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Abstract

Silica nanoparticles (SiNPs) have gained attention to get used in numerous fields

like drug delivery system, cancer therapy, biosensors and electronic chips and even

in production of solar cells with nano sized silica due to their porous and non-

porous nature. Besides these useful aspects of SiNPs, there are some drawbacks

regarding the use of SiNPs particularly in living organisms causing damage to cells

or DNA as they are inorganic particles. There is need to reduce the toxicity of

these particles in order to use them for biological treatments. Synthesis methods

of NPs play vital role in this regard. Biologically synthesized nanoparticles induce

less toxicity than chemically synthesized. Aim of this study was to synthesize Silica

nanoparticles using green synthesis method to reduce their toxicity, enhance bio-

compatibility and targeting ability. Synthesis of NPs was done by using aqueous

leaf extract of Ficus carica (common fig) and characterizations were done by UV-

Vis, FTIR, XRD, SEM and EDX techniques. These characterization techniques

showed that the synthesized NPs were from 19-33nm in size. After characteriza-

tion and confirmation of NPs synthesis, effect of low dose (7.5mg) and high dose

(22.5mg) of SiNPs was checked on Rat Model (Sprague Dawley). Hematological,

biochemical and histological parameters were compared. Overall slight difference

in WBCs, RBCs, HB, MCV, Platelets, ALT level, AST level, Urea, Creatinine,

CRP and ESR levels was reported when compared with the standard control. In

histological investigations, hepatocytes with minimum changes were observed in

low dose group and liver cells with cellular morphology and fatty changes were

observed in high dose group. From this study, it is concluded that NPs can be

further optimized for further biocompatible use for various purposes.
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Chapter 1

Introduction

1.1 Background

It is fascinating to learn that some of the early uses of Nanotechnology can be dated

as far back as 4th century in the Roman Empire. This can be attested in fashioning

of the Lycurgus Cup which is a glasswork that holds the ability to change color

[1]. Nanoparticles are extremely small particles usually having a size between

one and 100 nanometers (nm) in diameter. Due to their small size, nanoparticles

have attributes that distinguish them from other scaled-up matters or substances.

These peculiarities of the structure and state make nanoparticles applicable for a

specific range of objects and purposes such as in medicine, technology, and industry

[2].

There are different materials used in the manufacturing of nanoparticles, for

instance, metal and non-metal, polymer and semiconductor, and bio molecules

among others. The specific characteristics of a nanoparticle will thus be a func-

tion of size, shape, chemical composition and surface chemistry. For instance, gold

NPs can be red or blue depending on the size of the NP. This is due to its undeni-

able antimicrobial characteristics that would make it useful in or wound dressings

and other related medical uses. Cantilevers made of carbon nanotubes are ex-

tremely strong and can be used for making light-weight high strength composites

[2].

1



Introduction 2

One of the preserved approaches of applying drugs into the body is through

Nanoparticles, and this has proven to be an innovation in the medical field. These

systems employ nanoparticle, particles with at least one dimension being in the

nanometer scale (1-100 nm) as micro carriers for drugs [1][3]. This technology has

immense potential in overcoming some of the barriers that are associated with

the conventional drug deliveries. Here’s a glimpse into the key advantages of

nanoparticle-based systems: Thus, cellular and tissue barriers can be penetrated

by nanoparticles because of their small size and action can be aimed at target cells

or tissues [4][5]. This makes it less invasive to the body which may reduce the im-

pact to healthy cells and thus less side effects. Most of the therapeutic drugs have

low solubility in water and hence experience low absorption when administrated

in the body. These drugs can be incorporated into nanoparticles which can help

in increasing the solubility and bioavailability of the said drugs [2].

They are prepared and synthesized in different ways which partly define their

nature, characteristics, toxicity and uses. Two main approaches that are funda-

mental strategies for the synthesis and fabrication of nanoparticles are: Top-down

approach and the bottom-up approach which has its strengths and weaknesses.

Fragmentation means the creation of nanoparticles through the reduction of larger

materials: this is the top down approach. This method normally employs ap-

proaches like lithography, milling, and etching to either cut or wear down mass

materials to nanoparticles. On the other hand, bottom-up approach uses the for-

mation of nanoparticles from atomic or molecular levels. This method is based

on the use of chemical reactions, processes of self-assembly or occurs in living

organisms to create nanoparticles from small parts [4].

Metals NPs have interest of researcher from different field due to their character-

istics and multiple uses and application. Another interesting feature of metallic

particles is the ability to control their chemical and physical characteristics be-

cause of the possession of nano-scaled size and high ratio of surface area to volume.

These characteristics allowed for numerous applications that span any from the

catalysis and sensing on to biomedicine and environment remediation [5]. Nev-

ertheless, the application of metallic nanoparticles is facing numerous problems.

Due to the controversies on their possible toxicity and effects on the environment,
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there is the need to conduct a risk assessment and a general hazard analysis to

guard against any bare acknowledged susceptibilities on safety and sustainability

[6].

Silica nanoparticles (SiO2) NPs have attained considerable recognition and ac-

ceptances as a base for different multifaceted therapeutic applications because of

these distinctive quality. SiO2 NPs has a very large surface area that enables it

to effectively interact with and encapsulate therapeutic drugs, genes or imaging

agents [6]. The release of the therapeutic cargo can be adjusted depending of the

surface characteristics or porosity of the NPs, so that it will be reached only at

the desired tissue [7]. Depending on the type of silica NPs, it is possible to state

that they possess, to a significant extent, biocompatibility and that may eliminate

the problem of toxicity [8].

SiO2 NPs are a good substrate for delivering contrast media for these diagnostic

procedures such as the Magnetic Resonance Imaging (MRI) or computed tomog-

raphy (CT) [8]. This helps in better visualization of the diseased tissues. Antibac-

terial molecules can be anchored on the surface of the silica NPs where desired.

Some of these NPs can kill bacteria selectively and may provide a solution in pre-

venting antibiotic resistance [9]. Due to the high surface area, biocompatibility

and biodegradability of SiO2 NPs they act as good scaffolds for tissue engineering

applications. These scaffolds could also help tissue cells to grow and regenerate

[10]. Some types of SiO2 NPs are thermosensitive that means they are capable

to produce heat in response to light or magnetic fields. Therefore, the localized

heating effect can be applied to cancer treatment with attempts aiming at killing

the cancerous cells [11].

Thus the common fig (Ficus carica) belongs to the two set of chromosomes family

of mulberry (Moraceae). It has been cultured for centuries, and it is classified into

over 1400 varieties, which are in about thirty seven groups. Common fig species

have been a human source of food for several centuries now mostly through the figs

and the leaves. In the past few years, there has been growing research concern in

the medical uses of different organs of the fig tree. It has also been reported that the

common fig operates against viruses, bacteria, fungi and also reduce blood sugar



Introduction 4

level. These attributes may be attributed to the existence of certain chemicals

known as secondary metabolites that include the flavonoids, phenolic compounds,

phytosterols and fatty acids. Out of these phytoconstituents, phenolic compounds,

show redox property and hence act as reducing agent in solution [12].

1.2 Problem Statement

Conventional drug delivery systems suffer from limitations like non-specific and

poor bioavailability, and toxicity to healthy cells of the human body. If using

nanoparticles as targeted drug delivery agent, chemically synthesized nanoparticles

induce hyper toxicity and cellular damage as compared with the ecofriendly green

synthesized nanoparticles used in different conjugated drugs.

1.3 Gap Analysis

The information regarding the potential use of Ficus carica based Silica nanopar-

ticles synthesis is lacking and their impact on hepato and renal toxicity is also not

been reported earlier.

1.4 Hypothesis

Green synthesized Silica nanoparticles with Ficus carica may show minimum to

no toxicity in animal model.

1.5 Aim and Objectives

The aim of the study is to investigate the in-vivo toxicity of biosynthesized silica

nanoparticles with Ficus carica L. leaf extract.
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• To synthesize SiO2 NPs using Ficus carica leaf extract.

