayaraghavan
et al., 2012). The presence of a very small peak of aluminum
along with silver might be due to the aluminium stub that was
used for sample loading and analysis.

FTIR spectrum was conducted to evaluate the functional
groups present in the extract with their possible interactions
that involved in AgNPs synthesis and stabilizing by capping.
IR spectra of A. nilotica bark extract (Fig. 6 band A) showed
peaks at 3352 cm™! and 3058 cm™! indicating the presence of
alcoholic and phenolic compounds. Further, peak at 1610 cm™!
indicates N-H stretching between the bonds. Further, IR-spec-
tra of AgNPs (Fig. 6 band B) showed a peak at 3493 cm™ that
also revealed the involvement of alcoholic and phenolic com-
pounds as in extract indicating that these are responsible for
AgNPs synthesis by reduction. The peak around 2431 and
2398 indicates the presence of aldehyde group in both extract
and AgNPs with slight difference showing the involvement of
these functional group. The peaks at 1769 cm™, 1610 cm™
and 1580 cm™ shows that aromatic compounds and proteins
are involved in interaction and providing capping for the sta-
bility of ANB-AgNPs (Zayed et al., 2012).
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Fig. 4. (A) Dynamic light scattering data that depict hydrodynamic diameter in the range of 56 nm with a PDI range of 0.2; (B) Zeta analysis showing
zeta potential -16.6.

Full Scale Counts:616
700

Ag —— ANB-NP

600 -
500
400+

300

Counts

200

100+
Al
0+ ! f T T

0 5 10 15 20

150kv  X50,000 WD32mm 100nm

Fig. 5. (A) FESEM data depicting size 10-20 nm and spherical morphology without any aggregation; (B) EDS spectrum of AgNPs showing a strong
characteristic peak of silver without any impurity.

fal
| N /
/\

| / \\ /
J / |
°\ // \\ // | “
@ \ (24333 \ / |
Q / 23994  [1769.7% \ |
g ‘
- / |
= L . ) / )
B ' o nd i k k ) [ s

/ \ [\ /1 V| L /

-8 (34932 | \ I\ [ foss /!
St / (27453 | \ ] " /
= 33523 2745 N\ 1769.7 // (830.18

T N\

2398.4 - (1880
1610 1
4 [1518
ANB extract
] ANB AgNPs ‘
13671
4000 3500 3000 2500 2000 1500 1000 450

Wavelength (cm™)

Fig. 6. FTIR spectra of AgNPs (A) band of leaf extract only; (B) band of synthesized AgNPs. (For colour resolution see the on-line edition)



Arya etal. / J Appl Biomed

121

Evaluation of antibacterial activity using disc diffusion
assay

The potent antibacterial efficacy of ANB-AgNPs was investi-
gated using disc diffusion assay against E. coli and multi-drug
resistant P. aeruginosa on LB agar plates (Saravanan et al,,
2018). In both the cases, the antibacterial activity was evaluat-
ed by employing assay for stipulated concentrations (0.25, 0.5,
0.75 and 1 pg) of AgNPs on discs (C, D, E, F). Disc ‘A’ and ‘B’
was taken as negative and the positive control with autoclaved
deionized water and antibiotic (kanamycin), respectively.

As evident from the image (Fig. 7A, B), the growth of bac-
teria was repressed in an appreciable manner. Furthermore,
the zone of inhibition for both the bacteria was quantitatively
presented by bar graph (Fig. 7C) dictating the concomitant de-
crease in the growth rate with increase in the concentration
of ANB-AgNPs from 0.25 pg to 1 pg. The results indicate that
the antibacterial potential was highly dose-dependent, and it
can also surmount the problem of multi-drug resistance. The
diameter of the zone of inhibition was presented in mm and
taken as mean + SD of duplicates.

Inhibition Zone (mm)
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Fig. 7. Representative results of antibacterial assay of AgNPs by using disc diffusion assay against (A) E. coli; (B) P. aeruginosa; (In both cases: A is
negative control, B is positive control, and C to F mark different concentration of AgNPs); (C) Quantitative evaluation of zone of inhibition of both
E. coli and P. aeruginosa that indicate antibacterial efficacy in a dose dependent manner.

