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ABSTRACT

In recent science Nanotechnology is a burning field for the researchers. Nanotechnology deals with the Nanoparticles having a size
of 1-100 nm in one dimension used significantly concerning medical chemistry, atomic physics, and all other known fields.
Nanoparticles are used immensely due to its small size, orientation, physical properties, which are reportedly shown to change the
performance of any other material which is in contact with these tiny particles. These particles can be prepared easily by different
chemical, physical, and biological approaches. But the biological approach is the most emerging approach of preparation, because,
this method is easier than the other methods, ecofriendly and less time consuming. The Green synthesis was done by using the
aqueous solution of Azadirachta indica leaf extract and AgNQOs. Silver was of a particular interest for this process due to its evocative
physical and chemical properties. A fixed ratio of plant extract to metal ion was prepared and the color change was observed which
proved the formation of nanoparticles. The nanoparticles were characterized by UV-vis Spectrophotometer, FTIR, DLS, Zeta
Analysis, and SEM. The nanoparticles were found have the size ranges from 160-180 nm.
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INTRODUCTION

The ‘green’ environment friendly processes in chemistry and chemical technologies are becoming increasingly popular and are
much needed as a result of worldwide problems associated with environmental concerns (1). Silver is the one of the most
commercialised nano-material with five hundred tons of silver nanoparticles production per year (2) and is estimated to increase in
next few years. Including its profound role in field of high sensitivity biomolecular detection, catalysis, biosensors and medicine; it
is been acknowledged to have strong inhibitory and bactericidal effects along with the anti-fungal, anti-inflammatory and anti-
angiogenesis activities (3).

A number of techniques are available for the syntheses of silver nanoparticles like ion sputtering, chemical reduction, sol gel, etc.
(4, 5,6); unfortunately many of the nanoparticle syntheses methods involve the use of hazardous chemicals or high energy
requirements, which are rather difficult and including wasteful purifications (7). Thus; a scenario is that whatever the method
followed, will always leading to the chemical contaminations during their syntheses procedures or in later applications with
associated limitations. Yet; one cannot deny their ever growing applications in daily life. For instances; “The Noble Silver
Nanoparticles” are striving towards the edge-level utilities in every aspect of science and technology including the medical fields;
thus cannot be neglected just because of their source of generation.

Hence, it is becoming a responsibility to emphasise on an alternate as the synthetic route which is not only cost effective but should
be environment friendly in parallel. Keeping in view of the aesthetic sense, the green syntheses are rendering themselves as key
procedure and proving their potential at the top. The techniques for obtaining nanoparticles using naturally occurring reagents such
as sugars, biodegradable polymers (chitosan, etc.), plant extracts, and microorganisms as reductants and capping agents could be
considered attractive for nanotechnology (8). Greener syntheses of nanoparticles also provides advancement over other methods as
they are simple, one step, cost-effective, environment friendly and relatively reproducible and often results in more stable materials
(9). Microorganisms can also be utilized to produce nanoparticles but the rate of syntheses are slow compared to routes involving
plants mediated synthesis.
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Considering the vast potentiality of plants as sources this work aims to apply a biological green technique for the synthesis of silver
nanoparticles as an alternative to conventional methods. In this regard, bark extract of Azadirachta indica (commonly known as
neem) a species of family Meliaceae was used for bioconversion of silver ions to nanoparticles. This plant is commonly available
in India and each part of this tree has been used as a household remedy against various human ailments from antiquity and for
treatment against viral, bacterial and fungal infections (10). Silver nanoparticles can be produced at low concentration of bark extract
without using any additional harmful chemical/physical methods. The effect of concentration of metal ions and concentration of
bark extract quantity were also evaluated to optimize route to synthesise silver nanoparticle for antimicrobial activity. The method
applied here is simple, cost effective, easy to perform and sustainable.

MATERIALS AND METHODS

Sample Collection and Authentication: Azadirachta indica bark was collected from Rohilkhand Region of Bareilly district, Uttar
Pradesh, India. Then it was cleaned properly with water. The plant specimen was identified and authenticated by Dr. Alok
Shrivastava, Department of Plant Science, MJP Rohilkhand University, Bareilly Uttar Pradesh, India. The plant Voucher Specimen
No. was RU/PS/2024/06.

