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Abstract

Researchers from all around the world are now interested in metallic nanoparticles
because of their unique antibacterial and anti-inflammatory characteristics. Sustainable
green synthesis of metallic nanoparticles that uses less hazardous chemicals is
constantly needed. Green synthesis of silver and Zn nanoparticles has been an important
and innovative technology especially in the medical field and in the control of
pathogenic microorganisms. Silver and Zinc nanoparticles were synthesized from
Berberis Iycium roots extract and their pure compound Berberine. Silver and Zinc
nanoparticles from Cinnamomum zeylanicum bark extract and their pure compound
Cinnamaldehyde were synthesized through green method. Optimal conditions for silver
and Zn nanoparticles synthesis were obtained by varying the temperature, pH,
concentration of AgNOQOs salt, concentration of ZnSO4 salt, concentration of plant
extracts, reaction time and concentration of pure compounds berberine and
cinnamaldehyde. These NPs were characterized by various techniques i-e UV-Visible
spectroscopy, Fourier transform infrared (FT-IR), X-ray diffraction analysis (XRD) and
Scanning electrion microscopy (SEM). The biological potential of the characterized
NPs was assessed. The antibacterial activity results revealed that the biologically
synthesized silver nanoparticles and zinc nanoparticles were active against Gram-
negative bacterial strain (E. coli) and Gram-positive bacterial strain (S. qureus) and
showed good antifungal activity against Trichoderma herzianum. 22-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity (% inhibition) of the tested Nps at
different concentrations was also measured. Considerable variations in antioxidant
profile were recorded at different concentrations. Antileishmanial efficacy of
biologically synthesized AgNps and ZnNps was assessed against Leishmania tropica
KWH23 Promastigotes and Amastigotes. It was concluded that these NPs at low
concentrations expressively killed the leishmanial cells and considered as the suitable
candidates for the leishmania treatment. AgNPs and ZnNPs have the potential to be use
as an effective drug for the treatment of fatal diseases. According to the results of the
current study, AgNPs and ZnNPs of B. lycium root extract and Berberine, AgNPs and
ZnNPs of C. zeylanicum bark extract and Cinnamaldehyde can be used as an effective

antimicrobial drug with minimum toxicity.
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INTRODUCTION

1.1 Nanotechnology

Nanotechnology is an innovative technology which offers potential applications
in multidisciplinary zones of science (Thomé et al., 2015). Nanoparticles are the
smallest particles with largest applications (Prathna et al., 2011). The nanotechnology
is a reliable and environment friendly process for the development of nano scale
particles ranging from 1-100nm (Ramya & Subapriya. 2012). Biosynthesis provides
advancement over chemical and physical strategies because high temperature and
dangerous chemicals are not required (Forough & Farhadi, 2010). Huge development
in nanotechnology has opened up the novel basic and applied achievements in materials
science and designing, for example, nanobiotechnology (Klefenz, 2004), bio-
nanotechnology (Goodsell, 2004), quantum dots (Chan & Nie, 1998), surface-improved
Raman dispersing (SERS) (Tian & Ren, 2004), and applied microbiology. In the past
decades, attempts have been made to improve the biological process at sub-cellular
levels for example, the association of the cell, self-duplicating, self-repairing
mechanisms (Miyata et al., 2001). Nanobiotechnology can additionally be categorized
into two classes; wet and dry nanobiotechnology. Wet nanotechnology includes the
investigation and control of living bio frameworks while dry nanobiotechnology
accords in vitro synthesis and characterization of nanoparticles i.e. nanobubbles, and
so on (Mubarak et al., 2011). Different nano-technology based medical approaches are
already in use (Krumov et al., 2009). Metal nanoparticles are intensively investigated
in diagnosis and treatment due to their unique and feasible electrical, synergistic as well
as optical properties. To improve the physical, chemical and optical properties of nano-
sized metal nanoparticles, significant research is being done to improve the properties
of the metal nanoparticles (Alivisatos, 1996; Bruchez Jr et al., 1998; Coe et al., 2002).
Nano silver particles have a defined structure which make them intriguing for
antimicrobial applications. They have extremely high activity against a wide spectrum

of microorganisms and parasites even at micrograms level (Le Ouay & Stellacci, 2015).

_—_——
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1.2 Metal and Metal Oxide Nanoparticles

With the emergence of metal oxide nanoparticles, material science has been
revolutionized. These are being used for the fabrication of fuel cells, sensors,
microelectronic circuits, coverings for the preservation of surface area to prevent
corrosion. Oxides of metal have capacity to serpent certain environmental pollutants.
Due to their very small size and highly dense edge or comer surfaces, metal oxide
nanoparticles can possess unique chemical properties. A range of physical and chemical
methods of preparation of nano-sized oxide particles have been developed. Among
various metal oxides characterized so far, nano sized ZnNPs displays huge exciton
binding energy (60meV) and comparatively massive band gap (-3.4eV), owing to such
characteristics ZnNPs is considered to be most suitable candidate for developing Nano
sensors, Nano optoelectronics, UV-detection and transistors (Chen et al., 2006). Many
intriguing optical, electrical, and chemical features of semiconductor and noble metal
nano clusters in the nanometer size system are size-dependent. These nanoscale
materials have efficient and effective applications in the field of fabricating
optoelectronic as well as nano-sensors based nano devices. In the last few years, an
efficient and potential research area is created that is based on the fabrication and
functionalization of various nano-shaped nanoparticles.The optical properties of nano-
size and shape-dependent metal nanoparticles have a significant application in the field
of photobiology and photochemistry to investigate their role in accelerating light-

induced chemical reaction processes (Kamat, 2002).
1.3 Synthesis of Nanoparticles

Metal nanoparticles are comprehensively studied due to their distinctive electrical,
physical, optical, and catalytic properties. Various methodologies have been
developed such as chemical, physical and biological to synthesize metal nanoparticles
by following different synthesis procedures including electrochemical reduction,
photochemical reduction, chemical reduction, heat evaporation, etc. Since
nanoparticles usually aggregate after synthesis, surface passivator reagents are
typically required to stop the aggregation. Various organic passivators which are used
includes: mercapto acetate, thiophenol, and so on seemed to be highly toxic
compounds, and if they produced on a large-scale pollute the environment and

hazardous to human health concerned (Nayak et al., 2011). Although, chemical and

—_—--- s .
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physical methods are famous for nanoparticle synthesis, but in biological synthesis,
the use of toxic compounds is limited for the synthesis of less toxic, chemically safe,
and environment friendly nanoparticle.These techniques are now catching extra

interest due to their naturalness and versatility of the procedure (Li et al., 2011).
1.4 Methods for the Synthesis of Nanoparticles

Biosynthesis of nanoparticles has received considerable attention because of the
growing need to develop environment friendly synthesis processes. Instantaneously, a
pivotal consideration has been made for the biosynthesis of inorganic nanomaterial’s
such as metal nanoparticles by using various sources of microorganisms (Bar et al..
2009). The synthesis procedure of these metal nanoparticles has been chiefly
documented. Furthermore, among all nanoparticles, silver nanoparticles have been
playing a potential role in the field of life science particularly in biomedicine,
agriculture, food chemistry, and biomedicine, and also act as a dopant in cosmetics and
photo catalysis field. Moreover, they have also been utilized in optical, electrical as
well as catalytic mechanisms.Various techniques have been potentially designed for the
fabrication of silver nanoparticles including biochemical, physical, and chemical
methods, respectively.Green chemistry in which natural molecules such as glucose,
chitosan, soluble starch, and certain microorganisms. among others are used. have
gained great study attention as safer alternatives, reducing and stabilizing agents to
produce the silver nano-sphere. Nanoparticles synthesis follows the biological process
by using various plant extracts which act as capping and reducing agents, concerned
great consideration, due to sustaining an eco-friendly mechanisms during the overall

process (Ashokkumar et al., 2014).

Extremely ionic metal oxide nanoparticles including zinc oxide nanoparticles
ZnNPs possess exclusive features by which they could easily produce huge surface area
with an exceptional crystalline morphology (Klabunde et al., 1996). Zinc oxide
nanoparticles showed a larger extent of temperature tolerance and selectivity, and

superior durability, respectively (Padmavathy & Vijayaraghavan, 2008).

-_—— e
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Figure 1.1: Various methods for the synthesis of nanoparticles
1.5 Silver Nanoparticles (AgNPs)

Silver is one of the most fundamental components of our world. Silver itself
does not dissolve in water, yet metallic salts, for example, AgNO3 and AgCl; are soluble
in water (WHO, 2002). Among all the synthesis approaches for nanoparticles, silver is
important due to their contribution in life sciences especially in the food chemistry (Li
et al., 2010), cosmetics (Kokura et al., 2010), biomedicine (Chaloupka et al., 2010),
agriculture (Park et al., 2006), and as a dopant in photoactinic activity’s (Subash,
Krishnakumar, Pandiyan, et al., 2013; Subash, Krishnakumar, Swaminathan, et al.,
2013; Subash et al., 2012). Metallic Ag is used for operating prosthesis. Soluble silver

mixtures, for instance, silver wires, have been used for treating epilepsy. nicotine
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development, digesti on problems and overwhelming diseases i.e., syphilis and

gonorrhea (Gulbranson et al., 2000).

Comprehensively, it is well documented that silver-based nanoparticles and
silver ions are toxic to all microorganisms including 16 bacterial species (Slawson et
al., 1992; Zhao & Stevens, 1998). The characteristic features of silver metal make it an
excellent choice and have a significant role in the research and medical areas. Silver
(Ag) is used in the form of nitrate to enhance the anti-microbial effect, but when the
synthesized silver nanoparticles are being used, there is an increase in the outer part
area of the microbial species to be exposed easily. Although, silver nanoparticles have
a tremendous role in various antibacterial applications, however, interaction of the
silver metal with microbes is not fully understood yet. Therefore, it has been
hypothetically approved that silver nanoparticles caused cell inhibition. cell
transduction, and cell lysis, respectively. Furthermore, many mechanisms have been
reported that are involved in cell growth inhibition and cell lysis (Prabhu & Poulose,
2012). The chemistry of silver showed that it is a soft acid, and an acid has the natural
capability to interact with base, hence a soft acid reacts with a soft base (Morones et
al.. 2005). The majority of the cells are made up of phosphorus and sulfur which are
soft bases in nature. The mechanism and action of these nanoparticles on the cell surface
cause the reaction and the result leads to cell apoptosis. Interestingly, the DNA
molecule is made up of phosphorus and sulfur. hence,the silver nanoparticles can
strongly act on these intercalating bases and destroy the DNA molecule and at the end,
cell death may occur (Hatchett & White, 1996). Silver nanoparticles interact with
phosphorus and sulfur backbone of the DNA and initiate many problems in the process
of DNA replication in bacteria and microbes and thus terminate all the DNA replication

process (Shrivastava et al., 2007).

AgNPs have enormous applications in all the fields of life sciences including
food chemistry (Li et al., 2010), biomedicine (Chaloupka et al., 2010), agriculture
(Park et al., 2006), as a dopant in photocatalysis field, and cosmetics (Kokura et al.,
2010). AgNPs also have the respective electrical, optical, catalytic properties (Cao &
Liu, 2008). Various procedure for the fabrication of AgNPs includes chemical, physical
as well as biochemical methods being widely used (J. Huang et al., 2007). With an

increasing focus on green chemistry, natural compounds such as glucose (Raveendran
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et al., 2003), chitosan (Li et al., 2011), soluble starch (El-Rafie et al., 2011), and some
microorganisms (Shahverdi et al., 2007; Vigneshwaran et al., 2006) have been of
significant research interest as stabilizing and reducing agents, and safer alternatives to
fabricate silver nanosphere. Silver nanoparticles are synthesized through biochemical
reactions, using plant extracts which act as capping and reducing agents and have
seemed much effective and efficient among others because it has the ability to
stabilizing the aseptic environment during the whole process (Basavaraja et al., 2008;
Gardea-Torresdey et al., 2002; Prathna et al., 2011). The fabrication of silver
nanoparticles (AgNPs) by utilizing the phytochemicals transformation process in the
test tube offers a crucial role due to the presence of functional groups on various
phytochemicals that increases the reduction of silver ions and turned into the silver
element. The synthesis of functionalized AgNPs depends on plant-derived methods by
following Zingiber officinale root extract (Velmurugan et al., 2014), soybean (Sasikala
et al., 2012), sacha inchi oil (Kumar et al., 2014), agricultural wastes (Kumar et al.,
2014), and leaves (Kumar et al., 2014), respectively. Citrus sinensis peel extract
(Kaviya et al.,, 2011), edible mushroom extract (Philip, 2009), clove extract
(Vijayaraghavan et al., 2012) and extracts from Passiflora tripartite (Kumar, Smita, et
al., 2015), are extensively gained popularity. Substantially, due to accelerating and
forthright synthesis, interacting with functional groups, and ease of stability for
targeting host, AgNPs have possesses enormous applications against antifungal species
(Wiley et al., 2006), Antibacterial (Sondi & Salopek-Sondi, 2004), Anti-inflammatory
(Nadworny et al., 2008), Antiviral (Elechiguerra et al., 2005), antiangiogenesis
(Gurunathan et al., 2009) etc.

1.6 Zinc Nanoparticles (ZnNPs)

In contrast with natural materials, inorganic materials, for example, ZnO has
unrivaled resilience, more prominent choosiness, and warmth resistance. The
characteristics features of Zinc which is a mineral component are being utilized for
everyday life, however, the ZnNPs have a biological compatible nature with human cell

lines (He et al., 2011).

The zinc and its derivative compounds are chiefly being used as fungicides
(Waxman & Bahcall, 1998). But it is very challenging to control the growth of fungal

because fungal growth has itself resistance towards various conventional fungicides

e e
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includes: dicarboximides, and benzimidazoles, respectively (Elad et al., 1992). To
prevent this resistance, new antifungal medications must be investigated, as they may
be able to replace present control strategies. Nanoparticles (NPs) have got a lot of
interest in recent years because of their unique physical and chemical features that set
them apart from their traditional ones (Stoimenov et al., 2002). More recently many
researchers and their colleagues reported in their findings that antimicrobial properties
of various synthesized NPs such as copper (Cioffi et al., 2005), silver (Kim et al., 2007;
Kumar et al., 2008), and zinc oxide (Liu et al., 2007), respectively. However, Zinc NPs
also possesses tremendous applications and act as an antimicrobial agent. Additionally.
it is also reported by the previous findings that smaller sized fabricated ZnNPs showed
great potential towards antimicrobial activity (Matsunaga et al., 2001). According to
Brayner et al. (2006) preliminary research suggests that the antibacterial activity of
ZnNPs is linked to the generation of free radicals on the surface of the NPs, as well as
free radical damage to the lipids in bacterial cell membranes, which leads to leakage
and collapse of the bacterial cell membrane. Diabetes mellitus is a metabolic disease
that is recognized by high blood glucose levels and is one of the most five causative
agents of human death concerned. Therefore, Zinc has been testified to show a
significant and efficient work in glucose homeostasis and also treated for the cure of

diabetes therapy.

The compound Zinc is an essential micronutrient that is linked with more than
300 enzymes and performs an essential role in various biological mechanisms such as
glucose metabolism. The action of Zinc increases hepatic glycogenesis through the
insulin signaling pathway and therefore, enhances glucose utilization. Reduction in
glucose absorption by intestinal cells and an increase in the glucose uptake level by
adipose and skeletal muscle tissues also imparts the fluctuation and lowering of blood
glucose levels. Interestingly, through various pieces of literature, it is reported that Zinc
reduces glucagon secretion, and therefore, also reducing the process of glycogenolysis

as well as gluconeogenesis, respectively.

Zinc nanoparticles reduces waste products that eventually most imperative to
atomically defined molecular development with fewer waste products. It works as
catalytic agent with better efficiency in existing manufacturing methods by eliminating

or minimizing the usage of toxic constituents for pollution reduction. Like air and

e e e e
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water. fuel cells and solar are the alternative energy products. The objective of
nanotechnology is to minimize the size gap among the minimum lithographically
developed structures and chemically synthesized large fragments (Wilkinson et al..

2004).

ZnNPs can be easily synthesized through physical and chemical methods and it
is also biocompatible, biodegradable, and nontoxic in nature, therefore can also be
utilized in medical industry and environmental science (Stoimenov et al., 2002).
Currently employed methods for the production of ZnNPs include; thermal
decomposition (Lin et al., 2005), pulsed laser deposition (PLLD) (Chen et al.. 2006).
thermal evaporation (Masaki & Kim, 2003), reactive electron beam evaporation (Wu
et al., 2002), ion implantation (Wang et al., 2005), and sol-gel method (Vafaee &
Ghamsari, 2007). Synthesis of size-controlled ZnO nanoparticles and exploring their
potentials is a major concern for the scientists working in respective field. In cancer
therapy, drug delivery and in medicines, nanoparticles are widely used (Delavari &
Hashemabadi, 2014). ZnNPs have been successfully tried for the treatment of cancer
and diabetes. Now they are tried on leishmaniasis to check their efficacy on leishmanial
cells. ZnNPs are newly emerging and promising therapeutic endeavor that can kill
tumor cells with minimal effect on the normal cells (Hanley et al., 2008) unlike
micron-sized particles with zilch effect on tumor cells. Consideration of zinc
nanoparticles, as applicable novel strategy for treating common liver tumor owing to
their promising preclinical anticancer efficacy in HCC is proposed by (Hassan et al.,

2017).

Several chemical and physical methods were used for stabilizing and
synthesizing zinc oxide nanoparticles. For the manufacture of zinc oxide nanoparticles,
recognized chemical methods such as chemical reduction employing a wide range of
inorganic and organic reducing agents, physicochemical reduction, electrochemical
procedures, and radiolysis are commonly applied. Also, zinc nanoparticles strongly

prevent or resist a microorganism (Waghmare et al., 2011).
1.7 Biological synthesis of Nanoparticles (NPs)

Nowadays, biological synthesis is preferred as the most efficient method

because possesses following characteristics such as: cheap, eco-friendly, and safe and

e —
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do not involve any toxic reagents or by-product (Gade et al., 2010). In contrast to plants,
the fabrication of microbial-mediated nanoparticles is not affected by seasonal or
geographical fluctuations, by mitigating the following biological properties, and
inconsistent morphologies, various studies from literature reported on the synthesis of
AuNPs which investigating the pathogenic and non-pathogenic behavior of
supplemented supernatant or bacterial cells such as Enterobacter spp, Pseudomonas
aeruginosa, Klebsiella pneumonia, and Bacillus spp, respectively (Kumar et al., 2008;
Kumar, Kumari, et al., 2015; Mokhtari et al., 2009; Shahverdi et al., 2007).
Nanoparticles are synthesized by microorganisms by following extracellular or
intracellularl method. The synthesis of NPs followed by the extracellular method has
more advantages compared to the intracellular method because in the extracellular
method the recovery stages are easier and cheaper whereas the intracellular method

requires additional recovery stages.

ZnNPs are used enormously due to their physical properties, small size, and
orientation, apparently which are revealed to alter the performance of other tiny
materials that are in contact with these particles. Several approaches can be used to
prepare these particles; biological, chemical, and physical. The biological approach is
considered as the most emerging approach because other methods are more
complicated than this method, little time consuming and environment friendly
(Fedlheim & Foss, 2001). Consequently, the synthesis of AgNPs through plant-based
methods abundantly growing in popularity. Owing to the straight-arrow fabrication
process, ease of intercalating functional group, stability, and targeting capabilities,
AgNPs have possesses tremendous application due to its outstanding significance
(Kumar, Kumari, et al., 2015). In contrast to all metal nanoparticles, the fabrication of
synthesized nanoparticles (AgNPs) by following phytochemicals transformations in
test tube perform an extraordinary role, because the presence of various functional
groups on the phytochemicals increases the reduction of silver ions to elemental silver

metal.
1.8 Green Nanotechnology

‘Green nanotechnology’ depicts as a state-of-the-art, outstanding, and eco-
friendly technology in nature. It tunes and governs the nanotechnology’s principles by

controlling the matter and shape of the world that varies from “atom to atom’ into a
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green environment. Therefore, we come across a new green nano world in which the
process of production is optimized, and based on the waste-free method is now becomes
a useful possibility. Hazardous wastes that pave their ways by entering into the

environment can be easily identified and erased without any trace (Schwarz, 2009).

Synthesis, involving bio-organisms, particularly plants that exude the reaction's
functional chemicals, is in line with green chemistry principles (i) reducing agent, (ii)
eco-friendly nature (iii) capping agent involved in the reaction. respectively (Gardea-
Torresdey et al., 2003). This is a biologically and environmentally safe technology.
since no toxic chemicals are used, and much easier than chemical and physical synthesis
of metallic nanoparticles. In addition, High temperature and pressure is not required for
this method. Plants are relatively more suitable for green synthesis than microorganisms
because they don't require artificial culture media for their maintenance: secondly their

production can be easily scale up to obtain required products (Jones ctal.. 2011).

The synthesis procedure of metal nanoparticles, more specifically AgNPs using
plant extract has become a major concern for the scientists due to its potential stability
and has an outstanding application in biological imaging, drug delivery. gene silencing,
antimicrobial, and chemical sensing, respectively (Wei & Qian, 2008). Instantly, silver
ions are reduced by electrochemical radiation, photochemical methods. chemical.
biological methods, and Langmuir-Blodgett, respectively. Including the above-
mentioned methods, biological synthesis is not only an effective way to synthesize
nanostructure nanomaterial but also have a steady way to mitigate the use of newly
originated toxic agents and compounds that are hazardous to the environment and also
human health concerned. This method makes it simple and convenient to make a variety

of inorganic nanoparticles (Li et al., 2007).

