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Scutellaria barbata is a perennial herb which was vastly prescribed in Chinese medicine to treat inflam-
mations, infections and it is also used a detoxifying agent. We synthesized silver nanoparticles with
Scutellaria barbata extract and characterized the nanoparticles with UV–Vis spectroscopic analysis,
TEM, AFM, FTIR and XRD. The biofilm inhibiting property of synthesized silver nanoparticles were exam-
ined with XTT reduction assay and the antimicrobial property was examined with well diffusion method.
The silver nanoparticles were also coated with cotton fabrics and their efficacy against antimicrobials was
analyzed to prove its application. The cytotoxic property of synthesized silver nanoparticles was exam-
ined with L929 fibroblast cells using MTT assay. Finally we analyzed the wound healing property of syn-
thesized silver nanoparticles with wound scratch assay. The result of our UV–Vis spectroscopic analysis
confirms Scutellaria barbata aqueous extract reduced silver ions and synthesized silver nanoparticles. The
characterization studies TEM, AFM, FTIR and XRD confirms the synthesized silver nanoparticles are in
ideal shape and size to be utilized as a drug. The XTT reduction assay proves silver nanoparticles effec-
tively inhibits the biofilm formation in both resistant and sensitive strains. Antimicrobial sensitivity tests
confirms synthesized silver nanoparticles and cotton coated synthesized silver nanoparticles both are
effective against gram positive, gram negative and fungal species. Further the results of MTT assay con-
firms the synthesized silver nanoparticles are non toxic and finally the wound healing potency of the
nanoparticles was confirmed with wound scratch assay. Over all our results authentically confirms the
silver nanoparticles synthesized with Scutellaria barbata aqueous extract is potent wound healing drug.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Older population is prone to many risks one among them is
chronic wounds, a silent killer. Not only older populations are prey
to non healing chronic wounds but also the persons suffering with
various life style disorders such diabetes, nephropathies, cardio-
vascular diseases etc (Järbrink et al., 2017). A non healing chronic
wound impairs the productivity of the individual and also creates
a heavy economic burden to the country (Augustin et al., 2014).
In diabetic patients chronic wounds had lead to 70% of limb ampu-
tation and overall 85% of ulcers proceed to amputations in patients.
The amputated patient’s 5 year mortality is 40–70% and it is higher
in patient’s undergone major amputation (Lindholm and Searle,
2016; Gonzalez et al., 2016). Skin is the largest organ of the body
which plays critical role in maintaining the body homeostasis
and prevents the body from pathogenic microbes, UV rays, toxins
etc. (Percival et al., 2015). Disturbing the skin integrity leads to
wounds which normally heals within three months. The wounds
which don’t heal within three months are called chronic wounds
and it occurs due to numerous reasons (Järbrink et al., 2017).
One of the major reasons for non healing of wounds are the micro-
bial infections at the site of wound (Leaper et al., 2015). The drugs
available in the market mostly targets promoting the wound heal-
ing capacity whereas fails to effectively inhibit the colonization of
microbes.

The most common drugs used to treat wounds in developing
countries are cetrimide solution, sodium hypochloride, chlorhexi-
dine etc., all these drugs are proven to be least efficient and also
render side effects on prolonged usage (Moore, 1992; Toppo and
Pawar, 2015). Silver is one of the oldest metals which documented
to be used as wound healing in 69BC. Silver possess antimicrobial
property whereas ionization of silver is required to increase its effi-
cacy hence in late 19600s silver was combined with antibiotics such
as sulphadiazine and used for treating wounds but these products
produced higher resistance rate and bone marrow toxicity (Trop
et al., 2006; Atiyeh et al., 2007). Invention of nanoparticles changed
the usage of silver in the medical field, silver nanoparticles used in
various areas of biomedical field (Toppo and Pawar, 2015). The sta-
bility, catalytic property, electric conductivity and antibacterial
activity of silver nanoparticles promote the usage in treating vari-
ous diseases (Mooney et al., 2006; Nakkala et al., 2014). The
antimicrobial potency of silver nanoparticles increased the usage
of silver nanoparticles in wound dressing, drug carriers and also
in artificial implantation (Haider, 2015; Liao et al., 2019).

