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ABSTRACT

The main aim of the study was to screen the methanolic, ethanolic and ethyl acetate
(EtOAc) fractions of Eriobotrya japonica and Ficus carica leaves and their Zinc (ZnNPs)
and Copper nanoparticles (CuNPs), respectively, for various pharmacological activities
such as, antibacterial, antifungal, phytotoxic, insecticidal, anti-termite, hemagglutination
and their comparison. The synthesis of ZnNPs and CuNPs was carried out using aqueous leaf
extracts of E. japonica and F. carica, standardizing conditions for their synthesis like
temperature, pH and incubation. The characterization of these nanoparticles was done using
UV-Vis spectrophotometry, Fourier Transform Infrared spectroscopy, Scanning Electron
Microscope (SEM), Energy Dispersive X-ray (EDX), X-ray diffraction (XRD) and
Thermogravimetric/Differential Thermal Analysis (TGA/DTA). The UV-Visible absorption
spectra of ZnNPs and CuNPs showed peaks at 455 and 426 nm, respectively. The FTIR
spectra of ZnNPs and CuNPs confirmed the presence of various functional groups such as, -
hydroxyl, amide, carbonyl, aldehyde, and alkynes. The SEM analysis showed that the
particle size was between 99 and 96 nm with spherical shape. The presence of zinc and
copper along with other elements, such as C, O, S, Si, and K, was confirmed by EDX
analysis. The plant extract contributed the last four elements that stabilize and cap ZnNPs and
CuNPs. The mean size for ZnNPs and CuNPs in XRD spectra according to Debye-Scherer’s
equation was 33 and 32 nm, respectively. A clear antibacterial activity of the methanolic,
ethanolic and EtOAc fractions of E. japonica was observed in terms of percent inhibition:
E. coli (62, 59.2 and 44.4%), S. aureus (69.2, 46.1 and 50%), P. aeruginosa (44.4, 40.7 and
37%), M. morganii (59, 40.9 and 68 %), A. baumannii (52.1, 43.4 and 0 %), P. vulgaris
(60, 52 and 64%) and Methicillin Resistant Staphylococcus Aureus (MRSA) (73.6, 52.6
and 0 %). Similar results were also observed for methanolic, ethanolic and EtOAc fractions

of F. carica against E. coli (51.8, 40.7 and 48.8), S. aureus (65.3, 46.1 and 65.3), P.




aeruginosa (70.3, 25.9 and 48.1), M. morganii (54.5, 81.8 and 63.6), A. baumannii (43.4,
56.5 and 65.2), P. vulgaris (60, 48 and 52) and MRSA (52.6, 68.4 and 78.9). The
antibacterial activity of ZnNPs and CuNPs against various bacteria was: E. coli (48.1 and
40.7 %), S. aureus (73 and 72%), P. aeruginosa (37 and 44.4%), M. morganii (64 and
54.5%), A. baumannii (43 and 56%), P. vulgaris (92 and 44%) and MRSA (94 and 89%).
The methanolic, ethanolic and EtOAc fractions of F. carica and E. japonica showed low
(<24%) and no antifungal activity, respectively, against the test fungal pathogens: A. niger,
H. pseudocrispula, P. notatum, A. parasiticus, V. longisporum and P. chrysogenum. The
antifungal activity of ZnNPs and CuNPs was found against all the test fungal strains: A.
niger (40 and 50%), H. pseudocrispula (60 and 50%), P. notatum (40 and 40%), A.
parasiticus (30 and 50%), V. longisporum (0 and 10) and P. chrysogenum (55 and 10%).
The phytotoxic activity (%), as tested against Lemna minor, of methanolic, ethanolic and
EtOAc extract of E. japonica was respectively 50, 50 and 60 at 1000 pg/mL and 50, 40 and
60 at 100 pg/mL, and 40, 20 and 50 at 10 pg/mL. Phytotoxic activity (%) as tested against
L. minor of ZnNPs and CuNPs at 1000, 100 and 10 pg/mL was 70, 50 and 40 and 70, 60
and 50, respectively. The insecticidal activity of methanol, ethanol and EtOAc fractions
was determined using 7. confusum, C. maculatus and T. castaneum. The insecticidal effect
of methanolic, ethanolic, and EtOAc fractions of E. japonica was determined against: T.
confusum (40, 50 and 50%), C. maculatus (0, 50 and 40%) and T. castaneum (0, 20 and
10%). The insecticidal activity of methanolic, ethanolic and EtOAc fractions of F. carica
was in following order: 7. confusum (50, 40 and 50%), C. maculatus (0, 20 and 20%) and
T castaneum (20, 10 and 0%). The insecticidal activities of ZnNPs and CuNPs against T.
confusum was (50 and 50%), C. maculatus (60 and 50%) and T. castaneum (30 and 60%),
respectively. The anti-termite activity (against H. indicola) observed for both the plant

extracts was moderate unlike the good response for ZnNPs and CuNPs. No
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“

INTRODUCTION AND LITERATURE REVIEW
e e

1.1 Introduction

Nanotechnology is research at molecular or atomic level using a scale of 1-100 nm in any
dimension. It uses structures and systems that have novel characteristics and functions
owing to their small size, their ability to manipulate and control matter at an atomic scale
[1. 2, 3]. Nanotechnology is an emerging science dealing with synthesis, characterization,
and multifunctional applications of nanoparticles. Nanoparticles have a number of different
applications in both physical and biological worlds such as diagnosis, medicine,
communication, drug delivery, and electronics [4, 5].

1.2 History of Nanoparticles

M. C. Lea in 1889 first reported the synthesis of a citrate stabilized silver colloid [6].

Particles synthesized by this method had an average size ranging 7-9 nm [7], similar to

recently reported silver nanoparticles using silver nitrate and citrate. The commercial scale
synthesis of nanosilver, a medical preparation known as “Collargol”, was reported in 1897,
The mean diameter size of Collargol was determined to be about 10 nm. The trend of
similar nanoparticles invention followed the next decade, and led to the synthesis of silver
nanoparticles (2-20 nm) by Moudry in 1953 and silver nanoparticle imprinted carbon with
silver particles of diameter below 25 nm [9-13].

The proposal of nanotechnology was presented for the first time by eminent Laureate,
Richard Feynman, at Califomia institute of technology on December 29, 1959, in his
lecture, “There is plenty of room at the bottom™. He hypothesized strongly that only 100
atoms, could be enough to store all the books in a cube with sides of 0.02 inch. Norio

Taniguchi in 1970 defined Nanotechnology as a science that deals with the partition,
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solidification and twisting of materials by one atom or molecule [14]. A glimpse of history

of nanobiotechnology is presented in Table 1.1.
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Table 1.1 A glimpse of history of nanotechnology
Year Remarks Country / People
1200-1300 BC | Discovery of soluble gold Egypt and China
290-325 AD Lycurgus cup Alexandria or Rome
1618 First book on colloidal gold F. Antonii
1676 Book published on drinkable gold that J. von Lowenstern-Kunckel
contains metallic gold in neutral media (Germany)
1718 Publication of a complete treatise on Hans Heinrich Helcher
colloidal gold
1857 Synthesis of colloidal gold M. Faraday (The Royal
Institution of Great Britain)
1902 Surface Plasmon Resonance (SPR) R. W. Wood (Johns Hopkins
University, USA)
1908 Scattering and absorption of G. Mie (University of
electromagnetic fields by a nanosphere Gottingen, Germany)
1931 Transmission electron microscope (TEM) | M. Knoll and E. Ruska
(Technical University of
Berlin, Germany)
1937 Scanning electron microscope ( SEM ) M. von Ardenne
(Forschungslaboratorium fiir
* Elektronenphysik, Germany)
1959 Feynman * s Lecture on “There * 5 R. P. Feynman (California
‘ Plenty of Room at the Bottom™ Institute of Technology,
l Pasadena, CA,USA)
| 1960 Microelectromechanical systems (MEMS) | 1. Igarashi (T oyota Central
; R&D Labs, Japan)
| 1960 Successful oscillation of a laser T. H. Maiman (Hughes
Research Laboratories, USA)
2 1962 The Kubo effect R. Kubo (University of
i Tokyo, Japan)
1965 Moore’ s Law G. Moore (Fairchild
Semiconductor Inc., USA)
1 1969 The Honda-Fujishima effect

A. Fujishima and K. Honda
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(University of Tokyo, Japan)

1972 Amorphous heterostructure photodiode E. Maruyama (Hitachi Co.
created with bottom-up process Ltd., Japan)
1974 Concept of nanotechnology proposed N. Taniguchi (Tokyo
University of Science, Japan)
1976 Carbon nanofiber M. Endo (Shinshu University,
Japan)
1980 Quantum hall effect (Nobel Prize) K. von Klitzing (University
of Wiirzburg, Germany)
1982 Scanning tunneling microscope G. Binnig and H. Rohrer
( STM ) (Nobel Prize) (IBM Zurich Research Lab.,
Switzerland)
1986 Atomic force microscope ( AFM ) G. Binnig (IBM Zurich
Research Lab., Switzerland)
1986 Three-dimensional space S. Chu (Bell Lab., USA)
manipulation of atoms demonstrated
(Nobel Prize)
1987 Gold nanoparticle catalysis M. Haruta (Industrial
| Research Institute of Osaka,
Japan)
1990 Atoms controlled with scanning D. M. Eigler (IBM, USA)
tunneling microscope (STM)
1991 Carbon nanotubes discovered . Tijima (NEC Co., Japan)
E
1995 Nano-imprinting S. Y. Chou (University of
" Minnesota, USA)
- 1996 Nano sheets T. Sasaki (National Institute
for Research in Inorganic
Materials, Japan)
(2000 National Nanotechnology Initiative (NNI), USA
2003 21" Century Nanotechnology Research and Development Act, USA
2005

—

Nanosciences and Nanotechnologies: An action plan, Europe
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1.3 Synthesis of Nanoparticles

In the field of material science, metal nanoparticles are of significant interest owing to their
unique physico-chemical properties such as size and shape, which appropriate their use in
several fields. Various methods of nanoparticles synthesis are discussed in the following
paragraphs along with their advantages and limitations [15].

1.3.1 Physical Methods

One of the most common methods of physical synthesis, also known as top down
approach, is the thermal decomposition. This method is utilized for making mono-scattered
nanoparticles. In this method, we use a large starting structure or natural units that can be
controlled in making of nanostructures. The other important techniques in this category
include diffusion, dispersion, irradiations, and arc discharge. The physical methods of
synthesis are very costly and slow; this makes them inappropriate for scale-up.

In the diffusion method, fatty acids are dissolved in sodium hydroxide solution, mixed with
metal salt solution that subsequently gives nanoparticles in precipitate form. The glass
ampoules are encircled by short wires of copper, sealed at low pressure followed by
annealing at 5000 °C for 24 h. The crystals are then removed from the ampoules and are
chilled on a metallic plate. Another important method is UV irradiation where the
polycarbonate thin layers are put on microscopic glass and then exposed to UV radiations
[16].

1.3.2 Chemical Methods

Another strategy for the synthesis of metal nanoparticles is the chemical methods of
synthesis, also known as bottom up approaches. The convenient synthetic manipulations
and moderate reaction conditions have made chemical methods, a good option for metal
nanoparticles synthesis. The chemical method includes miniaturization of material

components with further self-assembly resulting in the synthesis of nanoparticles.
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Chemical precipitation and colloidal dispersion are some of the commonly used methods.
The chemical precipitation procedure enables a controlled nucleation, growth and aging of
metal nanoparticles from organic or inorganic solutions. The driving forces behind this
strategy are advanced coordination and solution chemistry enabling the synthesis of
required precursor particles resulting in agglomeration of metal nanoparticles in the
solution.

The typical example of the colloidal dispersion includes quantum dot formation during
epitaxial growth. The reducing agents used in these procedures include ethyl alcohol,
sodium borohydrate, sodium citrate, tetra-n-tetra-fluroborate (TFATEB), N, N-dimethyl
formamide (DMF) and poly (N-vinyl pyrolidine (PVP). The homogenous chemical
precipitation is another important and economical method for the synthesis of
monodisperse metal nanoparticles of different sizes and shapes. This method offers a better

control on chemical and morphological properties [17-19].
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1.3.3 Biological Methods

Although the chemical and physical methods have a lot of advantages, use of harmful
chemicals and radiations are of great concerns for the personnel and to the environment.
For examples, the UV radiations are mutagenic while sodium borohydrate can have serious
toxic effects. The limitations of physical and chemical methods give an impetus for a
biocompatible, renewable, and ecofriendly method for the synthesis of nanoparticles [20].
Biological methods for the synthesis of metal nanoparticles, popularly known as green
synthesis, utilizes living organisms like bacteria, fungi and plant extracts and thus
interconnect nanotechnology and biotechnology. These methods are biocompatible and
ecofriendly as they avoid use of harmful irradiations, high pressure, and chemicals. The
factors that have been observed to influence the morphologies of NPs are molar ratio of
reducing agent to metallic salt, concentration, time, availability of protective agents,
temperature, order of addition of reagents, type and degree of agitation, and type of
protective agents [21]. Monodispersed metal NPs can be obtained by quick nucleation [22).
The following examples highlight the use of these organisms for the synthesis of metal
nanoparticles.

1.3.3.1 Nano-particle synthesis by bacteria:

An attractive host for nanoparticle synthesis is Bacteria, due to their small size, easy
handling and minimum requirements for growth. Bacteria have gained an important
position due to their multitude of applications in biological sciences. They have the
capabilities to reduce silver and make nanoparticles in the range of 10-20 nm. Bacillus
species have generally been used for synthesizing metal nanoparticles [23]. The Silver
nanoparticle (AgNPs) producing bacteria have been isolated from the silver mines and
have shown that AgNPs are deposited in the periplasmic space of Pseudomonas stutzeri

(AG259) [24). Marinobacter Pelagius has been reported for the synthesis of stable,
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monodispersed gold nanoparticles [25]. Lactobacillus strains have been reported in the
synthesis of titanium nanoparticle. Understanding the natural processes of bacteria is a
major factor that can lead to novel and unexplored strategy of metal nanoparticles synthesis
(26).

However, there are few disadvantages of biological methods in culturing of
microorganisms, such as these methods are time consuming and laborious. These issues
have been overcome by strain improvement and optimization of growth conditions like
incubation temperature and time, pH and concentration of metal particles, making large
scale synthesis possible [27].