Preparation of Plant Extract: 20g of dried powdered neem bark was extracted sequentially by hot continuous percolation method
in Soxhlet apparatus using 100 ml aqueous extract. The solution was cooled at room temperature and filtered by Whatman filter
paper No.l to remove fibrous impurities. The aqueous extracts were collected and stored in 250 ml Erlenmeyer flask at 4°C in
refrigerator. The stored aqueous extract was used as reducing agent and stabilizing agent within 1 week for the biosynthesis of silver
nanoparticle from silver nitrate. All glassware and equipment used in the study were properly washed with distilled water and dried
in oven. (11)

Synthesis of Silver nanoparticles:

i) Preparation of 1mM Silver nitrate:17mg silver nitrate was accurately weighed and transferred into 100 ml standard flasks to
get ImM Silver nitrate solution.

ii) Microwave Irradiation Technique: 100 ml solution of 1 Mm silver nitrate was added to the various concentration of aqueous
extract solution and kept on magnetic stirrer for 15 minutes to achieve uniform mixing. Beaker containing solution was transferred
into microwave oven. The microwave power was kept constant at 840Watts and the colour change was observed. Less time required
for reduction of silver nitrate in extract solution to obtain silver nanoparticles was optimized. Reddish brown colour confirms the
formation of silver nanoparticles and analyzed by UV Visible spectrophotometer. Four concentration ratios of plant and metal ions
were prepared (30:1, 60:1,120:1 & 240:1) by increasing the concentration of plant extract concentration in the solution. (12)

iii) Colour changes during reduction of silver nanoparticles: During reduction of silver nitrate colour change was noted. Initially
it was yellowish orange colour and turns to reddish brown colour which shows the formation of AgNPS.

iv) Separation of Silver Pellets: The centrifugal force was used to separate silver pellets. The centrifugal force was used at 5000
rpm for 1 hour. The supernatant was discarded, the AgNPs was redispersed in distilled water. To obtain sample powders, AgNPs
sols were dried. (13)

Characterization Of Silver Nanoparticles:

Visual Examination: The primary confirmation of the synthesized Azadirachta indica silver nanoparticles is done by visual basis.
The colour change of Azadirachta indica extract and silver nitrate solution with respect to time was observed.

UV-Vis Analysis: The optical property of Ag-NPs was determined by UV-Vis spectrophotometer (Perkin-Elmer). After the
addition of AgNQs to the plant extract, the spectra were taken in different time intervals up to 24 hrs between 200 nm to 500 nm.
Then the spectra was taken after 24hrs of AgNOs3 addition. (14, 15)

FTIR Analysis: The chemical composition of the synthesized silver nanoparticles was studied by using FTIR spectrometer (perkin-
Elmer LS-55- Luminescence spectrometer). The solutions were dried at 75 °C and the dried powders were characterized in the range
4000-400 cm-! using KBr pellet method. (16)

SEM Analysis: The morphological features of synthesized silver nanoparticles from neem plant extract were studied by Scanning
Electron Microscope (JSM-6480 LV). After 24Hrs of the addition of AgQNO; the SEM slides were prepared by making a smear of
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the solutions on slides. A thin layer of platinum was coated to make the samples conductive. Then the samples were characterized
in the SEM at an accelerating voltage of 20 KV. (17, 18)

Dynamic light scattering (DLS) & Zeta-Potential Analysis: Dynamic light scattering (DLS) which is based on the laser
diffraction method with multiple scattering techniques was employed to study the average particle size of silver nanoparticles. The
prepared sample was dispersed in deionised water followed by ultra-sonication. Then solution was filtered and centrifuged for 15
min at 25 °C with 5000 rpm and the supernatant was collected. The supernatant was diluted for 4 to 5 times and then the particle
distribution in liquid was studied in a computer controlled particle size analyzer (ZETA sizer Nanoseries, Malvern instrument Nano
Zs). (19, 20)

In Vitro Antimicrobial Activity

Antibacterial bioassay: The different concentration of prepared silver naoparticles were subjected to antibacterial evaluation
against four bacterial strains Escherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Salmonella typhi (S. typhi),
Staphylococcus aureus (S. aureus) as described by Usman et al. Muller Hinton Agar (Oxoid UK) was prepared in conical flask in
accordance to the directions provided by the manufacturer. The media along with petri dishes, pipette and metallic borer were
sterilized in autoclave for 15 minutes at 121 °C and 15 psi pressure. The media was poured into Petri dishes under aseptic condition.
The stock solutions of corresponding fractions were prepared in dimethyl sulfoxide (DMSQ). (21) The modified method of Perez et
al., (1990) was followed. All of the four bacterial strains were obtained from Department of Microbiology, Rohilkhand Medical
College, Bareilly, Uttar Pradesh, India. Bacterial culture was inoculated on MHA (corresponding to 106 CFU/mI). Bacterial strains
were spread on the solidified agar media, then 7 mm wells were punched in the agar media by using sterile metallic borer. Stock
solutions of crude extract and fractions in DMSO at concentration of 20 mg/ml were prepared and 200 pl from each stock solution
was added into respective wells. The petri dishes were incubated at 37 °C for 24 hours and control wells containing antibiotic
(Levofloxacin), which is a positive control, was also run side by side. After 24 hours antibacterial activities were measured as
diameter of the zones of inhibition and compared with the zone of inhibition of control (Levofloxacin). (22, 23)