Eco friendly green synthesis of nanoparticles is biocompatible,
cost effective, less time and energy consuming and it also non toxic
compared to the physical and chemical methods. Silver nanoparti-
cles were synthesized by using various biological sources such as
plant extracts, bacteria, fungi, algae (Ahmed et al., 2016; Daphne
et al., 2018). Plant extracts are very potent reducing agents which
reduces the noble metals ions and synthesis metal nanoparticles
(Peralta-Videa et al., 2016). Scutellaria barbata is a perennial herb
which is prescribed in traditional Chinese and Korean medicine
to treat diseases such as inflammation, microbial infections, hema-
turia, tumor and also acts as a detoxifying agent (Zhang et al.,
2018). Scutellaria barbata consists of more than 203 bioactive com-
pounds which includes diterpenoids, flavonoids, triterpenoids, lig-
nans, phenyl propanoids (Wang et al., 2020). These bioactive
compounds acts a reducing agents in synthesis of silver nanoparti-
cles and also promotes the wound healing capacity of the drug.
Scutellaria barbata has demonstrated potent anticancer (Lu et al.,
2020; Chen et al., 2017), and neuroprotective (Cheng et al., 2020)
activities. Numerous studies demonstrated that the Scutellaria bar-
bata exhibited the effective antimicrobial activities towards patho-
genic microbes (Tang et al., 2016; Yu et al., 2004; Tsai et al., 2018).
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Though, the formulation metallic silver nanoparticles and its effec-
tiveness on cotton fabric coating was not studied yet. Hence in the
present study we synthesized silver nanoparticles in eco friendly
way using aqueous extract of Scutellaria barbata and assessed its
antimicrobial efficacy and wound healing potency.

2. Materials & methods

2.1. Chemicals & reagents

Silver nitrate, XTT, MTT, Menadione was purchased from Sigma
Aldrich, USA. Sabouraud-Dextrose Agar and Mueller–Hinton agar
and the bacterial strains were procured HiMedia, USA. Eagle’s Min-
imum Essential Medium, dimethyl sulfoxide, Trypsin-EDTA solu-
tion, antibiotic–antimycotic solution, FBS were purchased from
Gibco, USA.

2.2. Preparation of Scutellaria barbata extract

Fresh Scutellaria barbata plants were collected from local mar-
ket in Jinan city, China. The plant was authenticated by the bota-
nist, Jinan University Jinan City, Shandong Province, China. The
voucher specimen was stored in a herbarium of the department.
The plant collection has followed by WHO guidelines on good agri-
cultural and collection practices (GACP) for medicinal plants
washed with distilled water and shade dried. The shade dried
plants were finely powdered and the powder was used for the fur-
ther analysis. Aqueous extract of Scutellaria barbata was prepared
by mixing 100gm of Scutellaria barbata powder in 500 ml of deion-
ized water. The mixture was placed in shaker for 10 min followed
boiling at 90 �C for 30 min. The mixture was cooled and filtered
using Whatman filter paper, the extract was utilized for the syn-
thesis of silver nanoparticles.

2.3. Synthesis of Scutellaria barbata silver nanoparticles (Sb-AgNP)

To 90 ml of 1 mM silver nitrate solution 10 ml of Scutellaria bar-
bata aqueous extract was added and the mixture was incubated in
dark chamber for 30 min. The synthesis of silver nanoparticles by
reduction of Ag+ to Ag0 was observed by the color change from col-
orless solution to brown colored solution.

2.4. Characterization of Sb-AgNP

2.4.1. UV–Visible spectroscopic analysis
The synthesis of Sb-AgNPwas confirmed using UV–Visible spec-

trophotometer (Shimadzu UV-1800, Japan) at a resolution of 1 nm,
spectral range 200–800 nm.

2.4.2. Transmission electron microscopic analysis
The size and shape of synthesized Sb-AgNP were analyzed with

high resolution transmission electron microscopy (JOEL-JSM-
100CX-TEM). Sb-AgNP were placed on to the carbon coated copper
grid and incubated under vacuum desiccator overnight. The Sb-
AgNP supplemented carbon coated copper grid was placed on the
specimen holder and the micrograph of Sb-AgNP was analyzed at
an accelerating voltage of 200 kV.