Anti-biofilm activity of ANB-AgNPs by CRA plate
method

Congo red agar plate method was performed to evaluate the
anti-biofilm potential of ANB-AgNPs against two Gram-posi-
tive bacteria B. subtilis, S. aureus and two Gram-negative bac-
teria P. vulgaris, P. aeruginosa. Fig. 8 shows the results of the

L

experiment which indicates the appearance of dry crystalline
black colonies on the plate [A (i), B (), C (i) and D (i)] where
AgNPs were not supplemented. These black colonies were due
to the exopolysaccharide production by the bacteria which is
the prerequisite for the biofilm formation.

Fig. 8. Evaluation of the antibiofilm activity of ANB-AgNPs by CRA plate method. The appearance of black colonies [A (i), B (i), C (i) and D (i)] indicates
the exopolysaccharide production by (A) Bacillus subtilis; (B) Staphylococcus aureus; (C) Proteus vulgaris; (D) Pseudomonas aeruginosa bacteria, respectively.
Whereas the addition of ANB-AgNPs blocked the exopolysaccharide secretion by bacteria and weakened their growth.

(For colour resolution see the on-line edition)
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On the other hand, the plates which were supplemented
with ANB-AgNPs [A (ii), B (ii), C (ii) and D (ii)] the organism
showed growth with considerable decrease in the dry crystal-
line black colonies indicating inhibition of exopolysaccharide
secreation by AgNPs treatment.. These results indicate the an-
ti-biofilm activity of ANB-AgNPs.
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Evaluation of anticancer activity against A549 cell line
The in vitro anticancer studies evidenced that ANB-AgNPs
tends to possess potent anticancer activity. Fig. 9A shows a
significant anti-cancerous activity of ANB-AgNPs from 10 pg
to 200 pgin an increasing dose dependent manner where more
than 80% of cell death was observed at 100 pg that goes up to
98% at 200 pg.
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Fig. 9. Anticancer activity of synthesized AgNPs (A) against A549 cells; (B) against HEK 293 cells.

In case of cell viability assay that was performed against
HEK 293 cells, the viability percentage decreased with increase
of ANB-AgNPs concentration. However, when we compare the
cell death percentage of both cancerous (A549) and non-can-
cerous cells (HEK 293) it was observed that at same concentra-
tion i.e. at 100 pg the cell death was more than 80% in A549
cells that indicates only 20% viable cells, whereas in HEK 293
cells the viability was observed near 50%. These results clearly
suggest the anticancer activity of ANB-AgNPs.

Animal experiment for wound healing
The wound healing percentage was quantified from the images
taken after treatment by calculating the size reduction after 1,
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6,10 and 15 days. Fig. 10A shows the visual observation in the
size reduction of the wounds. The rate of wound closure in the
mice treated with ANB-AgNPs-Carbopol was much faster than
the other two groups (Carbopol only and Povidine-Iodine). The
group-I treated with Carbopol only, the percentage of wound
healing was 25, 50 and 65 after 6, 10 and 15 days, respec-
tively (Fig. 10B). Whereas in group-II (treatment of ANB-Ag-
NPs-Carbopol), the percentage of wound healing was 60, 80
and 99. Further, for group-III where the wound was treated
with Povidine-iodine the percentage of wound healing was 12,
56 and 90. These results confirmed that ANB-AgNPs-Carbopol
promoted wound contraction and accelerated the healing of
wounds.
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Fig. 10. (A) Photographs of the wound healing activity of all the three groups on 0, 6, 10 and 15 days under the treatment of Carbopol only, ANB-
AgNPs, Povidine-Iodine. (B) Quantitative data showing the % of wound healing after treatment.
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Conclusions

The work represented here showed efficient synthesis of small-
sized AgNPs using bark extract of A. nilotica. Optimization re-
actions suggested that the efficient biosynthesis of AgNPs oc-
cured when the reaction was performed using 0.1 mM AgNO;
at 25 °C for 20 min at an extract to AgNOs ratio of 1 : 10. The
results qualitatively depicted the particles were spherical in
shape with the smaller size. Additionally, quantitative evalu-
ation by DLS, FESEM showed size in the range of 10-50 nm
and spherical morphology along with smooth surface. The
synthesized ANB-AgNPs also have potent antibacterial and
significant anti-biofilm activity against Gram-positive and
Gram-negative bacteria. The anticancer activity of ANB-AgNPs
come in a considerable manner even at a very low concentra-
tion. Further, wound healing assay showed that the synthe-
sized ANB-AgNPs exhibit the contraction of wound and pro-
mote wound healing very efficiently within 15 days.
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