1.3.3.2 Nano-particle synthesis by fungi:

Fungi are getting more attention for nanoparticle production because of higher
accumulation of biological materials, easy synthesis method, and very simple downstream
processing. The fungi reported in the literature for the synthesis of AgNPs are Aspergillus
oryzae, Aspergillus niger, Fusarium solani, Pleurotus sajor-caju and Inoderma viridea
[28-31]. AgNPs produced using Phoma glomerata have been evaluated for their
antibacterial activity against Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus [32]. The extracellular synthesis of AgNPs in Penicillium makes it
an excellent fungal system for the synthesis of AgNPs [33].

1.3.3.3 Biosynthesis of metal nano-particles by plants

The plants are the most prevalent photosynthetic autotrophs producing glucose and high
biomass in terrestrial environment. As plants are sustainable, renewable and produce high
biomass; they are more suitable for the synthesis of nanoparticles than bacteria and fungi.
Various plant extracts have been utilized for the synthesis of different metal nanoparticles.
A study has reported the use of leaf extracts of Dodonaea viscosa for biosynthesis of

copper nanoparticles (CuNPs) and AgNPs. The morphology of the synthesized
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nanoparticles was round and size was 29 and 16 nm for CuNPs and AgNPs, respectively.
These nanoparticles demonstrated good antibacterial activity against Pseudomonas
fluorescens, Bacillus subtilis, Klebsiella pneumonia, E. coli and S. aureus [34). Manihot
esculenta leaf extract was utilized for the synthesis of CuNPs where the sugars present in
the leaves to act as reducing agent. The characterization of these CuNPs was carried out
using Scanning Electron Microscope (SEM), X-Ray Diffraction (XRD), UV-Visible
spectroscopy and Fourier Transform Infrared Spectroscopy (FTIR). A lot of plants have
been reported in the literature for the synthesis of gold, nickel, and other nanoparticles. The
leaves extract of Medicago sativa has been used for the synthesis of gold nanoparticles
(AuNPs) ranging from 2 to 20 nm [35]. The synthesis of nickel, silver, zinc, cobalt and
CuNPs has been reported from Brassica juncea, M. sativa and Helianthus annus; and B.
Juncea was found to be a hyper accumulator [36]. The main phytochemicals required for
the synthesis of nanoparticles are flavones, aldehydes, terpenoids, ketones, amides,
carboxylic acids, and quinones. Xerophytic plants contain emodin (anthraquinone), which
could undergo redial tautomerization producing AgNPs [37]. The flower extract of Cassia
auriculata has been utilized for the synthesis of ZnO nanoparticles. These ZnO
nanoparticles were characterized using UV-Vis spectroscopy, SEM, XRD and FTIR [38].
The modemn techniques of plant tissue culture and downstream processing open up the
possibilities where plants can be used as factories for various metal nanoparticles after
addressing the issues like metabolic status of the plant [39].

1.4 Zinc (Zn) Nanoparticles

Zinc oxide (ZnO) is nearly insoluble in water and appears as a white powder. ZnO is found
as “zincite” in the earth crust; however, most of the ZnO that is used commercially is

synthetic in nature. ZnO is a suitable additive for textile as it is non-hazardous and inert to




Chapter 1 Introduction and Literature review

human skin. The increased surface area at nanoscale ZnO imparts great potential to

increase material function [40].

1.5 Importance of Zinc oxide Nanoparticles

I. ZnONPs can be used in cosmetics, paints, plastic, electronics and pharmaceutical
products.

2. It has the potential to treat carcinomas and leukemia [41].

3. They possess antibacterial properties and can be used in drug delivery [42,  43].

The surface area and concentration of ZnONPs have been found to influence their
antibacterial activity while the particle shape and crystalline structure have little role. Some
researchers suggest that the generation of hydrogen peroxide may also have antibacterial
activity while others suggest that it is due to the electrostatic interactions leading to the
binding of the particles to the surface of bacteria [44].

1.6 Copper Nanoparticles

The excellent electrical conductivity of copper makes it relatively cost effective with broad
range of applications in the nanodevices. CuNPs play important role in various industries;
optoelectronics, catalysts, and metallurgy [45-48]. Copper is more economical than gold
and silver, and also it does not create the problem of ion migration at high humidity and
temperatures [49].

1.7 Significance of Cu Nano-particles

1. CuNPs are used in plastics, coatings, and textiles as an antimicrobial agent.

2. Due to their high strength, they can be used in different products.

3. In many chemical reactions, they are used as a catalyst, e.g., in the synthesis of glycol
and methanol.

4. They are used as sintering excipient and capacitor material
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5. CuNPs can be used in place of expensive noble metals for conductive pastes and inks
expanding its applications in displays, printed electronics and transmissive conductive thin
films [50-55).

6. Copper has been enlisted by EPA (Environmental Protection Agency of USA) as a
potent antimicrobial agent against potentially dangerous microbes [56]. Unlike antibiotics,
no resistance of pathogenic microorganisms to copper has been reported yet, giving it a
unique position in pharmaceutics. The large surface area and small size of CuNPs enables a
direct interaction with bacterial cell walls that lead to membranes damage and subsequent
killing of bacteria [57].

1.8 Rosaceae (Family)

Description

Rosaceae is a medium-sized family of deciduous or evergreen trees, sarmentous shrubs or
perennial herbs. The leaves are mostly simple, alternate, interruptedly imparipinnate,
trifoliolate, ternate or palmately to pinnately compound, stipules persistent or deciduous
(absent in Spiraca and Aruncus). In genus Prunus, glands are often present on the leaves.
The stem bears prickles or spines. The flowers are actinomorphic, bisexual or rarely
unisexual, (4-)5S-merous, solitary, in racemes or compound racemes. Sepals (4-)5, mostly
bomne on hypanthium, imbricate, epicalyx and are often present outside calyx. Petals (4-)5,
are free, imbricate, rarely zero. Stamens are four to numerous, anthers two or one-locular,
dehiscing longitudinally, intrastaminal. The ovary is superior to inferior, carpels one to
many, free to variously connate, with mostly two ovules per carpel or locule, stylodia one
per carpel. Fruits are diverse, drupetum, drupe, pome, nuculanium, pometum, achenetum

follicetum or glandetum. Seeds range from one to several in each carpel or locule, usually
without endosperm [58].

11
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Distribution

Rosaceae family consists of 85 genera and about 3000 species and is represented by 27
genera and about 160 species in Pakistan [58].

Importance

Different species of Rosaceae family are used traditionally for the treatment of various
discases. The decoction of ariel parts of Fragaria nubicola is consumed twice a day for a
week to treat fever. The root extract of Prinsepia wtilis is used as an antidote for poisoning.
The paste of roots, heated at low temperature, is applied to wounds. The stem bark
decoction of Prunus cerasoides is used to cure joint pains. The paste of the fresh root tips
of Rubus niveus is made in butter and buffalo milk is used in excessive bleeding during
menstrual cycle [59].

12
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Figure 1. Eriobotrya japonica leaves
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1.9 Eriobotrya japonica (Plant)
Local name Logat
Specie E. japonica
Genus Eriobotrya
Family: Rosaceae
Order: Rosales
Kingdom: Plantae

Description

Eriobotrya japonicais an evergreen shrub in the family Rosaceae, with a short trunk,
rounded crown and woolly new twigs that grows from 3—10 meters. The leaves are simple,
alternate, dark green, 10-25 cm long, tough with densely velvety-hairy and a serrated
margin. The white flowers are in stiff panicles of 3—10 flowers that consist of five petals
cach. A strong aroma of the flowers can be smelled from a distance. The yellow, orange,
sometimes red-blushed fruits grow 3-5 cm in length and are pear or oval shaped. The
ovules are 1-10, with 3—5 being most common [60].

Distribution

Eriobotrya japonicais cultivated worldwide with different names in more than 30
countries including Pakistan, Japan, India, China, Australia, United States (largely
California, and Florida), Venezuela, Brazil, Spain, Italy and Greece [61, 62]. E. japonica
has industrial importance in many countries like China, Pakistan, Spain, Japan and Turkey.
Worldwide 549,220 tonnes fruit of E. japonica is produced and the main producers are
Spain (43,300 tonnes) and China (460,000 tonnes) [63-65]. In different provinces of
Pakistan, E. japonica is cultivated on commercial scale. In Punjab it is cultivated at Hasan
Abdal, Choa Saiden Shah, Kalar Kahar, Wahand and Tret while in Khyber Pakhtunkhwa in
Haripur, Peshawar and Mardan region [66].

14
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Importance

The leaves and fruits are the main parts of medicinal values [67). *Feitai’ is a compound
formulation, which contains a number of herbs along with E. japonica leaves. It is a folk
medication in China for the treatment of pulmonary tuberculosis [68]. E. japonica leaves
are used traditionally not only as as anti-inflammatory agent and expectorant but also for
pain and skin diseases. E. japonica leaves have oleanolic and ursolic acid, which have anti-
hyperlipidemic and hypoglycemic properties. E. japonica seeds may be used to improve
liver functions, as they contain unsaturated fatty acids linolenic, linoleic acids and the f-
sitosterol [69-71]. The fruits of E. japonica are sweet and juicy with a high nutritional
value, containing minerals (calcium and phosphorous), sugars and vitamins (A, B and C)
[72]).

1.10 Moraceae (Family)

Description

Deciduous or evergreen, dioecious or monoecious, unarmed or armed, shrubs or trees,
rarely climbers. Leaves are serrate, entire, simple or petiolate lobed. Stipules are 2 and in
lateral form. The inflorescence in this family are axillary cymes, mostly in the form of
racemes, catkins, often spikes, hypenthodium or globose heads. The flowers are mostly
unisexual, minute, actinomorphic, epigynous or hypogynous. The sepals are occasionally
absent or (2-3-) 4 (-6), free, valvate, biseriate or united and envelop the carpel in female
flower. Stamens in this family can be as many as sepals, often less, erect or filaments in
bud. The ovary is bicarpellate with one carpel frequently abortive, superior or inferior and
unilocular. The fruit are in simple drupe or nut form and sometimes syconium and sorosis.

Ttnseedsmaybcmdospenuommexalbumimusmdmsummdedbyendocarpanddn
embryo is mostly curved.
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Distribution

This family consists of 40 genera and 1400 species that are preferentially distributed in
tropical and subtropical regions with a very limited number of species found in the
temperate zones. In Pakistan, this family is represented by 5 genera and 16 species.
Importance

Fruits of Morus alba are eaten both as fresh and in dry forms and are known to exert
laxative, purgative, antiseptic and antidiabetic effects. It is also well known that they
promote sweating and can be used for lowering blood pressure. The leaves of this plant are
used for the treatment of eye infections, cold, influenza and nose bleeds. The bark of this
plant is traditionally used for lowering blood pressure [73). The alcoholic extract of the
leaves of Artocarpus Lacucha Buch-Ham is known to possess exceptional antibacterial
properties. The seeds of this plant, when mixed with mother’s milk, are observed to cure
constipation. The bark of this plant is applied to cracked skin and small pimples [74].
Another traditionally important species of this family is Ficus benghalensis whose latex
has aphrodisiac, vulnerary, tonic, and maturant properties and is used in the treatment of
toothache, diarrhea, dysentery, piles, and diabetes. The hanging tips of the roots of this
plant are used as a cure for vomiting. An infusion of the bark is regarded as a tonic and is
used for the treatment of diabetes. Previous work has shown that in rabbits the bark extract
has anti-diabetic effects whereas in human (both men and women) this decoction exhibits
strong anti-fertility activity. An infusion of the leaves of this plant is useful in the
management of both diarrhea and dysentery. A decoction made up of the aerial rootlets of
Ficus elastica is used for treatment of wounds, cuts as well as sores [75]. The entire
Ficus hispida plant body is used for treatment of ulcers, piles, jaundice, hemorrhage of the

nose and mouth as well as an astringent to the bowels and ant dysenteric. The pulverized
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dried fruits of Ficus religiosa, when taken with water, are useful in managing fortnight
asthma [74-76).
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1.11 Ficus carica

Local names: Enzer, fig

Species: F. carica

Genus: Ficus

Family: Moraceae

Order: Rosales

Kingdom: Plantae
Description

Size wise the variation can span between that of a large shrub to a small deciduous tree
around 5-9 m tall with several branches. The bark of the plant is smooth, grey or dull white
in color and young twigs are softly hairy or glabrous. Leaves are glabrous to tomentose. In
case of male flowers sepals are usually four in number and united with lobes that are
lanceolate. Stamens are four in number and filaments are oval long with exerted anthers.
Female flowers of this plant have four sepals and are pedicellate with lobes that are
lanceolate-oblong. This plant have lateral ovary with style and the stigma is entire. Figs are
usually 2-5 (-8) cm in diameter, pyriform-obovoid, shortly hispid or glabrous and are
yellowish to brownish violet in color.

Distribution

F. carica is cosmopolitan in nature. It is abundant in Portugal, USA, and Chile and. to a
lesser extent in India, China, Arabia, Japan and Persia [77].

Medicinal importance

The fruit of F. carica, a superior source of vitamins and minerals, is consumed in both dry
and fresh form [78]. More than 28% of the total fiber content of the fruit is of the soluble
variety which has been shown to aid in weight loss as well as help control blood sugar and

cholesterol. The consumption of the fruit, which is an important component of the
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Mediterranean diet, has been reported to prevent the development of patho-physiological
conditions related to both cancer and coronary heart diseases [79]. F. carica has been used
in traditional Middle Eastern and European medicine to treat irregular swellings which are
commonly but mistakenly reported as a tumors [80). Its pharmacological actions include
effects that can be classified as antitumor, antibacterial, antioxidant, anti-inflammatory,
antidiarrheal, anticancer, immune balancing, and immune harmonizing in nature [81).
Extracts derived from different parts of the plant exhibit a variety of biological activities.
The fruits, root and leaves of the plant are used in native medicine for the treatment of
disorders afflicting the metabolic, cardiovascular, respiratory, inflammatory and
gastrointestinal systems. Ficus carica has been reported to show hypo-lipidemic, anti-HSV

(anti-herpes simplex virus), hypoglycemic, hemostatic and antioxidant activities [82].
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The current expansion and execution of novel path-breaking technologies have given rise
o a new era in nano-revolution with increased focus being directed towards the green
synthesis of nanoparticles. Green synthesis has many advantages over other methods with
biocompatibility, environment friendly, and cost effectiveness being just a few. Published
literature includes several reports that detail the synthesis, characterization and
pharmacological investigation of nanoparticles made through green synthesis. The
principle underlying green synthesis is the utilization of bacteria, fungi, plants, along with
the various enzymes and biomolecules present inside these organisms, as capping and
reducing agents for effecting the synthesis of nanoparticles [83].