2.4.3. Atomic force microscopy analysis
The surface morphology and the particle size of Sb-AgNP was

analyzed using enviroscope scanning microscope (VEECO Digital
Instruments, CA). 0.05 mg/ml of Sb-AgNP was diluted in deionized
water and the mixture was spread on to the mica sheet and the
sample was dried with nitrogen gas. The nanoparticles were
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scanned using Arrow-NCR etched silicon tips in an intermittent
contact at a resonance frequency of 300 kH under normal atmo-
spheric pressure.
2.4.4. X ray diffraction analysis
The structure of Sb-AgNP was assessed using XRay diffractome-

ter (XRD-6000, Shimadzu). The samples were analyzed at 2b from
angle of 30� to 80� at a speed of 0.041�/minute. The time constant
was maintained for 2 s.
2.4.5. Fourier Transform Infrared (FTIR) Spectroscopy analysis
The biomolecules on the surface of Sb-AgNP were examined

using Fourier Transform Infra Red Spectrophotometer (FTIR Spec-
trum 2000, Perkin Elmer, USA). The synthesized silver nanoparti-
cles were dispersed in deionized water and centrifuged
10,000 rpm for 10 min. The rinsed pellets were lyophilized and
1 mg of lyophilized Sb-AgNP powder was mixed with 100 mg of
potassium bromide, placed on the sample holder. The mixture
was then examined at spectroscopic range of 4000–5000 cm�
(Järbrink et al., 2017 Jan 24) and about 50 scans were performed
at resolution of 4 cm/scan. The images were then assessed with
WINFIRST software.
2.5. Antimicrobial property of Sb-AgNP

2.5.1. XTT reduction assay
The antimicrobial activity of Sb-AgNP was analyzed with XTT

reduction assay (Pierce et al., 2008). 1 � 106/ml of resistant and
sensitive candida strains were individually seeded onto the sterile
96 well flat bottomed culture plates and incubated for 24 h. After
24 h incubations the candid biofilms were treated with 30 mg/ml
of Sb-AgNP, standard antifungal drug fluconazole and the plates
were incubated for 4 h at 37 �C. The media was then removed
and the wells were rinsed thrice with distilled water to remove
non adherent cells. The treated and untreated biofilms were sub-
jected XTT reduction assay. XTT solution was prepared by dissolv-
ing 1 mg of XTT in 1 ml of PBS and the solution was filtered and
stored. 0.4 mM menadione solution was freshly prepared before
the assay. To the wells 158 ml of PBS, 40 ml of XTT and 2 ml of mena-
dione was added and the plates were incubated in dark for 2 h.
After incubation period 100 ml solution from each well was trans-
ferred to a new 96 well plates and the absorbance of the solution
was measured 492 nm using microtitre plate reader.
2.5.2. Zone of inhibition assay
Most commonly infection causing gram positive bacteria Sta-

phylococcus aureus (ATCC 23235), Streptococcus pyogenes (ATCC
19615), gram negative bacteria Escherichia coli (ATCC 25922), Pseu-
domonas aerogenesa (ATCC 15442) were cultured on a Muller Hin-
ton agar. The bacterial and fungal cultures were treated with
different concentrations of Sb-AgNP (20, 40 and 60 mg/ml) and
the plates were incubated for 24 h at 35 �C. The zone of inhibition
of each wells were measured and the readings were recorded.
2.5.3. Minimum inhibitory concentration assay
The minimum inhibitory concentration of synthesized Sb-AgNP

was analyzed using broth micro dilution technique (Singh et al.,
2013). The bacterial organisms were seeded on to 96 well plate
along with different concentration of Sb-AgNP ranging from (20,
40 and 60 mg/ml) and the plates were incubated for 24 h at
37 �C. After 24 h incubation period the turbidity of was measured
at 600 nm using microplate reader.
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2.6. Sb-AgNP embedding on cotton fabrics

Sterile cotton cloth was washed thoroughly using non ionic
detergent, the cloth was rinsed several times with hot deionized
water to ensure nil impurities in the cotton cloth. The cotton cloth
was embedded with Sb-AgNP by soaking in solution consisting
1 mg of lypholized Sb-AgNP powder in 100 ml of deionized water.
The mixed cotton fabrics were prepared by soaking the cotton
cloth in solution consisting of 10 ml of Scutellaria barbata aqueous
extract and 90 ml of 1 mM silver nitrate solution. The soaked fab-
rics were subjected ultra sonication for 30 min. The fabrics were
then removed rinsed with deionized water and dehydrated at
37 �C. The Sb-AgNP embedded cotton fabrics were then utilized
to assess the zone of inhibition against skin infection causing
organisms.

