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Abstract:

The rise in bacterial resistance to commonly prescribed antibiotics is a significant issue in public health,
which has sparked a growing interest in exploring innovative antibacterial treatments. The primary
objective of this scientific pursuit was to discover a potent antibacterial agent derived from unconventional
plant sources, to address human health concerns. Azadirachta indica and Gmelina arborea were
investigated as alternate sources of antibacterial activities; which were synthesized in silver nanoparticles.
Azadirachta indica and Gmelina arborea are both native plants to India so they can be easily used for silver
nanoparticle formulations. To identify phytochemicals, present in Azadirachta Indica GC-MS analysis
was used and it demonstrated the existence of flavonoids, phenolic compounds, terpenoids, and terpenes.
The aqueous extracts derived from the leaves were employed to synthesise silver nanoparticles (Al-
AgNPs), which was confirmed through colourimetric analysis with a peak absorbance at 400 nm. By
optimizing the reaction parameters, a substantial yield of stable AI-AgNPs was achieved. These
nanoparticles were further characterized using UV-Vis spectroscopy, energy-dispersive X-ray
spectroscopy, scanning electron microscopy, and transmission electron microscopy. An eco-friendly
approach was employed to produce silver nanoparticles (AgNPs) using logging residue from Gmelina
arborea (GA) timber trees. The bioactive compounds present in leaves, barks, flowers, fruits, and roots
were determined through GC-MS analysis. The synthesis, morphology, and structure of GA-AgNPs were
characterized using various techniques including UV-Vis spectroscopy, scanning electron microscopy
(SEM), energy-dispersive spectroscopy (EDX), transmission electron microscopy (TEM), Fourier
transform infrared spectroscopy (FTIR), and X-ray diffractometer (XRD). The antibacterial, antibiofilm,
antioxidant, and wound-healing properties of GA-AgNPs were evaluated, and toxicity studies were
conducted. The analysis revealed the presence of terpenoids, sterols, aliphatic alcohols, aldehydes, and
flavonoids in leaves, indicating that the leaf extract is an ideal choice for the photo-fabrication of silver
nanoparticles. Both compounds underwent clinical testing using different methods, which resulted in the
discovery of their improved antibacterial, antibiofilm, antioxidant, and wound healing properties. The
studies also demonstrated a straightforward and environmentally friendly approach to synthesizing
AgNPs, which exhibited enhanced antibacterial effects and the ability to scavenge free radicals.
Additionally, AgNPs were found to be a safe and eco-friendly delivery vehicle.
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Chapter-1

Introduction

1. INTRODUCTION

By 2050, the global burden will be surpassed by an unprecedented surge in antimicrobial resistance,
resulting in an additional 10 million cases annually. Moreover, the economic impact of this crisis is
projected to exceed 100 trillion USD in total output. These alarming statistics can be attributed to two
primary factors. Firstly, the extensive use of antimicrobials in recent decades has significantly heightened
the exposure of microbes to a greater number and concentration of these drugs, consequently elevating the
likelihood of resistance development. Secondly, the scarcity of new drugs being developed to replace the
ineffectiveness caused by escalating drug resistance, particularly in the realm of antibiotics, is a deeply
concerning issue[1,2]. Leading to rise in worldwide need for biocompatible, environmentally friendly,
affordable, and reliable natural resources has resulted in a quest to uncover fresh bioactive compounds
that are inert, less harmful, and more enduring than the presently prevalent synthetic chemicals, to facilitate
their efficient delivery to the intended location. Ancient medicinal practices like Ayurveda, Kampo, Unani,
and Chinese medicine have long relied on plants for treating various ailments, and this traditional wisdom
is now being harnessed in modern medicine to unearth novel pharmaceuticals. [3,4]

Nanoparticles [NPs] have gained significant attention in the scientific community due to their minute size
[1-100 nm], which gives rise to unique physical and chemical characteristics not found in larger particles
or fine particles. Consequently, these nanoparticles hold potential for innovative applications in various
fields such as healthcare, food and feed, environmental care, cosmetics, optoelectronics, chemical, and
biotechnology industries [5]. Metallic nanoparticles [MNPs] possess a wide range of physical and
chemical characteristics that have found utility in numerous biomedical fields. The growing need for
MNPs has prompted scientists to create efficient, cost-effective, uncomplicated, and environmentally
friendly methods to increase their production. Understanding the interactions between MNPs and target
cells is essential for uncovering novel biomedical uses [6]. While bacteria, actinomycetes, yeasts, and
fungi have been extensively studied for their role in synthesizing metallic nanoparticles, the potential of
utilizing different parts of plants for similar biosynthesis methods remains largely unexplored and
underutilized [7]. Phyto-nanotechnology has garnered significant interest as a viable option for
synthesizing nanoparticles. This approach offers several advantages, including simplicity, speed,
scalability, and cost-effectiveness. By utilizing extracts from various sources such as plants, viruses, algae,
fungi, and bacteria, nanoparticles can be efficiently produced. The use of plant extracts, in particular,
provides the added benefit of biocompatibility. These extracts are abundant in bioactive compounds that
can be easily extracted using water as an inert solvent. Furthermore, these compounds serve as both
reducing and capping agents during the nanoparticle synthesis process. [8,9]

Neem, scientifically known as Azadirachta indica [Al], is a tropical tree that originated in the Indian sub-
continent and has since spread its distribution worldwide. Recognizing its significance, the United Nations
has bestowed upon it the title of "Tree of the 21st century.” Neem holds a revered position as a traditional
home remedy, offering a multitude of uses. Its leaf juice is utilized to combat intestinal worms, while twigs
serve as natural tooth-cleaning agents. The bark paste and gum find application in the treatment of leprosy
and various skin ailments. Additionally, neem seed oil acts as an effective mosquito repellent, and the
leaves possess remarkable properties such as anti-inflammatory, antipyretic, antimalarial, anticancer, and
antidiabetic effects[10,11]. Neem contains terpenoids and flavanones, which function as both reducing
and capping agents, aiding in the stabilization of nanoparticles. When Neem leaf extract is applied to silver

IJFMR240425265 Volume 6, Issue 4, July-Auqust 2024 2



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

salt, the silver salt is reduced to AgNPs. Additionally, the nanoparticles synthesized with neem extract as

a capping agent demonstrate improved antibacterial properties [12].
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Fig. 2. Gmelina arborea [14]

Gmelina arborea, also known as white teak, is a rapidly growing perennial tree that holds significant
economic value due to its high-quality timber. The primary purpose of harvesting these trees is to obtain
wood for the production of plywood, packaging, furniture, paper-pulp, vehicle bodies, etc. However, this
process leaves behind a substantial amount of biomass, approximately 25-45%, in the form of logging
residue such as branches, tops, stumps, barks, leaves, and roots, which is not utilized. In the Indian
traditional medicine system, various parts of the Gmelina arborea tree, including the leaves, bark, and
roots, are used for their medicinal properties. These extracts have been found to possess antidiabetic,
antimicrobial, anticancer, immunomodulatory, cardioprotective, analgesic, anthelmintic, rheumatoid,
antipyretic, and blood detoxifying properties.