Green synthesis of ZnNPs offers huge benefits; these are also compatible for
several biomedical applications and in pharmaceutical industry (Raveendran et al.,
2003). In a short time interval huge number of nanoparticles can be synthesized by
chemical method. In this technique, capping agent is required for size stabilization.
Chemicals used for size stabilization and nanoparticles synthesis are lethal and lead to
non-eco-friendly consequences. The need for environment friendly protocols for
synthesis of nanoparticles is the reason of the interest in biological methods which are

environment friendly (Fedlheim & Foss, 2001).
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When the main reactions occurring during the biosynthesis of nanoparticles i.e.,
oxidation/reduction, the approach being employed is termed as a bottom-up approach.
Phytochemicals produced from plant extracts or microbial enzymes having reducing
and antioxidant capabilities that are usually concerned in the conversion of metallic
compounds into the respective nanoparticles. In order to proceed with an effective
synthesis procedure, three main steps must be considered: including the selection of
naturally reducing agent, a suitable bio friendly solvent and a non-toxic stabilizing
agent for nanoparticles. Organic solvents have heavily been used in most of the
synthesis processes reported so far. Capping agents might be used due to their
hydrophobic nature (Raveendran et al., 2003). Organisms are the most suitable and
compatible choice for biosynthesis because they are eco-friendly, has good reducing

capacity and can act as stabilizers or capping agents (Li et al., 2007).

Chemical method might lead to the absorption of certain chemo toxins to the
surface of nanoparticles, that when delivered in the living body, might cause adverse
side effects (Parashar et al., 2009). In contrast, biologically synthesized nanoparticles
are quite safe and do not pose such issues as they are biocompatible and eco-friendly.

thus very suitable for pharmaceutical applications.
1.9 Plant as Remedy

Mostly, plants are preferred by humans for remedies due to their strong belief
that plants have been created to provide mankind with food, medical aid and other
benefits. It is estimated by WHO that 80 % population of world out of 5.2 billion people
who live in less developed countries used and strongly rely for their primary health
needs on such traditional medicinal plants, their parts and extracts (WHO, 2016). Out
of many, one of the requisites for the achievement of primary health attention is the
accessibility and usage of appropriate drugs or medication. Commonly plants are
always a source of easy and cost-effective medication, whether in the form of pure

energetic principal agents or traditional preparations (Al-Snafi, 2013, 2015).

Plants play a leading role in the energy balances and environmental ecosystem
by supplying food and oxygen for all living organisms. Due to the increasing
complexities in our natural ecosystems by the interference of man and global
environmental changes the pathogens are becoming more resistant and complex due to

_—
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frequent mutations, which have resulted in extreme consequences like treatment failure.
Natural products were discovered as an alternate to synthetic antibacterial agents
(Shinwari et al., 2015). As a consequence of global environmental changes and
complexities aroused due to man's interference in natural ecosystem. the pathogens are
adopting more resistance and getting complex due to frequent mutations due to
horizontal gene transfer. The worst consequence of this problem is complete failure of
treatment. Thus, exploring natural products as an alternate to synthetic antibiotics is
the basic demand of the present time. Nanoparticles due to their high penetration ability
and functional strategies are opening new promising ways not only for medical

applications but for other industries as well (Jeambey et al., 2009).

1.10 Plant used for Nanoparticles synthesis

There are many advantages of using plant extracts for the green synthesis of
nanoparticles because they are quite safe, easily available, and own a massive diversity
of metabolites that might support reduction reactions. Several plants are currently
examined for their ability to synthesize nanoparticles. The live alfa alfa plants have
been employed in the synthesis of gold nanoparticles, and the range of nanoparticles is
from 2-20nm (Gardea-Torresdey et al., 2003; Gardea-Torresdey et al., 2002). Recently.
AuONPs were synthesized by using the leaf extract of and Diopyros Icaki in addition
to Magnolia Kobus. Temperature directly effects on nanoparticle formation process, it
was stated that, at lesser temperature poly-disperse particles were formed in the range
of 5-300nm while at high temperature relatively small and mono dispersed spherical

particles were formed (Song et al., 2009).

In addition, nanoparticles of zinc, silver, copper, cobalt, and nickel have also
been manufactured inside the plants of Medicago saliva (Alfa alfa), Brassica juncea
(Indian mustard), Annus (Sunflower), and Helianthus. Several plants are recognized as
hyper accumulators due to their capacity to accumulate higher metal concentrations
relative to others and such plants. Among the plants examined to date, Brassica juncea
showed to possess much better metal accumulating capacity and assembles it into
nanoparticles quite effectively (Bali et al., 2006). Recently researchers have been
focused on exploring the role of plants in the reduction of metallic nanoparticles and

respective phytochemicals (Jha et al., 2009).

L. - ]
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It has been reported that bacteria and fungi need a relatively long time for
incubation to reduce ions (metallic), whereas water solvable phytochemicals do the
same in a short period. Thus, plants are suitable candidates for the synthesis of
nanoparticles as compared to bacteria and fungi. On industrial scale, plant tissue culture
techniques and other processing techniques can be employed to synthesize metallic

nanoparticles as well as metal oxide nanoparticles.

1.11 Berberis lycium

» Kingdom Plantae — Plants

» Subkingdom Tracheobionta — Vascular plants
» Superdivision Spermatophyta — Seed plants

» Division Magnoliophyta — Flowering plants
» Class Magnoliopsida — Dicotyledons

» Subclass Magnoliidae

» Order Ranunculales

» Family Berberidaceae — Barberry family
» Genus Berberis L. — barberry

B. lycium Royle belongs to the family Berberidaceae and is considered to be a
threatened remedial plant species worldwide. This semi-deciduous plant can be seen in
the hilly areas of Kashmir valley and North-western Himalayan region of Asia. In past,
Berberidaceae family members were well-known for their therapeutic properties and
were a component of British and sub-continent pharmacopeias (Imanshahidi &
Hosseinzadeh, 2008; Sharma et al., 2009). Berberis lycium is a kind of erect shrub with
a thick woody shoot and mainly grows to a height of about 3 meters, with thin brittle

bark (Hooker, 1882).

Previously reported literature on this plant investigated that this plant upon
isolation showed the presence of various types of secondary metabolites such as
steroids and alkaloids. Most of the biologically significant, active, and isolated
chemical compounds are berberine, palmatine (Balandrin et al., 1993), Berbamine
(Khan et al., 1969), Aromoline, Oxyacanithine, Umbellatine (Hamidulla et al., 2003).
f3-sitosterol (Ali & Sharma, 1996), Punjabine, Balochistanamine, oxyberberine (Krane

& Shamma, 1982), berberine chloroform and palmatine chloroform, respectively

e e e e
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(Miana, 1973). Berberine, an isoquinoline alkaloid extracted from the roots and bark.
is the most important and major phytochemical among them. The antioxidant and
proappoptosic effects of berberine and palmatin alkaloids isolated from B. lycium have
been documented (Jamwal et al., 2016). The chemical Berberine and its correspondent
derivatives showed an organic class of organic cations, that is derived from various
generic plants of Berberis, Mohania, and Coptis, respectively. These chemicals have
represented a broad application of anticarcinogenic, antimicrobial, and antimutagenic
activity, respectively (Chiang & Hanssen, 1977; Chopra & Chopra, 1994). According
to (Bhardwaj & Kaushik, 2012) Berberine has been identified as the predominant active
ingredient in practically all Berberis species. Berberine is abundant in B. lycium root.
Berberine was discovered to be 80 percent dry weight in the root extract of B. [ycium.

with only trace levels of other alkaloids present (Gulfraz et al., 2008).

Table: 1.1 Chemical ingredients of different parts of B. lycium plant (Ali et al.,
2015)

Parts of the plant compounds

Root Palmatine: 3.1%
Berberine: 4.5%
Vitamin C: 0.3%
Fruit Berberine: 2.9%
Vitamin C:  0.8%

Andola et al. (2010) have found 4.0 percent berberine in B. [ycium roots and 2.8 percent
berberine in stem bark. In Pakistan, the Berberis lycium species also possesses
outstanding significance and also utilized as a household remedy for the cure of many

diseases.

1.11.1 Medicinal uses of Berberis lycium

Berberis lycium is the most famous plant being widely used due to its significant
medicinal properties. The synthetic method for the use of this medicinal plant is as
follows: boil the roots and bark in water. The boiled water containing root and bark
extract is strained appropriately and again boiled till the semi-solid thick mass termed
as “Rasaut” obtained. The obtained root and bark extract is being used to treat various
diseases includes urinary tract infection, spleen, liver disorders, and gastric and
duodenal ulcers, respectively. The obtained extract when mixed with alum and butter

is used as an external remedy for the cure of eyelids for acute conjunctivitis.

e e e e
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Sustainably, camphor which is an ointment is used for skin infections. pimples. and

acne, respectively (Chauhan, 1990; Chiang & Hanssen, 1977).

The foremost biological activities are ascribed by the use of its principal
fundamental component, berberine (alkaloid) which is the extracted secondary
metabolites. The properties of this compound are bitter and chiefly governs the Rasaut
distasteful taste. To make it more tasteful and pleasant, sometimes Rasunt is mixed with
maize and sugar like a meal. This mixture upon cooking termed as “Halva™. The cooked
Halva is routinely used as a remedy for a long period to treat rheumatic patients (Hasan

et al., 2007).

The surrounding areas also consumed the dried and powdered mass of barks
and roots when mixing with molten animal fat to treat bone fractures and for bandage
purposes. Indochina’s people consumed the fruit mass and used it as a natural medicine
to treat and cure renal diseases. For teeth and gum illnesses fruit juice extract is most
efficiently used. Additionally, for the treatment of cold, and typhoid the decoction of
the fruit is also effectively used (Shah & Khan, 2006).

The stems and the extracted biomass are also consumed and have an adverse
effect to treat for various disorders includes diarrhea, stomach pain. jaundice as well as
in the reduction of melanohialdehyde (MDA) (Ahmad et al., 2010). Similarly, barks
also have adequate and effective effects on wound healing (Asif et al., 2007).
Subsequently, leaves are used as a tea representative agent. And fruits in the form of
berries in fresh or dried form are also being used. The whole plant is used by the
population is used for the cure of broken bones. internal injuries, swollen and sore eyes,

ulcer, as well as rheumatism, respectively (Khan et al., 2010).
1.12 Cinnamomum Zeylanicum

Cinnamomum originates from the Greek kinnamomon, Malaysian, and
Indonesian Kayu Manis, which implies “‘sweet wood”™. Common cinnamon is
appropriately used to “real cinnamon” or its equivalent word Ceylon cinnamon
(Cinnamomum Verum, C. zeylanicum). Cinnamon bark is broadly utilized as a zest and
enhancing Specialist. Cinnamon is said in the Bible and Chinese writing composed

4000 years back (Leung & Foster, 1996).
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Scientific classification

» Kingdom: Plantae

» unranked: Angiosperms
» unranked: Magnoliids
» Order: Laurales

» Family: Lauraceae

» Genus: Cinnamomum
» Species: C. zeylanicum

Common Names

» Arabic: Ol Dar sini

» Bengali: G Darchini.

» English: Bastard cinnamon,  Cassia bark, Chinese cinnamon,
» Urdu: JPATENgIEY s Sl

1.12.1 Medicinal Importance of Cinnamomum Zeylanicum

Cinnamon is a typical flavor utilized by various societies around the globe
during different time periods. It is extracted from the innermost part of the bark from
the Cinnamomum specie, which is an evergreen tree and has two independent varieties:
Cinnamon cassia (CC), other names (Cinnamomum aromaticum Chinese cinnamon),
and Cinnamomum zeylanicum respectively situated in the tropical regions. On the other
hand, it’s cooking uses. the local Ayurvedic drug Cinnamon has an effective remedy
for the treatment of gynecological illness, respiratory, and stomach related disease,
respectively. Every part of the tree can be used for medicinal or culinary purposes. The
extracted and unstable oil obtained from leaf, root barks, and bark fundamentally
accelerate in the formation of the concoction, which showed that the properties are

different from the pharmacological point of view (Shen et al., 2006).

Furthermore, cinnamon actually utilized as a spice and additive mediators and
also used in chewing exudates due to its mouth invigorating inspirations and ability to
eliminate the unpleasant breath (Jakhetia et al., 2010). Cinnamon can likewise improve

the fitness of the colon, thus the risk of colon cancer well reduced (Wondrak et al.,
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2010). Cinnamon work as a coagulant to stop the bleeding (Nazari et al, 2013).
Cinnamon plant involve in a key role as a flavor, but their important oils and related
ingredients likewise plays a significant role in antimicrobial. antidiabetics and
antifungal activities (Chang et al., 2001; Kim et al., 2006: Wang et al.. 2005). In
addition, the cinnamon has anti-inflammatory, anti-termitic, insecticidal, nematocidal,
mosquito larvicidal, antimycotic and anticancer properties (Bandara et al., 2012; Chao
etal., 2005; Cheng et al., 2009; Cheng et al., 2004; Park et al., 2006; Tang et al., 2010).
Traditionally cinnamon also work as tooth powder to treat toothaches, dental

complications, oral microbiota and awful breath (Aneja et al., 2009).
1.13 Biosynthesis of nanoparticles from Cinnamon zeylanicum bark extract

In current times, the plant extract used through biosynthetic method has got
more consideration than physical and chemical techniques and also gain high
importance than usage of microorganism and maintenance of clean environment is not
required for the synthesis of nano scale metal. The idea of employing plant materials
for the synthesis of nano-scale metals was first described by (Gardea-Torresdey et al..

2003; Gardea-Torresdey et al., 2002).

C. zeylanicum bark is extensively utilized as a fragrance. It is predominantly
worked as a sauce and flavoring substantial and also greatly used in the preparation of
some foods like, sweets, spicy candies, chocolate tea hot cocoa and liqueurs. It acts as
a volatile oil in medicine preparation and also used for the treatment of colds.
Furthermore, it is actively used for digestive problems and also used for diarrhea
treatment. The bark of C. zeylanicum have highly anti-oxidant reaction (Shan et al.,
2005). Cinnamon oil is highly essential and has an antimicrobial property, which can
provide help in the preservation of various foods (Lopes et al., 2005). Previous study
has been reported that pharmacological effects of C. zeylanicum bark is highly
remarkable in type Il diabetes treatment and insulin resistance (Verspohl et al.. 2005).
According to the efficiency and various application of C. zeylanicum bark have high
commercial productivity and promisingly available for the synthesis of nano scale metal

at commercial level,
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In essence and aroma industries the cinnamon is commonly used for its good
fragrance, which can be combined with different kinds of food products, perfumes, and
therapeutic products (T.-C. Huang et al.,, 2007). The cinnamaldehyde and trans-
cinnamaldehyde (Cin) is the most essential ingredients of the cinnamon which are
found in essential oil. Therefore, these compounds play a vital role in various biological
activities and fragrance normally detected in cinnamon (Yeh et al., 2013). Cinnamon
contains different kind of Sticky compounds, like cinnamaldehyde, cinnamate,
cinnamic acid and several oils which are essential for living organism (Senanayake et
al., 1978). Previous study of Singh et al. (2007) revealed that the existence of
cinnamaldehyde produced spicy test and cologne and occur because of oxygen
absorption. The eternities of cinnamon, it looks darkens in color to improving the sticky
compounds (Singh et al., 2007). The work of Sangal (2011) investigated different
physiochemical aspects of cinnamon shown in Table 1.1. The previous study also has
been reported that various compounds comprises a lot of important oils, including
transcinnamal-dehyde, cinnamyl acetate, eugenol, L-borneol, caryophyllene oxide, b-
caryophyllene, L-bronyl acetate, E- nerolidol, cubebene, terpinol, terpinolene, and

thujene (Tang et al., 2010).
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Table 1.2: Chemical ingredients of various fragments of cinnamon (G. K.

Jayaprakasha et al., 2002) (Vangalapati et al., 2012).

Part of the plant Compound
Leaves Cinnamaldehyde: 1.00 to 5.00%
Eugenol: 70.00 to 95.00%
Bark Cinnamaldehyde: 65.00 to 80.00%
Eugenol: 5.00 to 10.00%
Fruit trans-Cinnamy! acetate (42.00 to 54.00%)

and caryophyllene (9.00 to 14.00%)

C. zeylanicum buds alpha-Bergamotene: 27.38%
alpha-Copaene: 23.05%

Oxygenated terpenoids: 9.00%

C zeylanicum flowers (E)-Cinnamy] acetate: 41.98%

trans-alpha-Bergamotene: 7.97%

Caryophyllene oxide: 7.20%

The practice of metallic nanoparticles has been reported for the treatment of
different disease like cancers, diabetes and leishmaniasis. Because, of the use of
several hazardous capping and reducing chemicals in chemically produced
nanoparticles, there are numerous difficulties. Consequently, the drug delivery is an
attractive approach with usage of green synthesized nanoparticles. The ZnNPs have
been used for some life-threatening disease treatment like cancer and diabetic (Alkaladi

et al., 2014; Delavari & Hashemabadi, 2014).

Silver ions and silver-based compounds are known to be exceedingly dangerous
to microorganisms, including 16 major bacterial species. (Slawson, 1992 and Zhao et
al., 1998). Silver is a wonderful option for a range of medical applications. In order to
produce antimicrobial effects, silver is frequently used in the nitrate form. However,
when silver nanoparticles are used, the surface area available for the microbe to be
exposed are greatly increases. Despite the fact that silver nano-particles uses in many

anti-bacterial applications (Slawson et al., 1992; Zhao & Stevens, 1998).
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Further this study involves the toxicological studies of zinc nanoparticle on
human macrophages to ensure their safer and suitable alternative therapeutic drug
against leishmaniasis. In the current study, biologically synthesized zinc nanoparticles
are assessed for the annihilation of Leishmania tropica. The most widely recognized
phenomena elsewhere the anti-leishmanial adequacy of ZnNPs is their capacity 1o
produce (ROS) reactive oxygen species (Nadhman et al., 2016). Numerous studies
exposed that ZnNPs develop oxidative pressure which cause membrane damage
because of their strong tendency to produce ROS in pathogens (Enad & Zghair, 2016).

Leishmania tropica is very sensitive to these species.

1.14 Biosynthesis of nanoparticles from Berberis l[ycium Roots

Green NPs synthesis is originated from the nano-biotechnology. and nowadays,
the major objective of the nanotechnology study is to develop the green nanoparticles
(Haddad et al., 2013). Green nanoparticles have been developing as a new ways that
are not harmful, friendly to environment, hygienic, less expensive, and virtually new
methodology and also can be produced at room temperature and pressure (Samat &

Nor, 2013; Yamini et al., 2018).

Green nanoparticle synthesis can be used as an alternative to biocompatible
nanoparticle synthesis, which is the most recent acceptable strategy for associating
material science and biotechnology. Thus, the synthesis of green NPs with controlled
shape and size utilizing genetic modification strategies, cloning through molecular
level, plants extracts, and other organic methods will be an overwhelming improvement
in the nanobiotechnology (Narayanan & Sakthivel, 2010). Generally, for synthesize of
nanoparticles, two methodologies are commonly used: bottom-up and top-down
(Hussain et al., 2016; Schrofel et al., 2014). The top-down strategy often breaks down
bulk materials into nanoparticles, whereas the bottom-up approach assembles
molecules or atoms into NPs. The bottom-up approach is frequently used for green
synthesis and chemical synthesis of NPs.(Narayanan & Sakthivel, 2010). Synthesis of
Green NPs is an advanced strategy from the nanobiotechnology, Green nanomaterials

are becoming the primary focus of nanotechnology research (Haddad et al., 2013).
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A quick biological development of stable silver nanoparticles utilizing isolated
aqueous leaf extract of Berberis lycium were investigated. The plant leaves were
utilized for the cure of jaundice, in addition to tea auxiliary (Sood et al., 2012). Silver
nanoparticles through utilizing plant resources, which tends to two central point i.e the
requirement for the plant resources should be environment friendly and produce non
harmful material, and for it to be less expensive and produced easily. Different
concentration of silver nanoparticles has antibacterial effects which used against
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Proteus

species (Mehmood et al., 2016).
1.15 Antimicrobial Activities

Mostly in developing countries the infectious disease are the chief reason of
sickness and death among the wide-ranging population. Consequently, in current time
different medical industries have been interested to develop latest antimicrobial
medicines to control the constant appearance of resistant microbes to conventional

antimicrobials.

Obviously, species of bacteria present and their genetic ability has to acquired
ability to shows obstruction against presently antibacterial starins. Subsequently the
successive reports on the separation of microbes that are known to be susceptible to
medicines and became multi-resistant to different medicines available at marketplace
(Nascimento et al., 2000; Sakagami & Kajimura, 2002). Therefore, normal procedures
established by drug administrations to the marketplace with novel anti-microbial
medicines integrate to change the structure at the molecular level of the current drugs
so as to make them more proficient or improve the activity because of resistance

mechanism of bacteria (Chartone-Souza, 1998).

The utilization of plants to cure sicknesses is as ancient processes. General
examination on the utilization and adequacy of therapeutic plants fundamentally add to
their pharmacological Characteristics, with the goal that they are oftentimes endorsed.
regardless of whether their synthetic constituents are not constantly well known.
Everywhere in the world, especially in south areas of America, the consumption of
medicinal plants consumes supported crucial medical care (Maciel et al., 2002).

Ranging from 250 to 500 thousand species of plant are assessed to found on the sphere,
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and just somewhere in the range of 1 and 10% are exploited as food by humans and

other living organism (Cowan, 1999).

Silver nanoparticles are of various shapes were produced by different methods.
Sliver nano plates with truncated triangular were detect to display the robust
antibacterial activity due to their bigger surface area to bulk proportions and their
crystallo-graphic surface structures (Ramya & Subapriya, 2012). Furthermore, Silver
nanoparticles has also been integrated due to its antimicrobial activity into filters to

purify drinking water and clean the pool water of swimming (WHO., 2002).

However, there are several speculations according to the accomplishment of
silver nano-particles against microscopic organism to develop the effect on microbs.
The capability of the silver nanoparticles is that to attached to the bacterial cell wall and
then enter to the bacterial cell, therefore make organizational modification in the plasma
membrane and make cell membrane permeable and cause death of cell. Due to
attachment of silver NPs ‘pits’ formation occurred on the surface of cell and
nanoparticles are accumulated at the surface of cell (Sondi & Salopek-Sondi, 2004).
Another mechanism may be considered by which cell die due to development of free-
radicals of silver nano-particles. The studies of electron spin resonance spectroscopy
reported that when silver nanoparticles attached to the surface of bacteria to produced
free radicals, and these free-radicals showed the capability to destroy the plasma
membrane of bacterial cell and make it permeable which can finally lead the death of

cell (Danilczuk et al., 2006; Kim et al., 2007).