2.7. Culturing of L929 fibroblast cells

The murine L929 fibroblast cells were procured for ATCC and
the cells were cultured with Eagle’s Minimum Essential Medium
in 5% CO2 incubator at 37 �C. Upon obtaining 80% confluence the
cells were subcultured using Trypsin-EDTA solution and utilized
for further studies.

2.8. Cytotoxicity assay

The cytotoxicity of Sb-AgNP against fibroblast cells were ana-
lyzed using MTT assay. L929 fibroblast cells were seeded on to
24 h cell culture plate and incubated for 24 h in 5% CO2 incubator
at 37 �C. After incubation period the cells were then treated with
different concentrations of Sb-AgNP (control, 2.5, 5, 7.5, 10 and
15 mg/ml) and further incubated for 24 h in 5% CO2 incubator at
37 �C. The cells were then rinsed with PBS and incubated with
serum free medium containing 10 ml MTT (0.5/ml) for 4 h in dark.
The insoluble formazon crystals formed were dissolved with 100 ml
of DMSO solution and the absorbance of each sample was spectro-
scopic analyzed at 545 nm using microplate reader.

2.9. Wound scratch assay

The wound healing property of Sb-AgNP was examined in vitro
condition using wound scratch assay (Liang et al., 2007). L929
fibroblast cells were seeded on to 6 well culture plate and incubate
until it reaches 90% confluency. Upon obtaining 90% confluence the
plates were scratched vertically using a sterile micropipette. The
breadth of the scratch was uniformly maintained in all the wells.
The scratched cells debris was rinsed with fresh EMEM medium
and the cells were treated with 5 and 7.5 mg of Sb-AgNPs. The cells
were then incubated for 24 h at 37 �C in 5% CO2 incubator. After
incubation period the closure of wound was microscopically
viewed and the images were photographed. The relative migration
ratio (RMR) of the cells were measured through the below men-
tioned formula

RMR = ([A0-A1]/A0) X 100,

where A0 – Area of scratch made initially, A1 – Area of scratch after
24 h incubation

2.10. Statistical analysis

All the experiments were performed in triplicates and the
results were statistically analyzed using GraphPad Prism statistical
software. The data were statistically assessed with One Way
ANOVA followed by post hoc test Newman-Keuls test. p < 0.05
were considered to be statistically significant.



Fig. 1. Characterization of Sb-AgNP. UV–Visible Spectroscopic analysis of Sb-
AgNP. Silver nanoparticles were synthesized by reducing Ag+ to Ag0 using
Scutellaria barbata aqueous extract. Maximum absorbance peak was observed at
380 nm.
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3. Results

3.1. Characterization of Sb-AgNP

3.1.1. UV–Visible spectroscopic analysis of Sb-AgNP
The synthesis of silver nanoparticles was confirmed with UV

spectroscopic analysis and the result was depicted in Fig. 1. The
maximum absorbance peak was observed at 400 nm which con-
firms Scutellaria barbata aqueous extract reduced Ag+ to Ag0

thereby synthesized silver nanoparticles.

3.1.2. Transmission electron microscopic analysis of Sb-AgNP
Fig. 2A illustrates the high resolution TEM images of Sb-AgNP,

the synthesized silver nanoparticles were mostly spherical in
shape with the size ranging from 20 to 40 nm.

3.1.3. Atomic force microscopy analysis of Sb-AgNP
The surface morphology of synthesized SB-AgNP was analyzed

with atomic force microscopy and the image was represented in
Fig. 2B. The sample were scanned in tapping mode with a scanning
are of 1X1 which displays a uniformly dispersed nanoparticles
with a size ranging of 30–40 nm. The AFM images shown spherical
topology of silver nanoparticles which correlates with the images
of TEM.

3.1.4. X Ray diffraction analysis of Sb-AgNP
The X-ray diffraction pattern of Sb-AgNP was examined with X-

Ray difractometer and the XRD patterns were depicted in Fig. 3A.
Sb-AgNP shown typical peaks at 38.05�, 44.32�, 64.43� which were
Fig. 2. Characterization of Sb-AgNP. 2A. Transmission Electron microscopic
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assigned to (111), (200) and (220) planes. This confirms the pres-
ence of silver ions and crystalline nature of the silver nanoparticles.
No peaks representing the presence of impurities were observed.