• To characterize the SiO2.

• To evaluate the toxicity of the biosynthesized Silica NPs in animal model.



Chapter 2

Literature Review

2.1 Nanoparticles Overview

Nanoparticles or NPs are a large class of materials which contain particles with

at least one dimension – less than 100 nm in size. These particles can be of as-

sorted shapes that would give them dimensions of zero (0D), one (1D), two (2D),

or three dimensions (3D). A characteristic feature is that the size of nanoparticles

substantially affects their external and internal properties, such as optical ones.

For instance, 20nm gold nanoparticles have a wine red color, platinum nanopar-

ticles yellowish-gray, silver nanoparticles black and palladium nanoparticles dark

black [13].

2.1.1 Classification

NPs can be divided into various forms depending on their shape, size, and com-

position. The physical and chemical attributes of some common types of NPs are

reported in different studies [13]. Carbon Based NPs, two vital types of nanopar-

ticles (NPs) include fullerenes and carbon nanotubes - CNTs (Figure 2. 1 A and

B). These materials have multiple applications; as fillers, gas absorbents for en-

vironmental remediation purposes, and as supportive matrix for homogenous and

heterogeneous inorganic/organic catalysts Metal NPs, NPs of metals are made of

6
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only metal atoms. In the definition of metal nanoparticles, the words metal and

atoms connect in ways that require definition. These atoms are derived from metal

precursor compounds that is used in the synthesis process. Metallic nanoparticles

(MNPs) are characterized by tunable optical phenomena, which makes them use-

ful in various scientific disciplines. One common application that can be described

is in the deposition of Gold NPs (AuNPs) on samples to be analyzed by SEM.

This layer prevents formations of thin oxide layers on the surface and enhances

the flow of electrons leading to a better SEM picture [13].

Figure 2.1: (A) Fullerene structure C60 and (B) Carbon Nanotube CNT [13]

While the regular ceramics are made through a series of heating and forming

processes, the ceramic nanoparticles are made essentially at a nanoscale, these are

objects that range in size between 0.1 and 0.3um. They may be amorphous that

is they do not have a regular crystal structure, polycrystalline- consisting of many

tiny crystals, dense- devoid of many pores, porous- full of many tiny holes or even

hollow. Because of these characteristics, there is rising interest of researchers in

the application of ceramic nanoparticles [13]. Polymeric NPs, these nanoparticles

are generally organic in nature. They often come in two main shapes: These are;

the nano spheres and the nano capsules. Nanospheres are a set of solid particles

in which other molecules are adsorbed on the outer surface. They again, surround

the entire bulk of the solid material inside their shells [13]. Lipid-based NPs

are described as those NPs that encapsulate or conjugate fatty molecules (lipid

moieties) and have been well exemplified in biomedical uses. The practices of NPs
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for numerous usages are under research such as, drug delivery and release, and

RNA in cancer treatment [13].

2.1.2 Physiochemical Properties of Nanoparticles

This section explores how some of the most important physicochemical properties

change when materials are reduced to the nanoscale [14].

2.1.2.1 Mechanical Properties

In case of conventional materials, mechanical properties include generally ten char-

acteristics which are brittleness, toughness, elasticity, strength, hardness, ductility,

rigidity, plasticity, fatigue, and yield stress. It should be noted that the specific

characteristics of NPs are due to factors such as the area/volume ratio and quan-

tum effects. These effects lead to mechanical behaviors of NPs that are away

from the behaviors of bulk materials [14]. In the lubricated contacts, whether the

nanoparticles are indented the softer surface or, the NP itself is plastically de-

formed mainly depends on the relative stiffness between the nanoparticles and the

contact surface. It is useful for analyzing how NP performs in these circumstances.

In other words, it becomes critical to control the mechanical properties of NPs and

their behaviors with different surfaces in order to obtain favorable surface quality

and efficient material removal as claimed [13].

2.1.2.2 Thermal Properties

The size of nanoparticles (NPs) significantly affects their electrical and thermal

conductivity. As NPs are formed, the ratio of their surface area to volume in-

creases dramatically. This enlarged surface area plays a crucial role in heat trans-

fer. Because heat conduction partly relies on electron movement, the abundance

of electrons near the surface of NPs enhances their ability to conduct heat com-

pared to bulk materials [14]. Compared to fluids in solid form (like ice), metals in

nanoparticle form typically demonstrate much higher thermal conductivity. This
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translates to a significant difference in heat transfer efficiency. For instance, cop-

per nanoparticles at room temperature can conduct heat roughly 700 times better

than water ice and around 3,000 times better than engine oil. In order to maxi-

mize heat transfer efficiency, particles with a larger total surface area are preferred.

This is because a larger surface area allows for greater contact between the par-

ticles and the surrounding environment, facilitating heat exchange. Additionally,

a larger surface area contributes to the stability of the suspension by preventing

the particles from clumping together or settling out [13].

2.1.2.3 Magnetic Properties

The mentioned elements are also diamagnetic in a mass state, including palladium

(Pd), gold (Au), and silver (Ag). However, these clusters do not always behave in

the same manner and this is very noticeable and in fact can shift markedly at the

nanoscale. For these elements when they are made into nanoparticles (NPs) some

of them will possess magnetism since the electron distribution within the parti-

cles is not symmetrical. The magnetic properties of bulk materials are primarily

determined by four factors: the type of atoms involved (constituents), the man-

ner in which these atoms are grouped into a characteristic pattern (as a crystal

lattice), the application’s inclination for the material to align in a single direction

(magnetic partial preference), and the existence of sites lack atoms (vacancies).

At the nanoscale, however, two additional factors become crucial: with the size

and the shape of the nanoparticles [14]. Thus, the final characteristics of these

materials depend on the method employed to produce them. Some common syn-

thetic methods are solvothermal, coprecipitation, micro emulsion synthesis, and

thermal decomposition, and flame spray synthesis [13].

2.1.2.4 Electronic and Optical Properties

Nanoparticles (NPs) display different properties of both optics and electronics, and

the two areas are still inextricably connected. One rather vivid example of this can

be observed in noble metal NPs. Unlike the bulk materials, these materials have
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distinctive optical characteristics that are dependent on size of the nanoparticles.

This size dependence becomes show by a strong absorption band in the ultraviolet

and visible (UV-Vis) region of the electromagnetic spectrum. This band which

is missing in the bulk metals appears because of a phenomenon called Localized

Surface Plasmon Resonance or LSPR. LSPR is characterized by the detection of

the nanoparticle’s capability to interact with light by using a spectrophotometer

when the wavelength of the incoming light corresponds with the resonance of

the conduction electrons in the nanoparticle. There are many works that have

clearly demonstrated that the specific color of light that get absorbed in the d

end-users (represented by the LSPR spectrum peak) depends on the size, shape,

and interparticle spacing of the nanoparticles [13].

2.1.3 Synthesis Approaches

There are two main approaches for synthesizing NPs:

• Bottom-up approach

• Top-down approach

2.1.3.1 Top Down Approach

This method uses a breakdown approach. It starts with large molecules, which are

broken down into smaller components using various methods (Fig: The following

strategies are proposed for the implementation of this part of the research: 2.

2). They are then ground into the required smaller particle sizes which can be

in the nano sized particles range [13]. This method helps researchers to divide

large material into much smaller and actually nano-level parts. Focusing on the

top-down process has limitations of creating complicated patterns or shapes of

the particles or specific sizes of the particles. One of the major issues that need

to be addressed by this method is the ability to produce the nanoparticles of

the correct size and shape. Common methods applied to make nanoparticles to

include mechanical breakdown, photolithography, laser vaporization, sputtering

and thermal cracking [15].
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Figure 2.2: Top-Down Approach [16]

2.1.3.2 Bottom Up Approach

In nanofabrication, a method called bottom-up or self-assembly builds functional

structures by harnessing chemical and physical forces at the nanoscale (Fig: In

this case, the opinions are as follows: 2. 3). This approach works on the principle

of putting in place elaborate structures through the compilation of small elements.