[t has additionally recommended that the influx of Ag ions from the NPs occurs
(Feng et al., 2000) and these particles can subordinate with the thiol assemblies of
various crucial enzymes and deactivate them (Matsumura et al., 2003). The cells of
bacteria interact with Ag when receive the Ag particle, can damage cells by suppressing
a few activities of the cell. At this stage, there is the ROS that are transported perhaps
over the restraint of a respiratory chemical by silver particles and stabbing the cell itself.
Silver is a soft acid. and there is a characteristic propensity of an acid to react to the
base (Morones et al., 2005). The cells are encompassed of sulfur and phosphorus which
are slight bases. The action of these nano-particles to the cell can prepare the response
and hence lead to cell death. Other fact is that the DNA contains substantial amounts

of sulphur and phosphorus; since nanoparticles can follow these sensitive bases and
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damage the DNA, the cell would be immediately destroyed. (Hatchett & White, 1996).
In addition to causing cell death in microorgsanisms, the interaction of AgNPs with the
sulphur and phosphorus in DNA can cause problems with DNA duplication in

microscopic organisms.

The effect of nanoparticle also has been investigated that it can regulate the signal
transduction in bacteria. According to (Shrivastava, et al., (2007) the attachment of
phosphorous to the protein substrate in bacteria effect transduction of bacteria.
Dephosphorylation in tyrosine residues is observed only in gram-negative bacteria. The
nanoparticles can modify the phospho-tyrosine profile of bacterial peptides. In addition,
it has been observed that the peptide substrates on tyrosine residues dephosphorylated
by nanoparticles, and inhibition of signal transduction occurred and therefore inhibition

of growth occurred (Shrivastava et al., 2007).
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Figure 1.2: Nanoparticles Reaction Mechanisms on Bacterial Cell

The antifungal impact of silver NPs has got just minimal consideration and only
a couple contemplates on this point has been published (Zeng et al., 2007). The analysis
of nanoparticles is more specifically with their activity against clinical extract of ATTC

strains of Trichophyton mentagrophytes and candida species (Kim et al.. 2007).
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ZnO nano-sized particles show various structures and shows significant
antibacterial action over a different group of bacterial species explored by different
groups of researchers (Buzea et al., 2007). Zinc oxide is presently being explored as
an anti-bacterial in mutually micro-scale and nano-scale characterization. Zinc oxide
shows substantial antimicrobial action when the molecules are compact to the size of
nano-scale, at that point nano sized zinc oxide can absorb on the surface of bacteria
where it enters inside the cell, and thusly NPs invade in bacteria and interfere the

bacterial cell activities (Seil & Webster, 2012).

ZnONPs active with both Gram positive and Gram-negative microbes and
furthermore, these NPs shows more extensive action against resistance spores of
bacteria (Azam et al., 2012). They were likewise seen that fixing of zinc oxide
nanoparticles through different metals, for example, gold. silver. chromium and so on
enhanced the antimicrobial action of zinc oxide nanoparticles (Jiménez et al., 2015).
Likewise, blockage impacts of zinc oxide nano-suspension are connected with their
concentration and size. Higher the concentration of ZnNPs and smaller size of
nanoparticles increases the antibacterial activity (Buzea et al., 2007; Padmavathy &

Vijayaraghavan, 2008).
1.16 Antioxidant Activities

Oxidation is fundamental to many living beings for the creation of vitality to
fuel natural procedures. It may be because of reactive oxygen species (ROS) that are
formed in the process of digestion which may cause of numerous illnesses. for example.
diabetes (Robertson & Harmon, 2006). Tumor formation (Valko et al., 2006) and
cardio-vascular illnesses (Singh et al.. 2005). On the other hand. to prevent the human
body from the harm of ROS some natural compounds are used as an antioxidant (Issa
et al., 2006; Kaliora et al., 2006). In plants, large number of phenolic compounds are
present which act as an antioxidant. All the phenolic classes (basic phenolics,
flavonoids, phenolic acids and anthocyanins) have the basic prerequisites of free radical
scavengers and have use as food antioxidant (Sun et al., 2002). Antioxidant activity
was evaluated for various Berberis species and shows significant activity in many tests.
According to (Gauthami, et al., (2015) the green synthesized silver nanoparticles of

Cinnamon showed better scavenging activity than crude extract of Cinnamon.
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1.17 Leishmaniasis

Leishmaniasis is a stifling infection produced through protozoa of the
Leishmania class, which are spread by the sand flies of phlebotomine. Condition of
both on the harmfulness components of the parasite itself and on the resistant reaction
set up by the host, a variety of illnesses called as leishmaniasis can appear (Braga et al..
2007). Leishmaniasis is viewed as a significant general medical condition (WHO,
2002), More than 20 infective causing agents parasites have been recognized
subsequently, troubling more than 100 prevalent nations found mostly in humid.
subtropical zones and southern Europe (Second WHO report on Neglected Tropical
Diseases., 2013). The disease bears a broad spectrum of clinical syndromes and poses
a serious complication with invariably increasing cases worldwide. It majorly affects

the poorer regions of the world (Bhargava & Singh, 2012).

1.17.1 Classification of Leishmania tropica

» Kindom Proti

» Subkingdom Sarcomastigophora
» Phylum Protozoa

» Subphylum Mastigophor

» Class Zoomastigophora
» Order Kinetplastida

» Genus Leishmania

» Specie Tropica

1.17.2 Epidemiology of Leishmania tropica

More than 12 million individuals at present experience the ill effects of
leishmaniasis, and around 2 million individuals are affected yearly and developed a

significant worldwide medical issue and a mistreated tropical illness (Croft et al., 2006).

Almost 350 million individuals living in the regions of vibrant transformation
of Leishmania, through 12 million individuals all through Africa, Asia, Europe, and the
Americas are legitimately infected by leishmaniasis. Over 90% of the cutaneous reports

detected in various countries like, in Afghanistan, Saudi Arabia, Algeria, Brazil, Iran,
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Iraq, Syria, and Sudan (Maria do Socorro et al., 2003). In Brazil, the examined report
showed that, about 20.000 new cases of the infections appeared cvery year. An
expansion in the occurrence of leishmaniasis can be related with metropolitan progress.
destruction of forests, ecological variations and relocations of individuals to regions

where the illness is prevalent (Ashford, 2000; De Carvalho et al., 2000; Patz et al..
2000).

The prevailing of this disease could be differed because it might be self-healing

or incurable. Leishmaniasis can be classified on the bases of various infectious types.

a) Cutaneous leishmaniasis
b) Muoco-cutaneous leishmaniasis

¢) Instinctive leishmaniasis

Thus, about 0.5 and 1.5 million reports of visceral and cutaneous leishmaniasis
are accounted correspondingly. In 1960 the first case of leishmaniasis was reported in
northern region. Initially, it was kept to northern circle however now it is generally
spreading throughout in all areas of the country (Oliveira et al., 2009). In all parts of
the body, the cutaneous leishmaniasis targeted particularly the uncovered areas of the
body. The primary cut may cause serious illness and may cause ulcer disease.
Systemetic leishmaniasis infects inside organs of a body like. spleen and liver.
uncommon in Pakistan however can end up being deadly. The various ulcers coming
about because of different nibbles of sand fly are not an uncommon case in Pakistan.
On other side, it is quickly spreading out making a frightening condition. Pakistan is
now as a dangerous region with respect to this disease especially, Cutaneous and
visceral leishmaniasis. Not withstanding of mucocutaneous leishmaniasis which is not

reported very well (Bhutto et al., 2008).
1.17.3 Stages of leishmania

The two stages promastigotes and amastigotes developed from all species of
Leishmania. The major properties of promastigotes are, transferrable, structure of
motile flagella inside the grit which are removed into the host once they inject or enter

into blood with meal (Dostalova & Volf, 2012).
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Flagellum is not present in the amastigotes, live and grow in the macrophages
of mammalian host, and ultimately transmit all through the host's reticuloendothelial
framework (Vannier-Santos et al., 2002). After infection the medical observation of an
illness gets clear within several weeks to months, contingent upon the host immune

response position and (sub) types of Leishmania (Vannier-Santos et al., 2002).

Amastigole torm

Promastigots form

Figure 1.3: Morphological forms of Leishmania tropica

1.17.4 Life cycle of Leishmania

The leishmaniasis disease caused and spread though the bite of infected female
phlebotomine sandflies. The infectious period (i.e., promastigotes) can be inserted
though the sandflies from their antenna during meals of the blood. Macrophages and
other type of mononuclear phagocytic cell phagocytized the infective cells which reach
though puncture wound. Promastigotes change in the tissue of these cells which is the
phase of the parasite (i.e., amastigotes), which duplicate by basic division and continue
to affect other mono-nuclear engulfing cells. Parasite, host, and different components
influence to confirmed whether the disease becomes indicative or whether cutaneous
or visceral leishmaniasis. Sandflies become contaminated by eating diseased cells
during blood meals. Amastigotes in sandflies develop into promastigotes in the gut.
Leishmanial cells move from the hindbrain to the midbrain and move to the antenna

(figure 1.6)
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1.17.5 Life Cycle
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1.17.6 Drugs for Leishmaniasis

Several drugs are available for the cure of leishmaniasis are

are becoming resistant to Leishmania species (Nadlimne et all, Ekéﬁ The only
available option for the control and treatment of leishmaniases is antilotic

effective vaccine has yet been synthesized against [eishimaniasis: to: date: ( Yavar et al,,
2013). Prof. Brahmchari from India, in 1929, developed the first effective drug for the
treatment of leishmanial, for that, he was nominated for the Nobel Prize. He discovered
this drug in 1912 (Sangshetti et al., 2015). Although it retains several side effects yet it
initially saved many lives of effected poor people. Later on, discovery and development

of pentavalent antimonials thus cut down these side effects quite greatly (Peter, 1981).
The antimonial drugs were first introduced in 1945 and sustained as standard drugs
against the disease at least about 6 decades (Sangshetti et al., 2015).

e
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1.17.7 Limitations of drugs

Unfortunately, more than fifty years ago many drug were successfully
developed but that was somewhat poisonous and inclined to cause resistance (Croft et
al., 2006). Most of the frequently used drugs cause toxicity and do not completely
eradicate the parasite from the bodies of infected individuals (Amato et al., 2008). The
major reason of the failure of the treatment of leishmaniasis completely. is elevated
chemo resistance of the parasite to available drugs (Natera et al., 2007). Since treatment
is a thriving problem, novel medicines or alternative therapeutic options that might be
able to replace or complement the currently available treatment, must be developed.

Promising developments in chemotherapy have been made in recent years.

Continuous requirements for novel anti-parasitic drugs have drove attention of
researchers towards exploring metallic nanoparticles for their advantage of being less
toxic and having greater potential of anti-parasitic activity. Nanoparticles bear the
capacity to infiltrate cell membrane and thus alter the genomic activities and metabolic
of the cell and ultimately acts as drug to cure disease. But there is crucial need to

understand the interfaces of metal nanoparticles with cellular particles.
1.18 Nanoparticles inducing toxicity

DNA damage can cause by nanomaterials by inducing ROS, oxidative stress,
lipid peroxidation, protein modification, mitochondrial damage lading to cancer and

cytotoxicity.
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Figure 1.5: Nanoparticles inducing toxicity

On the other hand, toxicity of nanomaterials not only induce ROS but some

other effects also induced. Karlesson et al., 2008 reported an example by studying the

side effects of different NPs (Fe304, TiO2, CuZn, Fe203). The adverse effects caused

by carbon nanoparticles on human lung cells was determined, like oxidative stress,

DNA damaged and cytotoxicity. They concluded that NPs significantly increased

intracellular ROS and also caused DNA damage, oxidative stress and cytotoxicity and

NPs also caused DNA damage and cytotoxicity (Karlsson et al., 2008).
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1.19 Aim and Objectives
Aim

The aim of this study was the synthesis of metal nanoparticles by using

selected medicinal plants and evalvation of their biological activities
Objectives

i.  Synthesis and characterization of Ag nanoparticles in the presence of B.
lycium root extract, berberine, Cinnamomum zeylanicum bark extract and
cinnamaldehyde

ii.  Synthesis and characterization of Zn nanoparticles in the presence of B.
lycium root extract, berberine, Cinnamomum zeylanicum bark extract and
cinnamaldehyde

iii. = Comparison of antibacterial, antifungal, antioxidant, antileishmanial and

cytotoxic activities of both Ag and Zn nanoparticles
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Biosynthesis of Metal Nanoparticles of Selected Medicinal Plants and their biological Activities 31




CHAPTER 2:
MATERIALS AND METHODS




Chapter #. 2

MATERIALS AND METHODS

2.1 Collection of Plant Materials

Berberis lycium plant roots were collected from murree, Pakistan twice use tap
water and twice use distilled water to clean and washed the roots. After drying the roots
were crushed into fine powder. Berberine was purchased from USA which was in

powder form.

Cinnamomum zeylanicum (cinnamon) bark was purchased from local market of
Islamabad Pakistan. Cinnamaldehyde was purchased from USA which was in liquid

form.

2.2 Green synthesis of Silver nanoparticles using Berberis lycium root extract and

Berberine

Berberis lycium roots powder and berberine powder were weighed. Sgm of
powder dissolved in 50 mL of distilled de-ionized water in a conical flask and used hot
plate at 60°C for 30m and to get homogenous solution. Kept the flask on shaking bath
under room temperature for 48hrs. After 48 plant extract were filtered through what
man filter paper (90mm is the pore size of filter paper). This extract was used to reduce
the Ag ions in to Ag nanoparticles, and incubated with the salt solution of silver nitrate.
Six different molarities of salts solution were used for reaction, 15, 10, 7.5, 5, 2.5 and 1
mM. Plant extract were added to salt solution under 1:2 volume ratio and incubated for
a time under varying pH. Visual observation of the colour change from pale yellow to
dark brown was the sign of reduction of salt solution into silver ions but, the colour of
the control were remain constant. At the end of the reaction the colloidal solution was
subjected to centrifuge. Then centrifuged three times at 10,000 rpm for 10 minutes.
Diversity in color of the experimental samples clearly indicates the formations silver

nanoparticle (Bagheri et al., 2016). These nanoparticles were dried at room temperature.

—_——-————————
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Figure 2.1 : B. lycium root extract

2.3 Green synthesis of silver nanoparticles using Cinnamomum zeylanicum

bark powder and cinnamaldehyde

Similarly, C. zeylanicum bark powder were weighed. 5gm of powder dissolved
in 50m] of distilled de-ionized water in a conical flask on hot plate at 60°C and to get
homogenous solution kept the flask on shaking bath under room temperature for 48hrs.
After 48 hours mixture of extract and salt solution was placed for continues stirring
with the magnetic stirrer. Plant extract were filtered through what man filter paper
(90mm is the pore size of filter paper). This extract was used to reduce the Ag ion in to
Ag nanoparticles, and incubated with the salt solution of silver nitrate. Six different
molarities of salts solution were used for reaction, 1. 15,10, 7.5, 5, 2.5 and I mM. Plant
extract were added to salt solution under 1:2 volume ratio and incubated for a time
under varying pH. Visual observation of the colour change from pale yellow to dark
brown were the indication of reduction of salt solution into silver ions but the colour of
the control were remain constant. At the end of the reaction the colloidal solution was
subjected to centrifuge. Centrifuged three times at 10,000 rpm for 10 minutes. Diversity
in colour of the experimental samples clearly indicated the formations silver

nanoparticle (Bagheri et al., 2016). These nanoparticles were dried at room temperature

Cinnamaldehyde (5ml) taken and add to 50ml deionized water in a flask. Put
magnetic stirrer in the flask. Six different molarities of salts solution were used for
reaction, 15mM, 1 0OmM, 7.5mM, 5mM, 2.5mM and I mM. Plant extract were added to
salt solution under 1:2 volume ratio and incubated for a time under varying PH. Visual
observation of the colour change from pale yellow to dark brown were the indication
of reduction of salt solution into silver ions but, the colour of the control were remain

constant. At the end of the reaction the colloidal solution was subjected to centrifuge.
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Then centrifuged three times at 10,000 rpm for 10 minutes. Diversity in color of the
experimental samples clearly indicates the formations silver nanoparticle (Bagheri et

al., 2016). These nanoparticles were dried at room temperature.

7

Figure 2.2: C. zeylanicum bark extract

2.4  Green synthesis of Zinc Oxide nanoparticles of Berberis lycium roots and

Berberine

B. lycium root extract was used to reduce the Ag ions in to Ag nanoparticles,
and incubated with the salt solution of zinc sulphate. Six different molarities of salts
solution were used for reaction, I5mM, I0mM, 7 .5mM, 5mM, 2.5mM and I mM. Plant
extract were added to salt solution under 1:2 volume ratio and incubated for a time
under varying PH. Visual observation of the colour change from pale yellow to dark
brown were the indication of reduction of salt solution into silver ions but the colour of
the control were remain constant. At the end of the reaction the colloidal solution was
subjected to centrifuge. Then centrifuged three times at 10,000 rpm for 10. Diversity in
color of the experimental samples clearly indicate the formations zinc oxide

nanoparticle (Bagheri et al., 2016). These nanoparticles were dried at room temperature.

2.5 Green synthesis of Zinc oxide nanoparticles using Cinnamomum zeylanicum

and cinnamaldehyde.

The C. zeylanicum bark extract was used to reduce the zinc ions in to zinc
nanoparticles, and incubated with the salt solution of zinc sulphate. Six different
molarities of salts solution were used for reaction, 1 5, 10, 7 .5, 5, 2.5and I mM. Plant
extract were added to 1mM salt solution under 1:2 volume ratio and incubated for time

under varying PH. Visual observation of the colour change from pale yellow to dark
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brown were the indication of reduction of salt solution into zinc ions but, the colour of
the control were remain constant. At the end of the reaction the colloidal solution was
subjected to centrifuged. Then centrifuged three times at 10,000 rpm for 10 minutes.
Diversity in color of the experimental samples clearly indicates the formations of zinc

nanoparticle (Bagheri et al., 2016). These nanoparticles were dried at room temperature.

Cinnamaldehyde (5ml) taken and add to 50ml deionized water in a flask. Put
magnetic stirrer in the flask. Six different molarities of salts solution were used for
reaction, 1 5, 10, 7 .5, 5, 2.5 and ImM. Plant extract were added to 1mM salt solution
under 1:2 volume ratio and incubated for time under varying PH. Visual observation of
the colour change from pale yellow to dark brown were the indication of reduction of
salt solution into silver ions but, the colour of the constant were remain constant. At the
end of the reaction the colloidal solution was subjected to centrifuge. Then centrifuged
three times at 10,000 rpm for 10 minutes. Diversity in color of the experimental samples
clearly indicates the formations of ZnO nanoparticle (Bagheri et al., 2016).These

nanoparticles were dried at room temperature.

Figure 2.3: C. zeylanicum bark extract

e
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2.6 Optimization of parameters

Optimizing the various parameters, the size and shape of nanoparticles were
controlled and increased the nanoparticles synthesis.

2.6.1 Concentrations of plant extracts, silver nitrate solution

For the synthesis of nanoparticles from plant extract and compounds, different
concentrations of the plant extract were used from the stock solution. Six different
molarity of the silver salt solution (15, 10, 7 .5, 5, 2.5 and I mM) were used in the
reaction. Plant extract, compounds and the salt solution were used in 1:2 volume ratio
and the reaction mixture were incubated at room temperature in the dark condition

(Fig.2.4).

Figure 2.4: Photographs of AgNPs pepared in the presence of different conc. of
plant extract, salt and water

2.6.2 Effect of pH
The optimum PH for the biological synthesis of AgNps and ZnNps was
determined by following the method of (Mittal et al., 2012). The AgNps and ZnNps

were synthesized at a variable PH rage from (2.0-9.0). The PH of the reaction mixture
was adjusted by adding 0.1M hydrochloric acid and 0.1M sodium hydroxide solution.

e e
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2.6.3 Effect of Temperature

Test tubes containing the reaction mixture were kept in dark at different

3Stemperature ranges from (25°C to 60°C) keeping other parameter constant.

2.6.4 Effect of Time

Different reaction time were observed for nanoparticle synthesis (lhrs, 2hrs,

3hrs....... 24hrs).
2.7 Characterization of the synthesized nanoparticles

Characterizations of NPs is important for understanding control synthesis of
nanoparticles and their applications. Following methods are used for characterization

of NPs by means of which we confirmd the formation of nanoparticles.

The optical property of NPs was determined by UV-visible spectrophotometer (TSO-+.
pg instruments) (Figure 2.5). UV-visible spectroscopy was used to analyze sample
formation by showing the plasmon resonance. Fourier transform infrared spectroscopy
(IRTracer-100, FTIR spectrophotometer, Germany) analysis of nanoparticles clearly
indicate the functional group which is responsible for nanoparticle formation. The
surface morphology of NPs was examined with SEM (JEOL JSM 6700F (JEOL,
TOKYO, Japan). X-ray diffraction analysis was used to identify and determine the

phase structure, crystallite size and relative crystallinity of the samples.

2.8 Antibacterial Activity

All of the research-related equipment, including Petri dishes, beakers, borers.
micropipette tips, common pins, Eppendorf tubes, and medium, being sanitized using
an autoclave (Daihan Scientific, Germany) at 121°C and 15 lbs/sq inch pressure for 15

minutes. To avoid contamination the entire process was carried out in a laminar hood.

b ]
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2.8.1 Source and Maintenance of Microorganisms
2.8.1.1 Standard strains

Two non-pathogenic strains of bacteria, Gram-negative Escherichia coli
(ATCC 8739), Gram positive Staphylococcus aureus (ATCC 6538)., were standard
strains obtained fom Microbiology Research Lab, Quaid-i-Azam University,

Islamabad, Pakistan.
2.8.1.2 Culture Media

Two separate media were produced in accordance with the manufacturer's
instructions. Approximated 2.8g commercially available Nutrient Agar (Oxide, UK)

media in 100ml of distilled water to fill a 250 ml autoclavable bottle. After being placed

in an autoclave for 1 5minutes at 121°C and 15 Ibs to sterilized.