Chandan e al. utilized extracts from the leaves of Dalbergia sissoo for the biosynthesis of
AgNPs and AuNPs. Reduction of silver nitrate and chloroauric acid after treatment with
broth made from D. sissoo leaves resulted in the formation of AgNps and AuNPs. An
intense Surface Plasmon Resonance (SPR) peak was observed at 425 and 545 nm for
AgNps and AuNPs, respectively. The nanoparticles were characterized using XRD
(confirming the crystalline nature of NPs), FTIR (confirming the role of biomolecules
involved in capping and synthesis) and TEM (analyzing the shape and size). The size of
AgNps was 5-55 nm while that of AuNPs was in the range of 50-80 nm [84].

On a similar note, Asmathunisha er al. used Lycopersicon esculentum derived in vitro
callus culture and leaf broth for the preparation of AgNPs and AuNPs. Dynamic light
scattering (DLS) and SEM analyses revealed spheroid AgNPs (33.6 nm) and round shaped
AuNPs (36.7 nm). FTIR analysis was used to confirm the presence of carbonyl and
hydroxyl groups in the synthesized NPs. The AuNPs of this study were found to have
superior antimicrobial properties as compared to AgNPs. They were observed to be more
active against bacterial strains as compared to fungal infections and exhibited maximal

activity against S. aureus [85].
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Kalpana er al. synthesized AuNPs by using leaf extracts of Cinnamomum japonicum,
Nerium indicum and Torreya nucifera. The nanoparticles were characterized by UV
spectroscopy, TEM and FTIR. The size of the nanoparticles was found to be approximately
4-35 nm for C. japonicum, 842 nm for T. nucifera and 4-38 nm for N. indicum. These
AuNPs were tested against 3T3-L1 cell line; and it was found that even at higher
concentrations these AuNPs exhibit minimal toxicity. This finding underlines the safety of
these AuNPs in biomedicine [86]

One of the published studies reported the synthesis of ZnO nano-particles using aqueous
root extract of Zingiber officinale (ginger). The root extract of this plant is rich in
flavonoids, which act in the capacity of reducing agents. For characterization, different
techniques including UV-Vis, SEM, FTIR and XRD were utilized and the size of the nano-

particles was determined to be between 6-20 nm. Keeping in view the size, the authors

have indicated that the nanoparticles have the potential to be used for a multitude of
functions such as vectors for gene delivery, for drug delivery or as biosensors, or at
interphases wherein there is a direct contact with blood [87].

In another study, leaf extract from Capparis zeylanica was used to synthesize CuNPs.
Change of color subsequent to the accumulation of leaf extract in the copper sulfate
solution was used as an indicator to confirm the synthesis of CuNPs. The characterization
of biosynthesized CuNPs was done via UV-Vis, FTIR, XRD, SEM, EDX and TEM
analysis. The synthesized CuNPs were cubical in arrangement with sizes ranging from 50-
100 nm. The synthesized CuNPs showed concentration dependent antibacterial activity

against P. aeruginosa, E. coli and S. aureus [88].

In keeping with the increased interest of researchers in biological biosynthesis, one study
reported the leaves extract of the Ocimum sanctum for the synthesis of CuNPs. The

biosynthesized CuNPs were characterized with the help of XRD and FTIR and the size was
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recorded as 77 nm. Thus, it can be concluded that this methodology can be used as a rapid
and ecofriendly method for the biosynthesis of stable CuNPs [89].

Another report discussed the feasibility of using leaf extract of Tabernaemontana
divaricate for the synthesis of ZnNPs. The formation of ZnNPs was confirmed and
characterized through a combination of XRD, TEM, UV-Vis, and FTIR with a size of 36
+5 nm. The synthesized ZnNPs were found to be effective against MCF-7 breast cancer
cell (ICso: 30.65 pug/mL/24 h). These results demonstrated that biologically synthesized
ZnNPs can be a potential source for cancer treatment [90].

Another study has reported the synthesis of stable ZnONPs utilizing the leaves extract of
Aloe Vera. The synthesized ZnONPs were characterized using Photoluminescence, FTIR,
UV-Vis, TEM, SEM and XRD. After characterization, it was revealed that the
nanoparticles were spherical in shape and varied size (25-40 nm) [91].

A study was conducted to compare the possible effects of synthesized metal nanostructures
and their bulk counterparts on plants and a variety of Silver (Ag), Gold (Au), Copper (Cu)
and Silicon (Si) NPs were considered. The NPs analyzed in this study were synthesized by
utilizing the biomass of the zucchini plant; their effects were studied at two different
concentrations namely 250 and 750 mg/mL. It was concluded that AuNPs do not exert any
significant effect on the plants. Approximately 80% of the bulk Au as a metal was
deposited in the plants than did AuNPs. This implies that the choice of solution influences
the NPs and that the AuNPs possess distinct phytotoxic effects [92].

In another study into the synthesis of CuNPs, leaf extracts from Vitis vinifera were used to
reduce copper sulfate to CuNPs. In UV-Visible spectrum, an integration peak at 384 nm
corresponding to the SPR of CuNPs was observed. The highest inhibitory zone was
observed when the CuNPs were applied against S. aureus [93]. In another study, the

reduction of copper sulfate was carried out using the aqueous leaves extract of Nerium
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oleander for forming CuNPs. Characterization of synthesized nano-particles was
performed through UV-Vis and FTIR analysis. The synthesized CuNPs exhibited
impressive antibacterial activity against K. pneumonia, E. coli and S. aureus [94]. The
synthesis of ZnONPs was carried out using leaf extract of Hibiscus rosa-sinensis and was
characterized through XRD and SEM [95].

ZnONPs obtained using extract from the leafs of M. oleifera were characterized using
different techniques; Field Discharge Examining Electron Microscopy (FE-SEM), UV-Vis
spectroscopy, XRD, EDX, FTIR and Photoluminescence Spectroscopy (PL). The
synthesized ZnONPs (200 pg/mL) exhibited maximum antibacterial activity against Gram-
positive, followed by Gram-negative bacteria and fungi [96].

Another study showed that small ZnONPs, obtained from Hibiscus sabdariffa, had better
effect on diabetic mice as compared to large ZnONPs. Analysis by both Enzyme Linked
Immuno Sorbent Assay (ELISA) as well as Real Time PCR (RT-PCR) has shown that ZnO
can induce the expression of insulin receptors, Th1, Th2 cells and other diabetes-associated
genes of the pancreas [97].

One researcher utilized the leaves extract of Ocimum tenuiflorum for the synthesis of
ZnONP (13.86 nm). The characterization of the resultant ZnONP was carried out by SEM,
XRD and FTIR [98].

One study reported using of the fruit extracts of F. carica as a reducing agent for the
synthesis of AgNPs. The synthesized AgNPs were characterized using UV-Vis
spectroscopy, FTIR, FE-SEM and XRD. The particle size was determined to be in the
range of 20-25 nm. The antimicrobial action of AgNPs was evaluated against both Gram
negative and positive bacteria and it was determined that AgNPs synthesized using the fruit

extract exhibited superior antimicrobial activity as compared to AgNPs synthesized by the
EDTA method [99].

24




Chapter 1 Introduction and Literature review

Bashir ef al. conducted a study that used aqueous leaves extracts from Mentha spicata
Agave americana and Mangifera indica for the synthesis of AgNPs. The AgNPs were
characterized using UV-Vis spectroscopy, XRD, EDX, TEM and SEM revealing the size
of synthesized nanoparticle in the range of 30-150 nm. The AgNPs were screened for
biological activity and results revealed significant phytotoxic effect with no
hemagglutination activity [100].

In another study the researchers focused on making AuNPs and AgNPs by utilizing leaves
and bark extracts of the F. carica. The leaves and bark were observed to act as the reducing
and capping agents capable of quickly reducing to auric particles and silver particles. The
synthesized nanoparticles were characterized using UV-VIS spectroscopy and Scanning
Tunneling Microscopy (STM) [101].

A rapid and eco-friendly method for synthesis of AgNPs utilizing E. japonica leaves
extract has also been described. The impact of the leaf concentrate, silver nitrate
concentration, response time and temperature on the synthesis of AgNPs were studied.
Biosynthesized AgNPs were described by UV-Vis spectroscopy, XRD, and FTIR. The
antibacterial action of biosynthesized AgNPs indicated a good inhibitory effect against
water borne pathogens such as Shigella and Listeria [102].

AuNPs were also synthesized by using leaves and fruits pulp of Artocarpus lakoocha and
E japonica. The characterization was done through the TEM, FTIR and UV-Visible
spectroscopy and revealed size of 15.06, 36.8, and 25.08 nm, respectively [103].

AgNPs synthesized using methanolic leaf extract of Litsea reticulata were characterized by
UV-visible spectroscopy, TEM, and XRD. The synthesized AgNPs were evaluated for
their antimicrobial and antioxidant activity and were observed to exhibit promisingly

robust activity. Furthermore, the in vitro cytotoxic impact of the AgNPs was evaluated
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against the HCTI1S cell line and tumor cells viability was affirmed using the MTT assay
[104).

Bark of Boswellia ovalifoliolata was used to synthesize AgNPs, which were then
characterized by UV-Vis, SEM, and FTIR [105]. These AgNPs were screened for their
effect on germination and seed growth. Seeds were placed in Murashige and Skoog (MS)
medium in presence of the AgNPs and it was observed that germination efficiency was
approximately 90% as compared to the control, where only 70% germination was
observed. This can be attributed to the fact that AgNPs can enter the seed and cause
activation of the embryo. It was found that seed sprouted on 7% day in test tubes containing
AgNPs, whereas those in the control tubes germinated on 15" day. Seed germination
completed between the 7" and 10® day in case of medium that contained AgNPs. The
length of seedling was 10.6 cm in experiments wherein the seeds were treated with 30
mg/mL of AgNPs. This technique has the potential to prove invaluable in augmenting the
population of the trees, which are on the verge of extinction. Almost 11 wetland plants
species were exposed to Gum Arabic coated silver nanoparticles (GA-AgNPs) and
polyvinyl pyrrolidine-coated silver nanoparticles (PVP-AgNPs) in an attempt to
investigate their germination and growth profile. It was found that GA-AgNPs had a
significant impact on the germination of various plant species while PVP-AgNPs had no
measurable effect. From the findings of the study, it was concluded that GA-AgNPs had
superior effect on growth of seedlings when compared to AgNO; which proves that the
positive effect of the AgNPs was not purely due to ionic silver content [106].

We are using plant based products against economically important insects and vectors. It
has been found in many studies that phytochemicals have the ability to regulate insect
growth, repel insects, kill larvae, and works as ovipositional attractants and thereby effect

preventive actions [107). Plants are constantly attacked by insects that feed on them as a
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main source of diet. For example, Tribolium castaneum (adult and larvae) is an insect that
primarily attacks stored grains [108]. It discards its exoskeleton during the growth phase
and pollutes the flour by feces deposition thereby causing both qualitative as well as
quantitative losses of stored grains. An infestation by this insect changes the flour quality
by making it moldy, grey in color with an odor that is unsuitable for human consumption
[109]. In China, the bark of roots and leaves of many plants are used for protection against
the insects that can damage stored grains; examples of such insects include Pieris rapae
(Lepidoptera: Pieridae), and Platyedra gossypiella (Lepidoptera: Gelechiidae) [110].
Different extracts of Ailanthus altissima were evaluated for their insecticidal activity
against T. castaneum [111] and Acalymma vittata (striped cucumber beetle) [112], and
promising results were obtained. Tsao e al. 2002 [113] evaluated the aqueous extract of A.
altissima against the larvae of Aedes aegypti and noted that the extract demonstrated a low
activity.

A novel area in the field of metal nanotechnology is surface modification wherein ligands
arc added to NPs. A large variety of functional groups are used for this purpose. These
functional groups change the chemical properties of NPs by forming either covalent, non-
covalent or both type of bonds between NPs and surface ligands [114,115]).

Saponins have been found to have an anti-feedant ability and kill insects by interfering
with their digestion process [116,117]. The anti-feedant potential of saponins is by virtue
of their ability to reduce absorption of sterols. Insects obtain sterols from external sources
as they are unable to synthesize it. Saponins exert their effect by decreasing sterol
absorption by insects which affects the formation of ecdysteroids and hydroxyecdy steroids
needed for molting. Saponins have been found to naturally occur in various plant families
such as Alliaceae, Leguminosae, Solanaceae, Theaceae and Chenopodiaceae [118-1 19].

Heterotermes indicola (termites) are classified under the group Isoptera. They are pale in
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color, delicate in description and their primary diet is composed of cellulosic materials
[120]. They colonize both dry and moist wood and are responsible for its decay. The
colony consists of soldiers, workers, reproductive forms and immature individuals.
Reproductive forms are of two types: primary and supplementary. The primary forms
include both the king and queen; they are completely developed and have wings as well as
pigmented bodies. The life span of the queen is 25 years and she is capable of laying about
3000 eggs per day [121]. As a consequence of the above, within 4-5 years, almost 60,000
to 200,000 workers are produced and the size of colony greatly increases. Each colony has
one pair of primary reproductive forms, which are replaced by supplementary forms upon
the death of the former. The supplementary reproductive forms have reduced pigmentation
on their bodies and while they may have wings, their size is greater than the workers
present in colony. Both workers as well as soldiers are without eyes and wings [122].
Keeping in view their economic importance, a large number of studies have been
conducted to investigate and identify medicinal plants that could have a potentially
damaging effect on termites. Ravi er al. 2010[123] screened various organic extracts of the
Capparis decidua against the Indian white termite (Odontotermes obesus). The results

revealed that the extracts were highly toxic to O. obesus.
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Aims and Objectives

The aims and objectives of the current study are as follows:

- Preparation of Copper and Zinc nano-particles using aqueous extract from the leaves of E.
Japonica and F. carica, respectively.