Bottom-up techniques utilize principles of biological systems where like forces are

used to build everything that is required by life. Scientists are emulating this

by developing concepts of atomic clusters that self-assemble into different forms

of structures. Among the most popular techniques for the nanoparticle synthesis

that can be attributed to bottom-up approach, it is possible to distinguish sol-gel,

spinning, chemical vapor deposition (CVD), pyrolysis, and biosynthesis [15].
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Figure 2.3: Bottom-Up Approach [16]

Figure 2.4: Flowchart of Synthesis Approaches of NPs

2.1.4 Characterization of NPs

Understanding the physicochemical properties of nanoparticles (NPs) is crucial for

determining their potential applications. Therefore, scientists employ a variety of

methods and techniques to analyze and characterize these properties [14].
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2.1.4.1 Morphological Characterizations

Shape and structure or morphological characteristics of nanoparticles (NPs) are

aspects of research that have significant consequences. This is because shape de-

fines many of a nanoparticle’s characteristics, indeed, morphology has a strong

influence on a nanoparticle’s properties. There are many methods for the mor-

phological characterization of NPs But use of techniques like scanning electron

microscopy (SEM) and tunneling electron microscopy (TEM) are widely used in

morphological characterization of NPs. SEM is a technique that usually based on

the scanning electron principle, Several microscopy techniques can be employed

in SEM including type transmission electron microscopy and scanning tunnel-

ing microscope amongst others. It gives information concerning particles at the

nanoscale. First of all, It gives us the information of nanoparticles not only mor-

phology of the particles but also the dispersion of nanoparticles in matrices or bulk.

Scanning electron microscopy (SEM) also used to investigate the morphology of

Gold nanoparticles (Au nanospheres) shown in Fig.2.5. Fig.2.6 insights into the

dispersion of ZnO nanoparticles and the overall morphologies of the MOFs syn-

thesized under various reaction conditions [13].

Figure 2.5: SEM of Gold (Au) Nanospheres [13].
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Figure 2.6: SEM images of ZnO NPs at different temperatures [13].

Transmission electron microscopy (TEM) utilizes the interaction of electrons with

a sample to create high-resolution images. This allows TEM to reveal details of a

material across a wide range of magnifications, from very low to high. By exam-

ining the sample through TEM, researchers can analyze the various morphologies,
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or shapes and structures, of gold nanoparticles. Fig: 2.7 shows some of the Au

nanoparticles graphs that were prepared using various methods [13].

Figure 2.7: Different TEM graphs of Au nanoparticles prepared by different
techniques [13].

2.1.4.2 Structural Characterizations

Knowledge of the structural parameters of nanoparticles can therefore be very

important in terms of determining the nature of the atoms in the nanoparticles as

well as the chemical bonds within the nanoparticles. They affect several features

of the material. XRD, EDX, XPS, IR spectroscopy, Raman spectroscopy, surface

area analyzer by BET method, and particle size by Zetasizer are expected to be

employed to study the structural parameters of nanoparticles [13].

There are several techniques used for the structural characterization of NPs out

of which x-ray diffraction (XRD) is one of the most powerful techniques. They

help to show information pertaining to the NPs’ crystallinity, which enables one

to determine the particular crystal phase in their sample. Furthermore, XRD

analysis with help of the Debye-Scherer formula can be applied to give the average

size of the particles. This technique is general for the single phase NPs as well as

multi-phase NPs. Thus, one could use a double check of structural arrangement

of atoms in bimetallic NPs by comparing the computer generated model with the

experimental data, namely the XRD one [13]. Fig. 2.8 showing X-ray diffraction

pattern of Silver (Au) Nanoparticles pattern [19].
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Figure 2.8: Ag nanoparticles RRD pattern [19]

Energy dispersive x-ray (EDX) is another method that is applied together with

primarily TEM or SEM to understand the elemental composition of nanoparticles.

In different elements, nanoparticles is made of. If an electron beam is applied

to each element, then each of them will emit X-radiation with specific energies.

In that paper it is stated that intensity of a specific X-ray signal depends from

concentration of this element in the nanoparticle. I discovered that this method

called Energy Dispersive X-ray Spectroscopy (EDX) is very useful for researchers.

It may be employed in combination with other techniques like Scanning Electron

Microscopy (SEM), in order to validate the materials’ elemental constituents [13].

Energy Dispersive X-Ray of Silver (Ag) are displayed in Fig.29 [20].

Figure 2.9: EDX spectrum of Silver (Ag) NPs [20]
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Among various characterization techniques, X-ray photoelectron spectroscopy

(XPS) stands out for its exceptional sensitivity. It is a popular tool for researchers

to analyze the elemental makeup of nanoparticle (NP) materials with high accu-

racy. XPS not only reveals the exact type and ratio of elements present, but also

provides valuable information about their chemical bonding states.

XPS not only reveals the exact type and ratio of elements present, but also pro-

vides valuable information about their chemical bonding states. Due to its surface

sensitivity, XPS is particularly useful for investigating the outermost layers of

NPs. Due to its surface sensitivity, XPS is particularly useful for investigating the

outermost layers of NPs. Additionally, it can be combined with depth profiling

techniques to create a compositional map, revealing how the elemental makeup

varies beneath the surface [13].

2.1.4.3 Particle Size and Surface Area Characterization

There are various techniques used to estimate the size of the Nanoparticles. Tech-

niques like XRD, SEM, AFM, TEM and Dynamic Light Scattering (DLS) are used

for this purpose. Among these techniques, DLS and XRD are the best techniques

that can be used to get the size information even at a lowest level. One of the

newest and rather promising methods of the investigation of biological samples in-

cluding proteins and DNA is nanoparticle tracking analysis or NTA. Scientists can

apply using the NNTA to directly observe and quantify the nanoparticles (NPs)

in suspension.

One of the newest and rather promising methods of the investigation of biologi-

cal samples including proteins and DNA is nanoparticle tracking analysis or NTA.

Scientists can apply using the NNTA to directly observe and quantify the nanopar-

ticles (NPs) in suspension.

NTA analyzes the movement of these NPs, called Brownian motion, to determine

their size. This technique is useful for characterizing the size distribution of NPs

in liquids, with a size range typically between 10 and 1000 nanometers (nm) [13].

NTA Analysis of proteinaceous particles have showed in Fig: 2.10 [21].
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Figure 2.10: Nanoparticle Tracking Analysis (NTA) of Proteinaceous Submi-
cron Particles [21].

2.1.4.4 Optical Characterizations

Optical properties of a material is important when it comes to the use of photo

catalysis. Photographers have thus endeavored to understand these properties

through research on photo chemists’ understandings of such reactions. Optical

characterization techniques can also be used because they can tell us about the

behavior of light with nanoparticles , absorption, reflectance, luminescence and

phosphorescence of the NPs. Specifically, metallic and semiconductor NPs, which

are characterized by various colors, are used in processes related to light. Knowl-

edge of how these materials work in terms of light absorption and reflection is

central to the dissection of different photo-related applications [21].

2.2 Drug Delivery System

Medication transport systems are methods used to get drugs into or around the

body. These systems can involve different administration methods, like swallowing
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a tablet or getting a shot with a vaccine, and depends on the way that drugs are

packaged. Packaging can include microscopic carriers such as micelles or nanopar-

ticles, or even implantable devices. The fundamental intentions of a drug transport

system in body are to: Deliver a therapeutic amount of medication to the target

site in the body, improve the safety and efficacy of a pharmaceutical product with

regulated release kinetics, and improve patient compliance by making it easier or

more convenient to take medication [17].

2.2.1 Conventional Drug Delivery System

These routes can be classified further as oral, parenteral, topical including trans-

dermal, nasal, ocular, pulmonary, rectal and intrathecal, IN which substances are

injected into the spinal canal [22]. There are set ways through which medication

is given which include preparing specific forms of medication such as tablets which

are meant to be swallowed or intravenous injections. These techniques, however,

are not without their demerits. They include the need to use higher concentra-

tions of the active agents, substandard efficacy, toxicity as well as undesired side

effects. (Fig: 2.11) [23].