3.1.5. Fourier Transform Infrared (FTIR) Spectroscopy analysis of Sb-
AgNP

The functional groups present in synthesized Sb-AgNP were
assessed using Fourier Transform Infrared Spectroscopy and the
FTIR spectrums were depicted in the Fig. 3B. The spectrum of Sb-
AgNPs shown absorbance peaks at 525, 572, 601, 684, 757, 825,
1066,1205, 1345, 1424, 1483,1564, 2763, 2874, 3068, 3330,
3861, 3907 cm�1 indicating the presence of biomolecule which
acted as capping agent and stabilizer for nanoparticles. It also con-
firms the presence of alkenes, carbonyl, carboxylic and hydroxyl
groups in the synthesized Sb-AgNP.

3.2. Antimicrobial property of Sb-AgNP

3.2.1. Biofilm inhibition potency of Sb-AgNP
Fig. 4 depicts the biofilm inhibitory potency of Sb-AgNP ana-

lyzed with XTT reduction assay. Compared to control group the
Sb-AgNP treated groups inhibited the growth of both sensitive
and resistant strain. Even though the biofilm inhibition potency
of Sb-AgNP is lesser than the standard drug fluconazole, Sb-
AgNPs inhibited 60% of biofilm formation.

3.2.2. Antimicrobial potency of Sb-AgNP
The synthesized Sb-AgNPs potentially inhibited the growth of

gram positive and gram negative species (Fig. 5A). 60 mg/ml of
Sb-AgNP shown increased zone of inhibition for Staphylococcus
aureus (20 mm), Klebsiella pneumoniae (22 mm), Escherichia coli
(21 mm), and Pseudomonas aeruginosa (21 mm) (Fig. 5B- Table 1).
The least minimum inhibitory concentration for Sb-AgNP was
obtained with Klebsiella pneumoniae which was about 2.2 ml and
the highest minimum inhibitory concentration was observed in
Pseudomonas aeruginosa which was 3.1 ml (Fig. 5C -Table 2).

Fig. 6A exemplifies the antimicrobial potency of Sb-AgNP coated
cotton fabrics. No growth was observed in Sb-AgNP coated cotton
fabrics. Sb-AgNP coated cotton fabrics shown increased zone of
inhibition compared to Scutellaria barbata aqueous extract and
Sb-AgNP. Pseudomonas aeruginosa exhibited increased sensitive
towards the Sb-AgNP coated cotton fabrics (Fig. 6B- table 3).

3.3. Cytotoxicity of Sb-AgNP

Fig. 7 depicts the results of cytotoxicity assay done on Sb-AgNP
treated L929 fibroblast. Sb-AgNP doesn’t shown cytotoxicity
against the fibroblast cells even at the highest concentration of
15 mg/ml.
analysis of Sb-AgNP. 2B. Atomic Force Microscopy Analysis of Sb-AgNP.



Fig. 3. Characterization of Sb-AgNP. 3A. X Ray Diffraction analysis of Sb-AgNP. XRD patterns at corresponding diffraction signals at (111), (200) and (220) planes 3B.
Fourier Transform Infrared (FTIR) Spectroscopy analysis of Sb-AgNP.

Fig. 4. Antimicrobial property of Sb-AgNP. The biofilm inhibitory potency of Sb-
AgNP analyzed with XTT reduction assay. The assay was performed with both
resistant and sensitive strain. Experiment was repeated thrice and the data were
statistically analyzed with GraphPad Prism software. The statistical significant was
considered to be *p � 0.05.

Fig. 5. A. Antimicrobial potency of Sb-AgNP. The antimicrobial potency of synthesiz
bacteria and fungi species were used to assess antimicrobial potency Sb-AgNP. B. Tab
Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli and Pseudomonas aerogenesa
AgNP against bacterial species were measured and tabulated.
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3.4. Wound healing property of Sb-AgNP

The wound healing property of Sb-AgNP was assessed with
wound scratch assay and the results were illustrated in Fig. 8. Both
the 5 mg and 7.5 mg Sb-AgNP treatment decreased the migration of
L929 fibroblast cells. 7.5 mg Sb-AgNP treatment significantly
decreased the migration of L929 fibroblast cells compared to 5 mg
Sb-AgNP treated L929 fibroblast cells.
4. Discussion