The current research seeks to evaluate the production of new AgNPs through the use of an environmentally
friendly raw material that possesses known antimicrobial characteristics. Additionally, the study aims to
investigate the potential of a non-harmful, biocompatible, and thermally responsive hydrogel [PF127] for
delivering these nanoparticles. The utilization of this combination, which has demonstrated effectiveness
against microbes, biofilms, and oxidative stress, is expected to impede the growth of bacteria, shield
against oxidative harm, and expedite the recovery process of wounded areas.
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1.1.Materials used in biosynthesis of nanoparticles

1.1.1. Azadirachta indica

The leaves of Azadirachta indica were utilized in the study. They were lyophilized using liquid nitrogen.
Subsequently, hexane or ethyl alcohol was employed as solvents, and anhydrous sodium sulfate was added
to the mixture.[15]

A commonly used method for grinding frozen leaf tissue is to employ a mortar and pestle that has been
cooled with liquid nitrogen. This technique can be carried out by either pre-chilling the mortar and pestle
and conducting dry grinding on the frozen leaves, or by immersing the leaves in liquid nitrogen while
grinding. The inclusion of liquid nitrogen, which possesses an exceptionally low temperature of -176°C,
is crucial in the preparation of leaf extracts for DNA isolation from plant tissues. This extreme coldness
facilitates the pulverization of the plant tissue into a fine powder-like consistency and deactivates DNAase
enzymes that could potentially degrade the DNA. [16]

Hexane has become the primary solvent used in oil extraction because of its various beneficial
characteristics, such as its ability to completely mix with oil, a low boiling point of around 68°C, simple
recyclability, and relatively affordable price.[17]

Anhydrous sodium sulfate [Na2SQO4] is utilized in the organic layer subsequent to aqueous extractions in
order to eliminate water. By serving as a desiccant, it absorbs any remaining water and hinders its
involvement in subsequent reactions or analyses. This enhances the purity of the organic solution.

1.1.2. Gmelina arborea

Plant samples obtained from Gmelina arborea were utilized in the study. They were lyophilized using
liquid nitrogen. Subsequently, hexane or ethyl alcohol was employed as solvents, and anhydrous sodium
sulfate was added to the mixture.

For identification of a wider range of phytochemicals the obtained leaf extract can be separated and eluted
with distilled water and acetonitrile. [19]

1.2. Identification of Bioactive Compounds [GC-MS Analysis]

The neem leaves underwent lyophilization in liquid nitrogen utilizing a mortar and pestle to achieve a fine
powder. Subsequently, 1 g of this powder was measured and dissolved in either 1 mL of hexane or 1 mL
of ethyl acetate, together with 1 uL [10 mg/mL] of camphor [internal standard]. Following vortexing, the
mixture was placed on a horizontal shaker at 30 rpm for 2 hours. The resultant solution was then
centrifuged at 4,200 rpm for 25 minutes at 15°C, and the organic layer that separated was dehydrated using
anhydrous sodium sulfate to eliminate any water residues. To conduct phytochemical analysis, the organic
extract was transferred into a 2 mL glass vial and introduced into a GC system [Agilent 7890A] equipped
with a Mass Selective Detector [MSD, Agilent Technologies 5975C Inert XL] and HP-5MS Ul column
[30 m x 0.25 mm — 0.25 um]. The system's experimental parameters were set as follows: injection volume
— 2 uL; splitless injection; oven program 50°C [1 min hold] at 8°C min-1 to 300°C [5 min hold].

The plant samples from Gmelina arborea, which had been thoroughly washed, were freeze-dried using
liquid nitrogen. Then, they were extracted in either 1 mL of hexane or ethyl acetate, along with 10 mg/mL
of camphor as an internal standard. This mixture was placed on a horizontal shaker and incubated at 50
rpm for a duration of 2 hours. Following this, the mixture was centrifuged at 4500 rpm for 25 minutes,
resulting in the separation of the organic layer. To eliminate any remaining moisture, the organic layer
was dried using anhydrous sodium sulphate. After another round of centrifugation, the filtrate was
transferred to a glass vial for analysis. The presence of bioactive compounds was determined using GC-
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MS, For the analysis, 2 uL of the sample was injected and separated on a 30 m HP-5 MS column [also
from Agilent Technologies, USA]. The separation process began at a temperature of 50 °C for 1 minute,
and then the temperature was gradually increased at a rate of 8 °C per minute until it reached 300 °C. The
temperature was held at 300 °C for 5 minutes.

1.3.Formulation of nanoparticles

1.3.1. Preparation of extract

To eliminate any dust, pests, and spores, if present, the leaves from Azadirachta indica and plant parts of
Gmelina arborea were washed under a continuous flow of water. Subsequently, they were air-dried and
blended into a fine powder. For the preparation of the aqueous extract, 10 g of the Al and GA powders
was added to 100 mL of distilled water in a 1:10 ratio respectively. The mixture was then heated in a water
bath at 50°C for 30 minutes. Afterward, the solution was allowed to cool down to room temperature [25°C]
and filtered using Whatman filter paper [No. 1]. The resulting filtrate, known as Al-extract, and GA-
extract, will be utilized for the synthesis of nanoparticles. [18,37]

1.3.2. Biosynthesis of nanoparticles

5 mL of Al-extract was added dropwise to 45 mL of silver nitrate [AgNO3, 1 mM] in an Erlenmeyer flask.
The resulting solution was then adjusted to pH 7 and placed on a rotary shaker at 200 rpm in the dark at
room temperature for 24 hours. Throughout this incubation period, visual inspections were conducted to
monitor any changes in color. Samples should be withdrawn at regular 6-hour intervals for absorbance
measurements using a UV-Visible spectrophotometer. Subsequently, the nanoparticle suspension was
centrifuged at 4,500 rpm for 20 minutes to collect AI-AgNPs in the form of a pellet. To eliminate any
unreacted silver ions and unbound phyto-constituents, the pellet was washed three times with distilled
water, air-dried, and stored at room temperature for future use. The stability of AI-AgNPs in five different
solutions, including distilled water, PBS buffer, NaCl [0.9%], was assessed by measuring absorbance in
the wavelength range of 100-900 nm. Additionally, the on-shelf stability of AI-AgNPs in distilled water
as a storage medium was evaluated over an extended period of 28 days by measuring absorbance in the
wavelength range of 100-900 nm. [20]

GA-AgNPs are produced using leaf extract as a precursor. Changes in color and absorbance peak were
observed to confirm the phyto-fabrication process. Following the completion of the reaction, the
nanoparticle suspension underwent centrifugation at 4500 rpm for 20 minutes to separate the purified
pellet of AgNPs from the discarded supernatant. The pellet should be washed three times with distilled
water, air dried, and stored in sealed, opaque vials at room temperature for further analysis and application.
Various key parameters, including the volume of GA-extract [ranging from 1 to 10 mL], the corresponding
volume of 1 mM AgNO3 [ranging from 49 to 40 mL], the concentration of AgNOs [ranging from 0.5 to
2.0 mM], pH levels [ranging from 3 to 10], and reaction duration [ranging from 6 to 24 hours] were
optimized at room temperature in the absence of light. Additionally, the long-term stability of GA-AgNPs
was evaluated over a 28-day period. Throughout the experiments, the absorbance peak of GA-AgNPs was
determined using a UV-Spectrophotometer [UV1601, Shimadzu] with a wavelength range of 100 to 900
nm.