Antifungal bioassay: The antifungal bioassay was determined by agar tube dilution method (24). Four fungal strains i.e. Aspergillus
flavus (A. flavus), Fusariun solani (F. solani), Aspergillus fumigatus (A. fumigatus) and Aspergillus niger (A. niger) were used for
antifungal activities. To refresh fungal strains, 13g/L nutrient broth in distilled water was prepared. Sterilized in autoclave and four
flasks of 250ml were filled from broth, to each flask fungal colonies were inoculated separately. These flasks were then placed in
incubator at 30°C for 3 days for refreshing fungal strains. SDA was used for growth of fungal strains. The flask was sterilized in
autoclave at 121°C for 15 minutes at 1.5 pounds pressure. (25)

Antibiotic, Clotrimazole (Canesten) an antifungal drug was taken as a positive control and dissolved in distilled water (30pg/ 6puL)
while DMSO was incorporated as negative control. About 7ml of medium was added to clean, dry and sterilized test tubes. Solutions
of crude extracts and sub fractions were prepared each of 2pg/uL. One ml of sample (2ug/ul) was also added to each test tube, the
test tube was kept in inclined position to make a slant. The same process was repeated for all of test tubes. (26) After cooling and
solidifying, the fungi inoculums suspension was spread over the SDA medium uniformly using sterile cotton swabs. After that the
test tubes were kept in incubator for 3 days at 30°C. After 3 days the fungal growth was observed in each test tube by the absence
and presence of fungal strains. (27, 28, 29)

RESULTS AND DISCUSSION

Visual Examination: Initial colour of Azadirachta indica bark extract was yellow and it turns to dark brown colour after the addition
of silver nitrate solution. Beyond 90 minutes there is no significant change in colour indicating the completion of the reduction
reaction. Azadirachta indica bark extract is shown in figure 1. The change in colour of the reaction mixture after 2 hours is presented
in Figure 1 which indicated the formation of AgNPs. This formation indicates that silver ions in reaction medium have been
converted to elemental silver having the size of nanometric range.
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Figure 1: Azadirachta indica extract and Silver nanoparticles

UV-Vis Spectrophotometer Analysis: Reduction of silver ions into silver nanoparticles during exposure to plant extracts was
observed as a result of the color change. The sharp bands of silver nanoparticles were observed around 421 nm in case of Azadirachta
indica. So we confirmed that Azadirachta indica leaf extract has more potential to reduce Ag ions into Ag nanoparticles, which lead
us for further research on synthesis of silver nanoparticles from Azadirachta indica leaf extracts. The intensity of absorption peak
increases with increasing time period. This characteristic color variation is due to the excitation of the SPR in the metal nanoparticles
the insets to Figure: 2, 3, 4 and 5 represent the plots of absorbance at Amax (i.€., at 420 nm) versus time of reaction.
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Figure 2: UV-vis spectra of Azadirachta indica 60:1 ratio at different time interval
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Figure 3: UV-vis spectra of Azadirachta indica 60:1 ratio at different time interval
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Figure 4: UV-vis spectra of A. indica 120:1 ratio at different time interval
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Figure 5: UV-vis spectra of A. indica 240:1 ratio at different time interval

FTIR Analysis: FTIR measurements were carried out to identify the biomolecules for capping and efficient stabilization of the
metal nanoparticles synthesized. The FTIR spectrum of silver nanoparticles (Figure 6 and 7) in case both of 60:1 and 120:1 ratios
showed the band between 3490-3500 cm-1 corresponds to O-H stretching H-bonded alcohols and phenols. The peak found around
1500-1550 cm* showed a stretch for C-H bond, peak around 1450-1500 cm-1 showed the bond stretch for N-H. Where as the stretch
for Ag-NPs were found around 500-550 cm.
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Figure 6 FTIR result for 60:1 ratio silver nanoparticles
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Figure 7: FTIR result for 120:1 ratio silver nanoparticles

SEM Analysis: SEM provided further insight into the morphology and size details of the silver nanoparticles. Comparison of
experimental results showed that the diameters of prepared nanoparticles in the solution have sizes of several pm in case of 120:1
ratios where as in 60:1 ratio the size is of several nm. (Figure 8 and to 9).

Figure 8: SEM image for 60:1 ratio silver nanoparticles

18 rmm

Figure 9: SEM image for 120:1 ratio silver nanoparticles
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The size of the prepared nanoparticles was more than the size of nanoparticle which should be; i.e.; between 1-100 nm. The size
was more than the desired size as a result of the proteins which were bound in the surface of the nanoparticles. The result showed

that the particles were of spherical shape in case of 60:1, and 120:1 ratios.