In a 1000 ml autoclavable bottle, 19g of Mueller-Hinton Agar (Oxide, UK)
medium were dissolved in 500 ml of distilled water. With the aid of a thermo magnetic
stirrer, media was dissolved. The media were kept in an autoclave for 15 minutes at

121°C with 15 lbs of weight to disinfect them.
2.8.2 Inoculum preparation
2.8.2.1 Nutrient broth

About 3.25g of the nutrient broth (Oxide, UK) medium were made in an
autoclavable conical flask with 100 ml of distilled water. Using a thermo magnetic
stirrer, the media was dissolved. In order to disinfect the media, place it in an autoclave
weighing 15lbs set at 121°C for 15minutes. The media was ready for the growth of

bacteria. In the conical flask, the medium served as a stock for bacterial growth.
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2.8.3 Inoculation of fresh bacterial culture

Take 20ml of prepared sterilized broth in a conical flask.Through sterile
inoculation loops, bacteria were transferred from clean plates to the liquid nutrient broth

in the conical flask. The conical flask was stored overnight in an incubator set at 37C.

The following day, sterilized Mueller-Hinton Agar were poured in 100mm-diameter
Petri plates. Bacteria were transferred from conical flask by using sterilized cotton swab
into Mueller-Hinton Agar-filled Petri plates. Overnight, the Petri plates were incubated
in an incubator set to 37°C. This new culture was used for antibacterial activity.

2.8.4  Preparation of Mcfarland Standard (0.5%)

The 1% solution of each of sulphuric acid (H2SO4) and barium chlorid was
prepared and mixed to form a turbid suspension. The resulting mixture were place in a
foil covered tube. This was called McFarland standard and the turbidity of the
McFarland standard tube and bacterial sample were visually compared against the black
and white bars printed on the white page in the presence of good light. The turbidity of
the log growth of the bacterial suspension were adjusted with the addition of broth or
saline through sterilized tip to match the turbidity of the known McFarland standard.
The standard McFarland turbidity is 0.5 which provide an optical density comparable
to the optical density of bacterial suspension with a 1.5 x 10® colony forming unit
(CFU/ml).
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Figure 2.5: Photograph of McFarland Standard
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2.8.5 Agar well diffusion assay

The agar well diffusion method by (Perez et al., 1990) was the technique
employed for the in vitro antibacterial susceptibility test. In a laminar hood, 20ml of
nutrient agar media was added into 100mm-diameter Petri plates, and they were
allowed to cool for 15 minutes. When the media cooled down, it turns into jelly. Saline
water were taken in a vial and add bacteria by using sterile loop. Adjusted the turbidity
of the bacterial solution with the turbidity of McFarland standards. After adjusting the
turbidity of the bacterial suspension take 20u! of bacterial suspension and added to each
agar plate.In order to inoculate the Nutrient Agar medium surface with microorganisms,
a sterile cotton swab was applied. Overnight, the Petri plates were incubated at 37°C in
the incubator. After that, a sterile cork borer with a diameter of S mm was used to punch
nine wells on the agar plate, eight of them along the edges of the plates and one in the
centre. Nine peripheral wells were loaded aseptically with 20pl of the silver NPs and
zinc NPs of Berberis lycium root extract, berberine, Cinnamomum zeylanicum bark
extract and cinnamaldehyde. The wells were numbered from 1 to 10. The Eppendorf
tube's having AgNPs and ZnNPs are thoroughly mixed through the mixer. Pure Nps in
the first Eppendorf tube were used as stock solutions to make furthur dilutions. This
stock solution of were sonicate with sonicater for 40 mintes. The concentration of NPs
in the wells from 1st to 8" were done serial wise (100, 50, 25, 12.5, 6.25, 3.125 and
1.56pg/m1) in well no 8. Through a micropipette, water was administered to wells No.
9 as a negative control and pen-strep (0.05 percent) was administered to wells No. 10
as a positive control. Activity were done three times. After an hour in the refrigerator,
the plates were removed (Esimone et al., 1998). The plates were remained for the
next following day in an incubator set at 37°C. The Zone of Inhibition was assessed the

following day by using a ruler to measure the wells' diameter in millimetres.

2.8.6 Spectrophotometric assay (Determination of MIC):

Each NPs exhibiting antibacterial action against test pathogens had its minimum
inhibitory concentration (MIC) which was measured spectrophotometrically. To
determine the MIC values, the broth micro-dilution method (Mehmood et al., 2012)
was used.NPs were used with at 100ug/ml final concentration. Nps solutions (10ul)
were added in the wells of first row of microtiter plate and in the remaining wells 180ul

nutrient broth medium was added. Using a micropipette, two fold serial dilutions

e
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were performed until each well had 10pl of a serially decreasing concentration of NPs
solution. Following that, 10pl of inoculum were added to each well. Water served as
the negative control while broth containing standard drug (pen-strep) served as the
positive control. The microtiter plates underwent a 24h incubation period at 37°C. The
experiment done in triplicate. Using an ELISA reader, the absorbance was measured at

620 nm.
2.9 Antifungal Activity
2.9.1 Fungal strains

Trichoderma herzianum) was used to check antifungal activity of biologically

synthesized Ag and Zn nanoparticles.

2.9.2 Disc diffusion assay

With slight changes, the antifungal activity of biologically synthesized
nanoparticles was assessed (Saha & Paul, 2012). The solution of potato dextrose agar
(PDA) was made and autoclaved. 20ml of PDA solution was added to sterilize petri
plates. Saline water were taken in a vial and add fungal solution from conical flask
containing fungal culture. Adjusted the turbidity of the fungal solution with the turbidity
of McFerland standard. After adjusting the turbidity of the fungal suspension take 20yl
of fungal suspension and added to each potato dextrose agar plate. In order to inoculate
the fungal strain on potato dextrose agar plate, a sterile cotton swab was used.
Overnight, the Petri plates were incubated at 37°C. After that, a sterile cork borer with
a diameter of 5Smm was used to punch nine wells on the agar plate, eight of them at the
edges of the plates and one in the middle. Nine peripheral wells were loaded aseptically
with 20ul of the AgNps and ZnNps of B. lycium root extract, berberine, C. zelynicum
bark extract and cinnamaldehyde. The wells were numbered from 1 to 10. The entire
Ag and ZnNp mixture in the Eppendorf tube was mixed vigorously through the mixer.
Nps in the 1st Eppendorf tube was used as stock solution for furthur dilutions.This stock
solution of were sonicate with sonicator for 40 mintes. The concentration of Nps in the
wells from 1% to 8" serial wise (100, 50, 25, 12.5, 6.25, 3.125 and 1.56pg/m1) in well
no 8. In wells no. 9 water was used as a negative control, and amphotericin B (0.05

percent) was administered to wells no. 10 as a positive control. Activity were performed
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in tiplicates. After that the plates had been kept in an incubator overnight at 37°C
(Esimone et al., 1998). The next day, the Zones of Inhibition were measured using a

ruler in millimetres in diameter around the wells from the bottom of the plates.
2.9.3 Spectrophotometric assay (Determination of MIC)

Each Nps exhibiting antibacterial action against test pathogens had its minimum
inhibitory concentration (MIC) measured spectrophotometrically. To determine the
MIC values, the broth micro-dilution method (Chowdhary et al.. 2018) was used. Nps
were utilized with a 100ug/ml final concentration. Nps solutions (10ul) were added in
the wells of first row of microtiter plate and in the remaining wells 180ul nutrient broth
medium was added. Using a micropipette, two-fold serial dilutions were then
performed until each well had a serially decreasing concentration of Nps solution.
Thereafter 10ul inoculum was added to each well. Water was used as a negative control
while broth containing standard drug (Amphotericin B 0.05%) used as a positive
control. The microtiter plates kept for 24h at 37°C. Activity was performed in

triplicates. Using an ELISA reader, the absorbance was measured at 520 nm.

2.10 Antioxidant Assay

The potential antioxidant properties of biocompatible AgNPs and ZnNps of (.
zeylanicum bark extract, berberine, and B. lycium root extract were studied. DPPH (1,
1-diphenyl-2- 8 picrylhydrazyl) is a free redical reactive compound has been used to
measure antioxidant activity. DPPH when react with the antioxidants the reaction
proceeds with change in coloure from deep violet colour to light yellow coloure. The
Nps were tested in free redical scavenging assay by the modified method of (Suresh et
al., 2015). 2mg DPPH dissolve in 50ml of methanol and kept in dark for 30 minutes in
a covered bottle because DPPH is a light sensitive. 2mg of ascorbic acid dissolve in
50ml methanol will be used as a positive control. All Nps dissolved in methanol with
concentrations (100, 50, 25, 12.5, 6.5, 3, 1.5, 0.75ug/ml). 190ul of DPPH solution was
added in microtiter plate and 10ul of NPs were added in each well. Methanol and DPPH
used as a blank solution. Kept the microtiter plate in dark for 30 minutes to complete
the reaction. After 30 minutes the absorbance was monitored at 518nm. The solution of
ascorbic acid used as a positive control. Free radical scavenging activity was calculated
by using the following formula.

. ___ ____ ___ ______________________________
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% Inhibition = (As - Ar) Ap*100
Where Ap = Absorption of blank sample
Ag = Absorption of Nps

2.11 Antileishmanial activity
2.11.1 Anti-Promastigotes Assay

The antileishmanial activity of biologically synthesized nanoparticles was
tested in-vitro against culture of L. tropica promastigotes. Media RPMI 1640 was
prepared by the modified method of Nadhman (2016). Promastigotes from L. tropica
were incubated at 24°C in media which contained 25mM HEPES buffer (4-(2-
hydroxyethyl)-1-piper-azi-neethanesulfonic acid), sodium bicarbonate, supplemented
with 10% heat inactivated FBS (Fetal bovine Serum) and 2% pen-strep antibiotic. The
stock solution of the nanoparticles were prepared by suspending them in water and

sonicate for 10 minutes for the the complete dispersion of aggregates.

Promastigotes form of L. tropica (1x 10° cells/ml) harvested from logarithmic
growth phase were seeded in each well in RPMI 1640 and 10%FBS. It is then allowed
to proliferate for 48h in the presence of medium alone (control group) in water
(negative control) and nanoparticles at different concentrations (100, 50, 25, 12, 6. 3
and 0.7 pg/ml). This micro-titer plate were incubated at 24 C° for 48h and the growth
of the cells were checked in micro-plate reader by taking the OD of the cells. In-vitro
reactions were carried out in triplicate and the antileishmanial activity were expressed
as a (ICs¢/72h).The concentration that inhibited parasite growth by 50%. (ICso) as

compared to untreated control. The reaction of antileishmanial activity were done in

the month of October and November. When the external temperature was 24°C-

27°C.This temperature is suitable for the growth of leishmania. ICso values of all

nanoparticles showing anti-leishmanial activity was determined by Graph pad prism.
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2.11.2 Anti-amastigote Assay

Leishmania is dimorphic form of protozoan. Leishmania exist as long whipped
promastigotes which forms in sand fly vector and when it is injected to another
vertebrates it changes into immovable non -motile (round shaped amastigote) which
are the cause of infection in both hosts. Amastigote grow outside the living cells that
are known as axenic amastigotes. Bates (1993) developed rules for the cultivation of

axenic amastigotes.

The algorithmic growth phase of axenic-amastigotes were also harvested and
cultured in RPMI 1640 and 5.5pH was adjusted for their growth. At 33°C the cells were

incubated for seven days in humufied CO2 (5%). By changing the temperature and pH
axenic amastigotes transformed into promastigotes. In each well of 96-well microtiter
plate (10 cells/ml) RPMI media containing culture of axenic-amastigotes were added.
The different concentration of biologically synthesized nanoparticles (100, 50, 25, 12,

6, 3, 0.7ug/ml) along with water (negative control) and (Amphotericin B positive
control) were added to each well and incubated at 25°C + 1°C for 72 hours. Similar

procedures were used for anti-promastigotes assay. All the experiment were performed
in triplicate. Micro-plate reader were used for OD of the cells. ICso value of the
biologically synthesized nanoparticles showing anti-amastigote activity were

calculated by graph pad prism.
2.12 Hemolysis assay

Cytotoxic assay was performed to analyzed the cytotoxicity of biologically
synthesized nanoparticles on fresh human blood cells. By destroying the external
membrane of red blood cells, the hemoglobin was released. The quantity of destroyed
cells were estimated by measuring the amount of hemoglobin in the sample. From
healthy volunteers the fresh human blood was collected in vacutainer. By using
phosphate buffer (PBS) washed the human blood cells three times and centrifuged at
3000 rpm for 2 minutes. After centrifugation the erythrocytes were separated from the
blood. The blood cells suspension were serially incubated with biologically synthesized
silver and zinc nanoparticles at 37°C for 3 hours. The reaction mixture were centrifuged
at 6000 rpm after incubation for 10 minutes. Using UV-visible spectrophotometer, the

released hemoglobin was monitored at 576nm. Experiment were performed in

Biosynthesis of Metal Nanoparticles of Selected Medicinal Plants and their biological Activities 44



Chapter #. 2

triplicates. The red blood cells lysed with Triton X-100(0.1%) was used as a positive
control and the cell suspensions (red blood) in PBS were used as negative control.

Percentage hemolysis was calculated by using the formula.

% Hemolysis = (OD of 576 in AgNps and ZnNps solution — OD at 576nm in PBS)/OD
at 576nmin 0.1% Triton X-100 — OD at 576nm in PBS) X 100

2.13  Statistical analysis

In the research, all the experiments were performed in triplicates and all the
consequences are presented as mean + standard deviation (SD). To evaluate the
significant differences linear regression analysis was performed. Calculated R?-values

were significance slightly > 10. For statistical analysis graph pad prism were used.
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RESULTS

3.1 Green synthesis of silver nanoparticles

Color change was observed from yellowish to dark brown when B. lycium root
extract mixed with silver nitrate salt solution which was the initial indication of silver

nanoparticles formation.
3.2 Optimization of nanoparticles

Optimizing the various parameters, the size and shape of nanoparticles were

controlled and increased the nanoparticles synthesis.
3.2.1 Concentrations of plant extracts, silver nitrate solution

Different concentrations of the plant extract (0.25, 1.25, 2.5, Sand 7.5 mg/ml)
were used from the stock solution. Silver nitrate and zinc sulphate were utilized at
concentration ranging from 0.25 to 15mM, the optimal value of silver nitrate salt
solution concentration was 10mM and the optimal value of Zinc sulphate salt
solution concentration was 15mM The yield of AgNPs and ZnNPs were increased

as the concentration of AgNO3 increased.
3.2.2 pH optimization

pH plays a key impact in the production of AgNPs and ZnNPs when applied in
the range of 2—14. At different pH value Ag and Zn nanoparticles synthesis were
optimized but neutral pH was optimal i-e pH-7. At this pH AgNPs showed sharp peak
at UV-visible spectroscopy indicating the uniform size of AgNps formation (Iravani &

Zolfaghari, 2013).
3.2.3 Temperature optimization

In terms of reaction temperature, the method of Ag and Zn nanoparticles
biological synthesis has the advantage of producing stable nanoparticles at room
temperature (25°C) (Nadagouda & Varma, 2008). It is possible to synthesized AgNPs
at both temperature at low temperatures (below 25 degrees Celsius) and high

temperatures (over 60 degrees Celsius) but the room temperature (25C°) was the

e —
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optimal temperature because at room temperature small and spherical AgNPs were

synthesized and showed single plasmon resonance at UV -visible spectroscopy.
3.2.4 Time optimization

The size of the nanoparticle production was determined by the reaction time, or
the length of time that the silver and zinc salt interacts with the plant extract. Ag and
Zn NPs were synthesized at all reaction times but the yield were different at different
reaction times. The yield of NPs rose as the salt concentration and reaction time were
increased, with a shift in the surface plasmon band wavelength to a higher range,
indicating the NPs agglomeration (Mashwani et al., 2015). AgNPs which were
synthesized after 12hrs of reaction time in dark was the optimal time while other
parameter constant which results better yield of AgNPs with a single and short
wavelength peak at UV-visible spectroscopy. ZnNPs which were synthesized after
24hrs of reaction time was the optimal time while other parameter constant which
results better yield of ZnNPs with a single and short wavelength peak at UV-visible

spectroscopy.
3.3 Characterization of Nanoparticles

Various techniques were used for the characterization of silver and zinc

nanoparticles which showed the production and confirmation of the nanoparticles.
3.3.1 UV-Vis Spectroscopy
3.3.1.1 Silver nanoparticles:

Silver (Ag) Nanoparticles optical property was determined by UV-Visible
spectrophotometer (UV 6300 PC). The Plasmon resonance of UV-visible
spectrophotometer is used to confirm the nanoparticles formation. Figure (3.1 and 3.2)
shows the absorbance spectrum of biologically synthesized silver nanoparticles. Silver
nanoparticles of B. lycium root extract Figure (3.1) showed sharp absorbance at (400
nm) and Berberine silver nanoparticles Figure (3.2) showed sharp absorbance at
(432nm). The biologically synthesized Silver nanoparticles of C. zeylanicum bark
extract Figure (3.3) showed sharp absorbance at (418 nm) and Cinnamaldehyde silver

nanoparticles Figure (3.4) showed sharp absorbance at (422 nm).
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Figure No. 3.1: UV-vis Spectrum of AgNPs synthesized in the presence of B.
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Figure No. 3.4: UV-Vis spectrum of AgNPs synthesized in the presence of
Cinnamaldehyde
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3.3.1.2. Zinc Nanoparticles:

Zinc (Zn) Nanoparticles optical property was determined by UV-Visible
spectrophotometer (UV 6300 PC). The Plasmon resonance of UV-visible
spectrophotometer is used to confirm the nanoparticles formation. Figure (3.5. 3.6. 3.7
and 3.8) showed the absorption spectrum of biologically synthesized Zinc
Nanoparticles. Zinc nanoparticles of B. Iycium root extract Figure (3.5) showed sharp
absorbance at (340 nm) and Berberine Zinc Nanoparticles Figure (3.6) showed sharp
absorbance at (339 nm). The absorption spectrum of biologically synthesized Zinc
nanoparticles of C. zeylanicum Figure (3.7) showed sharp absorbance at (380 nm) and
Cinnamaldehyde Zinc Nanoparticles Figure (3.8) showed sharp absorbance at (380

nm).
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Figure No. 3.5: UV-Vis spectrum of ZnNPs synthesized in the presence of B.

Iycium root extract
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Figure No. 3.8: UV-Vis spectrum of ZnNPs synthesized in the presence of
Cinnamaldehyde

3.3.2 FT-IR Spectrum
3.3.2.1 Silver Nanoparticles

The functional groups responsible for the reducing and capping agent of
silver nanoparticles produced from plant extract of the roots of B. [ycium were identified
using FT-IR analysis of the silver nanoparticles. FT-IR was carried out at a resolution
of 4 cm! Figure (3.9). The bands at 3549, 2324, 2193,1987,1848,1546, 1497, 1359 and
1051cm ! were observed in FT-IR spectrum. The spectrum at 3549 ¢cm™! were assigned
for OH stretching of alcohol. 2324c¢m! was specified for C-H stretching. 2193¢cm™ was
assigned for C=C bond of alkynes. 1987¢cm™! for C=C asymmetric stretch. The peak at
1546 cm™ was strong C-N stretching. 1497cm ! was assigned for C-C stretching or C-
N of aromatic amine group or C=C of aromatic ring. The peak at 1359 cm™ was strong

C-N stretching of aromatic compounds.1051 ¢m! was specified for C-O stretching.

_—n—— -
Biosynthesis of Metal Nanoparticles of Selected Medicinal Plants and their biological Activities 52



Chapter #. 3

FT-IR was used at resolution of 4cm™ to identify the substance that served as
the reducing and capping agent for silver nanoparticles made from the berberine
compound. Figure (3.10) showed the bands at 2820.1, 2331, 2071, 1595, 1383.7,
1353.6, and 1051.9cm™'. The 3423cm™! was assigned for OH stretching of alcohol. The
peak at 2331 and 2820.1cm™’ were assigned for C-H stretching. The peak at 2071cm™!
was assigned for C=C. 1595¢m™ was assigned for C=C and C=N stretching. 1353-1383

cm’! were specified for C-H stretching.1051 cm™! was specified for C-O stretching.

FTIR measurement of green synthesized silver nanoparticles of C. zeylanicum
bark extract. The possible biomolecules responsible for the reduction of Ag ™ ions and
the capping of the bioreduced silver nanoparticles synthesized from the bark extract.
The major peaks in the FTIR spectrum of silver nanoparticles Figure (3.10) were
observed at 2996.92, 1775.19, 1380.8, 1245.0, 1048.2, 749.77 cm' The peak at 2996.92
were assigned for (=C-H).The peak at 1775.9 in C. zeylanicum essential oil is related
to the vibration stretching of the aldehyde carbonyl group (C=0) and the strong (C=0).
indicating a high content of cinnamaldehyde and aldehydes. (Jeyaratnam et al., 2016).
The peak was shifted from 1775.19 in AgNPs C. zeylanicum bark extract showed that
formation of silver nanoparticles. The peak 1380 were showed C-H bending of alkane,
1245 was assigned for C-OH groups of phenolic compounds. peak 1048 were assigned
for =CH of benzene ring. All of these peaks indicate that the high content of phenolic

and aromatic chemicals, particularly cinnamaldehyde.

In order to determine the potential biomolecules responsible for the reduction
of Ag® ions and capping of the bioreduced silver nanoparticles, FTIR measurement of
the green produced Ag Nps of cinnamaldehyde was performed. The major peaks of
AgNPs of cinnamaldehyde were observed at 3024.0, 1686.61, 1625.96, 1489.51,
1380.98, 770.51, 722.64, 681.94, 593.36 cm™!. 3024cm™! ascribed to the aromatic C-H.
1686.61cm™ corresponded to carbonyl group C=0. The 1625.96cm! was assigned for
C=C bond. 1489.51 cm’! were assigned for benzene derivatives. 1380.98-1489.51 were
assigned for C-H bending. All of the peaks confirmed the purity of the NPs.