1.3.3. Phyto-fabrication of Al-AgNPs, and GA-AgNPs

Phyto-fabrication is a method of using biological reducing agents to produce nanoparticles or biosynthesis
of noble metal nanoparticles by plants [22]. Various biomolecules found in plant parts, including leaves,
roots, stem, bark, flowers, and fruits, have been identified in the literature as phyto-compounds that

IJFMR240425265 Volume 6, Issue 4, July-Auqust 2024 5



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

possess the ability to act as reducing agents for the conversion of Ag* to Ag°. Polysaccharides, proteins,
polyphenols, alkaloids, and flavonoids are among the significant phyto-compounds that exhibit this
reducing activity. [21]

In the process of phyto fabrication of AgNPs, plant-derived substances can serve multiple purposes such
as acting as a reducing agent, a stabilizing agent, and a functionalizing agent. The biosynthesis of AgNPs
involves the use of Azadirachta indica for capping and stabilizing, following a method previously
described with some adjustments. To summarize, equal volumes of PE and ionic silver nitrate [200 ml
each] were mixed, observing initial color changes and pH variations, and left to incubate in darkness
overnight. Subsequently, the purified NPs were obtained through centrifugation, followed by washing
with dH20 and ethanol. [23,24]

GA-AgNPs were produced using a leaf extract. The introduction of aqueous GA-extract into a clear silver
nitrate [AgNO3] solution caused a modification in the color of the reaction mixture, progressing from a
light to a dark brown hue. The alteration in color and the peak absorbance were observed to ascertain the
phyto-fabrication process. The conversion of silver ion from Ag+ to Ag® was additionally verified by the
peak absorbance at 420 nm in UV-Vis spectroscopy. A substantial yield of GA-AgNPs was achieved
when the GA-extract and AgNO3 were combined in a 1:9 ratio. The yield was enhanced with an increase
in the concentration of AQNO3 up to 1 mM.

1.3.4. Characterization of synthesized AlI-AgNPs, and GA-AgNPs [37,38]

The characterization of AgNPs involves various parameters that offer a detailed analysis of factors such
as particle size, shape, arrangement, stability, and potential functional groups that play a role in the bio
reduction process and determine the nature of the synthesized nanoparticles.

The AI-AgNPs were analyzed using various techniques to characterize their shape, size morphology,
elemental composition, and functional groups. UV-Vis spectroscopy are employed to study the absorption
of light in the ultraviolet and visible regions. Scanning electron microscopy allows for high-resolution
imaging of the nanoparticles. Energy-dispersive X-ray spectroscopy is used to determine the elemental
composition of the AI-AgNPs. Transmission electron microscopy is used to get an insight into detailed
information about the shape and size of the nanoparticles. Fourier transform infrared spectroscopy is
utilized to analyze the absorption spectra in the range of 4,000-400 cm-1. This allowed for the
identification of functional groups involved in the bio-reduction process. X-ray diffraction is used to
determine the crystalline nature of the Al-AgNPs. Overall, these characterization techniques provided
valuable insights into the properties and composition of the Al-AgNPs.

1.4. Characterization of Nanoparticles

The characterization of nanoparticles involves the examination of various parameters, with size and shape
being two of the primary factors under study. Additionally, the size distribution, degree of aggregation,
surface charge, surface area, and to a certain extent, the surface chemistry can be measured. The size, size
distribution, and the presence of organic ligands on the particle's surface can potentially influence other
properties and potential applications of the nanoparticles.[25]

AIl-AgNPs underwent analysis using UV-Vis spectroscopy, scanning electron microscopy, energy-
dispersive X-ray spectroscopy, and transmission electron microscopy in order to investigate their shape,
size morphology, and elemental composition.

Analysis of GA-AgNPs was conducted through Scanning Electron Microscopy [SEM], revealing that the
majority of GA-AgNPs exhibited a spherical shape, while some displayed cuboidal structures. Energy-
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dispersive spectroscopy [EDX] analysis confirmed the presence of elements, with peaks corresponding to
the atomic weight of each component. Transmission Electron Microscopy [TEM] images showed that
GA-AgNPs were spherical and evenly distributed.

Table 1 = Characterization of extracted nanoparticles
Plant extract Nanoparticles Result
NPs are very effective against
Neem extract, lemon juice | Ag/Au, spherical, 29-92nm | Gram-negative and Gram-
positive bacteria. [26]
Gold and silver nanoparticles
have a wide range of
antimicrobial activity against
animal and human
pathogens.[27]
The silver nanoparticles
showed antibacterial
Neem aqueous leaf extract | Ag, spherical, 34nm activities against both Gram-
positive and Gram-negative
microorganisms. [28]
Silver nanoparticles using
Gmelina arborea ethanol Ag. cuboidal, 36.38nm Gm_eli_na _arborea e_xh?bit
extract antimicrobial and biofilm
inhibition activity [19]

Ag, spherical, 30-60nm Au,

Neem gum spherical, 50-250nm.

1.5.Evaluation of Nanoparticles

The nanoparticles and hydrogels were visually inspected for attributes like color, uniformity, and texture.
The pH level was determined using a standard pH meter after diluting the hydrogels to a 1% concentration
with distilled water. The viscosity of the hydrogels was assessed at 4°C using an Ostwald viscometer.
Analysis of antibacterial activity, wound healing activity, skin irritation, biofilm inhibition, antioxidant
activity, will be done for both plant extract nanoparticles.

First of all we will identify bioactive compounds present in both the plant extracts by employing Gas
chromatography mass spectroscopy and Liquid chromatography mass spectroscopy. [15,19,25]

For the analysis of antibacterial activity, we will use disk diffusion assay being a qualitative method
that relies on the diffusion of antimicrobial agents within agar. The extent of this diffusion is measured by
determining the diameter of the corresponding inhibition zone, which is used to ascertain the antimicrobial
efficacy of the tested material [30]. With this we can also determine Minimum inhibitory concentrations
[MICs] which refer to the lowest concentration of an antimicrobial agent that can effectively hinder the
observable growth of a microorganism following an incubation period. On the other hand, the minimum
bactericidal concentrations [MBCs] denote the lowest concentration of an antimicrobial agent that can
impede the growth of an organism after being transferred to a medium devoid of antibiotics[31], The
Minimum Bactericidal Concentration [MBC] assay is utilized to ascertain the lowest concentration of
antibacterial agents required to eradicate a specific bacterium within a specified timeframe. Following the
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determination of the Minimum Inhibitory Concentration [MIC] in antibacterial testing, the MBC test can
be conducted[32].

For evaluation of Al-AgNPs and GA-AgNPs wound healing activity, healthy adult male albino mice
weighing approximately 25-30 g, free from pathogens, were housed in standard laboratory conditions with
a 12-hour light-dark cycle. The mice were provided with a standard rodent diet and distilled water.
Following a one-week acclimatization period, the mice were anesthetized using a mixture of 5% isoflurane
in air, which was then maintained at 2.5% isoflurane in air. Full-thickness excision wounds of 6 mm in
diameter were created on the dorsal skin after shaving and disinfecting with 70% ethyl alcohol. On the
first day, 20 pL of the respective hydrogel samples were applied to the wound site, which was then covered
with Tegaderm and Opsite Flexifix transparent wound dressing. The wound areas were assessed on the
3rd, 5th, 7th, and 10th days post-surgery to determine the percentage of wound contraction.