Figure 2.11: Drawbacks of Conventional Drug Delivery Systems.
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2.2.2 Targeted Drug Delivery Systems

The concept of drug delivery systems (DDS) has in fact enhanced the world of

modern medicine through facilitating the methods of transporting therapeutic

agents with a high level of accuracy in the human body. The primary emphasis is

placed on methods for the approach to the drug for the activation of certain cells

or organs; such a procedure increases violence and reduces the toxic influence of

any drugs. Also, it has been discussed different carrier systems, such as liposomes,

nanoparticles, and micelles focusing on their capacity to shield the drugs from

degradation and their controlled release. (Fig: 2.12) [18].

Figure 2.12: Advantages of TDDS.

As a contrast in targeted drug delivery there is an objective to deliver medicine

more accurately. This is the concept of getting the drug to areas that it is required

while at the same time reducing its concentration in other tissues which are per-

fectly healthy. Think of a delivery system avoiding the body’s immune system

and not getting locked up in the liver or spleen. This results in a higher concen-

tration of the drug at the target site since the active transport is now lowering its

concentrations further away from this area [24].
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2.3 Pathogenic Bacteria in Human Health

Bacteria that make us sick are termed as pathogenic bacteria. Our bodies have

natural defense system against these harmful and pathogenic bacteria. Thousands

of bacterial species live in our gut. About hundreds of these pathogenic species

have been studies so far in humans [25].

2.3.1 Types of Microflora

Normal gut flora, contains a diverse community of microbes, including beneficial

bacteria like Lactobacillus and Bifidobacterium. Some, like Helicobacter pylori,

can be potential pathogens under certain conditions. These gut bacteria can be

categorized based on their oxygen needs, with some like Bacteroides being anaero-

bic (thriving without oxygen). Streptococcus spp. is a normal flora of the respira-

tional tract. These Gram-positive, sphere-shaped bacteria cause a variety of dis-

eases, including strep throat, pneumonia, wound skin, heart valve, and circulatory

diseases. Corynebacterium diphtheria bacteria can cause a serious infection called

diphtheria. This infection produces a toxin that can lead to difficulty breathing,

heart failure, paralysis, and even death [26].

Figure 2.13: Different Pathogenic Bacteria for Human Health. A: Clostrid-
ium, B: Salmonella, C: E. coli, D: Listeria
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2.3.2 Modes of Transmission

There are various modes of transmission for microbials from reservoirs to other

living organism bodies. The mode of spread is said to be airborne transmission if

the infectious agents such as bacteria, fungi etc. get into other living organisms’

bodies through aerosols, the dispersion forms of the bacteria that is in the air.

Here, the pathogens remain in the air for some time thus contributing to the easy

spread of diseases. That is why if a person has the flu, one can easily contact the

disease simply breathing in the air inside for a room [27].

This disease can fly, from person to person via droplets that are thrown up by

ill persons’ respiratory systems. It can occur through exposure to other people’s

coughs or sneezes or during a simple conversation.

But despite this, the risk of getting infected is higher when you are close to the

infected person; however, it is not restricted to being right next to this person.

The medical affection can occur through inhaling of the droplets containing the

germs or through a direct contact with the infected surface and, consequently, the

face [27].

Diseases can spread through objects that carry germs. Skin-to-skin contact or

contact between mucous membranes (like eyes, mouth, or genitals) can spread

germs. Sharing contaminated blood or blood products can transmit certain bac-

terial infections [28].

Hospital acquired infections, which are a type of Healthcare infections, are infec-

tions that a patient acquires while in the hospital and can be caused by hard to kill

germs. Patients can fall sick with infections in the various institutions through ac-

quiring other illnesses in the healthcare facilities. These types of infections which

are acquired during the stay in care facilities are usually referred to as nosocomial

or hospital-acquired infections. Other familiar causes are contaminated by germs

that are not killed by many antibiotics, which is usually transmitted through med-

ical procedures that are poorly filtered or untreated antibiotic abuse [29].

Hospital acquired infections, which are a type of Healthcare infections, are infec-

tions that a patient acquires while in the hospital and can be caused by hard to
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kill germs. Patients can fall sick with infections in the various institutions through

acquiring other illnesses in the healthcare facilities.

These types of infections which are acquired during the stay in care facilities are

usually referred to as nosocomial or hospital-acquired infections. Other familiar

causes are contaminated by germs that are not killed by many antibiotics, which

is usually transmitted through medical procedures that are poorly filtered or un-

treated antibiotic abuse.

2.4 Nanoparticles-Based Targeted Drug Deliv-

ery System

Normal/general drug delivery system is not capable of this while nanoparticles

have the ability and proclivity to home in on the precise biological cell or tissue.

This increased targeting capacity is achieved through alteration of a nanoparticle’s

surface so that it can engage only specific cellular receptors or biomarkers, thereby

increasing drug delivery at the specific site and reducing side effects [30].

The active agent is embedded into a nano carrier system through different tech-

niques. Such methods can produce nanoparticles, nanospheres and or Nano cap-

sules; all of which have properties that affect the drug delivery and release. This

approach allows for the optimization of the carrier system to best suit the specific

needs of the drug [31].

Figure 2.14: NPs based Targeted Drug Delivery System.
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Table 2.1: Evolution of nanoparticles from recent years (2015-2021).

Year Types of

NPs

Drug De-

livery

Approach

Disease Applications References

2015 Polyami

doamine

NPs

Worked

as Nano

drug carrier,

delivered

malarial

drug to its

targeted site.

Malaria Increased drug

solubility,

bioavailabil-

ity, reduced

its toxicity,

enhanced ef-

ficacy and

targeting.

32

2016 Solid-Lipid

Nanoparti-

cles

Nanocarrier

used in drug

delivery.

Loaded with

cyanine and

flavonoids.

Colorectal

carcinoma

(CRC)

Enhanced

delivery of

therapeutics

using electro-

poration.

32

2017 Nano phage

(Bacterio-

phage NPs)

Drug de-

livery and

gene transfer

by chemical

or genetic

designing.

Viral or

bacterial

infections

treatments.

Filamentous

phage bac-

ter can be

designed

to deliver

medicines,

antibodies or

peptides.

32

2018 Mesoporous

Silica

Nanopar-

ticles

(MSNPs)

MSNPs

laden with

siRNA via

electrostatic

absorption.

No Non-viral

vectors offer

faster devel-

opment, lower

toxicity, and

affordability

compared to

other meth-

ods.

32
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Year Types of

NPs

Drug De-

livery Ap-

proach

Disease Applications References

2019 Chitin NPs Loaded

drug deliv-

ery systems

of all kinds.

No Cancer treat-

ment, vaccine

transfer, gene

transfer, ocu-

lar and buccal

medicine

transfer.

32

2020 Mesoporous

Silica NPs

loaded with

folic acid

pH based

drug deliv-

ery system

based on

folic acid.

H based

drug deliv-

ery system

based on

folic acid.

Cancer

treatment

Branched

polymer

(HBP) act as

lid over drug

in MSNPs and

keep it lasting.

32

2021 Silver

Nanopar-

ticles

(AGNPs)

DNA or

RNA trans-

fer in body

for protein

production

to enhance

immune

response.

Severe

Acute

Respi-

ratory

Syndrome

Coron-

avirus 2

Nucleic acid

vaccines

hold promise

against SARS-

CoV-2 and

other diseases.

32

2021 Lipid-

based,

metal and

metal oxide

nanoparti-

cles

Effective

against

covid-19

due to their

distinct

properties.

Viral dis-

eases like

sars-cov 2,

covid-19

etc.

Such NPs offer

preventive

benefits in

face masks,

sensors, and

coatings.