DLS Analysis: The particle size distribution (PSD) of synthesized silver nanoparticles of different ratios like 30:1, 60:1, 120:1, and
240:1 are shown in the figures. (Figure 10 and 11). According to the figure 10 the colloidal solution of silver nanoparticles of ratio
60:1, the solution contains particles of uniform sizes ranging from 68 nm to 396 nm. The average size of nanoparticles is 160 nm.

The particle size in case of 120:1 ratio ranges from 78 nm to 255 nm with mean particle size of 169 nm.
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Figure 10: DLS result for 60:1 ratio silver nanoparticles
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Figure 11: DLS result for 120:1 ratio silver nanoparticles

Zeta Potential Analysis: The Zeta potential measurements of silver nanoparticles synthesized with different ratios like 60:1, and
120:1, are 1.92 mV, and 6.12 mV respectively. From the analysis the order of stability of nanoparticles synthesized from different
ratios is 120:1 > 60:1. Nanoparticles are very small in size for which they are energetically very unstable. Therefore, the particles
undergo agglomeration/aggregation to stabilize themselves. So, there were some potential charges on the surface of the nanoparticles

which makes them stable. These charge potential we got from this analysis.
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Figure 12: Zeta Analysis result for 60:1 ratio silver nanoparticles
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Figure 13: Zeta Analysis result for 120:1 ratio silver nanoparticles

ANTIMICROBIAL ACTIVITIES

Antibacterial Activity: The extract of A. indica was evaluated for in vitro antibacterial activity against, E. coli, S. typhi, P.
aeruginosa and S. Aureus indicating different zones of inhibition (Table 1). Our results revealed that chloroform, butanol, ethyl
acetate extract of A. indica showed significantly higher inhibitory activity (between 15-19 mm) against E. coli, P. aeruginosa and
S. aureus. All extracts of A. indica showed activity (12-14 mm) against S. typhi (Table 1). The present investigation has shown that
the different concentration of prepared silver nanoparticles of A. indica have active phytochemical, which can inhibit the growth of

pathogenic bacteria and fungi.

Antifungal activities: The ethyl acetate and butanol extracts of A. indica showed activity against all studied fungal strains.
However, 60:1 and 120:1 fractions did not show any activity against A. flavus and F. solani, respectively (Table 2). Similarly, the
n-hexane and chloroform extracts of M. falcata showed activity against all studied fungal strains.

Table 1: Zone of inhibition (mm) against four bacterial strains.

Silver Concentration | EC PA ST SA ANOVA

Nanoparticles | 30:1 18.66x1.15 | 15.66+0.577 | 13.33x1.15 | 18.66+1.15 | p<0.01
60:1 1741 17.33+£1.15 14.33£1.15 | 15.33+£0.57 | p<0.05
120:1 17.33+£1.15 | 17+1 13+1 15.33£1.15 | p<0.01
240:1 1541 17.33+£0.57 13.66+0.57 | 19+1 p<0.01

DMSO 0 0 0 0

Standard drug (Levofloxacin) 22 21 22 23

EC Escherichia coli; PA-Pseudomonas aeruginosa; ST-Salmonella typhi; SA-Staphylococcus aureus
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Table 2: Zone of inhibition (mm) against four fungal strains.

Silver Concentration AF AN AF FS

Nanoparticles 30:1 - + - +
60:1 + - + -
120:1 + + + +
240:1 + + - ¥

Standard drug Clotrimazole (Canesten) | + + + +

AF-Aspergillus flavus; AN-Aspergillus niger; AF-Aspergillus fumigatusl FS-Fusarium solani
+ Presence of antifungal activity

-- Absence of antifungal activity

CONCLUSION

A simple one-pot green synthesis of stable silver nanoparticles using A. indica bark extract at room temperature was reported in this
study. Synthesis was found to be efficient in terms of reaction time as well as stability of the synthesized nanoparticles which exclude
external stabilizers/reducing agents. It proves to be an eco-friendly, rapid green approach for the synthesis providing a cost effective
and an efficient way for the synthesis of silver nanoparticles. Therefore, this reaction pathway satisfies all the conditions of a 100%
green chemical process. The synthesised silver nanoparticles showed efficient antimicrobial activities against both E. coli and S.
aureus. Benefits of using plant extract for synthesis is that it is energy efficient, cost effective, protecting human health and
environment leading to lesser waste and safer products. This eco-friendly method could be a competitive alternative to the
conventional physical/chemical methods used for synthesis of silver nanoparticle and thus has a potential to use in biomedical
applications and will play an important role in opto-electronics and medical devices in near future.
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