Percentage of wound contraction

~ Wound area day 1 — Wound area day n < 100
N Wound area day 1

For dermal irritation test, a 5cm x 5cm dorsal area was shaved with an electric razor. After 24hours,
hydrogels were placed on the backs of the rats in the experimental groups, samples were taken at different
durations consecutively for two days to evaluate erythema, and edema.[33]

Biofilms, which consist of microorganisms adhering to surfaces and surrounded by an extracellular matrix,
significantly augment the ability of microbes to withstand the effects of antibiotics, thereby complicating
the treatment of infections. Pathogens commonly encountered in medical settings, including bacteria,
fungi, and viruses, form biofilms on various substrates such as medical equipment, water systems, and
tissues, effectively trapping particles and host components. Infections associated with biofilms encompass
a range of conditions, such as periodontitis, dental caries, and chronic ailments like cystic fibrosis. The
presence of biofilm-producing bacteria that are resistant to treatment, such as Pseudomonas aeruginosa
and Staphylococcus aureus, presents substantial challenges in hospital settings. Notably, Candida biofilms
exhibit remarkable resistance to antifungal therapies and immune responses, leading to increased mortality
rates. Consequently, the development of strategies to combat biofilms is of utmost importance in order to
overcome the problem of antimicrobial resistance[34,35,36,39]. Biofilm inhibition was assessed in 96-
well plates using ethanolic extracts of Azadirachta indica and Gmelina arborea. Microbial strains were
incubated at 37°C for 20 hours, followed by dilution. Microbial cultures [150 pL] were then incubated for
42 hours to allow biofilm formation. Plates were rinsed twice with sterile phosphate-buffered saline [PBS]
to remove planktonic cells, and the lids were transferred to another 96-well plate and incubated at 37°C
for 4 hours. The pegs were rinsed with PBS and moved to a new 96-well plate containing MTT in PBS,
then incubated at 37°C for 4 hours. Formazan crystals, formed by MTT reduction, were dissolved using
50 L of 25% sodium dodecyl sulfate. The inhibition capability was evaluated by measuring absorbance
at 595 nm using a Microplate reader to determine biofilm cell viability. The minimum biofilm inhibitory
concentration [MBIC] was defined as the lowest concentration required to inhibit biofilm formation after
treatment. [40]

For antioxidant activity, Azadirachta indica, and Gmelina arborea extract nanoparticles at concentrations
ranging from 100 to 500 pg/mL was evaluated using DPPH and ABTS radical scavenging assays. The
DPPH assay followed a modified standard protocol, wherein 100 pL of 0.1 mM DPPH was added to 100
ML of the sample, incubated at room temperature for 30 minutes in the dark, and absorbance was recorded
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at 517 nm. The ABTS assay was similarly conducted with modifications: 10 mL of 7.4 mM ABTS was
combined with 10 mL of 2.45 mM ammonium persulfate, and the mixture was left at room temperature
for 16 hours in the dark. Subsequently, 100 pL of the ABTS solution was added to 100 pL of the sample,
incubated at room temperature for 20 minutes in the dark, and absorbance was measured at 734 nm.
Butylated hydroxytoluene [BHT] served as the reference standard, and a reaction mixture without the
sample acted as the control. The percentage inhibition was calculated using the specified equation.

Chapter-2

Aim and Objectives

AIM

A comparative review on the sustainable phyto-fabrication of silver nanoparticles using azadirachta

indica, and gmelina arborea.

OBJECTIVES

1. Synthesis Efficiency: Compare the efficiency of silver nanoparticle synthesis using Azadirachta
indica and Gmelina arborea in terms of nanoparticle yield, size distribution, and stability.

2. Antibacterial Activity: Investigate and compare the antibacterial properties of the silver nanoparticles
produced from Azadirachta indica and Gmelina arborea against different pathogens, assessing their
potential as antibacterial agents.

3. Characterization of Nanoparticles: Characterize the physical, chemical, and structural properties of
the silver nanoparticles synthesized from Azadirachta indica and Gmelina arborea using techniques
like UV-Vis spectroscopy, TEM.

4. Optimization of Synthesis Conditions: Optimize the synthesis parameters [temperature, pH,
concentration ratios] for both plant extracts to enhance the efficiency and quality of silver nanoparticle
production.

5. Comparison of Phytochemicals: Identify and compare the phytochemicals present in Azadirachta
indica and Gmelina arborea responsible for reducing and stabilizing silver nanoparticles, correlating
them with nanoparticle characteristics.

6. Antioxidant activity: Investigation and comparison between antioxidant activity of AI-AgNPs, and
GA-AgNPs in assay of DPPH and ABTS to confirm a gradual increase in the antioxidant activity in a
concentration-dependent manner

7. Application Potential: Explore potential applications of silver nanoparticles synthesized from
Azadirachta indica and Gmelina arborea in fields such as medicine, agriculture, catalysis, and water
treatment, highlighting advantages and limitations.

Chapter-3

Review of Literature

REVIEW OF LITERATURE

3.1.Gandhimathi Chinnaasamy, Smitha Chandrasekharan, and Somika Bhatnagar [2022]

The increasing bacterial resistance to conventional antibiotics necessitates the exploration of novel
antibacterial agents. This study aimed to identify an efficient antibacterial alternative derived from the
non-conventional plant source Gmelina arborea (GA), utilizing an eco-friendly approach for the phyto-
fabrication of silver nanoparticles (AgNPs). Comprehensive GC-MS analysis of GA leaves, bark, flowers,
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fruits, and roots identified bioactive compounds, with leaves selected for AGNP synthesis due to their high
content of terpenoids, sterols, aliphatic alcohols, aldehydes, and flavonoids.

The biosynthesis of GA-AgNPs was confirmed by the formation of a dark brown colloidal solution and a
characteristic absorption peak at 420 nm. Morphological and structural characterization via UV-Vis
spectroscopy, SEM, EDX, TEM, FTIR, and XRD revealed that the GA-AgNPs were spherical, uniformly
dispersed, crystalline, with a diameter of 34-40 nm, and stable at room temperature. FTIR analysis
indicated that flavonoids, terpenoids, and phenols in the leaf extract functioned as reducing and capping
agents.

The antibacterial efficacy of GA-AgNPs was validated against Bacillus cereus, Escherichia coli,
Pseudomonas aeruginosa, and Staphylococcus aureus through disc diffusion assays, MIC and MBC
assays, biofilm inhibition assays, electron microscopy, cell staining, and colony counting techniques. GA-
AgNPs exhibited superior antibacterial activity compared to GA extract, with enhanced effects when
incorporated into a hydrogel (GA-AgNPs-PF127).

Antioxidant activity was confirmed via DPPH and ABTS free radical scavenging assays. The wound
healing potential was demonstrated by cell scratch assays in human dermal fibroblast cell lines. Toxicity
studies, including cell proliferation in human Chang liver cell lines and optical microscopy, confirmed the
non-toxicity of GA-AgNPs at low doses.

In conclusion, the biosynthesized GA-AgNPs exhibited significant antibacterial, antibiofilm, antioxidant,
and wound healing properties, presenting a promising alternative to conventional antibiotics with potential
applications in human health.