32
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2.5 Nanoparticles as Antimicrobial Agents

Thus, nanoparticles are being used extensively in the treatment of bacterial infec-

tions with references to antibiotics. Hence, owing to the versatility that is charac-

teristic of nano-biotechnology, the approach has a great potential in the treatment

of bacterial infections as indicated [33]. It is assessed that more than 70% of bacte-

rial diseases can emerging resistance against commonly used antimicrobials which

is in practice situation and around 79% bacteria can develop resistance against

multiple number of antibiotics [34].

Nanotechnology for the eradication of bacterial infections has a great potential for

the solution of major drawbacks of the antibiotics. Thus, the use of metals such as

copper, silver or zinc with antimicrobial properties in infection control in modern

medicine has been practiced for many years.

At present, these metals utilize a new concept in the form of nanometals, which are

the enhanced metallic nanoparticles, metal oxides, and combinations of layers of

the metals. Recent innovation in nanobiotechnology results to functional nanoma-

terials with distinct peculiarity of the physical and chemical attributes exhibiting

promising outcomes as antimicrobial agents [35]. Different types of nanoparticles

used as antimicrobials are as follows:

2.5.1 Silver (Ag) Based Nanoparticles

These nanoparticles have inherent antimicrobial activity and are used in the appli-

cations of cosmetics, healthcare products, textile materials, wound dressings, and

coatings. They are also applied in medical operations involving chronic ulcers,

resistant diabetic wounds and burns among others.

Also, these nanoparticles increase the formation of the collagen material when

used in wound healing which increases the rate of the healing and decreases in-

flammatory conditions that are associated with wounds [36].
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2.5.2 Gold (Au) Based Nanoparticles

We can particularly design different nanostructures of gold such as rods and shells

for their antibacterial characteristics. When the properties of these ligands them-

selves are changed or when other compounds are incorporated the effectiveness of

this is increased. It has been reported that even conjugating of the gold nanoparti-

cles with either the antibodies or the antibiotics develops very formidable weapons

against different kinds of bacterial infections including the antibiotic resistant ones

[37]. Gold nanoparticles (AuNPs) have comfortable tendency in HIV treatment,

malaria treatment, microbial infections treatment and arthritis treatment. It also

uses in gene therapy, drug delivery and diagnose also [38].

2.5.3 Titanium Dioxide (TiO2) Nanoparticles

In the case of photocatalytic applications aiming at bacteria, titanium dioxide is a

very practical photoactive material to work with because of its inherent stability,

availability, and cost [39]. The comparative non-specific antibacterial effect of

TiO2 nanoparticles with different types of fungi and bacteria including MDR has

stipulated the applicability of this material for the process of disinfection. Besides,

nanocomposite effected disinfection benefits from the property that, unlike many

other disinfectants, TiO2-based nanocomposites do not release nanoparticles into

water because they possess non-contact biocidal effect and are eco-friendly [40].

2.6 Nanoparticles Toxicity in Animal Models

Toxicity induced due to engineered nanoparticles in animals is termed as Nan-

otoxicity. Scientists use a variety of methods to assess the potential toxicity of

nanomaterials, including: cell cultures in both two and three dimensions, mi-

crofluidic organ-on-a-chip systems, and studies using isolated organs or tissues.

In recent years, significant focus has been placed on developing requirements and

approaches to address the dangers posed by emerging NPs. A number of studies

have been done on toxicity assessment of engineered nanomaterials (ENMs). To
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study the in-vivo toxicity of ENMs, some researchers focuses on either one organ

or organ system like respiratory systems, nervous system, cardiovascular system,

excretory system, reproductive system etc [41].

2.6.1 Aluminum Based Nanoparticles

Metal oxide based nanoparticles, especially aluminum-based nanoparticles are now

being sought after for its usefulness in fuel cell technology, polymers, paints and

many more [42]. Several studies have shown that with aluminum oxide nanoparti-

cle exposure, cell health, mitochondria, and the tight junctions of the blood-brain

barrier are affected alongside raising the level of oxidative stress. More investiga-

tion employing mouse lymphoma cells also shows that aluminum oxide nanopar-

ticles could cause DNA damage without the formation of mutations [43].

2.6.2 Copper Oxide (CuO) Nanoparticles

CuO NPs have uses in semiconductors, antimicrobial agents, HTFs and IUCDs.

According to the current studies exposure of CuO NPs is toxic to the liver and

the kidney [44]. Ingesting copper nanoparticles, the substance dissolves in the

stomach fluids releasing copper ions which are highly reactive. These ions then

build up in the kidneys of exposed animals. In a separate laboratory study, copper

oxide nanoparticles were found to damage genes and cells, disrupt cell membrane

function, and create oxidative stress [45].

2.6.3 Silver Nanoparticles

Reports show that the application of silver as a microbial agent is traceable back

in history. Now it is even tinier i. e. Silver nanoparticles (NPs), have sneaked their

way into a seemingly endless array of everyday use products. This is in everything

from wound dressings to coating of surgical instruments and prosthetics due to its

demonstrated ability to kill bacteria [46]. These NPs displayed higher cytotoxicity
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than the other NPs; thus, they brought a significant decrease in cell viability,

increased ROS generation, and LDH leakage [47].

2.6.4 Carbon-Based Nanomaterials

Within the application area, carbon nanotubes, fullerenes, single-wall nanotubes,

and multi-wall nanotubes are at the forefront in nanomaterials development be-

cause of their tunable characteristics [48]. From the earlier research, it has been

found that the size of carbon nanotubes determines how toxic they are. Multi-

walled carbon nanotubes administered stereotypically into the abdominal cavity

have been proven to display the feature of carcinogenicity similar to those of as-

bestos in animal models. This was distinctly different from single-walled carbon

nanotubes that got readily phagocytosed by macrophages [49]. C60 Buck-minster

fullerenes in their native form, meaning that their surfaces are not chemically

modified in any way are capable of circulation in the human body and tend to

concentrate in the organs and tissues with time; such organs and tissues include

liver, kidneys, bones, and spleen. The in vitro studies on fullerenes carried out at

the laboratory level show that these materials may pose genotoxic effects in the

sense of DNA strand breaks, chromosomal mutations, and micronuclei. This was

noticed when the tested cell types include human and animal cells such as Chinese

hamster ovary cells, human epidermoid carcinoma cells, and human embryonic

kidney cells (HEK293) which were treated with fullerenes at a concentration of 1

ng/mL for 80 days [50].

2.7 Role of Silica Nanoparticles (SiNPs) in Health

Sciences

Silica or silicon also referred to as silicon dioxide SiO2 is a plentiful compound

in Earth crust. Nanoparticles of silica are frequently utilized in different fields:

food industry, medicine including as drug delivery agents and diagnostic tools,

and chemical industry due to the peculiarities of their structure [51].
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2.7.1 Silica Nanoparticles in Targeted Drug Delivery Sys-

tem

Meso-porous silica nanoparticles are preferred in controlled and target delivery of

drugs since they are biocompatible and can load high amounts of drugs. Silica is

readily available in the nature and appears to have better biocompatibility com-

pared to other metal oxides abounding in nanomedicine like titanium and iron.

MSNs, which are based on silica, possess inherent stability because of a highly

stable bond Si-O. These figures give them an advantage over niosomes, liposomes,

and dendrimers, making them hard to degrade as well as withstand mechanical

stress. Consequently, MSNs do not always need post-synthesis stabilization pro-

cesses to be carried out [6]. Silica nanoparticles appear to have various uses in

cancer, microbial infections, and theranostic utilities attributing to the different

functions which are observed in the delivery of small biological molecules includ-

ing small interference RNA, DNA, peptide molecules, Abs, antigens etc to the site

of interest within the living organisms. Tumor environments have been acidic,

compared to healthy tissues. Researchers seized this opportunity by creating a

pH-sensitive peptide (RGDFFFFC) that functions as a doorkeeper of a MSN drug

delivery system. In the acidic micro-environment of the tumor, the peptide un-

covers the targeting ligand to facilitate enthrance of the MSN into the tumour

cells. Within the cells, these proteins with high glutathione results in the libera-

tion of the drugs. SNPs are ideal for housing antimicrobial agents because they

can be designed to be stimuli responsive with regard to controlled release. This

specific targeting reduces the doses that the healthy tissues receive hence reducing

the chances of detrimental side effects. MRI contrast agents are currently under

the gadolinium-based compound, which cause toxicity issues. However, there are

problems related to low solubility and bioavailability of the above compounds;

still, the inclusion of SNPs can be an effective solution. SNPs could provide high

resolution MRI at comparatively lower doses of Gd and at the same time restrict

the liberation of Gd3+ into the bloodstream [52]. Various categories of clinical

approved silica nanoparticles which are in use in different fields are presented in

Fig; 2.14 [53].
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Figure 2.15: Types of Silica nanoparticles.

