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ABSTRACT

Trees are very important to us. It absorbs a lot of metric tons of pollution in a year and cleans the environment. Silver
nanoparticles are deemed the most positive, considering their strong volume surface region, and is of concern for study
because of the improved microbial tolerance to antibiotics and medicines. Therefore, green synthesis of nanoparticles
of silver using biomolecules derived from various plant sources in the form of extracts can be applied for the screening
of different diseases which trigger microorganisms and for the physical and biological characterisation of plant-
derived silver nanoparticles. The experiment involved the green synthesis of silver nanoparticles (AgNPs) from Butea
monosperma leaf extract. Biosynthesized Butea monosperma -AgNPs were characterized by UV-visible spectroscopy,
fourier-transform infrared (FTIR) spectroscopy and scanning electron microscopy (SEM). The intensity of peak broad
range 200-800nm in UV-vis spectra, EDS test. The SEM shows the actual size of the nanoparticles. Antibiotic-resistant
and biofilm-forming bacteria have surprisingly increased over recent years. the rate of development of new antibiotics
to treat these emerging issues is very slow. Therefore, the aim of this study was to prepare novel nanoparticles
formulations to improve the antimicrobial activity. In the present work, | have attempted to test the prepared
nanomaterials against the biofilm of C. albicans and P. mirabilis. the cells of Candida albicans, Proteus mirabilis and
mixed culture cells were allowed to form biofilm in presence nanoparticles synthesized from Butea monosperma, viz.,
A-Y water AgNPs & B-Y ethanol AgNPs, the biofilm formation got inhibited. Form the biofilm inhibition data, it seems
that A-Y (water AgNPs) is most active inhibitor of Candida biofilm (5 uL), whereas B-Y (ethanol AgNPs) is most active
inhibitor of Proteus biofilm (2.5 uL). Mixed biofilm was most efficiently inhibited by B-Y ethanol AgNPs (5 uL)., viz., A-
Y, B-Y, C-Y and D-Y, A-water, B Ethanol, C methanol & D acetone Butea monosperma AgNPs solutions

Keywords: Nanoparticles, Butea monosperma, AgNPs, UV-visible spectroscopy, fourier-transform infrared
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immune responses in individuals with a normal
immune function. When the immune system
fails and the host's environment changes,

Introduction
Bacterial infections are the second

acknowledged cause of death worldwide and
the third in developed countries. The
therapeutic efficiency of antimicrobials has
become more complex due to the emergence of
multidrug resistance. (Hwang et al. 2016.) B.
monosperma has numerous pharmacological
activities such as anthelmintic, anti-conceptive,
anticonvulsive, antidiabetic, antidiarrheal,
antiestrogenic  and antifertility, anti-

inflammatory, antifungal, antibacterial,
antistress, anticancer, antioxidant,
chemopreventive, haemagglutinating,
hepatoprotective, thyroid inhibitory,

antiperoxidative, hypoglycemic effects, wound
healing activities, anti-giardiasis, antifertility,
chemo preventive activities and radical
scavenging activities (Sindhia et al 2010 More
et al 2012 Sharma and Deshwal 2011
Chandraker 2014 Madhavi 2013)Candida
albicans is commonly found as a commensal
fungus in the mucosa lining of humans.
Normally, this organism does not provoke

infections can develop that are superficial to
life-threatening. A high rate of mortality and
morbidity is associated with  systemic
candidiasis. As much as 10-24% of patients
with  invasive  Candidiasis die.  This
opportunistic pathogen can survive on abiotic
surfaces for up to four months. As a result of
its ability to form biofilms and change its
morphology, the organism can survive on
abiotic surfaces. An extracellular matrix
surrounds polymorphic cells (yeast, hyphal,
pseudo-hyphal cells) of this organism. The
extracellular ~ matrix  contains  proteins,
polysaccharides, glycerolipids, and DNA.
Extracellular DNA is essential for establishing
structural integrity of the biofilm and
safeguarding it from external agents, such as
antifungal  therapeutics.  Additionally, it
prevents the penetration of antifungal agents
into the biofilm. In addition to colonizing
medical devices such as catheters, pacemakers,
prosthetics, and other abiotic surfaces, biofilms
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may act as reservoirs for pathogenic cells.
Biofilms are inherently  resistant to
antimicrobial agents because of their
composition. Therefore, disrupting the biofilm
might be crucial to infection treatment. C.
albicans  pathogenesis relies heavily on
biofilms, so novel strategies to inhibit and
disrupt the formation of biofilms are needed.
Scientists are considering nanotechnology as a
possible strategy to inhibit Candida biofilms.
Physico-biological concepts are integrated in
nanotechnology for the development of novel
therapies.