3.2.Gandhimathi Chinnaasamy, Smitha Chandrasekharan, Tony Wey Koh and Somika Bhatnagar
[2021]

The study explores the potential of Azadirachta indica (Al) as an alternative source of antibiotic
compounds. Phytochemical and GC-MS analyses identified the presence of flavonoids, phenolic
compounds, terpenoids, and terpenes in Al. Aqueous leaf extracts were utilized to synthesize silver
nanoparticles (Al-AgNPs), confirmed by a characteristic absorbance peak at 400 nm. Optimal reaction
parameters yielded stable AI-AgNPs, characterized through UV-Vis spectroscopy, energy-dispersive X-
ray spectroscopy, scanning electron microscopy, and transmission electron microscopy, revealing
spherical nanoparticles with a diameter of 33 nm. Fourier transform infrared spectroscopy indicated
functional groups in bioactive constituents responsible for reducing silver ions to elemental silver, acting
as capping agents during Al-AgNPs formation. X-ray diffraction confirmed their crystalline nature.
Toxicity assessments using Drosophila indicated that AI-AgNPs (100 pg/mL) did not affect egg laying
capacity or eclosion of the F1 generation. Antioxidant assays (DPPH and ABTS) demonstrated significant
radical scavenging activity of Al-AgNPs at 500 ug/mL, with inhibition rates of 65.17% and 66.20%,
respectively. Antibacterial efficacy of AI-AgNPs (1,000 pg/mL) was validated through disc diffusion
assays, showing inhibition zones against Bacillus cereus (17.7 mm), Escherichia coli (18.7 mm),
Pseudomonas aeruginosa (10.3 mm), and Staphylococcus aureus (17.7 mm). Minimum inhibitory and
bactericidal concentrations ranged from 390 to 780 pg/mL. SEM images highlighted significant bacterial
cell wall damage and membrane disintegration, confirming higher antibacterial activity of Al-AgNPs
compared to Al extract.

AI-AgNPs were incorporated into a biocompatible and biodegradable polymer, PF127, forming a viscous
hydrogel (Al-AgNPs-PF127). This hydrogel exhibited enhanced antibacterial properties, with inhibition
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zones of 13-18.7 mm in disc diffusion assays. Topical application on mice showed no skin irritation and
significantly increased wound contraction rates. The study presents a green synthesis route for AI-AgNPs
with potent antibacterial and antioxidant activities, and introduces Al-AgNPs-PF127 hydrogel as a
promising, low-toxicity, eco-friendly delivery system for wound healing applications.

3.3.Rekha R. Warrier, S. Mohana Priya, R. Kalaiselvi [2020]

Gmelina arborea Roxb. ex Smith is a fast-growing deciduous tree in the Lamiaceae family, commonly
found in tropical regions, especially Southeast Asia. It is extensively used in traditional Indian Systems of
Medicine for its medicinal properties. The plant possesses a wide range of medicinal properties such as
astringent, bitter, digestive, cardiotonic, diuretic, laxative, pulmonary, and nervine tonic qualities.
Different parts of the plant are utilized for various therapeutic purposes, including aiding digestion,
enhancing memory, treating fever, heart diseases, nervous disorders, and piles.

Phytochemical analyses have revealed the presence of numerous bioactive compounds in G. arborea,
including arboreal, verbascoside, tyrosol, iridoids, phenylpropanoid glycoside, premnazole, martynoside,
balanophonin, gmelinol, isoarboreol, apigenin, and umbelliferone. These compounds have
pharmacological activities and contribute to the plant's medicinal efficacy. Empirical studies have
demonstrated the effectiveness of G. arborea extracts in wound healing and treating diarrhea, indicating
its potential in both traditional and modern medicinal practices. The plant's diverse phytochemical
composition plays a crucial role in its therapeutic benefits.

3.4.Rekha R.Warrier, S.Mohana Priya, R.Kalaiselvi [2020]

Gmelina arborea Roxb. ex Smith, a fast-growing deciduous tree in the Lamiaceae family, is a significant
plantation species in tropical regions worldwide, particularly in Southeast Asia. It holds substantial
medicinal value in the Indian Systems of Medicine, with various parts of the plant used for their therapeutic
properties. The tree exhibits astringent, bitter, digestive, cardiotonic, diuretic, laxative, and nervine tonic
qualities, benefiting conditions such as fever, heart diseases, and nervous disorders. The roots, flowers,
fruits, and leaves possess distinct medicinal attributes, including antihelmintic, galactagogue, refrigerant,
aphrodisiac, and anti-leprosy properties. The plant's phytochemical profile includes 69 compounds, such
as lignans, iridoid glycosides, flavonoids, and flavone glycosides, many of which exhibit pharmacological
activities. Extracts from G. arborea have demonstrated wound-healing, antidiarrheal, antioxidant,
antidiabetic, anti-inflammatory, antiulcer, analgesic, anticancer, and antinociceptive effects, highlighting
its therapeutic potential.

3.5. Gandhimathi Chinnaasamy, Smitha Chandrasekharan, and Somika Bhatnagar [2019]

The increasing need for natural, environmentally friendly, and biocompatible resources to explore new
bioactive compounds underscores the significance of nanoparticles (NPs) in various industries. Silver
nanoparticles (AgNPs) stand out for their antimicrobial and catalytic properties. Conventional physical
and chemical NP production methods are costly and harmful to the environment, while biological
approaches using plant extracts present a more sustainable and economical option.The research centers on
the production of AgNPs from the leaves of Melia azedarach (MA), a rapidly growing tropical tree
resistant to diseases and known for its medicinal properties. Water serves as the solvent in the synthesis
process, with bioactive compounds from the leaves acting as reducing, capping, and stabilizing agents.
The resulting MA-AgNPs are characterized using different techniques, demonstrating improved biological
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activities such as antibacterial, wound healing, antidiabetic, antioxidant, and cytotoxic effects compared
to raw extracts. This eco-friendly synthe.sis technique provides a viable and efficient solution for the
biomedical applications of Melia azedarach.

3.6. Nafeesa Khatoon, Jahirul Ahmed Mazumder and Meryam Sardar [2017]

Silver and its compounds have been employed since ancient times for treating bacterial infections and
wounds, particularly in burn patients. The emergence of novel therapeutic agents led to a decline in the
use of silver compounds. However, the past decade has witnessed significant advancements in
nanotechnology, enabling the transformation of metal ions into the nano range, thereby altering their
chemical, physical, and optical properties. Silver nanoparticles (AgNPs) have demonstrated potent
antimicrobial activity, revitalizing their use, particularly in response to the increasing antibiotic resistance
among pathogenic bacteria.

AgNPs are extensively utilized in the biomedical industry for applications such as coatings on dressings,
medicinal devices, and in the form of nanogels in cosmetics and lotions. Established protocols for AQNP
synthesis are broadly categorized into physical, chemical, and biological methods. Physical and chemical
processes typically involve high temperatures, pressure, and hazardous chemicals, which has shifted
research focus towards biological methods. Plant extracts are increasingly recognized as cost-effective,
environmentally friendly, and efficient alternatives for large-scale nanoparticle synthesis.