_
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3.3.2.2 Zinc Nanoparticles

The characteristics bands showed several functional groups of FTIR spectra of
Zinc Nps of B. lycium root extract. IR peaks were observed at 3406, 2158, 1625, 1487,
1125, 1011 and 612 cm'. The peak at 3406cm™' was medium NH starching of primary
amine. The peak at 2158cm’! was assigned for strong stretching of N=N=N. 1625¢cm’!
was assigned for strong C=C stretching of a, B-unsaturated ketone. The peak at 1487
cm’! was specified for medium C-H bending of aldehyde. The peaks at 1625 and 1011
cm’! were specified for strong C-O stretching of aliphatic ether and the peak at 612 cm
! was specified for strong C-Br starching of halo compound The findings suggested that
the primary biomolecules in the plant extract that can decrease zinc ions and convert
them to ZnONPs are polyhydroxyl phenolics and flavonoids. (Ahmad et al., 1998;
Anzabi, 2018).

The FTIR spectra of berberine ZnNPs showed the characteristics peaks at 3423,
2345,2077,1619,1510 and 1274cm . The peak at 3423 was assigned for strong O-H
stretching of alcohol.The peak at 2077 was specified for strong N=C=S stretching of
isothiocynate. The peak at 1619cm™! was specified for strong C=C stretching of a.p-
unsaturated ketone. The peak at 1510 was specified for N-O stretching of nitro
compound and the peak at 1274cm™ was assigned for strong C-N stretching of

aromatic amine.(Sahibzada et al., 2018)

The FTIR spectra of ZnNps of C. zeylanicum bark extract showed that the bands
of functional group located at 2157, 2086, 1629, 1433, 1005 and 613cm™!. The peak
present at 2157cm™! indicated for strong -C=N stretching. The peak at 2086¢cm™! showed
the presence of strong N=C=S stretching of isothiocyanate. The peak at 1629cm™ was
assigned for medium C=C stretching of alkene. The peak at 1433cm™! was assigned for
medium O-H bending of carboxylic acid. The peak at 1005¢cm™" was specified for C-F
stretch of alkyl halide and the peak at 613cm™! was assigned for strong C-Br stretching
of halo compound.(Sathishkumar et al., 2009).

Infrared Spectral analysis of the ZnNps of Cinnamaldehyde was carried out to
identify the possible molecules responsible for capping the Zn nanoparticles formed. In
Figure (3.16) showed the spectra of ZnNps of cinnamaldehyde. The following peaks
were observed at 3059, 2883,2360,2033,1958,1882,1752,1631 and 1400cm™'. The peak
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at 3059cm’! was specified for medium C-H stretching of alkene. The peak at 2883cm™!
was assigned for medium C-H stretching of alkane. The peak at 2033cm™' was assigned
for weak C triple C stretching of alkyne. The peak at 1958cm™! was specified for
medium C=C=C stretching of allene. The peak at 1882cm™' was specified for weak C-
H bending of aromatic compounds. The peak at 1752- 163 1cm™! was assigned for strong
C=0 stretching and the peak at 1400cm™ was specified for strong CF starching of
flouro compounds.(Ji et al., 2019).
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Figure No. 3.13: FTIR spectra of ZnNPs synthesized in the presence of B. lycium

root extract
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Figure No. 3.16: FTIR spectra of ZnNPs synthesized in the presence of
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3.3.3 XRD Analysis
3.3.3.1 Silver Nanoparticles

The crystalline nature of AgNps of B. lycium root extract and berberine was
confirmed by XRD analysis. Fig.3.17 showed the XRD pattern of the B. lycium root
extract and berberine nanoparticles from silver colloids. The diffraction peaks of both
Nps were observed in the 26 range of 30-70™ which was to be indexed to the (101)
(102) (110) for B. lycium root extract and (111) (200) (220) for berberine Nps.
Consequently, it was confirmed that the both the nanoparticles have crystalline cubic
(CO) structure. In both cases, the results were in accordance with the international
pattern of joint committee on powder diffraction data number is (JCPDS card no 00-

003-0921). (Jung.ef al., 1926).

The Ag nanoparticles' high degree of crystallinity seen in the peaks' intensity.
The broad diffraction peaks, however, suggested that the crystallites were smaller in

size. (I.A. Wani, et al., 2011). We analysed the XRD patterns and determined the full
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width at half maximum (FWHM) data, including peak intensity, position, and width.

The diffraction peaks have been indexed as crystalline cubic structure.

The average particle size of synthesized AgNPs of B. Iycium root extract and
Berberine were calculated from FWHM of the diffraction peaks using Debye-Scherrer

equation (Bykkam er al., 2015).
D=k\ /Bcos©O

In this equation, A which is the radiation wavelength (1.5406 A). D is the
average size of the crystallites, K is the shape-dependent Scherrer's constant
corresponding to the true shape of the crystallite (0.94 is used to correspond spherical
crystallites with cubic symmetry), B is the full peak width (given in radians) caused by
structural broadening due to crystallite size subtracted by instrumental broadening
obtained by standard material (Si) in the same measurement ©= diffraction angle.
(Dubey et al., 2010). The FWHM of the B. [ycium root extract AgNps of most isolated
peaks at about 38°(101), 44° (102) and 64° (110) in 2 © for B. lycium root extract AgNPs
(structurally isomorphous with silver) were used for size evaluation. Average crystal
size of 16nm was determined while, the FWMH of the berberine AgNps most of
isolated peaks at about 38°(111), 44°(200), and 64°(220) in 20 ((structurally
isomorphous with silver) were used for size evaluation. For berberine the average

crystal size was 47nm.

XRD study was performed to identify the crystalline structure of AgNPs of C.
zeylanicum bark extract and Cinnamaldehyde. The intensity data were collected over a
26 range of 30-70 °. Three intense diffraction peaks were observed at 38°.10 (111),
44°.60 (200), and 64°.67 (220) angles (20 degree) which correspond to 111, 200. and
220 Bragg’s reflection, respectively (Figure 3.19 and 3.20). A definite line broadening
of the XRD peaks indicates that the prepared material consists of particles in nanoscale
range. Both AgNps have crystal cubic structure (CC). In both Nps , the results were in
accordance with the international pattern of joint committee on powder diffraction data

is (JCPDS card no 00-004-0783 ).( Swanson, Tatge.,195356 ).
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We identified the peaks' intensity, position, and width using this XRD patterns
analysis, as well as their full width at half-maximum (FWHM) data. The diffraction

peaks have been indexed as crystalline cubic structure.

Using the Debye-Scherrer equation, the average particle size of both AgNps
was determined from the FWHM of the diffraction peaks (Bykkam et a/., 2015).

D = kA/Bcos©

Where D denotes the nanoparticle's size, A denotes its wavelength,  denotes its
full width at half maximum, and © denotes its diffraction angle. Calculations were
assessed by determining the size of AgNPs based on several refraction peaks. The
findings revealed that the average AgNp size of C. zeylanicum was 10.508 nm and that

of cinnamonaldehyde was 19.634 nm.
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Figure No. 3.17: XRD spectra of AgNPs synthesized in the presence of B. lycium
root extract
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Figure No. 3.20: XRD spectra of AgNPs synthesized in the presence of
cinnamaldehyde

3.3.3.2 Zinc nanoparticles

Figure (3.21, 3.22) showed the XRD patterns of ZnO nanoparticles synthesized
using B. lycium root extract and berberine powder with different concentrations. All the
peaks of both Nps were observed in the 20 range of 30-70" and the peaks were well
indexed to the hexagonal wurtzite structure of ZnNps B. lycium root extract (JCPDS
Card no. 00-004-0831) Swanson and Tatge.,1953 and the ZnNps of berberine (JCPDS
Card no 00-001-1238 ) Hanawalt ef al.,1938 . In both cases, In ZnNps the presence of

36 (002), 39" (100), 43° (101) and 54" (102) planes in XRD patterns indicated the

formation of high purity of the ZnO nanoparticles. The ZnO diffraction peaks' strong
intensity and narrow width suggested that the final product was highly crystalline in

nature. Scherrer's formula was used to get the average crystallite size.
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The average particle size of of both ZnNps were calculated from FWHM of the
diffraction peaks using Debye-Scherrer formula.(Suresh et al., 2015).

D = ki/BcosO

Where D is the size of the nanoparticle, 4 is the wavelength, /3 is the full width
half maximum, and O is the diffraction angle. According to different refraction peaks.

the size of AgNPs were calculated.

Average crystallite size of ZnNps of B. [ycium root extract was estimated and it
was found to be in the range of 16.876 nm and the average crystallite size of ZnNps of

Berberine was found to be 38.786nm.

XRD patterns of C. zeylanicum bark extract and Cinnamaldehyde biologically
mediated synthesis of Zn Nanoparticles showed the peaks which were assigned to
diffraction angles of (002), (100), (101) and (102). The data for the intensity were
gathered across a 20 range of 30-70°. The XRD peaks' distinct line broadening revealed
that the produced material contains particles in the nanoscale range. (Figure 3.23, 3.24).

The XRD patterns determined the full width at half maximum (FWHM) data, including

peak intensity, position, and width. The diffraction peaks located at 36.297". 38.993°,

43.233° and 54.377° have been indexed as hexagonal wurtzite phase of ZnNps. In both

Nps. the results were in accordance with the international pattern of joint committee on
powder diffraction data (JCPDS card no 00-004-0831).( Swanson, Tatge..1953) and
further it also confirmed that Since Zn was the only distinctive peak present in the
XRD pattrens, the produced nano powder was devoid of contaminants. Using the
Debye-Scherrer formula, the diameter of the produced Zn nanoparticles was

determined. (Khoshhesab ZM erf al., 2011)
D=kA / BcosB

Where A is the X-ray wavelength, O is the Brag diffraction angle, and f is the
full width at half-maximum (FWHM) of the diffraction peak corresponding to plane .
0.89 is Scherrer's constant . The average particle size of C. zeylanicum bark extract was
found to be 10.508nm and the average particle size of Cinnamaldehyde was found to
be 38.7366nm which is derived from the FWHM using Scherrer’s formula.
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Figure No. 3.21: XRD spectra of ZnNPs synthesized in the presence of B. lycium

root extract
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Figure No. 3.22: XRD spectra of ZnNPs synthesized in the presence of berberine
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Figure No.3.23: XRD spectra of ZnNPs synthesized in the presence of C.

zeylanicum bark extract
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Figure No.3.24: XRD spectra of ZnNPs synthesized in the presence of

cinnamaldehyde
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3.3.4 Scanning electron microscopy (SEM)

Sample morphology were investigated using scanning electron microscope.
Samples were prepared by sticking Ag nanoparticles to the carbon tape, and compressed
air were used to blown away the excess powder from the carbon tape. The samples are
sputter coated with a thin Au-Pd layer of about 3nm thickness in vacuum to avoid

charging.
3.3.4.1 Silver nanoparticles

The Figures display SEM images of biologically created nanoparticles. The
existence of metal nanoparticles was confirmed by the SEM investigation. The particles
had a diameter of less than 100 nm and were spherical in form. SEM images of AgNPs
of B. lycium (Figure 3.25) showed spherical shape. The average size of the AgNPs of
B. lycium was found in the range of 47nm.The size ranges from 10-100nm was observed
at magnification of X 40,000, X 50,000 and X44.1. Most particles were spherical in
shape. SEM images were taken after 8 days after the completion of all reaction and

synthesis process, The particles did not agglomerate.

SEM images of AgNPs of Berberine (Figure 3.26) was observed and found that
the particles are in nano-size. The diameter of NPs were below 100nm and the average
size of NPs was found in the range of 65-66nm. The particles were observed at
magnification of X20, 000, X40, 000 and X80, 000. The SEM images showed that the
AgNps of Berberine are mostly spherical in shape.

SEM images of AgNPs of C. zeylanicum bark extract (Figure 3.27) was
observed and it was confirmed that the diameter of NPs were below from 100nm at
magnification of X 40,000, X 80,000 and X 80,000. Particles were observed spherical
in shape. The average size of AgNPs of C. zeylanicum bark extract were in the range
of 53-66nm.

SEM micrograph of prepared AgNPs of Cinnamaldehyde (Figure 3.28) were
observed. The average size of NPs were in the range of 70-80nm. The NPs were

observed at magnification of X20,000, X40,000 and X 40,000. Mostly, NPs were
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spherical in shape and some are oval in shape. All AgNPs were crystalline in nature

which is already confirmed by XRD analysis.

Figure No. 3. 25: Field emission
scanning electron micrographs of
AgNPs synthesized in the presence
of B. lycium root extract (a) 100nm
(b) 100nm S00nm

Figure No. 3. 26: Field emission
scanning electron micrographs of Ag
NPs synthesized in the presence of
Berberine (a) 100nm (b) 100nm (c)
S500nm
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Figure No. 3.27: Field emission Figure No. 3.28: Field emission scanning
scanning electron micrographs of Ag electron micrographs of AgNPs
NPs synthesized in the presence of C. synthesized in the presence of

zeylanicum bark extract (a) 100nm (b)  Cinnamaldehyde (a) 100nm (b) 1pm (c)
100nm (¢) 100nm 100nm
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3.3.4.2 Zinc Nanoparticles

The SEM images of ZnNPs of B. lycium root extract showed the hexagonal and
spherical morphology and crystalline in nature which is already confirmed by XRD.
The size were lies in the range of 36-66nm (Bala saha er al,, 2015). SEM images of
ZnNPs with a low magnification (Figure 3.29) showed that the sample was composed
of microstructure. The SEM images were observed at magnification of X 20,000, X44.6
and X40,000. The SEM images with high magnification revealed that the ZnNPs
microstructure has hexagonal and spherical shape. However, aggregation is also seen,
most likely as a result of the high surface energy of ZnNPs that often happens during
synthesis in an aqueous media as well as perhaps as a result of densification outcomes
that there was narrow space between particles. (Selvarajan and V. Mohanasrinivasan.,

2013, H. A. Salam e al., 2014)

From the micrographs (Figure 3.30), it was observed that ZnNPs of Berberine
also showed hexagonal and spherical morphology and was crystalline in nature,
previously confirmed by XRD. The SEM images were observed at magnification of
X20,000, X40,000 and X20,000. The ZnNPs ranged in size from 31 to 60 nm on
average. Due to the increased surface area of NPs were because of the particle size
reduction,the  NPs'  solubility, dissolving rate, and bioavailability of

NPs were improved. (Sahibzada et al., 2018).

The SEM micrographs of ZnNPs of C. zeylanicum showed that ZnO
nanoparticle dispersion was clearly seen. The powders produced ranged in particle size
from 63 to 99 nm with slight variations, and they were homogenous and agglomerated.
SEM images were observed at magnification of X 20,000 X40,000 and X40,000. The
images (Figure 3.31) shows spherical and hexagonal shapes with some elongated discs
of nanoparticles, which are in accord with the XRD. Oxidized metal anions are
distributed uniformly throughout the three-dimensional polymeric network structure,
the consequences of densification and the close spacing between particles may cause
agglomeration. (S.W. Yun er al., 1998) (J.H. Ryu., 2002).The XRD and SEM
measurements of nanoparticle size showed just a minor change.There is a variations in
the derived values of the particle size of the generated ZnONPs nanoparticle in XRD
analysis and in SEM analysis because, XRD calculations measure the wide crystalline

region that diffracts X-rays coherently rather than the visible grain boundaries as in
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SEM measurements So, the XRD method has a more stringent criteria which shows the

smaller sizes of nanoparticles. (S. Bandyopadhyay et al., 2002).

From (Figure 3.32) it was evident that the morphology of zinc nanoparticles of
Cinnamaldehyde was spherical and hexagonal in shaped and well distributed with
aggregation observed which was very similar to earlier studies of XRD. The SEM
images were examined at magnification of X20,000, X40,000 X20,000. The average
size of Zn Nps were observed in the range of 36-82nm. However, aggregation is also
noted, likely as a result of densification, which results in a small gap between particles,
as well as the high surface energy of ZnONPs that often happend when synthesis is

carried out in an aqueous media. (Selvarajan & Mohanasrinivasan, 2013).

Figure No. 3.29: Field emission scanning electron micrographs of ZnNPs

synthesized in the presence of B. lycium root extract (a) 1pm (b) 500nm (c)
100nm
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Figure No. 3.30: Field emission scanning electron micrographs of ZnNPs

synthesized in the presence of Berberine (a) 100 nm (b) 1um (c) 100nm

Figure No. 3.31: Field emission scanning electron micrographs of ZnNPs

synthesized in the presence of C. zeylanicum (a) 100 nm (b) 1pm (¢) 100nm
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Figure No. 3.32: Field emission scanning electron micrographs of ZnNPs

synthesized in the presence of Cinnamaldehyde (a) 100 nm (b) 1pm (c) 100nm

3.4 Antibacterial Activity

3.4.1 Antibacterial assay of biologically synthesized Silver and Zinc Nanoparticles
a giant E. coli strain (ATCC: 8739)

The antibacterial activity results revealed that the biologically synthesized silver
nanoparticles were very active against Gram-negative bacterial strain (E. coli and
Gram-positive bacterial strain (S. aureus). Table 3.1 showed that the zones of inhibition
of nanoparticles (100, 50, 25, 12.5, 6.25, 3, 1.5, 0.75ug/ml), negative control (H>0O) and
positive control (pen-strep). Silver nanoparticles of B. lycium root extract showed
highest activity against E. coli (14.66+0.57mm) at 100pg/ml. The lowest antibacterial
activity reported against E. coli was (9 £1mm) 12.5 pg/ml concentration. The zone of
inhibition of negative control (0+0mm) and positive control (22+0mm). The AgNps of
B. Iycium root extract at concentration (6.25, 3, 1.5 and 0.75pg/ml) did not show any
activity. Minimum inhibitory concentration (MIC) of AgNps B. lycium root extract was
1.5 pg/ml and IC50 value 2.463.
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The biologically synthesized AgNPs of berberine showed highest activity
against E. coli (13.66+0.57mm) at 100ug/ml. The lowest antibacterial activity of
AgNPs berberine was reported against E. coli was (6+£0mm). At concentration of (3,
1.5 and 0.75pg/ml) AgNPs of berberine did not show any activity. The Minimum
inhibitory concentration (MIC) of AgNps berberine was 2.5ug/ml and IC50 value
2.599.

Silver nanoparticles of C. zeylanicum bark extract showed highest activity
against E. coli (17.66+0.57mm) at 100pg/ml. The lowest antibacterial activity was
reported against E. coli was (3.3+2.8mm) at conc. Of 3pg/ml. The zone of inhibition of
negative control (0+Omm) and positive control (22+0mm). The AgNPs of C.
zeylanicum bark extract at concentration (1.5 and 0.75ug/ml) did not show any activity.
Minimum inhibitory concentration (MIC) of C. zeylanicum bark extract was 6.25 pg/ml
and [C50 value 5.1576.

The biologically synthesized AgNPs of Cinnamaldehyde showed highest
activity against F. coli (17.33+0.57mm) at 100pg/ml. The lowest antibacterial activity
of AgNPs Cinnamaldehyde was reported against £. coli (6.33+0.57mm) at 3pg/ml
concentration. At concentration of (1.5 and 0.75ug/ml) AgNPs of Cinnamaldehyde did
not show any activity. The Minimum inhibitory concentration (MIC) of AgNPs
cinnamaldehyde was 6.25 pg/ml and IC50 value 5.161.

Zinc nanoparticles of B. lycium root extract showed highest activity against E.
coli (13.66mm) at 100pg/ml. The lowest antibacterial activity reported against E. coli
was (6 £0mm) 6.25 pg/ml concentration. The zone of inhibition of negative control
(0+O0mm) and positive control (23+0mm). The ZnNPs of B. lycium root extract at
concentration (3, 1.5 and 0.75ug/ml) did not show any activity. Minimum inhibitory
concentration (MIC) of ZnNPs B. lycium root extract was 6.25ug/ml and IC50 value
5.073.

The biologically synthesized ZnNPs of berberine showed highest activity
against E. coli (17.33£0.57mm) at 100pg/ml. The lowest antibacterial activity of
ZnNPs berberine was reported against E. coli (5.3+0.75mm). At concentration of (3.

1.5 and 0.75pg/ml) ZnNPs of berberine did not show any activity. The Minimum
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inhibitory concentration (MIC) of ZnNPs berberine was 6.25ug/ml with IC50 value
6.257.

Zinc nanoparticles of C. zeylanicum bark extract showed highest activity against
E. coli (18.6+ 1.15mm) at 100pg/ml. The lowest antibacterial activity was reported
against E. coli (6.3+0.57mm) at conc. Of 6.25ug/ml. The zone of inhibition of negattve
control (0+0mm) and positive control (23£0mm). The ZnNPs of C. zeylanicum bark
extract at concentration (3, 1.5 and 0.75ug/ml) did not show any activity. Minimum
inhibitory concentration (MIC) of C. zeylanicum bark extract was 12.5 pg/ml and IC50
value 13.95.

The biologically synthesized ZnNPs of Cinnamaldehyde showed highest
activity against E. coli was (19.33+£0.57mm) at 100pg/ml. The lowest antibacterial
activity of AgNPs Cinnamaldehyde was reported against F. coli was (6+0.0mm) at
6.25ug/ml concentration. At concentration of (3, 1.5 and 0.75pg/ml) AgNPs of
Cinnamaldehyde did not show any activity. The Minimum inhibitory concentration

(MIC) of AgNPs cinnamaldehyde was 9.5 pg/ml and IC50 value 12.11.