A common cause of catheter-associated
urinary tract infections (CAUTIS) is Proteus
mirabilis, a  Gram-negative  bacterium.
Infections caused by such bacteria are mainly
caused by the formation of biofilms on catheter
surfaces. Virulence factors expressed by P.
mirabilis are necessary for forming biofilms.
Factors such as adhesion molecules, quorum
sensing molecules, lipopolysaccharides, efflux
pumps and urease enzymes may be involved in
this process. Developed on catheter surfaces, P.
mirabilis  biofilms  have the unusual
characteristic of being crystalline due to their
ureolytic biomineralization. The result is
catheter encrustation and blockage, often
accompanied by urine retention and ascending
UTIs. Bacteria embedded in crystalline
biofilms  become  highly  resistant to
conventional antimicrobials as well as the
immune system. Being refractory to
antimicrobial treatment, alternative approaches
for eradicating P. mirabilis biofilms are
urgently required. The term nanomaterial refers
to materials with a diameter smaller than 100
nanometers. Among the traditional methods
used to synthesize these nanoparticles are
precipitation, wet chemical synthesis, sol-gel,
and pyrolysis. However, these methods are
highly energy-intensive and, therefore, not
environmentally friendly. In the present work,
we have attempted to test the as-prepared
nanomaterials against the biofilm of C.
albicans and P. mirabilis. Proteus mirabilis is a
common pathogen responsible for complicated
urinary tract infections (UTIs) that sometimes
causes bacteremia. Most cases of P. mirabilis
bacteremia originate from a UTI. Candidiasis is
a fungal infection caused by a yeast (a type of
fungus) called Candida. Some species of

Candida can cause infection in people; the
most common is Candida albicans. Candida
normally lives on the skin and inside the body,
in places such as the mouth, throat, gut, and
vagina, without causing any problems. Candida
can cause infections if it grows out of control
or if it enters deep into the body (for example,
the bloodstream or internal organs like the
kidney, heart, or brain). (Chi-Yu Chena et al.
2012). Metals such as metals and metal oxides,
silicates, non-oxide ceramics, polymers,
organic materials, biomass and biomolecules
may be used for producing nanoparticles. In
many morphologies, nanoparticles occur,
including balls, cylinders, platelets, tubes etc.
Inorganic nanoparticles such as golden and
silver metal nanoparticles have superior
material properties with mechanical flexibility,
with  broad availability, comprehensive
mobility, strong compatibility, selective
therapeutic products and regulated drug release
capabilities (Xu et al., 2006). For the
synthesising and stabilisation of silver
nanoparticles, many physical, chemical and
biological methods were used (Senapati et al.,
2005). The word biofilm has been used to refer
to the thin coated condensations of microbes
(for example bacteria, fungi, protozoa, etc.)
which can appear in different types of surface
structures. Antifungal performance may be
calculated by means of well diffused methods
on various fungal strains. Free floating
bacteria, classified as planktonic
microorganisms in an aqueous climate, are a
requirement for the development of biofilms.
Thus, such films may be formed on every
organic or inorganic substratum where
planktonic microorganisms prevail in a water
solution (Choudhary et al., 2012). Because of
its unusual physical and chemical properties,
silver nanoparticles (AgNPs) are progressively
being used in numerous fields, including
medical, fruit, patient treatment, consumption
and industrial uses. This involves visual,
electronic, thermal, heavy electrical and
biological characteristics (Gurunathan et al
2015). Because of its unusual properties, it has

been used for many applications in the
medicinal, = food  processing,  surgical,
orthopaedic, medication distribution,