. Characterization of the bioinspired nano-particles using techniques such as: Fourier
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscope (SEM), Energy
Dispersive X-ray, (EDX), X-Ray Diffraction (XRD) and Thermo gravimetric (TG) and
Differential Thermal Analysis (DTA) TG/DTA.

. Optimization of the biosynthesis process by analyzing effect of variable parameters such as
temperature, pH and time.

. Determination of the biological impact (antibacterial, antifungal, hemagglutination,
antioxidant, cytotoxic, phytotoxic, anti-termite and larvicidal) of the nano-particles and a

comparison between the usages of different leaf fractions.
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Exﬁrimental

2.0 Materials and Methods
2.1 Instruments and Glass wares
Autoclave, Laminar Flow Hood (LFH), Oven, Incubator (15-60 °C), analytical balance
(Shimadzu AX-200), UV spectrophotometer (Shimadzu UV-1800), test tubes, volumetric
flasks, beakers, Petri plates, aluminum foil, para-film, graduated cylinders, inoculation
loop, cotton and culture swabs were used at different stages of the experimental work.
2.2 Chemicals and reagents
All the chemicals and reagents (Merck and Oxoid) were used in the current experimental
work were of analytical grade. The main chemicals and media used were: Nutrient broth,
Nutrient agar, Sabouraud Dextrose Agar (Oxoid), methanol, ethanol, ethyl acetate
(E10Ac), CuS04.7H;0 and ZnS04.5H,0 (Merck).

2.3 Collection and Identification of Plants Leaves

Fresh leaves of F. carica (Voucher No.Botany/16789) were collected from Pakistan

Council of Scientific and Industrial Research (PCSIR), Peshawar, Pakistan and were

identified by Prof. Dr. Abd-ur-Rashid, Department of Biodiversity, University of
Peshawar. The collected leaves were washed with water prior to being dried in shade. The
_ _ dried leaves were ground to a fine powder using an electric grinder. Same procedure was
: . followed for E. japonica (Voucher No.Botany/17899).

2.4 Extraction

The powdered leaves of E. japonica were soaked in methanol, ethanol and EtOAc in
scparate flasks for 48 hours. After soaking, all the filtrates were concentrated using a rotary
evaporator under reduced pressure to get crude methanolic (Cr. Met. Ext), ethanolic and

EtOAc extracts. The crude extracts, so obtained, were kept at 4°C until required. The same
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protocol was followed to obtain Cr. Met. Ext, ethanolic and EtOAc extracts of F. carica.

2.5 Phytochemical Screening

The selected plants were screened for various classes of secondary metabolites;
anthraquinone, alkaloids, phenols, glycosides, tannins, flavonoids, terpenoids, steroids and
saponins.

2.5.1. Alkaloids

For the selected plant sample in question, a test solution was prepared by dissolving 0.2 g
in 3 mL of n-hexane. The mixture was shaken well prior to being filtered. Five milliliters
of 2% HCI were added to the filtrate and then addition of few drops of picric acid was
carried out. The appearance of a yellow colored precipitate is indicative of the presence of
alkaloids in the test sample [124].

2.5.2. Anthraquinone

The test sample (0.5g in 10% HCI solution) was boiled for a few minutes in a water bath.
After boiling, the mixture was cooled to room temperature followed by filtration and
CHCI; addition to the filtrate. The appearance of a rose-pink color upon heating was taken
as indicative of the presence of anthraquinone after addition of few drops of 10% ammonia
[125].

1.5.3. Glycosides

The test sample was mixed with few drops of ferric chloride and glacial acetic acid
solution. This was followed by the addition of concentrated sulfuric acid and the sample
was observed two layers” formation. The lower layer acquired a reddish brown shade while

the upper acetic acid layer tumed bluish green is indicative of glycosides [125].
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2.5.4. Saponins

One milliliter of the test sample was added to 20 mL of distilled water; the mixture was
shaken well for about 15 min. Formation of a layer of foam on the top is indicative of a
positive result [125].

2.5.5. Flavonoids

0.2 g of the crude extract was dissolved in diluted Sodium hydroxide followed by the
addition of a few drops of HCI. The transient appearance of a red-yellow color is
confirmatory for the presence of flavonoids [125].

2.5.6. Steroids

Crude plant extract (1 mg) was dissolved in 10 mL of CHCI; followed by the addition of
equal volume of concentrated H,SO; to the test tube from the side. If the test sample is
positive for the presence of steroids then the upper layer in the test tube will turn reddish
while the lower H,SO, layer appears yellow with a green fluorescence [124].

2.5.7. Terpenoids

In CHCl; (2mL) and concentrated H;SO4 (3mL), the crude extract (2g) was added. The
sample was rested until the appearance of a layer. A reddish-brown color is a positive
indicator for the presence of terpenoids [125].

2.5.8. Carbohydrates

Molisch’s test was used to confirm the presence of carbohydrates. The Cr. Ext was
dissolved in distilled water followed by addition of Molisch’s reagent and concentrated
H:S0; (1 mL). Before dilution by distilled water (5 mL), the mixture was allowed for 2

minutes. A dull violet or red color formation is confirmatory for the presence of

carbohydrates [126].
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2.6 Synthesis of Nanoparticles

2.6.1 Synthesis of ZnNPs

Leaves of E. japonica (25 g of dried powder) were extracted in distilled water (500 mL) by
heating for 30 minutes. 5 mL of the extract was added to 95 mL of 1Mm ZnSO:.5H,O. This
solution was kept in a 75°C water bath for 4 h with constant stirring. The change in color from
dark to light brown is indicative of Zinc nanoparticles (ZnNPs) formation. The characterizations
of synthesized ZnNPs were carried out by Scanning Electron Microscope (SEM), Fourier
Transform Infrared Spectroscopy (FTIR), X-Ray Diffraction (XRD), Energy Dispersive X-
ray, (EDX) and Thermo gravimetric (TG) and Differential Thermal Analysis (DTA)
TG/DTA.

2.6.2 Synthesis of CuNPs

Leaves of F. carica (25 g dried powder) were extracted in distilled water (500 mL) by heating for
30 minutes. Five mL of the extract was added to 95 mL of 1Mm CuS0..5H;O solution. This
solution was kept in a 75 °C water bath for 4 h with constant stirring. Change in color from dark
green to light brown is indicative of the formation of CuNPs. The synthesized nano-particles were
characterized using FTIR, SEM, EDX, XRD and TG/DTA

2.7 Conditions Optimization for Bio-inspired Synthesis of ZnNPs and CuNPs

To refine and streamline the synthesis of the nanoparticles as well as to augment the
reproducibility of the methods, parameters such as temperature, time and pH were
optimized.

2.7.1. Temperature

The optimization of temperature for the synthesis of ZnNPs and CuNPs was attempted at
the following temperatures: 25, 35, 45, S35, 65, 75 and 85°C. UV-Visible
spectrophotometers was used to monitor the formation of nano-particles by measuring

absorbance at 455 and 426 nm for ZnNPs and CuNPs, respectively.
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2.72. pH

The optimization of pH for the synthesis of ZnNPs and CuNPs was accomplished at
various pH values; 4, 5, 6, 7 and 8. HCI (0.1 N) and NaOH (0.1 N) were used for
adjustment of pH. UV-Visible spectrophotometry was used for monitoring synthesis by
measuring the absorbance of ZnNPs and CuNPs solutions.

2.7.3. Time

For time optimization, the synthesis of ZnNPs and CuNPs was conducted in the time range
of 1,2, 3,4 and 5 h. Absorbance was used to monitor the formation of ZnNPs and CuNPs
as described previously.
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2.8 Characterization of Synthesized ZnNPs and CuNPs

2.8.1. UV-Vis Spectrophotometer

A dual beam UV-1100 Shimadzu spectrophotometer was used to confirm the formation of
ZnNPs and CuNPs. Aqueous plant extracts of E. japonica and F. carica were diluted with
distilled water for the purpose of scanning in the spectrophotometer. The extracts were
scanned in the wavelength range of 300-600 nm to observe for the peaks characteristic for
ZnNPs and CuNPs.

2.8.2. Fourier Transform Infrared Spectroscopy

The FTIR spectrum of ZnNPs and CuNPs from E. japonica and F. carica were obtained by
FTIR Prestige—21 Shimadzu Japan. The scanning was carried out from 3900-500 cm™ at a

resolution of 4 cm™ for 10 scans and the obtained data was analyzed by IR solution

software.

2.8.3. Scanning Electron Microscope (SEM)
; For sample preparation, a minute quantity of ZnNPs and CuNPs powder was re suspended
in distilled water and dried on a copper grid carbon with the help of hot air (5060 °C: 5

minutes). This leads to the formation of a thin film coating. Using gold coating through a

o

sputter coater (SPI, USA) for 120 s at 30 mA, the images were obtained by Scanning

e el b s bbbl 2

Electron Microscope (SEM JSM-5910 Japan).

| 2.8.4. Energy Dispersive X-Ray (EDX) Analysis

b EDX paired with SEM JSM-5910 JEOL, Japan, Model No. INCA200 was used to study
% the elemental composition of ZnNPs and CuNPs. Onto dual sided gummed tape, the

synthesized particles were spread and then placed over a microscopic end made of

aluminum (Al).
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2.8.5. X-ray Diffraction (XRD) Analysis

X-ray diffraction is a technique useful for measuring size and shape. In this study, an X-
Ray Diffractometer (JDX-3532, JEOL Japan) was used for analyzing the ZnNPs and
CuNPs. A layer of ZnNPs and CuNPs was prepared by dipping a glass plate into the
respective solution. The diffracted intensities were figured at 20 angles at 0.02 °/min with a
time constant of 2s from 10° to 80°. Measurement condition were; 30 mA current,
wavelength of 1.5418 A® in 8- 2 8 configuration and voltage (V) ranging 2040 kV in the
presence of Cu Ka radiation. For determining the crystalline domain, XRD peak width was
used. For application of the Scherrer’s formula, it was assumed that the ZnNPs and CuNPs
are free commencing non-uniform strains

D=094L/BCos 0

f# = full width at half maximum (FWHM)

D = crystalline domain size (mean) at right angles to the reflecting planes

&= Diffraction angle.

b= X-ray wavelength

2.8.6. Thermogravimetric/Differential Thermal Analysis (TGA/DTA)
For determining the physical and chemical properties of the synthesized ZnNPs and

CuNPs, Simultaneous Thermo-gravimetric and Differential Thermal Analysis (Shimadzu

DTG-60/DTG-60A) was used. By increasing the temperature, mass gain and loss of
synthesized nanoparticles was analyzed.
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2.9 Biological activities

2.9.1 Antibacterial activity

The crude methanolic, ethanolic and EtOAc extracts as well as the ZnNPs and CuNPs were
screened for antibacterial activity. The test pathogens include Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, Morganella morganii, Acinetobacter

baumannii, Proteus vulgaris and Methicillin Resistant S. aureus (MRSA)).

Experimental Procedure [127]

Nutrient broth and nutrient agar media were prepared, autoclaved and checked for sterility
by incubation at 37°C for 24 h. The test bacterial cultures were refreshed in sterile nutrient
broth and these cultures were then used to make a uniform bacterial lawn on sterile nutrient
agar plates. A sterile borer was used for making wells (6 mm) in the plates after
introduction of the test cultures. Then, 100 pL each of the test samples (3 mg/mL) stock
solution prepared in DMSO) was added to their respective well using a micropipette
followed by incubation for 24 h at 37°C. Amoxicillin served as positive control while
DMSO was used as a negative control. The percent zone of inhibition of the test samples

was measured in millimeters with reference to the positive control.

Percent zone of inhibition: Zone of inhibition of test sample X 100
Zone of inhibition of the standard
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2.9.2 Antifungal Bioassay

The antifungal activity of all crude extracts along with the synthesized ZnNPs and CuNPs
were evaluated against the following selected fungal strains: Penicillium notatum,
Aspergillus niger, Aspergillus parasiticus, Hemimycena pseudocrispula, Verticillium
longisporum and Penicillium chrysogenum.

Stock solutions of the test samples were prepared in DMSO (24 mg/mL). All the selected
fungal pathogens were refreshed on SDA. The SDA media (4 mL) was introduced into test
tubes and autoclaved. When the temperature reached approximately 50 °C, 67 uL of each
stock solution was introduced into their respective tubes. The test tubes were kept in
slanted position and were checked for sterility by incubating it at 37°C for 24 h. The test
tubes were inoculated with fungal strains, the next day and incubated at 28 +1 °C for 7
days. The percent linear non-mycelial growth (mm) was measured in comparison with

standards.

Percent linear growth inhibition = Linear growth in test sample X 100

Linear growth in control

Ut i g gt e kil ol L

38




3
[.

3
s

Cohi p b e e st s

oA Fe T ) LA R LWL A TN i,

Chapter 2 Materials and Methods

2.9.3 Insecticidal Activity

The contact toxicity assay was used to evaluate the insecticidal activity of crude
methanolic, ethanolic, EtOAc, ZnNPs and CuNPs of the selected plants against Tribolium
confusum, Callosobruchus maculatus and Tribolium castaneum [128).

The selected insects were reared under controlled conditions using breading media in
plastic bottles. Insects of a uniform size were selected for the experimental studies. Two
hundred mg of the test samples was prepared in methanol to make stock solution. Filter
paper of the size of the Petri plate was cut and placed on the plate prior to the introduction
of the test sample. The solvent was allowed to evaporate and 10 healthy insects of uniform
size were introduced into the respective plates. The plates were incubated in growth
chambers at 27°C with 50% relative humidity for 24 hours. The results of this activity were
recorded by counting the number of survivors in each plate to determine percent inhibition

or mortality with Permethrin (235.9 pg/cm®) served as positive control.
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2.9.4 Anti-Termites Bioassay

Materials

Heterotermes indicola, test samples (Cr. Met. Ext, ethanolic and EtOAc extracts, ZnNPs
and CuNPs), blotting paper, Petri plates, desiccators and magnifying glass.