“
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Table No. 3.1: Evaluation of antibacterial activities of different concentration of

AgNPs synthesized in the presence of B. lycium root extract and berberine (n=3,

results are expressed mean + SE)

Escherichia coli (ATCC: 8739)
Conc. Zone of inhibition(mm
N Wells (ug/ml) Mean *+ SD( )
1 100 14.6610.57
2 50 13.33%£0.57
3 25 11.33%£0.57
AgNPs of B. lycium 4 12.5 9*1
root extract 5 6.25 0=x0.0
6 3 0=£0.0
7 1.5 0=£0.0
8 0.75 0£0.0
Negative Control 9 -- 0x0.0
Positive Control 10 -- 22x0.0
] 100 13.66+0.57
2 50 11.66+0.57
3 25 9+0.0
) 4 12.5 8+0.0
AgNPs Berberine 5 6.5 6100
6 3 0+0.0
7 1.5 0£0.0
8 0.75 0=*0.0
Negative Control 9 -- 0%£0.0
Positive Control 10 -- 22%0.0
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Figure No. 3.33: Evaluation of antibacterial activity of AgNPs synthesized in the

presence of B. lycium root extract via agar well diffusion method against E. coli

ATCC # 8739 (Gram negative bacterial strain)

Figure No. 3.34: Photographs of Zone of inhibition of AgNPs synthesized in the
presence of B. [ycium root extract against E. coli ATCC # 8739 (Gram negative

bacterial strain)
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Figure No. 3.35: Evaluation of antibacterial activity of AgNPs synthesized in the
presence of berberine via agar well diffusion method against E. coli ATCC #

8739 (Gram negative bacterial strain)

Figure No. 3.36: Photographs of Zone of inhibition of AgNPs synthesized in the

presence of berberine against E. coli ATCC # 8739 (Gram negative bacterial

strain)
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Table No. 3.2: Evaluation of antibacterial activities of different concentration of
AgNPs synthesized in the presence of C. zeylanicum bark Extract and

Cinnamaldehyde (n=3, results are expressed mean * SE)

Escherichia coli (ATCC: 8739)
Con. N .Zone of
NPs Well Inhibition(mm) Mean
(ng/ml) + SD
1 100 17.660.57
2 50 16.66+0.57
AgNPs of C. zeylanicum 3 25 14+1
bark Extract 4 12.5 11+1
5 6.25 8.33+0.57
6 3 33128
7 1.5 0£0.0
8 0.75 0+0.0
Negative Control 9 -- 0x0.0 ]
Positive Control 10 -- 22+0.0
1 100 17.3340.57
2 50 15.33%0.57
AgNPs 3 25 13.33£0.57
Cinnamaldehyde 4 12.5 11.330.57
5 6.25 8.33+0.57
6 3 6.331+0.57
7 1.5 0+0.0
8 0.75 0+0.0
Negative Control 9 0x0.0
Positive Control 10 - 22+0.0
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Figure No. 3.37: Evaluation of antibacterial activity of AgNPs synthesized in the
presence of C. zeylanicum bark extract via agar well diffusion method against E.

coli ATCC # 8739 (Gram negative bacterial strain)

Figure No. 3.38: Photographs of Zone of inhibition of AgNPs synthesized in the

presence of C. zeylanicum bark extract against E. coli ATCC # 8739 (Gram
negative bacterial strain)
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Figure No. 3.39: Evaluation of antibacterial activity of AgNPs synthesized in the
presence of cinnamaldehyde via agar well diffusion method against E. coli ATCC

# 8739 (Gram negative bacterial strain)

Figure No. 3.40: Photographs of Zone of inhibition of AgNPs synthesized in the
presence of Cinnamaldehyde against E. coli ATCC # 8739 (Gram negative

bacterial strain)
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Table No. 3.3: Evaluation of antibacterial activities of different concentration of
ZnNPs synthesized in the presence of B. lycium root extract and berberine (n=3,

results are expressed mean + SE)

Escherichia coli (ATCC : 8739)
. Zone of inhibition(mm
15T WL (ff;’/':.fn Mean =+ SD( )_

1 100 13.66+1.15

2 50 10£0.0
3 25 71

ZnNPs of B. lycium 4 12.5 6+0.0
root extract 5 6.25 6+0.0
6 3 0%0.0
7 1.5 0%0.0
8 0.75 0£0.0
Negative Control 9 -- 0x0.0
Positive Control 10 -- 23£0.0

1 100 17.33£0.57

2 50 11.66+1.15

3 25 8.66*1.15

. 4 12.5 6.66+ 1.15

ZnNPs Berberine 5 6.5 5334057
6 3 0%0.0
7 1.5 0£0.0
8 0.75 0£0.0
Negative Control 9 -- 020.0
Positive Control 10 -- 23£0.0
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Figure No. 3.41: Evaluation of antibacterial activity of ZnNPs synthesized in the
presence of B. lycium root extract via agar well diffusion method against E. coli
ATCC # 8739 (Gram negative bacterial strain)

Figure No. 3.42: Photographs of Zone of inhibition of ZnNPs synthesized in the
presence of B. lycium root extract against E, coli ATCC # 8739 (Gram negative

bacterial strain)
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Figure No. 3.43: Evaluation of antibacterial activity of ZnNPs synthesized in the
presence of berberine via agar well diffusion method against E. coli ATCC #
8739 (Gram negative bacterial strain)

Figure No. 3.44: Photographs of Zone of inhibition of ZnNPs synthesized in the

presence of berberine against E. coli ATCC # 8739 (Gram negative bacterial

strain)
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Table No. 3.4: Evaluation of antibacterial activities of different concentration of
ZnNPs synthesized in the presence of C. zeylanicum bark Extract and

Cinnamaldehyde (n=3, results are expressed mean + SE)

Escherichia coli (ATCC: 8739)
Conc. . .Z.Ofle of
NPs Wells inhibition(mm)
(ng/ml) Mean £ SD
1 100 18.6t1.15
2 50 16.33£0.57
3 25 10.66+1.15
ZnNPs of C. zeylanicum 4 112 8.6x1.15
extract 5 6.25 6.3%£0.57
6 3 0£0.0
7 1.5 0£0.0
8 0.75 0£0.0
Negative Control 9 -- 0%0.0
Positive Control 10 -- 23+0.0
1 100 19.33+0.57
2 50 16.33+£0.57
3 25 9+0.0 ‘
ZnNPs Cinnamaldehyde 4 12.5 10£0.57
5 6.25 6+0.0
6 3 0£0.0
7 15 00.0 l
8 0.75 0£0.0
Negative Control 9 -- 0£0.0
Positive Control 10 -- 2310.0
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Figure No. 3.45: Evaluation of antibacterial activity of ZnNPs synthesized in the

presence of C. zeylanicum bark extract via agar well diffusion method against E.

coli ATCC # 8739 (Gram negative bacterial strain)

Figure No. 3.46: Photographs of Zone of inhibition of ZnNPs synthesized in the

presence of C. zeylanicum bark extract against E. coli ATCC # 8739 (Gram

negative bacterial strain)
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Figure No. 3.47: Evaluation of antibacterial activity of ZnNPs synthesized in the

presence of cinnamaldehyde via agar well diffusion method against E. coli ATCC

# 8739 (Gram negative bacterial strain)

Figure No. 3.48: Photographs of Zone of inhibition of ZnNPs synthesized in the

presence of cinnamaldehyde against E. coli ATCC # 8739 (Gram negative

bacterial strain)
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3.4.2 Antibecterial assey of biologically synthesized Silver and Zinc Nanoparticles

agiant S. aureus strain (ATCC: 6538)

The antibacterial activity results showed that the biologically synthesized
AgNPs were active against Gram-positive bacteria (S. aureus). Table 3.5 showed that
the nanoparticles showed zones of inhibition of at concentrations (100, 50, 25, 12.5.
6.25, 3, 1.5,0.75pg/ml, negative control (H>O) and positive control (pen-strep). Silver
nanoparticles of B. lycium root extract showed highest activity against S. aureus was
(16.33+£0.57mm) at 100pg/ml. The lowest antibacterial activity reported against S.
aureus was (8.66 +0.57mm) 6.25ug/ml concentration. The zone of inhibition of
negative control (0+0mm) and positive control (23£0mm). The AgNPs of B. lycium
root extract at concentration of (3, 1.5 and 0.75pg/ml) did not show any activity.
Minimum inhibitory concentration (MIC) of AgNPs B. [ycium root extract was 1.5
ug/ml and IC50 value 2.514.

The biologically synthesized AgNPs of berberine showed highest activity
against S. aureus (13.66£0.57mm) at 100pg/ml. The lowest antibacterial activity of
AgNPs berberine was reported against S. aureus (7+1mm). At concentration of (3. 1.5
and 0.75pg/ml). AgNPs of berberine did not show any activity. The Minimum
inhibitory concentration (MIC) of AgNPs berberine was 1.5ug/ml and ICS0 value
2.922.

Silver nanoparticles of C. zeylanicum bark extract showed highest activity
against S. aureus (19.66+0.57mm) at 100ug/ml. The lowest antibacterial activity was
reported against S. aureus (12.66+0.57mm) at conc. Of 3pg/ml. The zone of inhibition
of negative control (0+Omm) and positive control (23+0mm). The AgNPs of C
zeylanicum bark extract at concentration (1.5 and 0.75ug/ml) did not show any activity.
Minimum inhibitory concentration (MIC) of C. zeylanicum bark extract was 2.5 pg/ml

and IC50 value 3.735.

The biologically synthesized AgNPs of Cinnamaldehyde showed highest
activity against S. aureus (17.33£0.57mm) at 100pg/ml. The lowest antibacterial
activity of AgNPs Cinnamaldehyde was reported against S. aureus (6.33+0.57mm) at

3ug/ml concentration. At concentration of (1.5 and 0.75pg/ml) AgNPs of
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Cinnamaldehyde did not show any activity. The Minimum inhibitory concentration

(MIC) of AgNPs cinnamaldehyde was 1.5pg/ml and IC50 value 1.729.

Zinc nanoparticles of B. [ycium root extract showed highest activity against S.
aureus (14.33mm) at 100pg/ml. The lowest antibacterial activity reported against S.
aureus was (0 £0mm) 6.25 pg/ml concentration. The zone of inhibition of negative
control (0+0mm) and positive control (23+0mm). The ZnNps of B. lycium root extract
at concentration (3, 1.5 and 0.75ug/ml) did not show any activity. Minimum inhibitory
concentration (MIC) of ZnNPs B. lycium root extract was 6.5pg/ml and IC50 value
2.463.

The biologically synthesized ZnNPs of berberine showed highest activity
against S. aureus (17.33+0.57mm) at 100pg/ml. The lowest antibacterial activity of
ZnNPs berberine was reported against S. aureus (5.66+0.75mm). At concentration of
(3, 1.5 and 0.75pg/ml) ZnNPs of berberine did not show any activity. The Minimum
inhibitory concentration (MIC) of ZnNPs berberine was 2.5pug/ml and 1C50 value
3.735.

Zinc nanoparticles of C. zeylanicum bark extract showed highest activity against
S. aureus (15.66+ 0.57mm) at 100pg/ml. The lowest antibacterial activity was reported
against S. aureus (1.66+£2.88mm) at conc. Of 12.5ug/ml. The zone of inhibition of
negative control (0£0mm) and positive control (23+£0mm). The ZnNPs of C. zeylanicum
bark extract at concentration (6.25, 3, 1.5 and 0.75ug/ml) did not show any activity.
Minimum inhibitory concentration (MIC) of C. zeylanicum bark extract was 6.25 pg/ml
and IC50 value 5.073.

The biologically synthesized ZnNPs of Cinnamaldehyde showed highest
activity against S. aureus (20.66+0.57mm) at 100ug/ml. The lowest antibacterial
activity of AgNPs Cinnamaldehyde was reported against S. aureus (5.33+0.57mm) at
6.25ug/ml concentration. At concentration of (3, 1.5 and 0.75ug/ml) AgNPs of
Cinnamaldehyde did not show any activity. The Minimum inhibitory concentration

(MIC) of AgNPs cinnamaldehyde was 6.25 pg/ml and IC50 value 5.161.

h
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Table No. 3.5: Evaluation of antibacterial activities of different concentration of

AgNPs synthesized in the presence of B. [ycium root extract and berberine (n=3,

results are expressed mean + SE)

Staphylococcus aureus (ATCC: 6538)
Zone of inhibition(mm)
NPs Wells Conc. (ug/ml) Mean + SD
1 100 16.33£0.57
2 50 14.66+0.57
3 25 13.33+£0.57
AgNPs of B. lycium 4 12.5 10.66+0.57
root extract 5 6.25 8.660.57
6 3 0£0.0
7 1.5 0£0.0
8 0.75 0£0.0
Negative Control 9 - 0+0.0
Positive Control 10 -- 23*0.0
1 100 13.660.57
2 50 12*1
3 25 11£1.73
. 4 12.5 9+ |
AgNPs Berberine 5 6.05 -
| 6 3 0£0.0
7 1.5 0£0.0
8 0.75 0=£0.0
Negative Control 9 -- 0+0.0
Positive Control 10 -- 23+0.0
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Figure No. 3.49: Evaluation of antibacterial activity of AgNPs synthesized in the

presence of B. lycium root extract via agar well diffusion method against S.

aureus ATCC: 6538 (Gram positive bacterial strain)

Figure No. 3.50: Photographs of Zone of inhibition of AgNPs synthesized in the
presence of B. lycium root extract against S. aureus ATCC: 6538 (Gram positive
bacterial strain)
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Figure No. 3.51: Evaluation of antibacterial activity of AgNPs synthesized in the
presence of berberine via agar well diffusion method against S. aureus ATCC:

6538 (Gram positive bacterial strain)

Figure No. 3.52: Photographs of Zone of inhibition of AgNPs synthesized in the

presence of berberine against S. aureus ATCC: 6538 (Gram positive bacterial
strain)
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Table No. 3.6;: Evaluation of antibacterial activities of different concentration of

synthesized in the presence of AgNPs of C. zeylanicum bark Extract and

Cinnamaldehyde (n=3, results are expressed mean + SE)

Staphyloccocus aureus (ATCC: 6?38{ |
Conc. Zone of inhibition(mm
L Wells | (ugml) | Mean + SD( !
1 100 19.66£0.57
2 50 18£0.0
3 25 16.66 +0.57
AgNPs of C. zeylanicum 4 12.5 ERLED
extract 5 6.25 [3.6670.57
6 3 12.66 £0.57
7 1.5 5+0.0
8 0.75 0+0.0
Negative Control 9 - 0x0.0
Positive Control 10 -- . 23%x00
1 100 17.66:-0.57
2 50 15.66 £0.57
3 25 14.661+0.57
. 4 12.5 11.66 +0.57
AgNPs Cinnamaldehyde 5 6.75 8664057
6 3 6.331£0.57
7 1.5 0+0.0
8 0.75 01£0.0
o Negative Control 9 - 0+0.0
 Positive Control 10 - 23400
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Figure No. 3.53: Evaluation of antibacterial activity of AgNPs synthesized in the
presence of C. zeplanicum bark extract via agar well diffusion method against S.

aureus ATCC: 6538 (Gram positive bacterial strain)

Figure No. 3.54: Photographs of Zone of inhibition of AgNPs synthesized in the

presence of C. zeylanicum bark extract against S. aureus ATCC: 6538 (Gram

positive bacterial strain)
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Figure No. 3.55: Evaluation of antibacterial activity of AgNPs synthesized in the
presence of cinnamaldehyde via agar well diffusion method against S. aureus

ATCC: 6538 (Gram positive bacterial strain)

Figure No. 3.56: Photographs of Zone of inhibition of AgNPs synthesized in the

presence of cinnamaldehyde against S. aureus ATCC: 6538 (Gram positive

bacterial strain)

e ——————
Biosynthesis of Metal Nanoparticles of Selected Medicinal Plants and their biological Activities 95



Chapter #. 3

Table No. 3.7: Evaluation of antibacterial activities of different concentration of
ZnNPs synthesized in the presence of B. lycium root extract and berberine (n=3,

results are expressed mean + SE).

Staphyloccocus aureus (ATCC: 6538)
Conc. Zone of inhibition (mm
ALiE Ll (ng/ml) Mean + _SD_(_ _)_
1 100 1433 +1.15
2 50 13+ 1
3 25 10+ 1
ZnNPs of B. lycium 4 12.5 5.66+0.57 -
extract 5 6.25 0+0.0
6 3 0+0.0
7 1.5 0+0.0
8 0.75 0£0.0 )
Negative Control 9 - 000
Positive Control 10 -- 23+0.0
1 100 17.66+0.57
2 50 16.33+0.577
3 25 | 10-£0.57
4 125 [ 73057
ZnNPs Berberine 3 6.25 5664057
6 3 0100 |
7 1.5 0+0.0
8 0.75 0£0.0
Negative Control 9 -- 0£0.0
Positive Control 10 - . 23%00
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Figure No. 3.57: Evaluation of antibacterial activity of ZnNPs synthesized in the
presence of B. lycium root extract via agar well diffusion method against S.

aureus ATCC: 6538 (Gram positive bacterial strain)

Figure No. 3.58: Photographs of Zone of inhibition of ZnNPs synthesized in the

presence of B. lycium root extract against S. aureus ATCC: 6538 (Gram positive

bacterial strain)
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Figure No. 3.59: Evaluation of antibacterial activity of ZnNPs synthesized in the
presence of berberine via agar well diffusion method against S. aurenus ATCC:
6538 (Gram positive bacterial strain)

Figure No. 3.60: Photographs of Zone of inhibition of ZnNPs synthesized in the
presence of berberine against S. aureus ATCC: 6538 (Gram positive bacterial
strain)
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Table No. 3.8: Evaluation of antibacterial activities of different concentration of
ZnNPs synthesized in the presence of C. zeylanicum bark Extract and

Cinnamaldehyde (n=3, results are expressed mean + SE)

Staphylococcus aureus (ATCC: 6538)
Conc. . 'Z.ofne of
NPs Wells inhibition(mm)
(ng/mi) Mean * SD
l 100 15.66£0.57
2 50 12.33% 0.57
3 25 11£1 .
ZnNPs of C. zeylanicum 4 12.5 1660288 :
extract 5 6.25 0+0.0
6 3 0+0.0
7 1.5 0£0.0
8 0.75 . 0+0.0
Negative Control 9 - | 0£0.0
Positive Control 10 - 23+0.0
1 100 20.66+0.57
2 50 18.66+0.577
3 25 16.33£0.57 ‘
4 12.5 10 +0.57
ZnNPs Cinnamaldehyde 5 6.25 5334057
6 3 [ 0+x00
7 1.5 0+0.0
8 0.75 0+0.0
Negative Control 9 - 000
Positive Control 10 - 23+0.0
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Figure No. 3.61: Evaluation of antibacterial activity of ZnNPs synthesized in the

presence of C. zeylanicum bark extract via agar well diffusion method against S.
aureus ATCC: 6538 (Gram positive bacterial strain)

Figure No. 3.62: Photographs of Zone of inhibition of ZnNPs synthesized in the
presence of C. zeylanicum bark extract against S. aureus ATCC: 6538 (Gram
positive bacterial strain)
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Figure No. 3.63: Evaluation of antibacterial activity of ZnNPs synthesized in the
presence of cinnamaldehyde via agar well diffusion method against S. aureus
ATCC: 6538 (Gram peositive bacterial strain)

Figure No. 3.64: Photographs of Zone of inhibition of ZnNPs synthesized in the

presence of cinnamaldehyde against S. aureus ATCC: 6538 (Gram positive
bacterial strain)
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Table No. 3.9: MIC and IC50 of AgNPs and ZnNPs against E. coli

MIC and IC50 of E. coli strain (ATCC # 8739)

AgNPs MIC (pg/ml) IC50 (pg/ml) |
AgNPs B. lycium root extract 1.5 2.463
AgNPs Berberine 2.5 2.599
AgNPs C. zeylanicum 6.25 5.161
AgNPs cinnamaldehyde 6.25 5.156
ZnNPs MIC (pg/ml) 1C50 (ug/ml)
ZnNPs B. lycium root extract 6.25 5.073
ZnNPs Berberine 6.25 6.257
ZnNPs C. zeylanicum 12.5 o 13.95 g
ZnNPs Cinnamaldehyde 9.5 12,11

Table No. 3.10: MIC and IC50 of AgNPs and ZnNPs against S. aureus

MIC and IC50 of S. aureus (ATCC: 6538)

AgNps MIC (ug/ml) IC50 (ng/ml)
AgNPs B. lycium root extract 1.5 2514 B
AgNPs Berberine 1.5 2922
AgNPs C. zeylanicum 2.5 B 3.735
AgNPs cinnamaldehyde 1.5 1.729
ZnNPs MIC (pg/ml) IC50 (ng/ml) ]
/nNPs B. lycium root extract 2.5 2463 |
ZnNPs Berberine 2.5 3.735
ZnNPs C. zeylanicum 6.25 5073
ZnNPs Cinnamaldehyde 6.25 5.161

L e e e R e e e == Sl = e
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Figure No. 3.65: Comparison of ICso value of AgNPs synthesized in the presence
of (a) B. lycium root extract (b) Berberine (c¢) Cinnamaldehyde (d) C. zeylanicum
bark extract against E. coli (ATCC # 8739)
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Figure No. 3.66: Comparison of ICso value of ZnNPs synthesized in the presence
of (a) B. lycium root extract (b) Berberine (c) Cinnamaldehyde (d) C. zeylanicum
bark extract against E. coli (ATCC # 8739)
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Figure No. 3.67: Comparison of ICso value of AgNPs synthesized in the presence
of (a) B. lycium root extract (b) Berberine (c) Cinnamaldehyde (d) C. zeylanicum
bark extract against S. aureus (ATCC: 6538)
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Figure No. 3.68: Comparison of ICso value of ZnNPs synthesized in the presence
of (a) B. lycium root extract (b) Berberine (¢) Cinnamaldehyde (d) C. zeylanicum
bark extract against S. aureus (ATCC: 6538)

3.5 Antifungal Activity

3.5.1 Antifungal assay of biologically synthesized Silver Nanoparticles against

Trichoderma herzianum.

The Antifungal activity results revealed that the biologically synthesized silver
nanoparticles were very active against fungal strain (Trichoderma herzianum). Table
3.10 showed the zones of inhibition of nanoparticles at different concentrations (100,
50, 25, 12.5, 6.25, 3, 1.5, 0.75pg/ml, negative control (H20) and positive control
(Amphotericin B). Silver nanoparticles of B. lycium root extract showed highest activity
(11.66+1.53mm) at 100pg/ml. The lowest antifungal activity reported against
Trichoderma herzianum was (9 £1.73mm) at 3 pg/ml concentration. The zone of

inhibition of negative control (0+0mm) and positive control (14.66+0.57mm). The
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AgNPs of B. lycium root extract at concentration (1.5 and 0.75ug/ml) did not show any
activity. Minimum inhibitory concentration (MIC) of AgNps B. lycium root extract was

1pg/ml and IC50 value was 1.444.

The biologically synthesized AgNPs of berberine showed highest activity
against Trichoderma herzianum (10.66£0.57mm) at 100png/ml.The lowest antifungal
activity of AgNPs berberine was reported at 0.75pg/ml (7.33£0.57mm). The Minimum
inhibitory concentration (MIC) of AgNPs berberine was 1.5ug/ml and IC50 value was
2.342.