More than 6 million people in United States were reported to be
suffering with chronic ulcers and most of them are older popula-
tion and people with life style disorders (Powers et al., 2016).
Amputation is the worst outcome of untreated chronic wounds
and it is estimated by the year 2030 15% of American diabetic pop-
ulation are prone to risk of amputation (Han and Ceilley, 2017). It
not only causes physical and mental stress to the patients but also
impairs the productivity and increases the economic burden.
Approximately 3 million pounds/year were spent by UK govern-
ed Sb-AgNP examined with well diffusion method. Gram positive, gram negative
le1. Zone of Inhibition of synthesized Sb-AgNP against bacterial species such as
were measured and tabulated. C. Table 2. Minimum inhibitory concentration of Sb-



Fig. 6. A. Antimicrobial potency of Sb-AgNP coated cotton fabrics. A. The antimicrobial potency of synthesized Sb-AgNP coated cotton fabrics was examined with well
diffusion method. B. Table 3. Minimum inhibitory concentration of Sb-AgNP coated cotton fabrics were measured and tabulated.

Fig. 7. Cytotoxic property of Sb-AgNP against L929 fibroblast cells. L929
fibroblast cells were treated with different concentration of synthesized Sb-AgNP
and the cytotoxic potency was assessed with MTT assay. Experiment was repeated
thrice and the data were statistically analyzed with GraphPad Prism software. The
statistical significant was considered to be *p � 0.05.

Fig. 8. Wound healing property of Sb-AgNP on L929 fibroblast cells. The wound healin
assay.
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ment for treating patients with chronic wounds (Posnett and
Franks, 2008; McLister et al., 2016). Pharmaceutical companies
earn profits more than 25,000 billion dollars per year in manufac-
turing wound care management medicine alone (Murray et al.,
2019). Hence it is need of today to discover a cost effective potent
drug to heal chronic wound without recurrence and rendering any
side effects.

Wound dressing with efficient antimicrobial drugs prevents the
colonization of microorganisms in wounds and also inhibits the
biofilm formation (Clinton and Carter, 2015). The available anti
biofilms drugs are costly and they are prone to antibiotic resistance
hence a novel anti biofilm drug which possess antimicrobial prop-
erty along with wound healing potency is need of today. Nanopar-
ticles are one such potent agent which possess antimicrobial
potency and effectively inhibits biofilm formation (Ramasamy
and Lee, 2016; Simões et al., 2018), hence synthesis of wound heal-
ing drug using nanoparticles will be more effective in treating non
healing chronic wounds. Silver nanoparticles are utilized as regen-
g property of Sb-AgNP against L929 fibroblast cells was assessed with wound scratch
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eration materials, drug carriers, biomaterial coaters, antimicrobial
agents, wound dressing material (Liao et al., 2019; Baygar et al.,
2019). In the present study we synthesized silver nanoparticles
using Scutellaria barbata plant extract which is a perennial herb
prescribed in traditional Chinese medicine to treat various
diseases.

The surface plasmon resonance peak of Sb-AgNP was observed
at 400 nm which correlates with the UV–Vis spectroscopic analysis
of previous studies synthesized silver nanoparticles with plant
extracts (Krithiga et al., 2015; Pirtarighat et al., 2019). The antimi-
crobial property of a nanoparticle depends on the size, shape, sur-
face charge and concentration of the nanoparticles (Burdușel et al.,
2018 Aug 31). Therefore we assessed the shape, size of the synthe-
sized Sb-AgNP using transmission electron microscopic analysis,
atomic force microscopic analysis, XRD analysis. Our characteriza-
tion analysis results confirm the synthesized silver nanoparticles
are with ideal shape and size to be utilized as drug. TEM analysis
results shows Sb-AgNP are spherical in shape and dispersed with-
out any agglomeration. Capping agents such as polyethylene gly-
col, chitosan, polymers act as capping agents and prevent
agglomeration during synthesis of nanoparticles (Pillai and
Kamat, 2004; Bai et al., 2007). In the present study the bioactive
components present in aqueous Scutellaria barbata extract acted
as capping agent and prevented the agglomeration of silver
nanoparticles. The presence of bioactive components was con-
firmed with FTIR analysis which shows absorbance peaks ranging
between 500 and 400 cm�1.