Procedure

Anti-termite bioassay was performed as per the procedure described by Salihah er al.
[129], by cutting the blotting paper of the size of Petri dish. The blotting paper was
immersed in the stock solution (2 mg in methanol) of the test samples. The solvent was
allowed to evaporate from the blotting paper. H. indicola (10 in number) was then
transferred to the Petri dish using a brush. The Petri plates were then incubated in a
desiccator till all the termites were dead. The experiments were conducted in triplicate and

results were measured by counting number of survivors.
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2.9.5 Phytotoxic Assay

The test samples (plant extracts, ZnNPs and CuNPs) were screened against Lemna minor
for their phytotoxic potential as per previously published procedure [130]. Stock solutions
of the test samples were prepared in methanol (20 mg). From the stock solution (20mg in
methanol), 1000, 100 and 10 puL were introduced into their respective volumetric flasks.
After the solvent was evaporated, E-media (20 mL) with sixteen healthy plants were
introduced into respective flask and incubated for in a growth chamber at 28 +1°C for
seven days. The number of damaged plants was counted to determine the phytotoxic

potential of the test samples.
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2.9.6 Haemagglutination Activity

Materials

Blood samples of all ABO groups, Dipotassium Hydrogen Phosphate (K;HPO;), Disodium
Hydrogen Phosphate (Na;HPOy), test tubes, centrifuge and incubator. The human blood
samples were taken after ethics committee approval.

Procedure

The phosphate buffer was prepared by separately dissolving 0.453g of K;HPO; and 0.47g
of Na;HPOy in 50 mL of distilled. The solutions were then mixed in a 3:7 ratios. Stock
solution (1 mg test sample in 1 mL of DMSO) was prepared and different dilutions were
then prepared; 1:2, 1:4, 1:8 and 1:16. RBC’s were obtained by centrifuging fresh blood
collected from the healthy individuals. Each of the test sample (ImL) and 2% RBC
suspension (in phosphate buffer) was mixed and incubated for 30 minutes at 37°C. After
incubation, centrifugation was performed and checked for smooth and rough button

formation which indicates negative and positive results [130].
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E japonica and F. carica belongs to the families Rosaceae and Moraceae, respectively and
are important medicinal plants. Ethnobotanical studies and previous literature have
documented an array of biological uses of these plants, including antimicrobial,
antidiuretic, anticancer and many more. Since potential therapeutic applications of these
plants have been developed, we attempted to synthesize CuNPs and ZnNPs from these
plants, using standard procedures. The synthesized NPs and other organic solvent extracts
were also screened for various pharmacological activities including antimicrobial,
phytotoxic, insecticidal, anti-termite and haemagglutination.

3.1 Extraction and phytochemical screening

The leaves of E. japonica and F. carica were collected from the Pakistan Council of
Scientific and Industrial Research (PCSIR) Labs, Peshawar. They were further dried and
ground into a fine powder (500 gm). The powdered leaves (200gm) of the selected plant
were extracted in mcthar;ol, ethanol and EtOAc, yielding crude methanolic (15 gm),
ethanolic (11 gm) and EtOAc (11 gm) fractions, respectively.

Both the F. carica and E. japonica were qualitatively screened for the existence of
secondary metabolites. Both the plants were found to contain terpenoids alkaloids,
glycosides, anthraquinone, saponins, flavonoids and steroids (Table 3.1).

Different reducing agents and phytochemicals in the plant extracts are responsible for the
synthesis of NPs. The main constituents that are responsible for reduction of ions are
terpenoids, carboxylic acids, amides, aldehydes, carboxylic acids, flavones, organic
acids, and quinones. A previous study has revealed that in xerophytes, anthraquinones such

as emodin, are responsible for the synthesis of AgNPs [131].




Results and Discussion
Table 3.1: Qualitative | E. japonica F. carica
Phytochemicals profile
E.  japonica and F.
caricaConstituents
Terpenoids + +
Alkaloids + +
Glycosides » i+
Anthraquinone C - <~
Saponins - i
Flavonoids - +
Steroids + -
Carbohydrates - <3

Present: +, Absent: -
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3.2 Synthesis and condition optimization of ZnNPs

Bio-inspired synthesis of ZnNPs was achieved using the aqueous extract of E. Japonica. In
mﬂmﬁmmmammmmmukmumm
indicating the formation of ZnNPs. The following paragraphs describe the optimization of various
conditions, for maximum production of ZnNPs.
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3.2.1 Temperature

Temperature plays a key role in the synthesis of NPs; therefore, determination of the
optimum temperature for effective synthesis of ZnNPs is essential. To achieve this, the
synthesis was carried out at various temperatures ranging from 25 °C to 85 °C. The
formation of NPs was monitored using UV-visible spectrophotometry at a maximum
wavelength of 455 nm (A max). For ZnNPs, the highest absorbance value recorded was
0.65 at 75 °C (Figure 3.1). The absorbance values recorded at other temperatures were 0.3
at 25 °C, 0.43 at 35 °C, 0.44 at 45 °C, 0.46 at 55 °C, 0.52 at 65 °C and 0.58 at 85 °C (Figure
3.1). A similar study has been reported for the synthesis of AgNPs, where an increase in
the incubation temperature to a particular value, results in increased synthesis, making it
in line with our study [132]. NPs prepared at elevated temperature exhibit surface plasmon
resonance (SPR) at narrow absorption range, indicating monodispersity. In another study,

raising the temperature from 25 °C to 45 °C enhance the synthesis of AgNPs, but any

further increase in temperature resulted in decreased absorbance [133].
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Figure 3.1: Optimization of temperature for the synthesis of ZnNPs
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322.pH

To determine the optimum pH for effective synthesis of ZnNPs, synthesis was carried out at
various pH levels ranging from 4-8. The best results were obtained for ZnNPs synthesized
at pH 7, at which a highest absorbance value of 0.6 was recorded (Figure 3.2). The
absorbance values recorded at other pH levels were 0.3 at pH 4, 0.42 at pH 5, 0.52 at pH 6
and 0.43 at pH 8. pH is an important factor in determining the size and shape of NPs. Low
pH is required for the synthesis of larger NPs, while high pH results in the formation of
smaller NPs [128, 133]. At low pH, nucleation process takes place, resulting in the
aggregation of ZnNPs to form larger NPs; while at high pH there is no aggregation, resulting
in smaller sized NPs [134].
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Figure 3.2: Optimization of pH for the synthesis of ZnNPs
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3.2.3. Time

To optimize the reaction time for maximum yield of NPs, the synthesis of ZnNPs was
accomplished in a time range of 1, 2, 3, 4 and 5 h. Highest absorbance value of 0.6 was
obtained at the reaction time of 4 h (Figure 3.3). Increasing the reaction time over 4 h
resulted in decreased absorbance. The absorbance values at other time durations were 0.49
at 1'h, 0.1 at 2 h, 0.18 at 3 h and 0.49 at 5 h. Other studies have reported that the NPs
formed after 36 h of incubation are unstable in nature [133]. These findings were
consistent with the conclusions drawn earlier [135]. With the passage of time, more
AgNPs are formed. An optimum incubation period is required for the synthesis of AgNPs,
which results in the aggregation of AgNPs to form large sized NPs. Contrary to our results,
another study reported the optimum time period needed for the successful synthesis of NPs
as 1 h [136]. It was observed that till 30 min there was no formation of NPs, however,
formation started quickly after 60 min and completed within 5 h, making it in line with our
study [137].
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3.3, Characterization of Synthesized ZnNPs

3.3.1. Ultra Violet-Visible Spectroscopy

The aqueous extracts were characterized by scanning the wavelength emission over the
range of 300-600 nm, to observe the absorbance peaks for ZnNPs. The steadiness and
formation of NPs in aqueous solution was confirmed with the help UV-visible
spectroscopy. A broad peak was found at 455 nm, clearly indicating the formation of
ZnNPs (Figure 3.4). In accordance with previous studies, a broad peak was observed for
formation of CuNPs with less reducing agent (1G). With a limited quantity of reducing
agent, the peak intensity gradually increases; additionally the peak fluctuation was
minimum as compared to peaks with more quantity reducing agent, which intensify the
requirement of minimum threshold amount of reducing agent for the effective formation of
the particular NPs [138].

In an carlier study, the UV-vis spectra of ZnONPs prepared with 0.5% soluble starch was
analyzed. The absorption peak was detected at a wavelength of 360 nm. A significant
widening in peaks was observed between 350480 nm, revealing that the NPs were
polydispersed [141].
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332 FTIR Analysis

I'he functional group identification in the active ingredients was done with the help FT-IR
spectral analysis as shown in Figures 3.5-3.8. Strong absorption bands observed at 3298.28
and 3338 cm'in the IR-spectrum are due to the stretching vibrations of hydroxyl (OH) or
carboxyl (COOH) groups. The absorption band appeared at 1593 cm™ is believed to be
associated with stretching vibration of C=C bonds. Absorption peaks at 1116.78 and 1386
¢m’' are attributed to n-plane C—H bending vibration and tertiary alcohol. Due C—O
stretching vibration, peak appeared at 1066 cm™, which indicates the presence of epoxy or
alkoxy group. The peak due to C-N stretch (aliphatic amines) appeared at 1083 cm™ while,
at 653 cm™' might attributed to Zn (Figures 3.5- 3.8). The number and location of the
functional hydroxyl (OH) groups on their phenolic ring are responsible for their toxicity,
which increases with an increase in the number of OH groups [139]. These results can be
compared to that of a previous research, where the FTIR spectrum of ZnO NPs was
studied. It revealed an absorption band at 3458.04 cm™, because of the presence of O-H
group. Absorption at 1625.35 cm™ in the IR region corresponds to the N-H group, while
the one detected at 1418.86 cm™ corresponds to the C-C group, confirming the presence of
alcohol (R-OH), carboxylic acid (R-COOH), ethers (R-O-R) and esters (R-CO-R). The

absorption peak at 875.23 nm confirms the tetrahedral dexterity of Zn [98].
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3.3.3 Scanning Electron Microscope (SEM)

SEM is a type of electron microscope that scans a focused beam of electrons over a surface
to form an image. These electrons interact with the sample surface, producing various
signals that can be analyzed to provide useful evidence about the composition and surface
topography.

The surface morphology and particle size of the synthesized ZnNPs was determine, using
three different magnification powers (X=15000, 30000 and 50000) where, enhancing the
magnification lead to more prominent images of the NPs. The size of ZnNPs ranged
between 96-136 nm (Figures 3.9-3.11). In previous studies, some researchers have
prepared and reported ZnNPs in the size range of 53-65 nm and 44-62 nm [140].

SEM images of ZnO NPs were prepared through green synthesis and chemical synthesis
methods, using 10% fruit extract. These revealed an extremely dense image of ZnO NPs

(particle size range: 60—100 nm), consistent with our findings [141].
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Figure 3.9: ZnNPs at 15000x
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Figure: 3.10: ZnNPs at 30000x

Figure 3.11: ZnNPs at 50000x
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3.3.4 Energy Dispersive X-ray Analysis

This technique is commonly used to identify the existence of various elements in at
sample. In the present work elemental Zn was confirmed from the EDX profile showed, a
signal found at 8.2 keV showing elemental Zn (Figure 3.12). Furthermore, the EDX profile
of ZnNPs showed absorption bands at 0.6 keV for Magnesium, 1.2 for Silicon, 1.9 for
Sulfur, 2.9 for Potassium, 2.2 for Chlorine and at 3.3 for Calcium (Figure 3.12).

The ZnNPs were found to comprise percent composition of C (41.10), Cu (47.06), Mg
(0.79), S (3.66) and O (4.28), respectively by weight, while were found to contain 51.40,
44.18,0.49, 1.72 and 1.01 percentage of above elements respectively. The EXD provided an
intense peak for Zn, followed by C. The ZnNPs were found to be 42.20% by mass and 45%
by atomic level, while the other elemental composition of ZnNPs included C, Zn, Mg, S
and K as 45.23, 42.20, 1.06, 2.56 and 2.59%, respectively. Their atomic percent
composition was found to be 42.36, 45.23, 0.65, 1.20 and 0.98, respectively.

The present study can be compared to a previous study, where EDX plot analysis
demonstrated that Zn and O are present in the sample. The graph of EDX detected the
presence of C, Si, and Ca in the EDX image of Zn NPs. This may be due to the substrate

on which the NP sample was placed during SEM examination [141].
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Table 3.2: ZnNPs Mass and Atomic weight percentage

Name of Element Mass (%) Atom (%)
CK 45.23 42.36
Zn K 42.20 4523
Mg K 1.06 0.65
SK 2.56 1.20
KK 2.59 0.98
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Figure 3.12: EDX spectra of ZnNPs




Chapter 3 Results and Discussion

335 X-ray Diffraction

The XRD pattern of ZnNPs, using aqueous leaf extracts of E. japonica (Figure 3.13). The
indexing of the diffraction pattern is done and Miller Indices (h, k 1) were assigned to each
peak, while degree of crystallinity of ZnNPs was determined from the peak intensity.
Debye-Scherrer formula was used to estimate size of the ZnNPs and was found to be 33
nm.

£ japonica was found effective to stabilizes and reduce the Zn ions to their corresponding
ZnNPs, as showed by the XRD pattern (Figure. 3.13). Strongest peaks of ZnNPs were
observed at around 26 values of 38°, 44° and 69° corresponding to the crystallographic
planes (002), (101) and (103,110), respectively. The intense peaks observed in XRD
proved the presence of ZnO NPs. Impurity peaks were observed in the XRD pattern. Peaks
corresponding to ZnONPs were observed at 20 = 31° and 57° while average particle size
was 33 nm, based on the angular position of Bragg peaks. Hence, this study confirms that
extracts of E. japonica can reduce Zn ions into crystalline ZnNPs. These results were
similar to the results obtained from previous XRD studies of ZnNPs [142]. The XRD

pattern of ZnNPs was found in close proximity with the published XRD pattern for the
ZnONPs [143].
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3.3.3 Differential Thermal Analysis (TG/DTA)

IG/DTA was employed to analyze the mass losses at different temperatures for ZnNPs.
I'he results demonstrated that with an increase in temperature in the range of 40-1000 °C,
there is a reduction in the mass and activity of compounds, thereby concluding that ZnNPs
arc thermally sensitive. The characterization of synthesized ZnNPs was carried out by
TG/DTA technique. The TG/DTA analysis was done in temperature ranges from 48.3
101020 °C, using the TG/DTA thermal analyser instrument. A ceramic (Al;03) crucible
was utilized as a source of heat in N; environment, and the readings were recorded at a
heating rate of 10°C/min. The TGA / DTA curves of bio-inspired ZnNPs are shown in
Figure 3.14.