2.7.2 Silica Nanoparticles as Antimicrobial Agents

For these reasons, and there are many, silica nanoparticles (SiNPs) have been

widely used in drug delivery mainly because they have a large surface area, are

easy to functionalize and are biocompatible. Specifically, MSNs as a type of SiNPs

with porous structures have the advantages of tunable pore size, and pore volume

which can provide a high drug loading. In this regard, efforts are made to enhance

the efficacy of antibiotics by either increasing the dose and/or administration of

the second course of the antibiotic. However, this approach is known to exaggerate

the side effects of the antibiotics and toxicity as well as promote the development

of antibiotic-resistant bacteria. Thus, it was expected that SiNPs exhibit potent

antimicrobial activity against biofilms, especially concerning novel therapies and

the increasing problem of antimicrobial resistance. Thus, SiNPs have the ability
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to prove quite lethal in the case of pathogens through their mere presence as they

employ physical membrane disruption, ROS generation and endosomal overload

to ensure a potent antimicrobial effect regardless of the payload they are loaded

with. This is a multi-faceted approach which greatly limits the chances of bacteria

mutating into some kind of resistance. Studies revealed that Silicon nanoparticles

(SiNPs) have possibilities for functionalization by antimicrobial agents such as an-

tibiotics, peptides and other functional materials. These material can be bonded

through covalent or non-covalent bonding depending on the bonding agents. This

strategy can successfully overcome some of the issues, for example AMR, limita-

tions associated with enzymes or serum proteins, and any other issues in relation

to a drug substance such as solubility and toxicity [54].

2.8 Synthesis of Silica Nanoparticles

There are generally two methods that are used to synthesize silica nanoparticles

i.e. chemical synthesis method green synthesis method.

2.8.1 Chemical Synthesis Method

Synthesis of nanoparticles by chemical methods is one of the most effective and

common techniques to create nanoscale particles intended for different uses. It

vests in the processes of catalysis by which precursors are converted chemically

into nanoparticles of specific size, shape, chemical composition and architecture.

Many approaches have been developed for the synthesis of nanoparticles and give

possibilities to produce various nanomaterials. Some of the known techniques

of synthesis include precipitation, sol-gel method, micro-emulsion, hydrothermal

synthesis and electrochemical synthesis. In the precipitation method nanotarti-

cles are prepared by process of reduction of precursor salt solutions with the help

of reducing agents. Sol-gel method this process is characterized by conversion of

precursor solution to gel and then to nanoparticles by chemical reactions. Micro

emulsion technique hence work by encapsulating the chemical reactions in a stable
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emulsions meanng that the chemical reactions will only take place in nanoscale

droplets. Nanoparticles are produced and designed by hydrothermal synthetic

techniques which actually employ hot and high-pressure water to catalyze reac-

tions. Electrochemical synthesis comprises the deposition of nanoparticles by ap-

plying a potential in a solution [55].

Thus, the technique of chemical synthesis of nanoparticles has a number of ad-

vantages, but, at the same time, it also has several disadvantages and challenges.

Some of them are instability of size and shape, possibility of contamination, prob-

lems in up-scaling from laboratory to pilot scale, environment and safety issues

linked with the use of certain chemicals and energy consumption, incapability of

controlling the surface properties, and compatibility of the materials. All these

challenges indicate that more research needs to be conducted to optimize the syn-

thesis processes and to overcome the environmental and safety issues connected

to the use of nanoparticles [55].

2.8.2 Green Synthesis Method

Recently, people have begun to pay more attention to the functional application

of metal oxide nanoparticles (NPs). On the other hand, issues on the negative im-

pact of nanomaterials emerged as the primary area of interest. In this regard, one

of the potential solutions is the development of environment friendly methods for

synthesis of these particles so that they pose lesser threats and hence are equally

suitable for application to various products that are in use today. Among the

former, there is the biological synthesis of metal oxide NPs using microorganisms

and plant extracts. This approach has the potential of coming up with particles

that are bio compatible at a cheaper cost making this approach suitable for fields

that are closely related to health sectors. One important area, which should be

mentioned is cancer treatment, as nanotechnology applications in this field are

designed to improve the conventional approaches to the disease’s management.

Green synthesis of nanoparticles as mentioned earlier has got the following ad-

vantages. First of all, it serves the purpose of environmental sustainability due

to the use of natural resources and processes. Secondly, it frequently produces



Literature Review 34

biocompatible nanoparticles which can then be used in the healthcare industry

and consumer goods. Thirdly, it is generally carried out more energy efficiently

and is associated with minimal toxic side products than the conventional synthesis

processes. In general, green synthesis is a green way and hence economic as far as

the synthesizing of nanoparticles for so many utilizations is concerned [56].

Figure 2.16: Synthesis methods of Nanoparticles

2.9 Ficus carica Phytoconstituents

The leaves of Fig 2.16 Ficus carica are source of bioactive constituents which can

be simply defined as natural health promoting agents. Fig A presents the list of the

bioactive components which are present in the fig leaves. Phenolics, a large group

of compounds that ranges from flavonoids, phenolic acid and coumarins. The

predominant flavonoids include luteolin, quercetin and apigenine, among these

flavonoids luteolin is the most dominant with several properties such as; antiox-

idant, anti-inflammatory and anticancer. Some of the organic acids are; malic,

citric and oxalic acids. It is involved in giving the somewhat sharp taste to fig

leaves and has some health benefits like helping in digestion. Carotenoids are

pigments that give fig leaves a slightly yellowish hue. They have antioxidant prop-

erties and may help protect cells from damage. Other bioactive compounds that

fig leaves contain are triterpenoids, phytosterols, and fatty acids [57]. Some of the

useful features of fig plant and its parts in food industry are given below in Table

2.2 [58].
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Table 2.2: Role of Fig in food industry [58]

Industry Food Product Additives Functions

Food Indus-

try

Fig powder and

its co-products

(FPC)

Pulp & Peel of fig

fruit

FPC of peel contained higher

antioxidant activity than of

pulp FPC.

Food pack-

aging

Chitosan film

based on Fig

Fig leaves Chitosan based on fig leaves

extract used for protection

and increasing shelf life of

food.

Baking Cookies Powder of Fig

fruit

Fig powder containing cookies

have more nutrients than mar-

ket product.

Dairy Milk desserts

sugar free

Dried fig and

CMC

CMC and fig powder en-

hanced dessert properties.

Oil Canola Oil Pulp and peel ex-

tract

Oxidative stability as they

have good phenolic content.

Confectionery Toffee Fruit powder of

Fig

Toffee products were assessed

for their physio-chemical pa-

rameters.

2.9.1 Nanoparticles Synthesized with Ficus carica Extract

Fig is a typical fruit and is component of diets that promote health. Silver NPs

were biosynthesized from 1mM AgNO3 solution with extract of dried fruit of fig.

Fig fruit extract acted as reducing and encapsulating agent to reduce toxicity on

NPs. AgNPs by using fruit extract of Ficus carica results showed no deleterious

or toxic effects of the AgNPs on animal body (i.e. liver, heart, brain, and kidney).

This confirms that the protective potential of different metabolites present in fig

fruit reduced the toxicity and enhanced the biocompatibility of silver nanoparticles

[59]. Nickel oxide nanoparticles have been prepared using Ficus carica leaf extract.