Silver nanoparticles of C. zeylanicum bark extract showed highest activity
against Trichoderma herzianum (11.33+1.52mm) at 100ug/ml. The lowest antibacterial
activity was reported against (7+1mm) at conc. Of 3pg/ml. The zone of inhibition of
negative control (0+0mm) and positive control (14.33+0.57mm). The AgNPs of C.
zeylanicum bark extract at concentration (1.5 and 0.75pg/ml) did not show any activity.
Minimum inhibitory concentration (MIC) of C. zeylanicum bark extract was 3 pg/ml

and IC50 value 2.488.

The biologically synthesized AgNPs of Cinnamaldehyde showed highest
activity against Trichoderma herzianum (13.33+£1mm) at 100pg/ml. The lowest
antifungal activity of AgNPs Cinnamaldehyde was reported (6.33+0.57mm) at 3pg/ml
concentration. At concentration of (1.5 and 0.75pg/ml) AgNPs of Cinnamaldehyde did
not show any activity. The Minimum inhibitory concentration (MIC) of AgNPs

cinnamaldehyde was 1pg/ml and IC50 value was 1.

e e—
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Table No. 3.11: Evaluation of antifungal activities of different concentration of
AgNPs synthesized in the presence of B. lycium root extract and berberine (n=3,

results are expressed mean + SE)

Trichoderma herzianum
Zone of inhibition(mm)
bNps Wells | Conc. (ng/ml) Mean = SD
1 100 11.66+1.53
2 50 10.66+1.53
AgNPs of B. lycium 3 25 10.33£1.2
root extract 4 12.5 101
5 6.25 9.33x1.154
6 3 9+1.73
7 1.5 7.66£1.52
8 0.75 6.66+1.52
Negative Control 9 - 0+0.0
Positive Control 10 -- 14.66+0.57
1 100 10.66£0.57
2 50 11+0.0
3 25 11£0.0
AgNPs Berberine 2 2 U
5 6.25 9.66+0.57
6 3 8.66+0.57
7 1.5 8.33+£0.57
8 0.75 7.33+£0.57
Negative Control 9 - 0+0.0
Positive Control 10 - 15+£0.0
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Figure No. 3.69: Evaluation of antifungal activity of AgNPs synthesized in the

presence of B. lycium root extract via agar well diffusion method against

Trichoderma herzianum (Fungal strain)
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Figure No. 3.70: Evaluation of antifungal activity of AgNPs synthesized in the

presence of berberine via agar well diffusion method against Trichoderma

herzianum (Fungal strain)
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Figure No. 3.71: Photographs of Zone of inhibition of AgNPs synthesized in the

presence of B. [ycium root extract against Trichoderma herzianum (Fungal strain)

Figure No. 3.72: Photographs of Zone of inhibition of AgNPs synthesized in the

presence of berberine against Trichoderma herzianum (Fungal strain)
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Table No. 3.12: Evaluation of antifungal activity of different concentration of
synthesized in the presence of AgNPs of C. zeylanicum bark Extract -and

Cinnamaldehyde (n=3, results are expressed mean + SE)

Trichoderma herzianum ]
Conc. Zone of inhibition(mm
bNPs Wells (ng/ml) Mean + SD( )
1 100 11.33+1.52
2 50 10.33+1.52
3 25 10£2
AgNPs of C. zeylanicum 4 12.5 9.66+£2.08
extract 5 6.25 7.331£0.57
6 3 7+ 1
7 1.5 0£0.0
8 0.75 0+0.0
Negative Control 9 -- 040.0
Positive Control 10 -- 14.337-0.57
1 100 134 1
2 50 12.33+0.57
3 25 11.66%0.57
AgNPs 4 12.5 11.66 +0.57
Cinnamaldehyde 5 6.25 10.660.57 ]
6 3 6.33%+0.57
7 1.5 0%0.0
8 0.75 0+0.0
Negative Control 9 -- 0400 _ i _1
Positive Control 10 -- 14.66+0.57
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Figure No. 3.73: Evaluation of antifungal activity of AgNPs synthesized in the
presence of C. zeylanicum bark extract via agar well diffusion method against

Trichoderma herzianum (Fungal strain)

E 20-
£ mm Inhibition
=
)
S 10-
=
i
=
— 5-
o
[«
S
N 07T
S L PSS D PSS
C)OQ Q’\\"}O ’\QQ' ¢:’Q. f]f) '\qr' © e N
@
5 .
\;Q,q’b .%\'\\\\Q’ Concentration (pg/ml)
Q9

Figure No. 3.74: Evaluation of antifungal activity of AgNPs synthesized in the
presence of Cinnamaldehyde via agar well diffusion method against Trichoderma

herzianum (Fungal strain)
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Figure No. 3.75: Photographs of Zone of inhibition of AgNPs synthesized in the
presence of C. zeylanicum bark extract against Trichoderma herzianum (Fungal

strain)

-

Figure No. 3.76: Photographs of Zone of inhibition of AgNPs synthesized in the

presence of cinnamaldehyde against Trichoderma herzianum (Fungal strain)
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Figure No. 3.77: Comparison of ICsy value of AgNPs synthesized in the presence
of (a) B. lycium root extract (b) Berberine (c) Cinnamaldehyde (d) C. zeylanicum

bark extract against Trichoderma herzianum
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Table No. 3.13: Comparison of MIC and IC50 value of AgNPs synthesized in the

presence of extract and compounds against Trichoderma herzianum

MIC and IC50 of Antifungal activity

AgNPs MIC (ng/ml) 1C50(pg/ml)
AgNPs B. [ycium root extract 1 1.444 !
AgNPs Berberine 15 234
AgNPs C. zeylanicum 3 2_.&8- |
AgNPs cinn;maldehyde 1 1.354

3.6 Antioxidant activity
3.6.1 DPPH free radical scavenging activity (Spectrophotometric method):

DPPH assay used to evaluate free radical scavenging activity of biologically
synthesized Nanoparticles (Sim et al., 2010). A free radical with a nitrogen
centered called DPPH is stable at ambient temperature. It is employed to assess NPs'
capacity to scavenge free radicals. In its free radical state. DPPH emits a purple colour.
When receiving a proton from the plant's bioactives, particularly phenolics. during the
reaction, the purple colour turns yellow.(Sultana et al., 2007). This change in colour is
quantified as a decrease in absorbance, which shows the plant extract's ability to

scaveng free radicals (function as an antioxidant). (Daud et al., 2011).

The % inhibition of the tested NPs' ability to scavenge DPPH radicals at various
concentrations. At various concentrations, significant differences in the antioxidant
profile were observed. The effect of different concentrations of NPs on DPPH radical

scavenging activities (% inhibition) is given in Table (3.13).
3.6.2 Silver Nanoparticle

In case of AgNps of B. lycium root extract and AgNPs of berberine The
maximum DPPH radical scavenging activity (%inhibition) of AgNPs B. lycium root
extract was shown (63%) at 100ug/ml as compared to AgNPs of berberine which
showed maximum DPPH radical scavenging activity (%inhibition) was (30%) at

100ug/ml.
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In case of AgNps of C. zeylanicum bark extract and AgNPs Cinnamaldehyde,
maximum DPPH radical scavenging activity was shown by AgNPs Cinnamaldehyde
which was 63% at 100ug/ml as compared to AgNPs of C. zeylanicum bark extract
which shows maximum DPPH radical scavenging activity (%inhibition) which was
60% at 100ug/ml, respectively. With decreasing the concentrations of AgNPs the
DPPH radical scavenging activity (%inhibition) also decreased.

Table No. 3.14: Effect of different concentrations of AgNPs synthesized in the

presence of of B. lycium root extract on %Inhibition of DPPH

S. No Concentration % Inhibition | S. No Concentration %Inhibition
pg/ml pg/ml
1 100 61 6 3 37
2 50 54 7 1.5 33
3 25 46 8 0.7 24
4 12.5 44 9 Ascorbic acid 80
5 6.25 40 10 IC50 50.47
o —o—% Inhibition —— Linear (% Inhibition)
60 IC50=50;£ P
g 5 s /ff”‘” —
E 40 / —— y =0.2078x + 34.969
E 30 R2=10.7762
3 20 l
10
0
0 20 40 60 80 100 120

Concentration (pg/ml)

Figure No. 3.78: DPPH scavenging activity of AgNPs synthesized in the presence

of B. lycium root extract
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Table No. 3.15: Effect of different concentration of AgNPs synthesized in the
presence of of berberine on %Inhibition of DPPH

Concentration Concentration
S. No % Inhibition | S. No % Inhibition
pg/ml pg/ml
1 100 30 6 3 5
2 50 25 7 1.5 3.5
3 25 20 8 0.7 1
4 12.5 15 9 Ascorbic acid 80
5 6.25 10 10 IC50 45.23
DPPH ASSAY
~o— % Inhibition —— Linear (% Inhibition)
80
70 IC50=45.23
= %0 7 S y =0.356x + 33.897
= - -
C| ] },/ R2=0.7679
X 30 f
20
10
0
0 20 40 60 80 100 120
Concentration (ug/ml)

Figure No. 3.79: DPPH scavenging activity of AgNPs synthesized in the presence

of berberine
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Table No. 3.16: Effect of different concentration of AgNPs synthesized in the

presence of C. zeylanicum bark extract on %Inhibition of DPPH

Concentration Concentration
S. No % Inhibition | S. No % Inhibition
(ng/mi) (ng/mb)
1 100 60 6 3 49
2 50 58 7 1.5 47
3 25 57 8 0.7 44
4 12.5 55 9 Ascorbic acid 80
5 6.25 53 10 IC50 54
—o— %Inhibition
70
IC50= 54
60 ",«-Q""ﬂ,- e p— ——————— —y
50 fl s - -
=
=]
£ 2
£
= y=0.291x + 35.694
= 30 R2=0.6048
*
20
10
0
0 20 40 60 80 100 120
Concentrations (ug/ml)

Figure No. 3.80: DPPH scavenging activity of AgNPs synthesized in the presence

of C. zeylanicum bark extract
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Table No. 3.17: Effect of different concentration of AgNPs synthesized in the

presence of cinnamaldehyde on %]Inhibition of DPPH

Concentration Concentration
S. No % ]Inhibition | S. No %Inhibition
(ng/ml) (ng/ml)
1 100 63 6 3 38
2 50 61 7 1.5 36
3 25 53 8 0.7 33
4 12.5 48 9 Ascorbic acid 80
5 6.25 40 10 IC50 56.21
—o— %Inhibition

80

70 IC50=56.21 _

60 e
g 50 T —
= e y=0.2101x + 38.189
240 = R2=0.7759
=30
X 20

10

0
0 20 40 60 80 100 120

Concentration (pg/ml)

Figure No. 3.81: DPPH scavenging activity of AgNPs synthesized in the presence

of of cinnamaldehyde
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3.6.3 Zinc Nanoparticles

DPPH radical scavenging activity (% inhibition) of the tested biologically
synthesized ZnNPs oat different concentrations. Considerable variations in antioxidant
profile were recorded at different concentrations. The effect of different concentrations
of ZnNPs on DPPH radical scavenging activities (% inhibition) were given in (Figure
3.82). In case of ZnNPs of B. lycium root extract and ZnNPs of berberine The maximum
DPPH radical scavenging activity (%inhibition) of ZnNPs B. lycium root extract was
shown (69%) at 100pg/ml as compared to ZnNPs of berberine which shown maximum

DPPH radical scavenging activity ( %inhibition) was (58%) at 100pg/ml.

In case of ZnNps of C. zeylanicum bark extract and ZnNPs Cinnamaldehyde,
maximum DPPH radical scavenging activity was shown by ZnNPs of C. zeylanicum
bark extract which was 61% at 100pg/ml as compared to ZnNPs Cinnamaldehyde
which shows maximum DPPH radical scavenging activity (%inhibition) which was
58% at 100pg/ml, respectively. With decreasing the concentrations of ZnNPs the DPPH

radical scavenging activity (%inhibition) also decreased.
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Table No. 3.18: Effect of different concentration of ZnNPs synthesized in the

presence of B. lycium root extract on %Inhibition of DPPH

Concentration Concentration
S. No %Inhibition | S. No % Inhibition
(ng/mi) (ng/ml)
1 100 69 6 3 37
2 50 54 7 1.5 30
3 25 49 8 0.7 24
4 12.5 46 9 Ascorbic acid 80
5 6.25 44 10 IC50 40.91
—o— %Inhibition
80
70 ——
60 =
S 50 — y =0.3661x + 35.022
2w S — RZ=0.8031
_= -
= 30 {
o
S 20
10
0
0 20 40 60 80 100 120
Concentrations (pg/ml)

Figure No. 3.82: DPPH scavenging activity of ZnNPs synthesized in the presence

of of B. lycium root extract
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Table No. 3.19: Effect of different concentration of ZnNPs synthesized in the
presence of berberine on %Inhibition of DPPH

Concentration Concentration
S. No %Inhibition | S. No %Inhibition
(ng/ml) (ng/mb)
1 100 31 6 3 6
2 50 21 7 1.5 3.5
3 25 16 8 0.7 1
4 12.5 10 9 Ascorbic acid 80
5 6.25 8 10 IC50 44
—o— % Inhibition
70
IC50=44
i ,#/4—.‘ ‘ o
£ 50 —
:‘_é’ y=0.2416x + 39.367
< 40 R2=0.634
S
X
° 30
20
10
0 20 40 60 80 100 120
Concentrations (pg/ml)

Figure No. 3.83: DPPH scavenging activity of ZnNPs synthesized in the presence

of berberine
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Table No. 3.20: Effect of different concentration of ZnNPs synthesized in the
presence of C. zeylanicum bark extract on %Inhibition of DPPH

Concentration Concentration
S.No %Inhibition | S. No % Inhibition
(ng/ml) (ng/ml)
1 100 61 6 3 37
2 50 57 7 1.5 32
3 25 53 8 0.7 33
4 12.5 49 9 Ascorbic acid 80
5 6.25 46 10 IC50 40.5
—o— %Inhibition — Linear (%Inhibition)
70
IC 50 =40.5

60 e}

50 ,.—--""'_"‘F_ ) i .
= o y = 0.263x + 39.459
£ 40 J R? = 0.6825
=
= 30
=
0 20

10

0
0 20 40 60 80 100 120
Concentrations ((ng/ml)

of C. zeylanicum

i ]
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Table No. 3.21: Effect of different concentration of ZnNPs synthesized in the
presence of Cinnamaldehyde on %Inhibition of DPPH

Concentration Concentration
S. No % Inhibition | S. No % Inhibition
(pg/ml) (ng/ml)
1 100 58 6 3 46
2 50 55 7 1.5 37
3 25 53 8 0.7 32
4 12.5 49 9 Ascorbic acid 80
5 6.25 47 10 IC50 39.7
——%]Inhibition —— Linear (%Inhibition )
70
IC50=139.7
60 ¢ il
50 v . -
5 - y=0.1934x + 42.315
'E 40 R2=10.5693
.
= 30
X
20
10
0
0 20 40 60 80 100 120
Concentrations ((ng/ml)

Figure No. 3.85: DPPH scavenging activity of ZnNPs synthesized in the presence

of cinnamaldehyde

3.7 Antileishmanial Activity of AgNPs against Leishminia tropica
3.7.1 Anti-promastigoate Assay of AgNPs:

Antileishmanial efficacy of biologically synthesized AgNPs were analyzed on
the strain of leishmania tropica (KWH23). The effect of AgNPs on metabolic activity
of promastigoate against eight different concentrations (100ug/ml, 50pg/ml, 25pg/ml,

Vnn  — ——____________________________________________ ]
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12.5pg/ml, 6.25ug/ml, 3ug/ml, 1.5ug/ml, 0.75ug/ml) was determined. The viability of
promastigoates cells were checked in both control and test groups at 72hours of
incubation. After 72hours of incubation the metabolic activity of promastigotes
decreased with increasing the concentration of AgNPs. In experimental group when
leishmanial cells were treated with high concentration (100ug/ml) of AgNPs of B.
lycium root extract and AgNPs of Berberine The amount of viable cells were very low
at higher concentration. It was clearly shown that 100% leihminial cells killing. The
IC50 value of AgNPs of B. lycium root extract was 1.011ug/ml and the ICS50 value of
AgNPs of Berberine was 1.134ug/ml. Same effect was observed during all the

evaluated Incubation time period which is shown in the graphs.

The effects of AgNPs of C. zeylanicum bark extract and AgNPs of
Cinnamaldehyde on the metabolic activity of Leishminia tropica were also studied. The
effects of different concentration of AgNPs (100pg/ml, 50pg/ml, 25ug/ml, 12.5pg/ml.
6.25ug/ml, 3pg/ml, 1.5pug/ml, 0.75ug/ml) on leishmania tropica shows that the
metabolic activity of leishmanial cells consistently decreased by increasing the
concentration of AgNPs. It was noticed, that the metabolic activity of Leishmania
lropica promastigoates at each concentration of AgNPs were negatively affected
incomparison to controle group. The IC50 value of AgNPs of (. zeylanicum was
2.664pg/ml and the IC50 value of AgNps of Cinnamaldehyde was 2.011ug/ml. In
result, AgNPs Showed the maximum suppressive effect on higher concentration
100ug/ml in comparison to the control group, at the same concentration the metabolic

activity value of promastigoates decreased.

The results indicated, that with the increase of concentration of AgNPs the cell
viability of leishmania tropica decreased. The highest concentration of AgNPs was
100ug/ml shown maximum effects on metabolic activity of promastigoates and it was
visualized clearly in the (Figures 3.86). According to the figures, these results
demonstrated better effects of AgNPs on the viable cells of promastigoates on all the
concentration except 1.5pg/ml and 0.75pg/ml. So, it was concluded that the biologically
synthesized AgNPs at low concentrations expressively killing the leishmanial cells and
these nanoparticles are considered as the suitable candidates for the leishmania

treatment.
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Figure No. 3.86: Inhibitory concentration (ICs¢) of promastigotes of L. tfropica at
different concentration of AgNPs synthesized in the presence of (a) B. lycium

root extract (b) Berberine (¢) C. zeylanicum bark extract (d) Cinnamaldehyde

3.7.2 Anti-promastigoate Assay of ZnNPs

Antileishmanial efficacy of biologically synthesized ZnNPs were analyzed on
the strain of leishmania tropica. The metabolic activity of promastigotes decreased with
increasing the concentration of ZnNPs. In experimental group when leishmanial cells
were treated with high concentration (100pg/ml) of ZnNPs of B. [ycium root extract and
ZnNPs of Berberine. The amount of viable cells were very low at higher concentration.
It was clearly shown that 100% leihminial cells were killed. The IC50 value of ZnNPs
of B. lycium was 4.171pg/ml and the IC50 value of ZnNPs of Berberine was
3.793pug/ml. Same effect was observed during all the evaluated Incubation time period

which is shown in the (Figures 3.87).
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The effects of ZnNPs of C. zeylanicum and ZnNPs of Cinnamaldehyde on the
metabolic activity of Leishminia tropica were also studied. The effects of different
concentration (100pg/ml, 50ug/ml, 25ug/ml, 12.5pg/ml, 6.25ug/ml, 3ug/ml, 1.5pg/ml,
0.75pg/ml) of ZnNPs on leishmania tropica shows that the metabolic activity of

leishmanial cells consistently decreased by increasing the concentration of ZnNPs.

[t was noticed, that the metabolic activity of Leishmania tropica promastigoates
at each concentration of ZnNPs were negatively affected in comparison to control
group. The IC50 value of ZnNPs of C. zeylanicum was 2.664ug/mi and the IC50 value
of ZnNPs of Cinnamaldehyde was 2.011pg/ml.

In result, ZnNps Shows the maximum suppressive effect on higher concentration
100pg/ml in comparison to the control group, at the same concentration the metabolic

activity value of promastigoates decreased.

The results indicated, that with the increase of concentration of ZnNPs the cell
viability of leishmania tropica decreased. The highest concentration of ZnNPs was
100pg/ml shown maximum effects on metabolic activity of promastigoates and it was
visualized clearly in the (figures 3.87). According to the figures, these results
demonstrated better effects of ZnNPs on the viable cells of promastigoates on all the
concentration but on higher concentration the metabolic activity of promastigoates
decreased. So, it was concluded that the biologically synthesized ZnNPs at low
concentrations expressively killing the leishmanial cells and these nanoparticles are

considered as the suitable drug for the leishmania treatment.
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Figure No. 3.87: Inhibitory concentration (ICs) of promastigotes of L. tropica at
different concentration of ZnNPs synthesized in the presence of (a) B. lycium

root extract (b) Berberine (¢) C. zeylanicum bark extract (¢) Cinnamaldehyde

3.7.3 Anti-amastigoate Assay of AgNPs:

Leishminia is a dimorphic organism. It exists as a long whipped promastigoates
which is a vector in a sand fly and change to non-motile form when enter into another
vertebrates (round shape). This round shape leishmania leads to infection in both hosts.
In vitro culturing of amastigoates provide alive culture which is free of contamination
and can be used for drug estimation. Amastigoates grow outside the living cell that are
recognized as axenic amastigoates. (Bates, 1993) developed rules for the cultivation of

axenic amastigotes.

The alogrithemic growth phase of axenic amastigoates were also harvested and
cultured in RPMI 1640 and 5.5PH was adjusted for their growth. At 33" the cells were
incubated for seven days in humufied CO2 (5%). By changing the temperature and PH
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axenic amastigoates transformed into promastigoates. In each well of 96-well microtiter
plate plate (106 cells/ml) RPMI media containing culture of axenic-amastigoates were
added. The different concentration of biologically synthesized nanoparticles
(100pg/ml, 50pg/ml, 25ug/ml, 12.5ug/ml, 6.25png/ml, 3pg/ml, 1.5pg/ml. 0.75pg/ml)
along with water (negative control) and (TA positive control) were added to cach well

and incubated at 25°C + 1°C for 72 hours.

Similar procedure were used for anti-promastigoates assay. All the experiment
were performed in triplicate. Micro-plate reader were used for OD of the cells. 1C50
value of the biologically synthesized nanoparticles showing anti-amastigoate activity

were calculated by graph pad prism.