The TGA curve in Figure 3.14 shows that at 250.100, 100.034 and 45.134 °C, the weight
reduction of ZnNPs was 5.710, 5.890 and 6.100 mg, respectively. It does not show any
prominent reduction in weight. The significant weight reduction started from 400 to
$60.324 °C and weight reduced from 4.001 to 2.103 mg, but no further weight loss beyond
600°C. This weight reduction was correlated to the organic matrix ignition, which behaved
as a capping and stabilizing agent. It was concluded that the heating processes might be
connected through the leftover carbon residue and the organic matrices burning.

A previously reported study showed that TG-DTA analysis of ZnNPs have an initial
weight reduction in the range of 30-100°C, the highest being 17.87 % at 150-280 °C,
showing the presence of ZnONPs [144]. In another study, the combined pattern of TGA

and DTA curves discovered the undoped and Zn®* (4%) doped NPs. The DTA analysis
showed a strong exothermic peak at 328°C [145].
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3.4 Synthesis and Conditions Optimization for CuNPs
Aqueous extracts of F. carica leaves were utilized for the synthesis of CuNPs using a standard
procedure. The color change from deep green to light brown revealed the formation of CuNPs.

The different conditions that were optimized for the maximum synthesis of CuNPs have been
described below.

141 Temperature

Temperature plays a key role in the synthesis of NPs; therefore, determination of the
optimum temperature for effective synthesis of CuNPs, is essential. In order to achieve this,
synthesis was carried out at various temperatures ranging from 25 °C to 85 °C. The
formation of the CuNPs was monitored using UV-visible spectrophotometry at a maximum
wavelength of 426 nm. For CuNPs, the highest absorbance value recorded was 0.62 at 75
"C (Figure 3.15). The absorbance values recorded at other temperatures were 0.2 at 25 °C,
0.40 at 35 °C, 0.42 at 45 °C, 0.44 at 55 °C, 0.50 at 65 °C and 0.56 at 85 °C (Figure 3.15). It
s evident from these results that the synthesis of CuNPs increases with an increase in
temperature, reaching a peak at 75 °C, after which absorbance decreases, making 75 °C the
optimum temperature. This make it line with a previously published study where the same
trend was observed for the synthesis of AgNPs [132). NPs exhibit SPR at narrow
absorption range, when synthesized at a higher temperature range, specifying
monodispersity. With increasing temperature, the formation of AgNPs increases from
sliver ions, and also reduces secondary reduction processes. It was found that with an
increase in temperature from 25-45 ©C absorbance also increases, but further increase in
temperature reduces absorbance [133].
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Figure 3.15: Optimization of temperature for the synthesis of CuNPs



342 . pH

The pH at which effective synthesis of CuNPs can take place with maximum yield was
determined at pH levels ranging from 4-8. A maximum absorbance of 0.56 was recorded at
neutral pH (7), indicating maximum synthesis of CuNPs at this pH (Figure 3.16). The
absorbance values recorded at other pH levels were 0.35 at pH 4, 0.38 at pH 5, 0.41 at pH 6
and 0.52 at pH 8. pH affects the size and shape of NPs. Low pH is required for the synthesis
of larger NPs, while high pH results in formation of smaller NPs [128]. At low pH,
nucleation process takes place, resulting in the aggregation of CuNPs to form larger NPs;
while at high pH there is no aggregation, resulting in smaller sized NPs [134].
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243 Time

To optimize the reaction time for maximum yield of NPs, the synthesis of CuNPs was
accomplished in a time range of 1, 2, 3, 4 and 5 h. Highest absorbance value of 0.5 was
obtained at the reaction time of 4 h (Figure 3.17). Increasing the reaction time over 4 h
resulted in decreased absorbance. The absorbance values at other time durations were 0.45
at1h 02at2h, 0.14 at 3 h and 0.42 at 5 h. Another study has reported that the NPs
formed after 36 h of incubation are unstable in nature [133]. These findings were
consistent with the conclusions drawn from an earlier study [135]. Contrary to our results,
another study reported that 1 h is the optimum time duration for the maximum synthesis of
CuNPs [136]. It was observed that until 30 min, there was no formation of NPs, however,
formation started quickly after 60 min and completed within 5 h, making it in line with our
study [137].
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Figure 3.17: Optimization of time for the synthesis of CuNPs
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Chapter 3 Results and Discussion

1.5 Characterization of CuNPs

33,1 UV-Vis Spectroscopy

UV-visible spectroscopy was used to confirm the steadiness and making of NPs in aqueous
solution. The aqueous leaf extract was used for the synthesis of CuNPs and was screened in
lhcmgeof300—600nm.Abtoadpeakwasfomdat426nm,cleaﬂyindicaﬁngthe
formation of CuNPs (Figure 3.18). A broad peak indicated the formation of CuNPs in the
same range of wavelengths and it was concluded that a threshold level of reducing agent is
important for the formation of specific NPs [138]. A previous study has mentioned a broad
peak at 410 nm as an indication for the formation of CuNPs, using plant extract. One of the
reported studies synthesized CuNPs utilizing bacterial cell extract, and revealed a sharp
band for CuNPs at 426 nm [146).
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Figure 3.18: UV spectra of CuNPs
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J52 FTIR Analysis

FTIR spectra and their peaks for CuNPs are shown in Figures 3.19-3.21. The IR-spectrum
indicates strong absorption bands at 3338 and 3298.28 cm™, corresponding to stretching
vibrations of diatomic units, which may be due to hydroxyl or carboxyl groups. Different
peak corresponds to different phenomenon; 1593 cm™ (skeletal vibrations of C=C), 1386
em”’ (tertiary C—OH), 1116.78 cm™ (C—H in-plane bending vibration), 1066 cm™ (C—O
stretching vibration, which may be due to presence of alkoxy group and 1083 cm™ (C-N
stretching vibrations of aliphatic amines while peak at 597 cm™ is due to Cu (Figures 3.19—
3.21). The number and location of the functional OH groups on their phenolic ring are
responsible for their toxicity, which increases with increase in the number of OH groups
[135, 139]. These results can be compared to the result to that of a previous research,
where the FTIR spectrum of CuNPs was studied. It revealed an absorption band at 3431
em”, corresponding to the N-H group, showing strong hydrogen bond. The strong band
detected at 3431 cm™' might be due to N-H vibration [147].
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1.5.3 Scanning Electron Microscope (SEM)

SEM was employed to determine the morphology and particle size of the synthesized
CuNPs, using three different magnification powers (X=15000, 30000 and 50000), as
shown in Figures 3.22-3.24. The images of the CuNPs become more prominent, by
mereasing the magnification. The CuNPs found in SEM were spherical and round shaped,
ranging between 99—]32nm.lnptcviousmadies.someoﬂlermcbershavesynﬂmized
and reported the size of CuNPs ranging between 33-39 nm, 42-49 nm and 2040 nm
[148]. The SEM study revealed that the electrostatic attractions and hydrogen bonding
between the organic molecules is responsible for the formation of CuNPs, using Capparis
seylanica extract. It was further proved that the CuNPs in the size range 60—100 nm have
uniform spherical shapes [149).
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Figure 3.22: SEM image of CuNPs at 15000x

——
X390, 008 BO.Siam

K

Figure 3.23: SEM image of CuNPs at 30000x

Figure 3.24: SEM image of CuNPs at 50,000x
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154 Energy Dispersive X-ray Analysis

EDX was used to determine the presence of elemental Cu, which shows the reduction of
Cu™". EDX profile showed a signal for elemental Cu at 8.0 keV, as shown in Figure 3.25.
Ihe EDX profile of CuNPs revealed absorbance peaks for Mg at 1, S at 2.2, Si at 1.2, K
32.Clat2.3 and Caat 3.9 keV.

(ther clemental composition of CuNPs, such as C, K, S and O were also detected. The X-
ray counts are shown on the perpendicular axis, while energy (keV) on the parallel axis. The
sharp and bright signals of CuNPs confirms the formation of NPs.

The CuNPs composition showed that by percent weight it contains C (41.10), Cu (47.06),
Mg (0.79), S (3.66) and O (4.28), while the atomic percent values were found to be 51.40,
44.18, 0.49, 1.72 and 1.01, respectively. EXD recorded a high signal for Cu, followed by C.
The Cu was found to be 47.06% by mass and 44.18 % by atomic mass. In another study, the
graph of EDX detected the presence of Si, Ca and C in the EDX image of CuNPs. In EDX
analysis due to SPR, the CuNPs showed higher absorption peaks [149].




Results and Discussion

Table 3.3. CuNPs Mass and Atomic weight percentage
E Element Mass% Atom%
e CK 41.10 51.40
CuK 47.06 44.18
Mg K 0.79 YT

SK 3.66 1.72

OK 428 1.01
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Figure 3.25: EDX spectra of CuNPs
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A5.5 Xeray Diffraction

Ihe XRD pattern of the CuNPs, using aqueous leaf extracts of F. carica, is shown in
Figure 3.26. Miller Indices (h, k 1) to each peak were assigned by using the indexing
process of the diffraction pattern in the first step. By studying the intensity of peaks, the
degree of crystallinity of the CuNPs can be determined. The size of the CuNPs estimated
from the Debye-Scherrer formula is 32 nm.

The XRD pattern revealed successful green synthesis of CuNPs, using F. carica as
stabilizing and reducing agent, as shown in Figure 3.26. The sharpest diffraction peaks for
CuNPs were observed at 20 values of 44°, 50° and 70° corresponding to the
crystallographic planes (111), (200) and (220), respectively. The XRD pattern showed
quantifiable force crests, demonstrating the arrangement of CuO NPs. In the X-beam
diffraction pattern the debasement crest was seen. Crests corresponding to copper oxide
were seen at 20=25°, 38° and 47°. The angular position of Bragg peaks at (1), reveal the
cubic structure of CuNPs. The XRD pattern also demonstrated that CuNPs synthesized by
extract of F. carica, are crystalline in nature and average size was 32 nm. Therefore, this
study confirms that extracts of F. carica can reduce Cu ions into crystalline CuNPs. The
XRD plots of CuNPs synthesized by using Ocimum sanctum leaf extract have also shown
that they are highly crystalline in nature. Through Debye-Scherrer equation, the NP size
was determined and was found to be 77 nm, indicating increased surface area and raised
surface area/volume ratio of CuNPs in crystalline shape [150]. Two diffraction peaks were
observed at 39.1° and 68.3° through XRD analysis, proving the cubic structure of CuNPs.

in this study, the particle size determined by Debye-Scherrer equation was 5 nm [149].
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3.6 Biological activities of the crude extracts, ZnNPs and CuNPs

16,1 Antibacterial activity of E. japonica

The crude methanolic, ethanolic, and EtOAc extracts of E. japonica were screened for their
antibacterial activity against the test bacterial pathogens, and the results are summarized in
Table 3.4 and Figure 3.27. The crude methanolic extract showed good anti-bacterial
activity against MRSA (73.6%), S. aureus (69.2%), E. coli (62%), P. vulgaris (60%), M.
morganii (59%), A. baumannii (52.1%), and P. aeruginosa (44.4%). The crude ethanolic
extract showed moderate activity against E. coli (59.2%), MRSA (52.6%), P. vulgaris
(52%%), 8. aureus (46.1%), A. baumannii (43.4%), M. morganii (40.9%), and P. aeruginosa
(40.7%). The antibacterial activity analysis of the crude EtOAc extract showed good
activity against M. morganii (68%) and P. vulgaris (64%), moderate activity against S.
awreus (50%) and E. coli (44.4%), low activity against P. aeruginosa (37%), and no
activity against A. baumannii and MRSA.

Ihe results of the current study are comparable with those of another study wherein the
antibacterial activity of leaves and branches of E. japonica, was determined against ESBL
producing K. pneumoniae and E. coli. The results showed that the crude ethanolic extract
and the other fractions (petroleum ether, dichloromethane, EtOAc, and aqueous fraction) of
the selected plant possess good antibacterial activity [151]. The antimicrobial activity of
7000 NPs has also been studied by other researchers against B. subtilis and P. fluorescens
and was found active against these bacteria [152]. In another study, ZnO NPs were also
potentially active against S. enteritidis and L. monocytogenes. It was further reported that
this antibacterial property is because of the rupturing of cell wall of bacterial cell by these
NPs [153]. The production of H;0; from the surface of ZnONPs is referred as a plausible

explanation for bacterial growth inhibition. It is assumed that the number of ZnO particles
81
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Table 3.4: Antibacterial activity of E. japonica

Name  of = Methanol Ethanol EtOAc

e E el e T B
2 Inhibition %) Inhibetson (%) Inhibition %)
g~ (mm) (mm) (mm)

E. coli 27 17 62 16 9.2 12 444

2 27 12 444 11 40.7 10 37

aeruginosa

S. aureus 26 18 69.2 12 46.1 13

M. morganii 22 13 59 9 40.9 15 68

A 23 12 52.1 10 434 0 0

baumannii

P. vulgaris 25 15 60 13 52 16 64

MRSA 19 14 73.6 10 52.6 0 0
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3.6.2 Antibacterial activity of ZnNPs

I'he antibacterial properties of ZnNPs from E. Japonica were studied against the selected
bacterial pathogens. The results of this activity are presented in Table 3.5 and Figure 3.28.
Ihe ZnNPs exhibited significant activity against MRSA (94.7%) and P. vulgaris (92%). It
showed good activity against S. aureus (73%) and M. morganii (63.6%), moderate activity
sgainst E coli (48.1%) and A. baumannii, (43.4%), while it presented a low activity against
P aeruginosa (37%).