anticancer industries, as well as for numerous
applications such as non-bacterial agents,
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automotive, domestic and health goods,
electronic products, medical equipment jackets,
optical sensors and cosmetics AgNPs have
been widely used lately in numerous textiles,
keyboards, wound dressings and biomedical
instruments. The nanosized metallic particles
are peculiar and, because of their surface to
volume ratio, can greatly alter physical,
chemical and biological properties; thus,
nanoparticles have been used for different
purposes. In order to satisfy the AgNPs
criterion, different methods for synthesis have
been introduced. In general, current approaches
of physics and chemistry appear rather costly
and risky. It is important to notice the high
yield, solubility and high stability of
biologically prepared AgNPs (Gurunathan et al
2015). Biological methods for AgNPs seem
simplistic, quick, nontoxic, reliable and green
among. A range of analytical methods are used,
including uv spectroscopy, Xray
diffractometry (XRD), Fourier infrasound
transform  spectroscopy  (FTIR), X-ray
photoelectron  spectroscopy (XPS), DLS
scanning, SEM, transmission  electron
microscope (TMM), atomic force microscopy
(AFM). Several competent books and studies
have identified  different  styles  of
methodological methods for characterising
AgNPs. A highly effective and accurate
technique for the primary characterization of
synthesised nanoparticles used for tracking the
production and stabilisation of AgNPs is UV-
Visible Spectroscopy. (Sastry et al 1998).

Materials and methods

Sample preparation: The young and disease
free leaves of Butea monosperma were
selected.

Drying of leaves: Samples were dried in room
temperature for more than two weeks, so that
they may be converted into fine powder.
Preparation of fine powder: after proper
drying of leaves, thick mid ribs of the leaves
were removed, dried leaves were grinded into
fine powder using a grinder.

Preparation of extracts: aqueous extracts
using  distilled water, 50% ethanol,
50%methanol & 50% acetone were prepared.
1.1 Synthesis of Silver Nanoparticles from
Butea monosperma extracts:

AgNPs were synthesized by the following
method. 10mM AgNOaz: plant extracts in
different solvent in 9:1 ratio in a reagent bottle
mixed thoroughly, forming a uniform mixture.
The mixture was then rested at room
temperature for 24 hours at 37°C, with
continuous monitoring. After about few
minutes, the mixture was observed to start
changing from pale green to yellowish brown.
After about 24 hours, the mixture had
completely changed colour to brown in all
solvents. This color change is visual evidence
of formation of AgNPs. (Kasthuri et al., 2009).
1.2 Characterization of silver nanoparticles.
For determination of the time point of
maximum production of silver nanoparticles,
the absorption spectra of the samples were
taken200-8000 nm using a UV-vis
spectrophotometer. The silver nanoparticles
were synthesized by novel green chemical
route. The nanoparticles were characterized by
UV- spectral analysis, SEM -EDAX analysis
(Scanning  Electron  Microscopy)  was
performed for studying the surface morphology
& to predict the size of the nanoparticle. Also,
FTIR analysis was conducted for identifying
the presence of functional groups. (Anuja et al.
2020)

1.3 Anti-biofilm activity

Anti-biofilm activity was performed using
MTT assay to check cytotoxicity of nano
particles on the C. albicans, P. mirabilis. All 4
nanoparticles  synthesized  from  Butea
monosperma extracts: viz water, 50% ethanol,
50% methanol & 50 % acetone AGNPs were
screened for antibiofilm activity, and a mixture
as well into 96 well plate containing various
volumes (0-10uL) of different nanoparticles,
viz., A-Y (water), B-Y (50% ethanol,), C-Y
(50% methanol) and D-Y (50 % acetone) In 96
well plate and incubated at 37°C. After
incubations, 10 ul of 10 mg/mL MTT solution
was added in each well, and plate was
incubated for 2 hours in dark at 37°C. After
incubation, 100uL DMSO were added to each
well and the solutions in each well was read at
570 nm on multimode plate reader. Control
samples were without nanoparticles under
similar conditions. (Tereza 2018)
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Result & Disscussion

The detailed study on biosynthesis of silver
nanoparticles by natural Butea monosperma
extracts such It was observed that the color of
the solution turned from yellow to bright
yellow and then to dark brown after 1,24 and
48 h of the reaction, which indicated the
formation of silver nanoparticles (fig 1).

The formation and stability of the reduced
silver nanoparticles in the colloidal solution
was monitored by UV-vis spectrophotometer
analysis. The UV-vis spectra show maximum
absorbance at 420 nm, which increased with
time of incubation of silver nitrate with the
plants extract. The curve shows increased
absorbance in various time intervals (1 h, 24 h
and 48 h) and the peaks were noticed at420 nm
corresponding to the surface plasmon
resonance of silver nanoparticles. The
observation indicated that the reduction of the
Ag+ ions took place extracellularly. It is
reported earlier that absorbance at around 430
nm for silver is a characteristic of these novel
metal particles (Nestor et al.,, 2008). The
synthesis of AgNPs from the ethanolic,
aqueous, methanol & acetone extract of leaves
of Butea monosperma was further confirmed
by ultraviolet - visible spectroscopy (UV/VIS)
in the range of between 200 nm to 800 nm and
solvents were used as a blank. The spectrum
has a maximum absorption peak at a which is
reported to have an absorption maximum of
between about 400nm to about 450nn. The
presence of the maximum peak absorption peak
at 400nm to about 450nn is therefore an
indication and confirmation that the AgNPs
were present. (Fig 1)