In experimental group when leishmanial cells were treated with high
concentration (100pg/ml) of AgNPs of B. lycium root extract and AgNPs of Berberine
The amount of viable cells were very low at higher concentration. It was clearly shown
that 100% Ilcihminial cells killing. The ICS50 value of AgNPs of B. lycium was
1.011pg/ml and the IC50 value of AgNPs of Berberine was 1.134pg/ml. Same effect
was observed during all the evaluated Incubation time period which is shown in the

graphs.

The effects of AgNPs of C. zeylanicum bark extract and AgNPs of
Cinnamaldehyde on the metabolic activity of Leishminia tropica were also studied. The
effects of different concentration (100pg/ml, 50ug/ml. 25pg/ml, 12.5pg/ml. 6.25ug/ml.
3pug/ml, 1.5pug/ml, 0.75pg/ml) of AgNPs of C. zeylanicum bark extract and AgNPs
cinnamaldehyde on leishmania tropica shows that the metabolic activity of leishmanial

cells consistently decreased by increasing the concentration of AgNPs (Figure 3.88).

[t was noticed. that the metabolic activity of Leishmania tropica amastigoates
at each concentration of AgNPs were negatively affected in comparison to control
group. The IC50 value of AgNPs of C. zeylanicum was 1.123pg/ml and the IC50 value
of AgNPs of Cinnamaldehyde was 1.207pg/ml.

In result, AgNPs Shows the maximum suppressive effect on higher
concentration 100ug/ml in comparison to the control group, at the same concentration

the metabolic activity value of promastigoates decreased.
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The results indicated, that with the increase of concentration of AgNPs the cell
viability of leishmania tropica decreased. The highest concentration of AgNPs was
100pg/ml shown maximum effects on metabolic activity of promastigoates and it was

visualized clearly in the (Figure 3.89).
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Figure No. 3.88: Inhibitory concentration (ICso) of Anti-amastigoates of L.
tropica at different concentration of AgNPs synthesized in the presence of (a) B.
lycium root extract (b) Berberine (c) C. zeylanicum bark extract (d)

Cinnamaldehyde
3.7.4 Anti-amastigoate Assay of ZnNPs:

Antileishmanial efficacy of biologically synthesized ZnNPs were analyzed on
the strain of leishmania tropica. The metabolic activity of amastigotes decreased with
increasing the concentration of ZnNPs. In experimental group when leishmanial cells
were treated with high concentration (100ug/ml) of ZnNPs of B. lycium and ZnNPs of
Berberine. The amount of viable cells were very low at higher concentration. [t was

clearly shown that 100% leishminial cells killing. The IC50 value of ZnNPs of B.
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lycium root extract was 3.925ug/ml and the IC50 value of ZnNPs of Berberine was
4.569ug/ml. Same effect was observed during all the evaluated Incubation time period

which is shown in the graphs.

The effects of ZnNPs of C. zeylamicum bark extract and ZnNPs of

Cinnamaldehyde on the metabolic activity of Leishminia tropica were also studied.

It was noticed, that the metabolic activity of Leishmania tropica amastigoates
at each concentration of ZnNPs were negatively affected in comparison to control
group. The IC50 value of ZnNPs of C. zeylanicum bark extract was 2.919ug/ml and the
[C50 value of ZnNPs of Cinnamaldehyde was 2.062pg/ml.

In result, ZnPps Shows the maximum suppressive effect on higher
concentration 100ug/ml in comparison to the control group, at the same concentration

the metabolic activity value of amastigoates decreased.

The results indicated, that with the increase of concentration of ZnNpPs the cell
viability of leishmania tropica decreased. The highest concentration of ZnNPs was
100pg/ml shown maximum effects on metabolic activity of amastigoates and it was
visualized clearly in the (Figures. 3.89). According to the figures, these results
demonstrated better effects of ZnNPs on the viable cells of amastigoates on all the
concentration but on higher concentration the metabolic activity of asmastigoates
decreased. So, it was concluded that the biologically synthesized ZnNPs at low
concentrations expressively killing the leishmanial cells and these nanoparticles are

considered as the suitable candidates for the leishmania treatment.
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Figure No. 3.89: Inhibitory concentration (ICs¢) of Anti-amastigoates of L.
tropica at different concentration of ZnNPs synthesized in the presence of (a) B.
lycium root extract (b) Berberine (c) C. zeylanicum bark extract (d) ZnNPs

Cinnamaldehyde
3.8 Cytotoxic Activity

3.8.1 Assessment of cytotoxic effect of AgNPs in normal cell (Hemolytic assay)

Hemolytic activity was performed on fresh human blood cells. It was important
to develop less toxic and more effective nanoparticles to cure the pathogenic diseases.
In Hemolytic assay the external membrane of red blood cell was destroyed to release
the hemoglobin. The quantity of destroy cells was estimated by measuring the amount
of hemoglobin in the sample. It was necessary to evaluate the biocompatibility of these
NPs on normal human cells to ensure their non-toxic usage. In this study. the
biologically synthesized NPs were used at different concentrations and evaluated for

their cytotoxicity against human macrophages.
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It was clear from the results that all the NPs were non-biocompatible on
200ug/ml. AgNPs of B. Ilycium root extract showed highest hemolytic activity (
hemolysis > 80%) on concentration 200ug/ml while AgNPs of berberine shows similar
hemolytic activity (hemolysis >80%) at concentration 200ug/ml. The AgNPs of B.
lycium root extract at 12.5ug/ml concentration showed (hemolysis >30%) and AgNPs
of berberine at 12.5ug/ml showed similar hemolytic activity (>30%). The released
hemoglobin was monitored at 576nm using 96-well micro-plate reader. Experiment
were performed in triplicate. The suspension of red blood cells in PBS without NPs was
taken as a negative control. The red blood cells lysed with Triton-X (0.1%) was taken

as a positive control.

The hemolytic activity of AgNPs of C. zeylanicum showed hemolytic activity
(< 80%) at 200ug/ml concentration and (<30%) at concentration 12.5ug/ml while
AgNPs of Cinnamaldeyde at 200ug/ml concentration showed (<80%) hemolytic
activity and at concentration 12.5ug/ml the hemolytic activity was (>30%).The results
indicated that the AgNPs are non-biocompatible at higher concentration and
biocompatible at lower concentration when compared with 0.5% Triton X-100 (as

positive control).

Silver and Zinc Nanoparticles could be considered as good modality for the
treatment of fatal diseases. The present investigation suggested that at limited dosage,
the B. Iycium root extract and Berberine and C. zeylanicum bark extract and
Cinnamaldehyde mediated AgNPs and ZnNPs can be used as an effective antimicrobial

agent with minimum toxicity.
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Figure No 3.90: Hemolysis of AgNPs synthesized in the presence of of B. lycium

root extract and berberine on normal human blood cell
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Figure No 3.91: Hemolysis of AgNPs synthesized in the presence of C. zeylanicum

root extract and Cinnamaldehyde on normal human blood cell
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3.8.2 Assessment of cytotoxic effect of ZnNPs in normal cell (Hemolytic assay)

Hemolytic activity was performed on fresh human blood cells. It is important to
develop less toxic and more effective agent to cure the pathogenic diseases. In
Heamolytic assay the external membrane of red blood cell was destroyed to releasc the
hemogolobin. The quantity of destroy cells was estimated by measuring the amount of
hemoglobin in the sample. It was necessary to evaluate the biocompatibility of these
Nps on normal human cells to ensure their non-toxic usage. In this study. the
biologically synthesized Nps were used at different concentrations and evaluated for

their cytotoxicity against human macrophages.

It was cleared from the results that all the ZnNPs are non-biocompatabile on
200ug/ml. ZnONPs of B. lycium root extract showed highest hemolytic activity (
hemolysis 90%) at concentration 200ug/ml while ZnNPs of berberine shows similar
hemolytic activity (hemolysis 90%) at concentration 200ug/ml. The ZnNPs of B.
lycium root extract at 12.5ug/ml concentration showed (hemolysis >10%) and AgNPs
of berberine at 12.5ug/ml showed similar hemolytic activity ( >10%). The released
hemoglobin was monitored at 576nm using 96-well micro-plate reader. Experiment
were performed in triplicate. The suspension of red blood cells in PBS without NPs was
taken as a negative control. The red blood cells lysed with Triton-X (0.1%) was taken

as a positive control.

The hemolytic activity of ZnNPs of C. zeylanicum showed (80%) hemolysis at
200ug/ml concentration and (<10%) at concentration 12.5ug/ml while AgNPs of
Cinnamaldeyde at 200ug/m! concentration showed (<80%) hemolytic activity and at
concentration 12.5ug/ml the hemolytic activity was (<10%). The results indicated that
the ZnNPs were non-biocompatible at 200, 100 and 50ug/ml and at 12.5ug/ml
concentration the ZnNPs are nontoxic, biologically active and biocompatible when

compared with 0.5% Triton X-100 (as positive control).
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Figure No 3.92: Hemolysis of ZnNPs synthesized in the presence of B. lycium

root extract and berberine on normal human blood cell
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Figure No 3.93: Hemolysis of ZnNPs synthesized in the presence of C. zeylanicum

root extract and Cinnamaldehyde on normal human blood cell
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DISCUSSION

In the synthesis of AgNPs, color change is the important factor. As a result of
surface plasmon vibrations AgNPs appear brown in the equeous medium. Other studies
have reported that color change from yellowish brown to dark brown is the indication
of colloidal AgNPs (Banerjee et al., 2014; Vigneshwaran et al., 2006). For the analysis
of NPs, UV-vis spectroscopy is a very helpful approach. UV-Vis spectroscopy was used
primarily to characterise the NPs. AgNO3 in the equeous solution is converted to Ag
ions by the compounds in the plant extract.The reduction of Ag ions to AgNPs, as
indicated by the activation of plasmon vibrations of AgNPs in the solution and verified
by UV-Vis spectra. AgNPs' biosynthetic mechanism is not fully understood. However
Ahmad at al., (2016) have suggested that Nicotinammide adenine dinucleotide (NAD).
is electrons carrier and carrying electrons from one reaction to another. It accept
electron from other molecules and itself reduced (oxidizing agent). This oxidizing
reaction forms NADH, which can donate electrons further. The main function of NAD

is to transfer electrons in the reactions.

AgNO3 e Ag” + N0,
NAD+ ¢ —» NAD
NAD+H ———%» NADH+e

€ PAgE  ————p Ag0

NAD deoxidized constantly and regenerate electrons which is called redox
reactions. These redox reactions might be responsible for the formation of Ag0 from

Agt.

Many studies have reported that the surface plasmon resonance for the colloidal
silver ranging from 320-390nm (Huang et al., 2009) while others reported 420-450nm
(Banerjee et al., 2014) 400-500nm (Mehmood et al.. 2014). It is suggested that the
molecules present in the plant extract is act as a capping agent for AgNPs which could
affect the SPR of the AgNps. According to Otunola et al. (2017) from the UV-
absorption of plant extract AgNPs it was implies that the bioactive compounds such as

proteins stabilized and prevented the transition of electrons from the surface of AgNPs.
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The SPR obtained of the colloidal silver system shows that only AgNPs are present in

the dispersion.

To identify the functional groups in silver nanoparticles made from plants which
are responsible for reducing and capping of AgNPs. FTIR analysis of the particles was
performed. The FTIR spectrum of pure substances is so distinct that it resembles and
seems to be a molecule fingerprint (Sasidharan et al., 2011). It was observed from the
study that the stretching vibrations responsible for compounds such as phenol.
flavonoids, terpenoids and proteins and confirmed that these molecules are responsible
for the capping, stabilizing and capping of silver nanoparticles (Mehmood et al., 2016).
Several studied of AgNPs from plant extract have been reported Urtica dioica (Jyoti et
al., 2016), Lippia nodiflora (Liu et al., 2007), Azadirachta indica (Ahmed et al., 2016).
and Pedalium murex (Khanna & Nair, 2009).

The ZnNPs results showed that polyhydroxyl phenolics and flavonoids are the
primary biomolecules that can reduce zinc ions and convert them to ZnONPs in the
plant extract.(Ahmad et al.,, 1998; Anzabi, 2018).. We identified peak intensity.
orientation, and full width at half-maximum (FWHM) data from the analysis of XRD
patterns. The peaks of the diffraction have been determined as cubic crystal structure.
The Ag nanoparticles' high degree of crystallinity is reflected in the intensity of the
peaks. However, the diffraction peaks are broad which indicate that small crystallite
size (Wani et al., 2011). The XRD patterns of ZnNPs indicated the formation of high
purity of the ZnO nanoparticles. The ZnONPs diffraction peaks' have strong intensity
and smaller width suggested that the final product was extremely crystalline in nature.
Scherrer's formula was used to estimate the size of the average crystallite. The
formation of metal particles in nanosize was confirmed by the SEM examination of
AgNPs. The particles had a diameter of less than 100 nm and were spherical in
appearance. SEM images the ZnNPs microstructure has hexagonal and spherical shape.
However, aggregation is also noticed, likely as a result of densification, which results
in a small gap between particles, as well as the high surface energy of ZnONPs that
often happens when synthesis is carried out in an aqueous media. (Salam ct al.. 2014:

Selvarajan & Mohanasrinivasan, 2013).
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According to the results of the antibacterial activity tests, biologically produced
AgNPs and ZnNPs nanoparticles were effective against both Gram positive including
(E. coli) and Gram negative bacterial strains (S. aureus). [t was previously known that
the alkaloid Berberine found in Berberis bark has significant antibacterial activity. It is
evident that increasing the concentration of C. zeylanicum bark extract silver
nanoparticles also increases their inhibitory activity. The high surface area to volume
ratio of AgNPs was the reason of their increased antibacterial activity. AgNPs' greater
activity compared to aqueous extract and was concluded that AgNPs have greater
activity because of composite of biomolecules with silver NPs.Silver ions significantly
reduce bacterial growth. (Liau et al.. 1997). Previous investigations also showed that
het strong antibacterial properties of AgNPs produced from plant extract. (Reddy &
Gandhi, 2012).

Silver nanoparticles modify the permeability of the cell membrane when they
adhere to the bacterial cell wall and penetrate inthe bacteria. which causes cell
death.On the cell's surface, pits are formed and there is an accumulation of
nanoparticles in those pits. (Sondi & Salopek-Sondi, 2004). Another cause of cell death
1s that silver nanoparticles' responsible for the generation of free radicals. Spectroscopy
of electron spin resonance reveals that, when silver nanoparticles and bacteria come
into contact, free radicals are produced. These free radicals cause the cell membrane to
become permeable and chang the cell membrane structure. Ultimately, these
modifications to the cell membrane result in cell death. (Danil'chuk et al.. 2006: Kim et
al., 2007). As antibacterial agents, silver nanoparticles are now frequently employed in
coatings, textiles, and wood flooring. High antibacterial activity was demonstrated by
these biogenically produced silver nanoparticles, which may be utilized in these

products.

AgNPs have the capacity to firmly attach to molecules containing sulphur and
phosphorus (Zhang et al., 2009) and because to this characteristic, they can weaken
sulfur-containing proteins, which in turn can harm the bacterial cell membrane.. AgNPs
can enter bacteria and harm DNA with phosphorus and sulfur-containing enzymes.
AgNPs are also known to accumulate significantly within mitochondria, and it has been
shown that this oxidative stress damages mitochondrial function.(Asharani et al., 2009;

AshaRani et al., 2009: Xia et al.. 2006). Adenosine triphosphate (ATP) synthesis is well
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known to stop when mitochondrial enzymes are affected. Therefore. it is believed that
AgNPs have the capacity to block ATP synthesis whichis the cause of their

antibacterial actions. (Feng et al., 2000; Song et al., 2006).

The particular mechanism by which ZnONPs exert their antibacterial effects s
currently unclear and not fully developed. (Jalal et al., 2010). The primary factors
influencing ZnONPs' antibacterial effect include their size. shape. surface chemistry.
and unique physicochemical features. (Brayner et al., 2006; Jones et al., 2008). In the
current study, we suggested a potential mechanism for how biosynthesized ZnONPs
work as an antibiotic. ZnONPs entered the bacteria's cell due to their small size and
electrostatic interactions with the cell membrane. Once inside the bacterial cell.
ZnONPs begin to interact with the cell's organelles, depleting the cell's internal
resources and interfering with DNA replication by releasing reactive oxygen species
(ROS).. The excessive production of zinc ions (Zn2+) and ROS. particularly hydroxyl
radicals (HO), singlet oxygen (02), and hydrogen peroxide (H202). led to cell
membrane rupture and disorder. As a result, bacterial cells with damaged cell
membranes which followed by cytoplasmic leakage were leads to the cell death. Due
to their high reactivity and oxidising ability, the ROS are toxic to bacteria. (Zhang et
al., 2009). Yamamoto (2001) identified the production of ROS as the primary

mechanism behind the antibacterial action of ZnONPs.

Results of the antifungal activity tests showed that biologically produced silver
nanoparticles were particularly effective against a strain of fungus (Trichoderma
herzianum) but the ZnONPs were not active against (7richoderma herzianum) and
didn’t show any zonc of inhibition by using higher concentration as well.  Similar to
the antifungal activity in the MIC values of Amphotericin B. which was utilised as a
positive control, Ag-NPs showed similar antifungal action against the fungal strains
examined.. These findings showed that AgNPs have outstanding potential as an
antifungal agent for treating infectious fungal infections. Nasrollahi (2018) reported

same results against fungal strains albicans and Saccharomyces cerevisiae.

According to (Dorau et al., 2012), the inactivation of sulthydryl groups in the
fungal cell wall and the breakdown of membrane-bound lipids and enzymes.
which results the cell lysis, were the cause of antifungal properties of silver NPs. By

using the agar well diffusion method, colloidal silver nanoparticle suspension was used

R R ———
Biosynthesis of Metal Nanoparticles of Sclected Medicinal Plants and their biological Activities 140



Chapter #. 4

to study the antifungal activities against fungal strains of the Aspergillus species. It was
found that a clear zone of inhibition formed around the cavities where the suspension

of silver nanoparticles was added. (Roy et al., 2013).

Percentage inhibition of the tested N Ps' ability to scavenge DPPH radicals at
various concentrations were observed. Considerable variations in antioxidant profile
were recorded at different concentrations. Different flavonoids extracted from
cinnamon exhibit antioxidant and free radical scavenging activities. (Rao & Gan, 2014).
C. zeylanicum's extract is a powerful antioxidant and free radical scavenger, and it has
anti-inflammatory, anti-fungal, anti-viral, anti-bacterial and  anti-hyperglycemic
properties. (Jakhetia et al., 2010; Kumaravel & Srinivasan, 2017). By using the DPPH
Method, the antioxidant activity of cinnamon extract and the cinnamon AgNPs was
examined. The percentage of inhibition was 11.34 + 0.56 % by Cinnamon extract and
22.41 £ 0.25 % by silver nanoparticles synthesized from cinnamon. Consequently. 2
times more antioxidant activity was observed by the silver nanoparticle than by
cinnamon extract. Thus, it is determined that the synthetic silver nanoparticles have
more antioxidant potential than cinnamon extract. Antileishmanial cfficacy of
biologically synthesized AgNPs and ZnNPs were analyzed on the strain of leishmania
tropica KWH23 and found very active. The results indicated that with the increase of
concentration of ZnNps and AgNPs the cell viability of leishmania tropica decreased.
Leishmania is known to be extremely sensitive to these oxygen species. Medicines that
cause ROS will therefore be excellent antileishmanial agents. Macrophages (host cells
for Leishmania) produce high concentration of these ROS to disinfect microbial agents

(Lodge & Descoteaux, 2006).

Leishmania, however, avoids the oxidative damage brought on by ROS by
suppressing the enzymes responsible for producing ROS. (Mehta & Shaha, 2006). A
significant reservoir of silver and gold ions would be created by using Ag and Au
nanoparticles as leishmanicidal agents, acting as a non-enzymatic source of ROS that
will kill the parasite that has infiltrated the body. The formation of free radicals from
silver ions has been verified by electron spin resonance spectroscopy. and these radicals

harm microbial organisms in a various ways. (Kim et al., 2007).
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Hemolytic activity was performed on fresh human blood cells. It was important
to develop less toxic and more effective agent to cure the pathogenic diseases.
Cytotoxicity is an important assay which must be dealt before. Silver and Zinc
Nanoparticles can be considered as good modality for the treatment of fatal
diseases. The present investigation suggested that at limited dosage of AgNPs and

ZnONPs can be used as an effective antimicrobial agent with minimum toxicity.
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CONCLUSION

Green synthesis is a substitute process for using harmful chemicals to create
environmentally acceptable metallic nanoparticles. Citric acid, cyclic peptides, gellic
acid, tenines and retinoic acid are some of the significant functional groups found in
plant extracts that not only work as a bio-reduction but also operate as capping and
stabilising agents. The reduction of Ag ions into AgNPs and Zn ions into ZnNPs was
obtained by naturally occurring biomaterials, which is present in plants. Synthsis of
AgNPs and ZnNPs (green synthesis) has been an important and innovative technology

especially in the medical field and in the control of pathogenic microorganisms.

» The current study first to demonstrate the comparative analysis of green
synthesized Silver and Zinc nanoparticles of B. [ycium root extract and
Berberine and C. zeylanicum bark extract and Cinnamaldehyde.

» The biological activities of green synthesized AgNPs of B. [ycium root extract
was > AgNps of berberine and AgNPs of Cinnamaldehyde > AgNPs of (.
zeylanicum bark extract.

» The biological activities of ZnNPs have similar results.

» AgNPs B. lycium root extract biological activities was greater than AgNPs of
Berberine which means that in B. [ycium root extract some other compounds are
present which have some synergistic effects to enhance the biological activity
of green synthesized AgNPs and ZnNPs of B. lycium root extract.

» The biological activities of AgNPs and ZnNPs of Cinnamaldehyde were greater
than AgNPs and ZnNPs of C. zeylanicum bark extract which means that in C.
zeylanicum bark extract some other compounds are present other than
Cinnamaldehyde which decreases their effects against microorganisms.

» ZnNPs didn’t showed any activity against Trichoderma herzianium even, at

higher concentrations.
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FUTURE ASPECTS

Consequently, this method of creating silver and zinc nanoparticles is one of the
best way to handle therapeutically the antibiotic-resistant microbes in preventing
infection. This finding will benefit other scientists studying the biological applications

of metallic nanoparticles synthesized through green synthesis.
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