AgNPs extracted from the aqueous extract of Dioscorea bulbifera showed good activity
sgainst Bacillus cereus, B. subtilis, S. aureus, and P. aeruginosa, while no activity was
observed against S. typhimurium and P. vulgaris making it comparable with our study. The
AgNPs exhibited antibacterial activities by interacting with the bacterial plasma membrane
or cell wall, bacterial proteins or bacterial DNA [148, 155]. In addition to this, ethyl acetate
extracts were only effective against K pneumoniae and S. epidermidis; however, at

concentration of 75%, it was also active against E. Jaecalis, S. pyogenes, and P. aeruginosa

strains [156].
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Table 3.5: Antibacterial activities of ZnNPs of E. japonica
% Name of Bacteria ZnNPs
| oF
I 2 } Zone of Inhibition (%)
: LE Inhibition
L (mm)
|  Ecoli 27 13 48.1

P. aeruginosa 27 10 37

S aureus 26 19 73.0

M. morganii 22 14 63.6

A. baumannii 23 10 434

P. vulgaris 25 23 92.0

MRSA 19 18 94.7
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Figure 3.28: Antibacterial activity of ZaNPs of E. japomica against selected bacterial strains
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3.6.3. Antibacterial activity of F. carica
I'he antibacterial activities of crude methanolic, ethanolic, and EtOAc extract of F. carica
were determined against different bacterial strains, and the results are summarized in Table
3.6 and Figure 3.29. The crude methanolic extract showed good activity against P.
acruginosa (70.3%), S. aureus (65%), P. vulgaris (60%), and moderate activity against M.
morganii (54.5%), MRSA (52.6%), E. coli (51.8%), and A. baumannii (43.4%). The crude
cthanolic extract showed significant activity against M. morganii (81.8%) and good against
MRSA (68.4.6%). It showed moderate activity against A. baumannii (56.5.4%), P. vulgaris
(48%), S. aureus (46.1%), and E. coli (40.7%), while low activity was observed against P.
aeruginosa (25.9%). The antibacterial activity assay of the crude EtOAc extract showed
good activity against MRSA (78.9%), S. aureus (65.3%), A. baumannii (65.2%), and M.
morganii (63.6%), and moderate activity against P. vulgaris (52%), E. coli (48.1%), and P.
aeruginosa (48.1%).
The ethanolic latex extract of F. carica was investigated for its antibacterial activity against
S nphi, S. aureus, S. pyogenes and K. pneumoniae. The ethanolic extract exhibited good
activity against S. aureus and S. typhi and the reason for this activity may be the presence
of flavonoids in the selected plants [157]). In another study F. carica latex showed high
quantity of coumarins and showed good anti-bactericidal activity against several

pathogenic bacteria [158].
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able 3.6: Antibacterial activity of F. carica

Name of Methanol Ethanol EtOAc
= Zone of Inhibition | Zone of Inhibition Zone of | Inhibition
AL | mbbison | 00 | ki | 00 | i (%)
- (mm) (mm) (mm)
E coli 27 14 51.8 11 40.7 13 48.1
P 27 19 70.3 7 25.9 13 48.1
aeruginosa
'S aureus 26 17 65.3 12 46.1 17 65.3
\ morganii 22 12 54.5 18 81.8 14 63.6
A 23 10 434 13 56.5 15 65.2
baumannii
P vulgaris 25 15 60.0 12 48 13 52.0
MRSA 19 10 52.6 13 68.4 15 78.9
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1.6.4 Antibacterial activity of CuNPs

The antibacterial activity of CuNPs from F. carica was determined against different
bacterial pathogens. The results are presented in Table 3.7 and Figure 3.30.

I'he Cu NPs exhibited significant activity against MRSA (89%) and good against S. aureus
(73%). It presented moderate activity against A. baumannii (56.5%), E. coli (55.5%), M.
morganii (54.5%), P. aeruginosa (44.4%), and P. vulgaris (44%).

In another study, the antibacterial activity of CuNPs was determined against MRSA, 7.
acruginosa, and Proteus, and it\vasshowntouhibitgoodacﬁvityagainstﬂme bacterial
pathogens. The MIC of CuNPs, however, was very high [159]. In another study CuNPs
exhibited good activity against Gram-positive than Gram-negative bacteria. The results of
the study revealed the presence of carboxyl (-COO-) and amines (-NH,) groups on the
bacterial surface with NPs possessing a greater capability to combine with these functional
groups [160-162].
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Table 3.7: Antibacterial activities of CuNPs of £ carica
Name of Bacteria CuNPs
g i Zone of Inhibition |  Inhibition (%)
] (mm)

E.coli 27 15 55.5

P. aeruginosa 27 12 444

S. aureus 26 19 73.0

M. morganii 22 12 545

A. baumannii 23 13 56.5

P. vulgaris 25 11 RE)

MRSA 19 17 89
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Figure 3.30: Antibacterial activity of CuNPs of F. carica against selected bacterial strains
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3.7.1 Antifungal activity E. japonica

I'he crude methanolic, ethanolic, and EtOAc extracts of E. japonica were screened against
H. pseudocrispula, A. niger, A. parasiticus, P. notatum, V. longisporum, and P.
chrysogenum for their antifungal activity, the results being presented in Table 3.8 and
Figure 3.31. The Cr. Met. Ext showed low activity against H. pseudocrispula (10%) and
no activity against P. notatum, A. niger, A. parasiticus, P. chrysogenum and V.
longisporum. Low activity was exhibited against A. niger (23%) and P. notatum (13%) by
crude ethanolic extract showed, while it showed no activity against V. longisporum, H.
pseudocrispula, P. chrysogenum and A. parasiticus. The EtOAc extract exhibited low
activity against A. niger (12%) and no activity against the rest of the test fungal pathogens.
Different extracts of Cynara scolymus L were screened for their antifungal activity against
Alternaria sp. The results indicated that the crude extracts exhibited good activity (75%)

against Alternaria sp., which is in contrast to our study in which we found low activity in

most of the cases [163].




Table 3.8: Antifungal

Name of Fungi Percent Linear Growth Inhibition
-ive +ive Methan Ethan EtO
Control Control ol ol Ac
A niger 0 100 0 23 12
H 0 100 10 0 0
peeudocrispula
P notatum 0 100 0 13 0
A parasiticus 0 100 0 0 0
Viongisporum 0 100 0 0 0
P chrysogenum 0 100 0 0 0
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Figure: 3.30: Antifungal activities of E. japonica against sclecte

d fungal pathogens.
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1.7.2 Antifungal activity of ZnNPs

The antifungal activities of ZnNPs from E. japonica were determined against different
fungal pathogens, and the results are summarized in Table 3.9 and Figure 3.32. The
ZnNPs showed good activity (60%) against H. pseudocrispula, moderate against P.
chrysogenum (55%), A. niger (40%), and P. notatum (40%), low against A. parasiticus
(30%), and was inactive against V. longisporum.

In a reported study, the antifungal activity of ZnONPs was investigated against Penicillium
expansum and Botrytis cinerea and exhibited good activity. ZnONPs have been
recommended as fungicide in agriculture and food industry on the basis of these results
[164]. In another research, titanium oxide nanoparticles and ZnNPs were studied for their
antifungal activities against Trichophyton, Fonsecaea, A. niger, Ramichloridium schulzeri,
Aspergillus flavus and Rhizopus oryzae. The above NPs were found active against these
fungal strains. The comparative study proved that ZnNPs and titanium oxide nanoparticles

were far more effective than amphotericin-B and miconazole [165].
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Table 3.9: Antifungal activity of ZnNPs of E. japonica
Name of Fungi Percent Linear Growth Inhibition
sl +ive Control ZnNPs

A.niger 0 100 40

H pseudocrispula 0 100 60

P.notatum 0 100 40
A.parasitiCus 0 100 30
V.iongisporum 0 100 0
P.chrysogenum 0 100 35
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Figure 3.32: Antifungal activity of ZnNPs against sclected fungal strains
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3.7.3 Antifungal activity of F. carica
The crude methanolic, ethanolic, and EtOAc extracts of F. carica were screened against A.

parasiticus, V. longisporum, A. niger, H. pseudocrispula, P. notatum and P. chrysogenum
for their antifungal activity and the results are presented in Table 3.10 and Figure 3.33.

The Cr. Met. Ext showed low activity against A. parasiticus (14%) and no activity against
H pseudocrispula, P. notatum, A. niger, V. longisporum and P. chrysogenum. The crude
ethanolic extract showed low activity against V. longisporum (20%) and no activity against
P chrysogenum, A. niger, H. pseudocrispula, P. notatum, and A. parasiticus. The EtOAc
extract exhibited low activity against P. chrysogenum (32%) and A. niger (11%), and no w
activity against H. pseudocrispula, P. notatum, V. longisporum and A. parasiticus. 4
A study reported the antifungal activity of methanolic extract of F carica against P. |

notatum, F. oxysporum, A. flavus, A. alternata and T. harzianum and was found effective
against these species making them in contradiction with our study [166]. The n-hexane,
CHCl;, EtOAc, and methanolic extracts of F carica latex were investigated for their
antifungal properties against seven different strains of fungi. The minimal inhibitory
concentration (MIC) of the methanol fraction was found to be 500 pg/mL which showed
total inhibition against C.albicans (100%). The methanolic extract (75%) strongly

mhibited Microsporum canis at a concentration of 750 pug/mL [167].

100




Table 3.10: Antifungal activity of . carica against selected fungal pathogens

Name of Fungi Percent Linear Growth Inhibition
-ive tive Methan Ethan | EtOAc
Control ’Conlm ol ol
A. Niger 0 100 0 0 11
H. 0 100 0 0 0
pseudocrispula
P. notatum 0 100 0 0 0
A. Parasiticus 0 100 14 0 0
V. longisporum 0 100 0 20 0
P. chrysogenum 0 100 0 0 32
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Figure: 3.33 Antifungal activity of F. carica against selected fungal pathogens
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1.7.4 Antifungal activity of CuNPs

Ihe antifungal activity of CuNPs from F. carica was determined against different fungal
pathogens as presented in Table 3.11 and Figure 3.34. The CuNPs showed moderate
activity against A. niger (50%), H. pseudocrispula (50%), A. parasiticus (50%), P. notatum
(40%%), and low against V. longisporum (10%) and P. chrysogenum (10%).

CuNPs have been investigated for use in biotechnological applications and scientists have
stiempted to use CuNPs in combination with polymer materials to release the metal in a
sustained way to render fungal and other pathogens inactive [169]. The antifungal activity
of CuNPs has been determined against various species of S. cerevisiae [168]. In another
study, the researchers determined the fungicidal action of Cu-based zeolites extracted from
marble against Cladosporium cladosporioides, Phaeococcomyces chersonesus and
Ulocladium chartarum and showed good activity [169]. The antifungal properties of hyper-
sretched polyamine CuNPs was considered against C. albicans and was observed that
colloidal hyper branched polyamine NPs repressed the development of C. albicans even at
a low concentration of 1.4 g/100 L [170]. This high antimicrobial activity of CuNPs is
proposing them in different formulations and textile fabrics. One of the rescarch groups
asscssed the antimicrobial properties of CuNPs by soil intemment test. The results plainly
demonstrated that the treatment with CuNPs improved the resistance of cotton fabrics to
microbial attack. In a similar study, another group examined the antifungal action of
CuNPs against the fungi, A. flavus, A. niger, and C. albicans. The CuNPs were most active

against C. albicans, while least activity was seen for A. Savus [171).
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Table 3.11: Antifungal activity of CuNPs against selected fungal pathogens

Name of Fungi Percent Linear Growth Inhibition
-ive Control C;‘_":d CuNPs
A. niger 0 100 50
H. pseudocrispula 0 100 50
P. notatum 0 100 40
A. parasiticus 0 100 50
V. longisporum ] 100 10
P. chrysogenum 0 100 10
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Figure: 3.34: Antifungal activity of CuNPs of F. carica against selected fungal pathogens
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Chapter 3 Results and Discussion

A.5.1 Phytotoxic activity of E. japonica

The phytotoxicity analysis of methanolic, ethanolic, and ethyl acetate extracts and various
other fractions of E. japonica against L. mbnararemmubedin'l‘ahbll!andl’klre
3.35. The methanolic extract (60, 50, and 40%), ethanolic extract (70, 50, and 30%), and
cthyl acetate fractions (60, 50, and 30%) inhibited growth at concentrations 1000, 100, and
10 pg/mL), respectively. The methanolic extract showed good activity at 1000, and
moderate at 100 and IOungLTHeﬁhamlicmdnwedgoodaﬂivityulooo.
moderate at 100 pg/mL, and low activity at 10 pg/mL. The EtOAc fraction showed low
activity at 10 pg/mL, moderate at 100, and good at 1000 pg/mL. The results of the current
uudyminconuastmmodmmponwhmdiﬂ'amﬁacﬁonsofkichmmmmis,

Chrozophora tinctoria, Peganum harmala, Tribulus fterrestris, and Fagonia cretica were
found effective against L. minor [172].
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Table 3.13: Phytotoxic Mtfrﬁwm
Name Conc. of No. of fronds survived Conc.
of sample or
Plant (ng/ml) Std.
Methanol | Ethanol | EtOAc drug *
Le (pg/ml)
mna
Al 1000 4 3 4
100 s 5 5 0.015
10 6 7 7
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Figure 3.35: Phytotoxic activity of E japonica against L. minor
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Chapiter 3 Results and Discussion

352 Phytotoxic Activity of F. carica

The cthanolic (60, 40, and 30%), methanolic (50, 40, and 20%) and EtOAc (50, 30, and
10%%) fractions showed growth inhibition at 1000, 100, and 10 pg/mL, respectively. The
methanolic, ethanolic, and EtOAc fractions showed moderate activity at high
concentrations, while at low concentration low activity was observed. The results are
shown in Table 3.13 and Figure 3.36. Lemna assay is one of the methods for the detection
of natural phytotoxic and antitumor compounds. The results of one of the studies showed
that F. carica contains phytotoxic compounds inhibiting germination and of L. minor, thus
demonstrating a good allelo-chemical potential [173]. Hameed et al. determined the
tonicity profiles of methanolic extracts of Datura innoxia, Withania coagulans, Solanum
swratiense, Solanum nigrum, and Withania somnifera and found that D. innoxia and W.
coagulans showed low phytotoxic activity at maximum doses. In contrast, moderate, and
wignificant phytotoxic activities were detected for the extracts of both plants at
concentrations of 1000, 100, and 10 pg/mL. The ethanolic extracts of S nigrum, W.

womnifera, and S. surattense exhibited moderate toxic activity at 1000 pg/mL [174].
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Table 3.13: Phytotoxic activity of F. carica against L. minor

Name Cone. No. of fronds survived Conc.
of of of
Plant sample Std.
(ng/ml) drug *
(ng/ml)
Lemna Methanol Ethanol EtOAc
Minor
1000 4 5
0.015
100 6 7
10 7 9
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183 Phytotoxic Activity of ZnNPs and CuNPs

The phytotoxic activities of ZnNPs and CuNPs were evaluated against L. minor. The
ZnNPs showed percent growth regulations of 70, 50, and 40 at concentrations of 1000,
100, and 10 pg/mL, respectively. CuNPs showed percent growth regulations of 70, 60, and
0 at concentrations of 1000, 100 and 10 ug/mL, respectively (Table 3.14 and Figure
3.37).