This review critically examines the role of plants in the synthesis of AgNPs and their biomedical
applications. The mechanism of AgNP synthesis using plants involves the reduction of silver ions into
nanoparticles by plant bio-molecules. These bio-molecules not only facilitate the reduction process but
also impart unique properties to the nanoparticles. Due to their broad-spectrum antimicrobial properties,
AgNPs present an attractive alternative to conventional antibiotics, paving the way for the development
of new-generation antibiotics.

The plant-mediated synthesis of AgNPs is economical, eco-friendly, and scalable, making it suitable for
a wide range of applications, including industrial appliances such as bandages, food and water storage,
biomedical fields, pharmaceuticals, and wastewater treatment. Further research aimed at elucidating the
exact mechanisms of synthesis and controlling the shape and size of AgNPs will enhance their
applicability and broaden the scope of their use in various fields.

3.7.S Shiv Shankar, Akhilesh Rai, Absar Ahmad, Murali Sastry [2004]

The study investigates the use of Neem leaf broth for the extracellular synthesis of metallic silver, gold,
and bimetallic Au/Ag nanoparticles. Neem leaf extract rapidly produces stable nanoparticles when treated
with silver nitrate and chloroauric acid solutions. Gold nanoparticles display a flat, platelike shape, while
bimetallic Au core—Ag shell structures are formed due to competitive reduction of Au3+ and Ag+ ions.
Transmission electron microscopy confirms the core—shell configuration, with silver nanoparticles
attached to gold cores. The reduction rates using Neem leaf extract are superior to those achieved with
fungi, suggesting potential for biological synthesis at rates comparable to chemical methods. The presence
of flavanones, terpenoids, and reducing sugars in Neem leaf broth likely aids in the reduction and
stabilization of nanoparticles. This eco-friendly method provides a rapid alternative for nanoparticle
synthesis. Future research will concentrate on achieving monodispersity and shape selectivity by
identifying the active compounds responsible for nanoparticle reduction and capping.
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Chapter-4

Methodology

METHODOLOGY

4.1.Literature review

A comprehensive review of articles from various academic databases including PubMed, NCBI, Taylor

and Francis, Elsevier, Hindawi, MDPI, ScienceDirect, and Springer, spanning from 2000 to 2024, focused

on several key topics related to Azadirachta indica [Neem], Gmelina arborea, silver-based nanoparticles,
and novel approaches to wound healing. With the following findings:-

4.1.1. Azadirachta indica and Gmelina arborea:Both plants were extensively studied for their
antimicrobial, antioxidant, and antibacterial activities, highlighting their medicinal potential.

4.1.2. Biosynthesis of Silver-Based Nanoparticles: Studies explored the use of plant extracts from
Azadirachta indica and Gmelina arborea for eco-friendly synthesis of silver nanoparticles
[AgNPs], emphasizing their efficacy and sustainability.

4.1.3. Phyto-fabrication of Nanoparticles: The review focused on the green synthesis of nanoparticles,
particularly AgNPs, using plant extracts, underscoring their economic viability and environmental
benefits over conventional methods.

4.1.4. Antioxidant and Antibacterial Activities:Significant attention was given to evaluating the
antioxidant and antibacterial properties of Azadirachta indica and Gmelina arborea, particularly in
the context of nanoparticle formulations.

4.1.5. References and Citations: Additional relevant articles were identified through references in
comprehensive reviews on sustainable phyto-fabrication of AgNPs using Azadirachta indica and
Gmelina arborea, further enriching the scope of the study.

Overall, the research underscores the promising applications of plant-based synthesis of AgNPs from

Azadirachta indica and Gmelina arborea in biomedical and environmental fields, advocating for continued

exploration into their mechanisms and potential therapeutic benefits.

4.2.Year wise partitioning and study of abstracts

The research utilized specific keywords and date filters across various databases to explore sustainable
phyto-fabrication of silver nanoparticles using Azadirachta indica and Gmelina arborea. It identified an
evolution in research from initial associations in the 1990s to niche developments in the 2000s,
culminating in substantial growth and application from 2010 to 2024. Abstract analysis uncovered 45
pertinent articles focusing on the antibacterial and antioxidant properties of these plants in nanoparticle
biosynthesis. These articles provide crucial data to support the study's conclusions, highlighting their
efficacy and potential contributions to advancing biomedical applications of plant-based nanoparticle
synthesis.

4.3.Collection of paper

The published papers were systematically categorized into distinct groups, eachaddressing a particular area
of research. These groups included the phyto-fabrication of silver-based nanoparticles, the investigation of
their antimicrobial activity, comprehensive in vivo and in vitro studies conducted to evaluate the
effectiveness of phyto-fabricated silver-based nanoparticles, the utilization of silver-based nanoparticles
in wound therapy, and there ability to inhibit biofilm.
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4.4.Data analysis

In order to analyse a compilation of data obtained from a set of published papers,I adhered to a series of
fundamental procedures. Firstly, I identified the specificdata that had the potential to address my research
objectives. Subsequently, | systematically arranged the data in an organized manner. Following this, I
engaged in the process of synthesizing, analyzing, and ultimately presenting thedata in a comprehensive
final report. Through this meticulous analysis, | was able to gain fresh insights that could potentially
contribute to the formulation ofa new theory

4.5.Combined revision and compilation of results

The data obtained from the published papers was thoroughly examined, and a variety of tools and
techniques were employed to synthesize the information, such as textual descriptions, tabulation, grouping,
and thematic/content analysis, as deemed suitable. Subsequently, revisions and compilation of research
were conducted to evaluate the caliber of the published papers and the data pertaining to the research topic.

4.6.Drafting of report

By collating information from multiple sources, | successfully compiled a comprehensive report that
delineates the sustainable Phyto-fabrication of Silver Nanoparticles using Azadirachta indica and Gmelina
arborea. This report encompasses a wide range of important activities that are exhibited by both.

Chapter-5

Results

Results

5.1. Synthesis efficiency [15,19]

In comparing the effective yield and distribution of nanoparticles post-administration, it was observed that
Gmelina arborea-derived nanoparticles (GA-AgNPs) exhibited a size range of 34-40 nm, whereas
Azadirachta indica-derived nanoparticles (Al-AgNPs) ranged from 44.6 nm to 66 nm, indicating a
significant size disparity between the two types.

Both AI-AgNPs and GA-AgNPs demonstrated the capability to evade immune surveillance, prolong
systemic retention, achieve enhanced distribution, and attain higher concentrations in target tissues.
Notably, nanoparticles possess the ability to mitigate diffusion into adjacent tissues and facilitate
controlled release of therapeutic agents or drugs in response to specific stimuli, thereby extending their
therapeutic duration. Furthermore, nanoparticles can elicit tailored biological effects conducive to
applications in imaging modalities.

This characterization underscores the potential of nanoparticles, derived from natural sources such as
Gmelina arborea and Azadirachta indica, to serve as versatile platforms in biomedical applications,
offering precise targeting, sustained therapeutic efficacy, and enhanced imaging capabilities.