0.1 M nickel oxide solution was used to prepare NiO2 NPs where Ficus carica leaf

extract was reducing agent. The study found that NPs were essential for various

biological assays mainly bacterial and fungal strains [60].
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2.9.2 Therapeutic Efficacy of Plant Extracts

It is necessary to mention that plant extracts can be considered as one of the

extensive and promising fields studied at the present moment; the potential of

the undertaken developments is aimed at changing the world of healthcare for

the better, offering people safe and efficient treatments for numerous sicknesses.

Their therapeutic value is attributed to a vast array of bioactive compounds they

produce, such as: their therapeutic value is attributed to a vast array of bioactive

compounds they produce, such as: These antioxidants are proven to have anti-

inflammatory and anti-cancer effects; these are phenolic compounds [61]. These

are alkaloids that are used to treat pains and infections since they have antibac-

teria [62]. Terpenoids as agents possess anti-inflammatory, anti-tumor, and im-

munomodulatory effect. Essential oils; have many uses including; antimicrobial

and antifungal [63]. Finally there is Therapeutic potential of plant extracts against

a wide spectrum of diseases Here are some of what it looks like: The curcumin

which equals to Curcuma longa displays the curcumin having powerful effect on

decreasing inflammation and preventing cell damage; thus, the curcumin may be

recognized as a contender against diseases for instance arthritis and Alzheimer’s

disease [64]. Resveratrol found in grapes and red wine, resveratrol demonstrates

cardio protective effects and potential benefits against neurodegenerative diseases

[65]. Ginger (Zingiber officinale ), Gingerol the bioactive from ginger is an anti-

emetic and has anti-inflammatory properties, beneficial for nausea and pains.

Camellia sinensis leaves have a very rich polyphenol content especially epigal-

locatechin gallate (EGCG), green tea has anti-cancer and cardiovascular health

effects [66].
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Methodology

3.1 Preparation of Ficus carica L. Extract

Fresh Ficus carica L. leaves were washed with tap water and then washed with

distilled water twice. Weighed 50g leaves and fine chopped, added into 500ml

beaker. Added 250ml distilled water in the beaker containing fine chopped leaves.

Placed the beaker in water bath at 55-60°C for 45 minutes. Stir the mixture time

to time after every 10 minutes. After 45 minutes, the mixture was left to attain

room temperature. Filter the mixture with filter paper. The extract can be stored

at 4°C until utilized for Sodium metasilicate solution reduction [67].

3.2 Synthesis of Silica Nanoparticles (SiNPs)

1g of Sodium metasilicate salt was added in 20ml distilled water to make precursor

salt solution of 0.4M concentration. Sodium metasilicate (Na2SiO3) solution was

added dropwise into 100ml freshly prepared Ficus carica L. extract with constant

stirring. pH of the solution was maintained at 8-9 by adding 1M HCl dropwise

in it. Keep the reaction mixture at 60-70°C for 1 hour for reduction process to

occur. Centrifuge the reaction mixture at 4000rpm for 10-15 minutes. Removed

the supernatant and pallet was kept in oven for drying at 80°C for 2 hours [67].

37
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3.3 Characterization of Silica Nanoparticles

Characterization helps us to analyze the composition and structure of nanopar-

ticles. This analysis also helps us evaluate the effectiveness of the method used

to obtain the material. There are two main types of characterization techniques:

qualitative and quantitative [68]. Fourier Transform Infrared (FTIR) Spectroscopy

is used to find the functional groups that are present in the nanoparticles. Also

it is used to determine the molecules and their functional group composition [69].

Ultraviolet-Visible (UV-Vis) Spectroscopy (UV-Vis spectrophotometry) is utilized

for the qualitative and quantitative analysis of the chemical elements within the

nanoparticles. X-Ray Diffraction (XRD) analysis is conducted to determine the

crystalline nature of the nanoparticles. Size of nanoparticles is determined by us-

ing Debye-Scherer equation i.e.

D = 0.94
λ

B cosΘ
(3.1)

Scanning Electron Microscopy (SEM) imaging is used to visualize the morpholog-

ical property and size of the individual silica NPs [69].

3.4 Animal Selection

Twelve adult male rats (Sprague Dawley) weighing 140-160gm of six to seven weeks

old were used for the experiment. The rats were kept in animal house with specific

pathogen free (SPF) environment, with a controlled atmosphere. Temperature was

maintained at 22 ± 2 in Celsius scale, with humidity of 55% ± 10%, and 12 hours

of light and dark cycle [70].

3.5 Dosage Optimization

Dose of silica nanoparticles was optimized on the base of the tolerated dose of

silica NPs that is 100mg/kg induced for 1-3 months orally [71]. The optimized
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high dose i.e., 22.5mg of SiNPs and low dose i.e., 7.5mg was administered orally

on daily basis for 21 days. Whereas the plant extract dose was optimized at the

rate of 200mg/kg as reported earlier [72].

Table 3.1: Doses of SiNPs and Plant Extract

Dose Type Dose Amount Reference

Low Dose of SiNPs 7.5mg/150g [71]

High Dose of SiNPs 22.5mg/150g [71]

Plant Extract Dose 30mg/150g [72]

3.6 Experimental Plan

This experiment utilized a four-group design, each having 3 rats, in a controlled

animal facility for a period of 21 days.

Group 1: This group acted as a control, animals were provided with normal diet

and purified water for 21 days.

Group 2: This group was given a plant extract at a standard dose with purified

water intake and diet.

Group 3: This group acted as the low-dose treatment group. Animals in this

group were given a low dose of SiNPs along with a normal diet and purified water.

Group 4: This group was given a high dose of SiNPs with normal water and

diet[70].

3.7 Morphological Assay

Body weight of all rats in each group was measured every two days with the help of

electronic weight measuring machine from treatment day to end day of experiment

[73].
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Figure 3.1: Animals Grouping

3.8 Animal Dissection

After 21 days of dosing, rats were dissected to get blood samples for biochemical

and histological assays to check the toxicity of SiNPs. Rats were anesthetized with

chloroform and then euthanized for blood collection and tissue isolation for test-

ing. After removal, the liver tissue samples was placed in solution called neutral-

buffered formaldehyde (NBF) to keep them safe for further examination [74].
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Figure 3.2: Animal Dissection

3.9 Hematological Analysis

The blood samples underwent a complete blood count (CBC) using an automated

hematology analyzer (model 2800 Hematology Auto-Analyzer). This analysis as-

sessed various parameters, including the number of white blood cells (WBC),

red blood cells (RBC), hemoglobin concentration (Hb), hematocrit (HCT), mean

corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean cor-

puscular hemoglobin concentration (MCHC) [75].
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3.10 Biochemical Assays

Blood was drawn from the rats to assess several biochemical parameters. This

analysis included liver function tests (LFTs), renal function tests (RFTs), C reac-

tive proteins (CRP) and erythrocyte sedimentation rate (ESR). Rats were admin-

istered anesthesia. Blood was collected via cardiac puncture and stored in chilled

centrifuge tubes at -20°C [73].

Figure 3.3: Blood samples collection for tests.

3.11 Histopathological Analysis

Liver tissues were collected and fixed in 10% formalin, paraffin-embedded, sec-

tioned, and stained with hematoxylin and eosin (H&E) for subsequent histological

examination using standard techniques [76].

3.12 Statistical Analysis

The data was subjected to one-way analysis of variance (ANOVA) to assess the

difference between groups as mean standard deviation [75].
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Figure 3.4: Liver samples collection for Histo analysis.



Chapter 4

Results and Discussion

4.1 Plant Extract Preparation and Synthesis of

Nanoparticles

Plant extract was prepared by heating fine chopped Ficus carica L. leaves in

100ml of distilled water and filtered (Fig:4.1A). After filtration, 0.4M salt solution

in 50ml of plant extract was heated at 80oC for 3 hours. A color change results

in the indication of reduction process and NPs synthesis (Fig:4.1B) [67].