Fig 1. Synthesis of nanoparticles & presence
of the maximum peak absorption peak at
400nm to about 450nn

. osces
il s

Fourier Transform Infra-Red Spectrometer
(Equipped With ATR) Model Tensor 600
Brucker. As seen in figure given below, FTIR
spectra of all samples shows similar pattern.
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Fig 2. FTIR spectra of all four solvents of Butea monosperma synthesized Sliver AgNPs
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FTIR spectra depicts bands at ~3200-3300
corresponding to alcoholic O-H stretching,
bands at ~ 1620 corresponds to; where as small
band at ~1100 is corresponds to alcoholic C-O
bond, metallic silver bond is seen at ~450 cm-
1. Fig 2 where A-water, B Ethanol, C methanol
& D acetone solvents respectively.

Field Emission Scanning Electron Microscopy
(Fe-SEM) & Energy Dispersive X-Ray
spectroscopy (EDS) Analysis. Thin film of the

as obtained sample was prepared on cleaned
glass plate using drop casting technique. This
film is dried under Infra-Red lamp at room
temperature. As  depicted in  electron
micrographs, sample consist of clusters of
ultrafine nanoparticles of size ~40-75 nm. Fig 4
To confirm the composition of the sample,
EDS analysis is done. As seen from the spectra
depicted in chart 1, Sample prominently consist
of Ag along with S, P, O and Si.

>-

Fig 3 Field Emission Scanning Electron Microscopy (Fe-SEM)

A
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.

Table 1. Elemental composition of as synthesized
sample

AtomicNo A

B C D

23.81 20.64 19.07 22.53
10.18 ND ND ND
47.10 45.49 44.70 45.60
5.20 ND ND ND
1.50 ND ND ND
1.23 ND ND ND
10.98 9.91 36.24 31.88
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Antibioflim Activity

Anti-biofilm activity was performed using
MTT assay to check cytotoxicity of nano
particles on the C. albicans, P. mirabilis. All 4
nanoparticles  synthesized  from  Butea
monosperma extracts: viz water, 50% ethanol,
50% methanol & 50 % acetone AGNPs were
screened for antibiofilm activity, and a mixture
as well into 96 well plate containing various
volumes (0-10uL) of different nanoparticles,
viz., A-Y (water), B-Y (50% ethanol,), C-Y
(50% methanol) and D-Y (50 % acetone) In 96
well plate and incubated at 37°C. After
incubations, 10 ul of 10 mg/mL MTT solution
was added in each well, and plate was
incubated for 2 hours in dark at 37°C. After
incubation, 100uL DMSO were added to each
well and the solutions in each well was read at
570 nm on multimode plate reader. Control
samples were without nanoparticles under
similar conditions. When the cells of Candida
albicans, Proteas mirabilis and mixed culture
cells were allowed to form biofilm in presence
nanoparticles, viz., A-Y, B-Y, C-Y and D-Y.
A-water, B Ethanol, C methanol & D acetone
solutions, the biofilm formation got inhibited
(figure 4 A-C)

Figure 4 (A): Candida Biofilm inhibition
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Figure 4 (B): Proteus Biofilm inhibition
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Figure 4 (C): Mixed Biofilm inhibition of
Candida and Proteus
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Form the biofilm inhibition data, it seems that
A-Y (water AgNPs) is most active inhibitor of
Candida biofilm (5 uL), whereas B-Y is most
active inhibitor of Proteus biofilm (2.5 uL).
Mixed biofilm was most efficiently inhibited
by B-Y (Ethanol AgNPs) (5 uL).

Conclusion

The extract from the leaves of Butea
monosperma  synthesized  Sliver  AgNPs
multiple  solvent  concentrations  showed
antifungal as well as antibacterial activity
capable of inhibiting the growth of Candida &
Proteus species as well as the formation of C.
albicans &, P. mirabilis biofilm, Mixed
Biofilm inhibition of Candida and Proteus was
clearly observed.
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