5.2. Antibacterial activity[19,15]

Studies on the determination of diameter of Zone of Inhibition, Minimum Inhibitory Concentration and
Minimum Bactericidal Concentration of Al-AgNPs, and GA-AgNPs tested against bacterial species
resulted in the following findings :-
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Table 2 = Antibacterial activity of Azadirachta indica and Gmelina arborea

Azadirachta indica Gmelina Arborea
Name of
o ZOlof Al- | MIC  of | MBC of | ZOl of GA- | MIC of GA- | MBC of GA-
P AgNPs AIl-AgNPs | AgNPs | AgNPs AgNPs AgNPS
Bacillus cereus | 17.7+1.24 | 390 390 15.6+1.15 20 20
fjﬁhe”‘:h'a 18.7+1.15 | 780 780 23.0+1.73 | 20 40
Pseudomonas | 10 5,459 | 780 780 13.3+050 | 90 90
aeruglnosa
Staphylococeus | 12 7.6 47 | 300 390 18.3+057 | 90 90
aureus

5.3. Characterization of nanoparticles

5.3.1 Wound healing activity

Neem [Azadirachta indica] leaf extracts enhance wound healing by boosting inflammatory responses and
promoting neovascularization in excision and incision wound models. Gmelina arborea leaves exhibit
anti-inflammatory properties and significantly enhance wound contraction, epithelization, hydroxyproline
content, collagen levels, and granuloma breaking strength. Cell scratch assays on human dermal fibroblast
cell lines demonstrate that both Neem and Gmelina arborea silver nanoparticles [Al-AgNPs and GA-
AgNPs] accelerate wound closure, highlighting their therapeutic potential in wound healing applications.
[45]

5.3.2. SKin irritation [50,51]

The application of the treatment on the skin of mice did not result in any undesirable side effects, such as
erythema [redness], xerosis [dryness], or desquamation [flakiness]. Observations indicated that the skin
condition of both the control and treated groups remained normal and unaffected throughout the study
period. This suggests that the treatment is well-tolerated and does not compromise skin integrity or cause
visible dermatological issues.

5.3.3. Biofilm inhibition [49,19]

The impact of GA-extract, GA-AgNPs, and GA-AgNPs-PF127 (20-1000 pg/mL) on biofilm inhibition
was assessed using crystal violet staining. The effect was more pronounced at lower concentrations and
reached a consistent inhibition level at higher concentrations. Biofilm inhibition by GA-extract varied
from 6% to 46%, while the inhibition significantly increased to a range of 24% to 62% for GA-AgNPs.
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Figure 3 = Biofilm inhibition effect of GA-extract, GA-AgNPs on E.coli
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Figure 4 = Biofilm inhibition effect of GA-extract, GA-AgNPs on S.aureus

For Al-AgNPs biofilm inhibition was checked in a control condition, the biofilm cells of E. coli exhibited
an absorbance of 0.38 £ 0.0001. As the concentration of nanoparticles increased, the biofilm formation
demonstrated a significant reduction, with absorbance values ranging from 0.30 £ 0.01 to 0.02 £ 0.01 nm.
Similarly, for *Staphylococcus aureus* biofilm cells, the control condition showed an absorbance of 0.029
+ 0.01. Upon treatment with increasing concentrations of nanoparticles, a corresponding decrease in
biofilm formation was observed.

Biofilm formation
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Figure 5 = Biofilm inhibition effect of AI-AgNPs on S.Auerus.
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Figure 6 = Biofilm inhibition effect of AI-AgNPs on E.co
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5.4. Optimization of synthesis conditions [52,53]

The optimal conditions for synthesizing stable Azadirachta indica silver nanoparticles (Al-AgNPs)
involved mixing 5 mL of Al-extract with 45 mL of 1 mM AgNO3 at pH 7. The reaction was conducted at
25°C in darkness with agitation at 200 rpm for 18 hours. Al-AgNPs demonstrated stability across various
test solutions and remained stable in distilled water at room temperature over a 28-day period.

For Gmelina arborea silver nanoparticles (GA-AgNPs), a high yield was achieved by mixing GA-extract
and AgNO3 in a 1:9 ratio. Increasing the concentration of AgNO3 up to 1 mM improved yield. The pH of
the reaction mixture significantly influenced synthesis: negligible GA-AgNPs formed at pH 3, while pH
7 yielded smaller-sized nanoparticles with enhanced yield. At pH 10, particles tended to agglomerate.
Temperature also affected GA-AgNP synthesis, with minimal yield at 4°C, optimal production at room
temperature (25°C), and constant yield at higher temperatures (37°C). Absorbance measurements
confirmed a time-dependent increase in GA-AgNP yield, reaching maximum levels after 18 hours.

In summary, Al-AgNPs were synthesized under specific conditions to ensure stability and consistent
performance, while GA-AgNPs production was optimized based on reactant ratio, pH, temperature, and
reaction duration to achieve high yields and desired particle characteristics.

5.5. Comparison of phytochemicals [15,19,25]

Gas chromatography mass spectroscopy [GC—MS] GC-MS identified terpenes, sterols, aliphatic alcohols,
esters, fatty acids, and aldehydes in GA plant parts. LC—MS of GA leaf extract detected flavonoids:
luteolin, kaempferol, quercetin, isoquercitin, rutin, and astragalin. Azadirachta indica leaf broth contains
flavanones and terpenoids stabilizing nanoparticles.

Table 3 = Identified bioactive compounds in AI-AgNPs, and GA-AgNPs

Presence n Presence in Gmelina
No. Name of compound | Azadirachta Activity
. arborea
indica
1. Ethyl propionate Present Absent Antimicrobial
2. Caryophyllene Present Present Antimicrobial
3. 1-Octen-3-ol Absent Present Antimicrobial
4. Elemene Present Present Anti-
inflammatory
Antioxidant,
5. a-Tocopherol Present Absent .
wound healing
Trimethylsilyl .
6. yisty Absent Present Wound healing
laurate
Antioxidant,
7. Alloaromandedrene | Present Present ..
antiaging
) Antioxidant,
8. a-Selinene Present Present )
analgesic
Anti-
Caryophyllene )
9. _y pry Present Present inflammatory,
oxide .
analgesic
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[3,7,11,15-
10. tetramethy|-2- Present Present Antimicrobial
hexadecenyl]oxy
11. Oleic acid Present Present Antioxidant

5.6. Antioxidant activity[50,19]
2,2-Diphenyl-1-picrylhdrazyl [DPPH] and 2, 2'-azino-bis [3-ethylbenzothiazoline-6-sulfonic acid]
[ABTS] free radical scavenging assays confirmed a gradual increase in the antioxidant activity in a

concentration-dependent manner.
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Figure 7 = Antioxidant effect of GA-AgNPs DPHH radial scavenging
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5.7. Application potential

Gmelina arborea silver nanoparticles (AgNPs) and Azadirachta indica silver nanoparticles have garnered
attention due to their potential applications in various industries, including pharmaceuticals and health.
5.7.1 Antimicrobial properties

Silver nanoparticles are well-known for their antimicrobial activity against a broad spectrum of
microorganisms, including bacteria, viruses, and fungi. Incorporating Gmelina arborea and neem silver
nanoparticles into pharmaceutical formulations can enhance their effectiveness in combating infectious
diseases.