The ZnNPs showed good activity at concentrations of 1000 and 100 pg/mL, while
modu-ucactivitywasobservedataeonoenuntionofmngmL.CnNPsshowedgood
activity at high concentrations (1000 and 100 ug/mL) and moderate activity at 10 pg/mL.
These results suggest that ZnNPs and CuNPs possess phytotoxic activities at varying
degrees. In another study, it was shown that CuONPs enhanced the expression of the
exogenous gene encoding the Bt toxin protein in leaves and roots, especially at low
CuONPs concentrations, providing an important benefit for Bt cotton of insect resistance
[175).
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Table 3.14: Phytotoxic activity of ZnNPs and CuNPs against L. minor

Name Conc. of No. of fronds survived Conc. of
of sample | Std. drug
Plant |  (pg/ml) | ] * (ug/ml)
Lemna | ZaNPs | CuNPs
s | = 0
Minor 1000 J 3 : 3
100 5 ! 4 0.015
10 | 6 j >

“e Rgulation

Figure 3.37: Phytotoxic activity of ZnNPs and CuNPs against L. minor
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activities of EtOAc, methanolic and ethanolic extracts were determined against 7
castaneum, T. confusum and C. mlauamdﬂ:emultsmbeingmmmuiudin’l‘lbh
3.15 and Figure 3.38. The methanolic extract of E. japonica showed moderate activity
against T confusum (40%).whileitwasinaeﬁvelgnitmc maculatus and T. castaneum.
ﬂraudedhanolicexﬁaaof&j@oniwshowedmodunewﬁvityminstt confusum
(50%), low activity against T. castaneum (20%) while no activity was observed for C.
maculatus. The EtOAc extract showed moderate activity against 7. confusum (50%) and C.
maculatus (40%), and low activity against T. castaneum (10%).

In another study, it was reported that different extracts of E. japonica were effective
sgainst Meloidogyne incognita and Cephalobus litoralis [176].
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lable 3.15: Insecticidal activity of E. japonica against selected insects

Results and Discussion

Name of Insect

Percent Mortali

' of test insects

Tribolium
cortfusum

maculatus

Tribolium

Control Control Methanol Ethanol i EtOAc
(Positive) (Negative) |
100 0 40 50 | 50
Callosobruchus 100 0 0 0 | 40
|
100 0 0 20 | 10

castaneum

-
=
-
-
=

Figure 3.38: Insecticidal activity of different extracts of E japonica
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3.9.2 Insecticidal activity of F. carica

I'he insecticidal activity of EtOAc, methanolic and ethanolic extracts were determined
against C. maculatus, T. confusum and T. castaneum and being summarized in Table 3.16
and Figure 3.39. The methanolic extract of F. carica showed moderate activity against 7.
confusum (50%), low activity against 7. castaneum (20%) but it was inactive against C.
maculatus. The crude ethanolic extract of F. carica showed moderate activity against 7.
confusum (40%), and low activity against C. maculatus (20%) and T. castaneum (10%).
The EtOAc extract showed moderate activity against 7. confiusum (50%), low activity
against C. maculatus (20%), and no activity against 7. castaneum. Different extracts (n-
hexane and methylene chloride) of Alpinia officinarum were tested against Tribolium
castaneum (adults). Both the extracts showed significant activity against Tribolium
castaneum after 1 day of exposure to the extracts. This repellent activity increased with an

mcrease in the time of exposure and quantity [177].
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l'able 3.16: Insecticidal activity of F. carica

% Mortality of test insects

Name of : E — '
Insect Control Control | Methanol| Ethanol i EtOAc |
ST (Positive) | (Negative) | | ;___;
Tribolium 100 0 50 40 % 50 :
confusum 1 I
Callosobruchus 100 0 0 | 20 20
maculatus
Tribolium 100 0 | 20 10 | o
castaneum I |

-
-
=
=
-
-
-
-
-
-
-
-
=

Figure 3.39: Insecticidal activity of different extracts of F. carica
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3.9.3 Insecticidal activity of ZnNPs and CuNPs

The insecticidal activities of ZnNPs and CuNPs were determined against the tested insect
1o determine their insecticidal potential. ZnNPs showed 60%, 50%, and 30% inhibition
against C. maculates, T. confusum, and T. castaneum, respectively. Thus it can be
concluded that ZnNPs possess good activity against C. maculates, moderate against 7.
confusum, and low activity against T. castaneum.

CuNPs showed good activity against 7. castaneum and moderate activities against 7.
confusum and C. maculates (Table 3.17 and Figure 3.40).

One of the studies reported that ZnONPs exhibited good activity against Galleria
mellonella, the wax moth [178]. Another study was conducted to determine the insecticidal
potential of ZnO NPs against certain pests and the most significant activity was observed
against humanus capitis, hatchlings of A. subpictus and C. quinguefasciatus [179].

In another study, the CuONPs activity was determined against Bt-transgenic and
conventional cotton and was found that CuONPs retard the developments of insects
cffecting the metabolism of abscisic acid (ABA) and indole-3-acetic acid (IAA). The

results revealed that CuNPs were deposited on the epidermis layer and leaves and gain

entry into the cells by endocytosis. CuUONPs improved the exogenous gene expression of

Bt toxin protein making them beneficial for cotton offering insect resistance [175]
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l'able 3.17: Insecticidal activity of ZnNPs and CuNPs of E. japonica and F. carica

’ % Mortality of test insects
Name of Insect

Control Control ZaNPs |  CuNPs
= (Positive) (Negative)
T'ribolium confusum 100 0 50 50
Callosobruchus 100 0 60 50

maculatus

Tribolium castaneum 100 0 30 | 60

Figure: 3.40: Insecticidal activity of ZnNPs and CuNPs
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3101 Antitermite activity of E. japonica and F. carica and its ZnNPs and CuNPs
The anti-termite activity of crude methanolic, ethanolic, and FtOAc extracts were carried

out against the Heterotermes indicola at the termites lab at the Nuclear Institute of Food
and Agriculture (NIFA), Peshawar, Khyber Pakhtunkhwa, Pakistan. All the experiments
were performed in triplicate. The results are presented in Table 6.18.

The methanolic and EtOAc extracts of E Japonica showed low activities against H.

indicola of 30% and 10%, respectively, while the ethanolic extract was moderately active
against H. indicola (40%).

The methanolic and EtoAc extracts F. carica were moderately active against H. indicola
(40%), while the ethanolic extract was inactive.

extracts from Polygonum hydropiper, Diospyros sylvatica, Allium sativum, Pogostemon
parviflorus (Benth), Aleurites fordii and Euphorbia kansui [181]. The termiticidal activity
exhibited by Cajput oil (Melunuca cajputi) against Coptotermes formosanus is due to the
presence of monoterpene, diterpenes, sesquiterpene, and hydrocarbons. It was concluded "
that the plant species under study have diverse biological compounds one or a few of

which can be effective against termites [182].

The anti-termite activity of ZnNPs was also observed against the insect, H. indicola.
ZnNPs showed moderate activity against H. indicola (40%). While CuNPs showed good
activity against termites (H. indicola 60%). In one study, ZnONPs (ZnO) were screened
against  Galleria mellonella and revealed that ZnONPs possess good insecticidal activity
against it [178]. In another study, the CuONPs were checked for their activity against Bt-
transgenic and conventional cotton. CuONPs improved the gene expression of the Bt-toxin
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Chapter 3 Results and Discussion
Table 3.18: Antitermite activity of E. japonica and F. carica
o
Nesis il Yo Mortality Name of the
plants /
Insect Nanoparticle
Control Control Methanol Ethanol | EtOAc
, (Positive) | (Negative)
Heteroterm 100 0 30 40 0 E. japonica
es indicola
100 0 40 0 40 F. carica
100 0 40 ZnNPs
100 0 60 CuNPs
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3.11.1 Haemagglutination Activity of E. japonica and F. carica and their ZnNPs and
CuNPs

The crude methanolic, ethanolic, EtOAc extracts of E. japonica, F. carica, Zn NPs, and
Cu NPs were screened for hemagglutination against ABO blood groups. The results are
presented in Table 3.19 and 3.20. The results revealed that plants extracts and the NPs do not

exhibit hemagglutination activity indicating the lack of phytolectins.
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Table 3.19: Haemagglutination activity of E. japonica and ZnNPs

Results and Discussion

Blood Groups

AB -ive, AB +ive, O +ive, O —ive, A-ive, A +ive, B-ive, B +ive

Dilutions

122

1:4

1:8

1:16

Methanol

Ethanol

EtOAc

[ ZnNPs
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Table 3.20: Haem

lutination activity of F. carica and CuNPs

Results and Discussion

Blood Groups

-ive.ABﬁve,OHve,O—ive,A-iw.Aﬁve, B-ive, B +ive

Dilutions

12

1:4

1:8

1:16

Methanol

Ethanol

EtOAc

CuNPs
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Figure 3.41: Haemagglutination activity of E. japonica and F. carica crude extracts and

their ZnNPs and CulNPs
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Figure: 3.42 Haemagglutination activity of E. japomica and F.carica crude extracts and

their ZnNPs and CuNPs
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Conclusion
The current study was aimed at screening the methanolic, ethanolic and ethyl acetate
(EtOAc) fractions of Eriobotrya japonica and Ficus carica leaves and Zinc nanoparticles
(ZnNPs) of E. japonica and Copper nanoparticles (CuNPs) of F. carica for various
pharmacological activities; antibacterial, antifungal, phytotoxic, insecticidal, anti-termite,
haemagglutination and their comparison.

Thermogravimetric/Differential Thermal Analysis (TGA/DTA). The result of antibacterial
activity of E. japonica revealed good activities against £ coli, S. aureus, M. morganii, P.
vulgaris (60, 52 and 64%) and MRSA. The crude extract also revealed some good
activities against S. aureus, P. aeruginosa, M. morganii, A. baumannii, P. vulgaris and
MRSA. The order of antibacterial activity of ZnNPs and CuNPs against E. coli was (48.1
and 40.7 %), S. aureus (73 and 72%), P. aeruginosa (37 and 44.4%), M. morganii (64 and
54.5%), A. baumannii (43 and 56%), P. vudgaris (92 and 44%) and MRSA (94 and 89%).
The methanolic, ethanolic and EtOAc fractions of F. carica and E. Japonica showed low
(<24%) and no antifungal activity against the test fungal pathogens; A. niger, H.
pseudocrispula, P. notatum, A. parasiticus, V. longisporum and P. chrysogenum. The
antifungal activity of ZnNPs and CuNPs was found against all the test fungal strains from
low to moderate. The methanolic, ethanolic and EtOAc extract of £ Japonica and F. carica
showed moderate activity at higher concentrations while low activity at other test

concentrations. Phytotoxic activity of Zn-NPs and Cu-NPs against L. minor at 1000, 100
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and lOngmlwn?O.Sommwm.ﬁomm:ﬁpeaivcly.mmwal
activity of methanol, ethanol and EtOAc fractions was determined against 7. confusum, C.
maculatus and 7. castaneum and was moderate to low for both E. japonica and F carica.

The results indicated that the selected plants lack phyto-lectins, as no haemagglutination
was observed for any of the test samples and nanoparticles.
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CONCLUSION

The current study was aimed at screening the methanolic, ethanolic and ethyl acetate
(EtOAc) fractions of Eriobotrya japonica and Ficus carica leaves and Zinc nanoparticles
(ZnNPs) of E. japonica and Copper nanoparticles (CuNPs) of F. carica for various
pharmacological activities; antibacterial, antifungal, phytotoxic, insecticidal, anti-termite,
haemagglutination and their comparison.

The ZnNPs and CuNPs were characterized using reported procedures utilizing aqueous
leaves extract of E. japonica and F. carica respectively and different conditions like
temperature, pH and incubation time were optimized. The synthesized nanoparticles were
characterized using UV-Visible spectrophotometry, Fourier Transform Infrared spectroscopy
(FTIR), Scanning Electron Microscope (SEM), Energy Dispersive X-ray (EDX), X-ray
diffraction (XRD) and Thermogravimetric/Differential Thermal Analysis (TGA/DTA). The
result of antibacterial activity of E. japonica revealed good activities against E. coli, S.
aureus, M. morganii, P. vulgaris (60, 52 and 64%) and MRSA. The crude extract also
revealed some good activities against S. aureus, P. aeruginosa, M. morganii, A. baumannii,
P. vulgaris and MRSA. The order of antibacterial activity of ZnNPs and CuNPs against E.
coli was (48.1 and 40.7 %), S. aureus (73 and 72%), P. aeruginosa (37 and 44.4%), M
morganii (64 and 54.5%), A. baumannii (43 and 56%), P. vuigaris (92 and 44%) and
MRSA (94 and 89%). The methanolic, ethanolic and EtOAc fractions of F carica and E.
Jjaponica showed low (<24%) and no antifungal activity against the test fungal pathogens;
A. niger, H. pseudocrispula, P. notatum, A. parasiticus, V. longisporum and P.
chrysogenum. The antifungal activity of ZnNPs and CuNPs was found against all the test
fungal strains from low to moderate. The methanolic, ethanolic and EtOAc extract of E.
Japonica and F. carica showed moderate activity at higher concentrations while low

activity at other test concentrations. Phytotoxic activity of Zn-NPs and Cu-NPs against L.
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minor at 1000, 100 and 10 pg/ml was 70, 50 and 40% and 70, 60 and 50%, respectively.
The insecticidal activity of methanol, ethanol and EtOAc fractions was determined against
I confusum, C. maculatus and T. castaneum and was moderate to low for both E. japonica
and F carica. The results indicated that the selected plants lack phyto-lectins, as no

haemagglutination was observed for any of the test samples and nanoparticles.
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