The intrinsic anti pathogenic effect exhibited by silver nanopar-
ticles against the microorganism biofilm plays a critical role in
inhibiting the wound infection. Therefore we assessed the potency
of synthesized Sb-AgNP to inhibit the formation of biofilm using
XTT reduction assay. Our results shows Sb-AgNP effectively inhib-
ited the biofilm formation in both sensitive and resistant strains.
The bactericidal activity of Sb-AgNP may be due to the silver
cations which would have bound to thiol group of bacterial protein
thereby disturbing the bacterial cells and inducing death (Radzig
et al., 2013). Further we analyzed the potency of Sb-AgNP against
gram positive, negative bacterial and fungal species. The green syn-
thesized Sb-AgNP shown antimicrobial activity against most com-
monly skin infection causing gram positive bacteria such as
Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli, and
Pseudomonas aeruginosa. Compared to the aqueous extract of
Scutellaria barbata, the Sb-AgNP are more potent against skin infec-
tion causing microbial species.

Wound healing management deals with preventing the wound
site from microbial infections and promoting the tissue wound
healing process. Direct application of silver nanoparticles as oint-
ments on wounds are not much effective hence incorporating the
silver nanoparticles with naturally derived materials such as bacte-
rial cellulose, chitosan, cotton fabrics are proven to be more effec-
tive on wound healing management (Ballottin et al., 2017; Su et al.,
2017). The silver nanoparticles possess the property of binding to
the biomaterials there by exerts antimicrobial property for a pro-
longed period (Paladini et al., 2015). In the present study we coated
the synthesized Sb-AgNP on to cotton fabric and examined its effi-
cacy against skin infection causing microbes. The Sb-AgNP coated
cotton fabric inhibited the growth of Staphylococcus aureus; Kleb-
siella pneumoniae; Escherichia coli, and Pseudomonas aeruginosa.
Our results correlates with the previous studies where the green
synthesized silver nanoparticles treated fabrics exerted antimicro-
bial activity against E. coli, S. aureus (El-Rafie et al., 2012; Nateghi
and Shateri-Khalilabad, 2015 Mar; Ullah et al., 2014). The silver
nanoparticles get oxidized in aqueous environment and releases
Ag+ ions. These silver ions bind with thiol group of bacterial pro-
teins and disrupt the bacterial cells it also generates free radicals
which causes pores on the cell wall of microbe thereby causes cell
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death (Chen et al., 2009; Kim et al., 2011). This may be the reason
for inhibition of microbes treated with Sb-AgNP, the silver ions
would have generated free radicals which disrupted the microbial
causing microbial cell death.

Both the Sb-AgNPs and Sb-AgNPs coated cotton fabric shown
potent antimicrobial activity against skin infection causing
microorganism. Hence we further analyzed the cytotoxicity effect
of Sb-AgNP on fibroblast cells. The MTT results of our study con-
firm even at higher dosage of 15 mg/ml Sb-AgNPs doesn’t impart
any adverse cytotoxic effect on murine fibroblast L929 cells. The
results of our study correlate with the study of Maghimaa and
Alharbi (2020) where the silver nanoparticles synthesized with
Curcuma longa extract doesn’t impart any cytotoxic effect on mur-
ine fibroblast L929 cells. The results of our wound scratch assay
proves Sb-AgNP possess wound healing property the silver
nanoparticles induced the proliferation, differentiation and migra-
tion of L929 fibroblast cells thereby reducing the size of wound
created. The results confirm Sb-AgNP and cotton coated Sb-AgNP
possess antimicrobial activity and also wound healing potency.

5. Conclusion

In the present study we synthesized cost effective eco friendly
silver nanoparticles using Scutellaria barbata aqueous extract. The
characterization studies with TEM, AFM, XRD and FTIR confirms
the synthesized silver nanoparticles satisfy the properties to be
an ideal drug. The XTT reduction assay proves Sb-AgNP effectively
inhibits the biofilm formation and the antimicrobial sensitivity test
confirms both Sb-AgNP and cotton coated Sb-AgNP possesses
antimicrobial property against skin infection causing microbes.
Sb-AgNP is non cytotoxic to L929 fibroblast cells and it also
induced the differentiation and migration of fibroblast cells
thereby effectively decreased the wound size. Overall our results
authentically confirms Sb-AgNP and cotton coated Sb-AgNP pos-
sess potent wound healing property hence in future cotton coated
Sb-AgNP can be utilized as ideal dressing material for wound heal-
ing treatment. Although, additional future studies still required to
elucidate the clear mechanisms of Sb-AgNP coated cotton fabrics.
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