5.7.2.Wound Healing

Silver nanoparticles have been studied for their wound healing properties. They can promote faster
healing, reduce inflammation, and prevent infection in wounds. Gmelina arborea and neem silver
nanoparticles could be incorporated into wound dressings or topical creams for better wound management.
5.7.3.Anti-inflammatory Effects

AgNPs derived from Gmelina arborea and neem may possess anti-inflammatory properties, which can be
beneficial in treating inflammatory conditions such as arthritis, dermatitis, and other inflammatory
diseases.
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5.7.4. Drug Delivery Systems

Nanoparticles can serve as carriers for drugs, enhancing their delivery to specific targets in the body.
Gmelina arborea and neem silver nanoparticles can potentially be used to encapsulate drugs and deliver
them to targeted tissues or cells, improving the efficacy and reducing side effects of pharmaceutical
treatments.

5.7.5. Diagnostic Applications

Silver nanoparticles have unique optical properties that can be exploited in diagnostic tests. They can be
used in biosensors and assays for detecting biomolecules, pathogens, or disease markers with high
sensitivity.

5.7.6.Biocompatibility and Safety

Gmelina arborea and neem silver nanoparticles are derived from a natural source, which may confer better
biocompatibility compared to synthetic nanoparticles. This can be advantageous for their use in
biomedical applications without causing significant toxicity or adverse effects.

5.7.7. Environmental Applications

Silver nanoparticles from natural sources like Gmelina arborea and neem are also of interest in
environmental health. They can be used in water purification systems or disinfectants to combat microbial
contamination.

Chapter-6

Discussion

The rise in antibiotic resistance and the emergence of new pathogenic strains have resulted in significant
economic losses attributed to diseases and illnesses. This situation underscores the importance of
exploring alternative sources of antibacterial compounds and novel treatment methods. The screening of
plants for bioactive compounds that can be developed into potent drugs represents a contemporary
scientific pursuit aimed at leveraging the advantages of traditional medicine systems. Plants are rich
sources of secondary metabolites that are well-suited for nanoparticle synthesis. Various plant parts from
a wide range of plant species have been investigated for the production of nanoparticles, which are
extensively utilized for their antimicrobial and biofilm inhibitory properties. In our study focusing on the
medicinal properties of the Azadirachta indica and Gmelina tree, we have identified multiple potential
applications of Al-AgNPs and GA-AgNPs derived from its leaf waste.

GC-MS analysis of neem extracts revealed various phytochemicals with medicinal properties, including
elemene, caryophyllene, tocopherol, 2-hexanal, and phytol in hexane extract, and ethyl propionate,
hexadecanoic acid, trimethylsilyl ester, and Silane in ethyl acetate extract. These compounds are known
for analgesic, anti-inflammatory, antimicrobial, antioxidant, and wound healing activities. GC-MS and
LC-MS analysis of Gmelina arborea leaves revealed bioactive compounds such as flavonoids, lignans,
iridoid glycosides, and sterols. These compounds contribute to the plant's antimicrobial, antioxidant, and
wound healing properties. Secondary metabolites in plants play a crucial role in plant defense and have
beneficial medicinal properties with low human toxicity and environmental safety.

Neem extract, rich in phytochemicals, acts as hydrogen donors, oxygen quenchers, and redox agents,
disrupting oxidation reactions. The radical scavenging activity of the extract was determined using DPPH
and ABTS assays. Biosynthesized Al-AgNPs with polyphenol-rich extract showed up to a two-fold
increase in free radical scavenging ability in a dose-dependent manner. Overproduction of free radicals
can cause cell damage and diseases, making it crucial to deactivate them. GA-extract, rich in thiols,
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polyphenols, ascorbic acid, and flavonoids, forms GA-AgNPs with AgNO3, significantly boosting
antioxidant efficiency in DPPH and ABTS assays compared to GA-extract alone. Similarly, Teucrium
polium AgNPs showed increased free radical scavenging in a concentration-dependent manner, unlike
chemically synthesized AgNPs. Antioxidant activity in plant extracts is mainly due to polyphenols and
carotenoids, with tannins having more antioxidant potential than flavonoids, supporting similar findings
in Gmelina.

The synergistic interactions between Ag+ ions and phytochemicals in the plant extract led to the formation
and stability of bioactive Al-AgNPs, which exhibited superior antibacterial efficacy compared to the Al-
extract alone. The Al-AgNPs' small size and larger surface area facilitate penetration into bacterial cell
walls. Treatment with GA-extract caused slight cell distortion, whereas GA-AgNPs induced significant
cell wall disintegration and cytoplasmic leakage. AgNO3 treatment had negligible effects, while
Rifampicin caused extensive damage. Confocal microscopy and live/dead cell staining assays confirmed
a higher red fluorescent dead cell population in GA-AgNPs-PF127 and GA-AgNPs groups, indicating
their high bacterial killing efficiency.

Wound healing involves four phases: homeostasis, inflammation, proliferation, and remodeling. The
proliferation and migration of keratinocytes and fibroblasts close the wound, but untreated wounds risk
bacterial infections like S. aureus. AgNPs have broad-spectrum antimicrobial activity, prompting their use
in wound dressings. AgNPs reduce inflammation through cytokine modulation and promote wound
healing with less scar formation. AgNPs decrease the release of growth factors and inflammatory
cytokines in human dermal keratinocytes. Al-AgNPs demonstrated bacterial disruption and free-radical
scavenging, suggesting their potential in wound dressings. In vitro cell scratch assays showed enhanced
cell migration with GA-AgNPs, attributed to phytoconstituents, indicating their promise for further
evaluation in animal models for wound healing efficacy.

Chapter-7

Conclusion

This study presents an innovative and environmentally sustainable approach to waste utilization through
the conversion of residual botanical material, specifically leaves, into green nanoparticles. Utilizing a cost-
effective phyto-fabrication method at ambient temperature, this technique circumvents the need for high-
temperature processes or the use of toxic chemicals, aligning with contemporary green chemistry
principles.

The phyto-fabricated silver nanoparticles (AgNPs) demonstrated remarkable stability, uniformity, and
monodispersity, with a crystalline structure characterized by an average particle size ranging from 34 to
40 nm. The intrinsic bioactivity of the leaf extract was significantly enhanced in the resulting AgNP
formulations, specifically those synthesized using plant extracts designated as AI-AgNPs and GA-AgNPs.
Notably, both AlI-AgNPs and GA-AgNPs exhibited potent antibacterial properties against a range of
pathogenic microorganisms, including both Gram-negative and Gram-positive bacteria. This antibacterial
efficacy positions these nanoparticles as promising candidates for the development of broad-spectrum
antibacterial agents, particularly for applications in the healing of infected wounds.

In addition to their antibacterial activities, the AI-AgNPs and GA-AgNPs were found to possess significant
antioxidant properties, which play a crucial role in mitigating oxidative stress at wound sites. The ability
of these nanoparticles to enhance cellular migration further underscores their potential in promoting
effective wound healing while concurrently reducing the formation of reactive oxygen species (ROS).
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In conclusion, the phyto-fabrication method employed in this study is not only straightforward and rapid
but also demonstrates stability and repeatability, suggesting its suitability for scaling up to large-scale
production of AgNPs in an eco-friendly manner. The non-toxic nature of the AlI-AgNPs and GA-AgNPs,
combined with their notable antibacterial, biofilm-inhibiting, antioxidant, and wound-healing properties,
underscores their potential for future therapeutic applications in the biomedical field. This research
contributes to the ongoing exploration of sustainable practices in nanoparticle synthesis and their
application in advanced medical technologies.

Chapter-8
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