Figure 4.1: (A) Plant extract of Ficus carica L. leaves. (B) Plant extract
mixed with sodium metasilicate salt solution and color change indication of

synthesis of NPs.

44
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4.2 Characterizations of Nanoparticles

For confirmation of synthesis, crystallinity, size and morphology of nanoparticle,

characterization is important to validate them as they nano scaled in size and

cannot be seen with naked eye. Characterizations of SiNPs were performed by

using UV-Vis spectrophotometry, FTIR, XRD and SEM.

4.2.1 UV-Vis Spectrophotometry

UV-Vis, a widely used technique, was performed to assess the optical properties of

synthesizes silica NPs. Range of wavelength used from 200 to 1200nm. Synthesized

SiNPs showed maximum absorbance peak in visible region that is at 304nm that

was the indication point of synthesis of SiNPs. There has been reported the

maximum absorption band of Silica NPs at 310nm wavelength [77]. Moreover,

there is also been reported the maximum absorbance of Silica NPs at 297nm

wavelength that proven the synthesis of SiO2 NPs [78]. Figure 4.2 shows the

UV-Vis absorption spectrum, a graph of optical absorbance versus wavelength.

Figure 4.2: UV-Vis absorption spectrum of SiNPs
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4.2.2 FTIR Analysis

FTIR (Thermofisher Nicolet Summit Pro) analysis of both plant extract and SiNPs

was done to identify the functional groups present in them. Results obtained from

FTIR analysis were analyzed by Origin software. Confirmation of SiNPs was done

by FTIR data (Fig: 4.3).

Multiple peaks at 2342.9cm-1, 1530.2cm-1, 1059cm-1 and 458cm-1 were observed.

Peak formed at 458cm-1 is due to symmetric stretching of vibration of Si-O-Si

i.e. siloxane group that are actually silica nanoparticles. Peak that is detected at

1059cm-1 is related to C-O stretching of primary alcohol.

Multiple peaks at 2342.9cm-1, 1530.2cm-1, 1059cm-1 and 458cm-1 were observed.

Peak formed at 458cm-1 is due to symmetric stretching of vibration of Si-O-Si

i.e. siloxane group that are actually silica nanoparticles. Peak that is detected

at 1059cm-1 is related to C-O stretching of primary alcohol. Absorption peak at

1530cm-1 indicates N-O asymmetric stretch of Nitro compounds [79]. Peak at

2342.9cm-1 is due to C-H bond stretching. Somehow similar peaks were observed

and reported by in 2022 [80]. Figure 4.4 reveals the FTIR analysis of dried plant

extract. Peaks observed in plant extract FTIR screening are at 3922.779cm-1,

2385.840cm-1, 2279.646cm-1, 1911.504cm-1, 1692cm-1, 1529.203cm-1, 1132.743cm-

1, 720.203cm-1, 587.610cm-1, 488.495cm-1.

Peak at 2385.804cm-1 and 2279.646cm-1 represents NH compounds relating amino

acids. Peak at 1132.743cm-1 indicates the CH3 bond that is towards organic phos-

phorous compound [81]. Peak at 3922.77cm-1 represents the presence of amine

salts. Peaks at 1911.5 and 1692.03 represents C=O stretch i.e. conjugated alde-

hyde. Peak analyzed at 1529.203 represents C-H bond stretching that is alkane.

Peak at 729cm-1 represents the presence of C-H weak stretch of Benzenoid. Peak

of 587 is showing the presence of C-I stretch that is towards Halo compounds and

peak at 488.495 represents the C-OH bond that is phenol [82].
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Figure 4.3: FTIR spectrum of SiNPs

Figure 4.4: FTIR spectrum of Ficus carica L. leaf extract

4.2.3 SEM-EDX

SEM (Scanning Electron Microscopy) was done to identify the morphology and

size of the synthesized nanoparticles and EDX (Energy Dispersive X-Ray) (MIRA

3, TESCAN) was also performed to confirm the elemental composition of Silica

NPs synthesized by Ficus carica L. leaf extract. According to SEM, the size of

nanoparticles is 19nm-33nm. Image formed by SEM is shown in Figure 4.5 which
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demonstrate the homogenous formation of SiNPs in amorphous form at different

resolutions. Somehow same results are reported about the agglomerated form of

SiNPs homogenously distributed [77].

Figure 4.5: SEM Images of SiNPs under different resolutions.
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Figure 4.6: SEM of Silica Nanoparticles at 5micron

Figure 4.7: EDX of Spectrum 2 of SiNPs.

Figure 4.8: EDX of Spectra 3 of SiNPs
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Figure 4.6 demonstrate the elemental composition of NPs. Results obtained were

analyzed by Origin. EDX spectra are presented in the form of peaks corresponding

to Si and O fIG:(4.7)(4.8). All these peaks contain Si and O elements at highest.

This shows that 90-95% pure Si and O elements are present.

Trace elements like Calcium (Ca), Sodium (Na), Magnesium (Mg), Potassium (K),

Chlorine (Cl) and Carbon (C) are also present. As the synthesis of NPs was Ficus

carica leaf extract based, so these elements must be adhered from this extract to

SiNPs. Yadav and Fulekar [83] reported 94 to 97% pure SiNPs with highest peaks

of Si, O and C.

4.2.4 XRD

XRD is best technique to analyze the crystalline or amorphous nature of the

nanoparticles. Dry powder NPs were used to perform XRD analysis. Peak was

obtained at 2Θ = 22.21 which confirms the amorphous nature of the Si NPs

(Fig:4.9). These results are following the observation reported [77][84] that if

XRD pattern obtained at peak of 20-25, nature of silica nanoparticles will be

amorphous.

Figure 4.9: XRD pattern of Silica nanoparticles
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4.3 Body Weight

The body weight of animal models play vital role in determining the overall health

of the body. During 21 days of experiment, the weight of the control group grad-

ually increased.

Whereas the weight of plant extract group decreases in first week and then re-

mained consistent. On the other hand, the weight of low dose and high dose

group increased gradually which might be due to the use of nanoparticles that

causes the water retention due to the accumulation of globular proteins in the

blood plasma.

Figure 4.10: Graph representing weight of all groups during the 21 days
experiment.

In control group, weight increases from 170 to 193g during 21 days. Weight of

plant extract group decreased gradually from 181 to 170g. Weight of low dose and

high dose group animals increased from 158 to 188g and 169 to 201g respectively.

This weight increase was also observed and reported [85] while inducing AgNPs

in rats. They reported 5g increase in body weight. High dose group animals also

showed a significant weight increase during treatment days. The results obtained

are consistent with the results previously reported by Noori M. Luaibi [86] with

increase in body weight during AgNPs induction in rats. Table: 1 demonstrate

the comparison of weight of all groups’ animals.
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Table 4.1: Mean±SD (n=3) Weight of Plant extract, Low dose and High
dose groups compared with the Control group by one-way ANOVA.

Group Days
0 5 10 14 21

Control 170± 1.15ab 174± 1.15a 181.33± 1.76ab 188± 1.15a 193± 2.65a
Plant Ext. 181.33± 5.81b 172.67± 6.96a 196.67± 5.21b 203.33± 5.81a 200± 6.11a
Low Dose 158± 6.43a 161.33± 5.81a 180± 6.00a 188± 6.93a 188.67± 4.06a
High Dose 169.33± 7.69ab 177.33± 4.67a 194.66± 4.66ab 201.33± 1.76a 201.33± 4.37a
P Value 0.12 0.22 0.07 0.083 0.23

4.4 Hematological Assays

Hematological parameters such as white blood cell count (WBC), red blood cell

count (RBC), hemoglobin (Hb) concentration, hematocrit (HCT), platelet count

etc. are sensitive indicators of changes in the body due to toxic effects of any

material. After 21 days of experiment, hematological tests were done to evaluate

the toxicity of SiNPs on animal models that are as follows:

4.4.1 Hemoglobin (HB)

Hemoglobin, a heme and globin containing protein present in blood of almost all

vertebrates and it develops in the bone marrow. Its prime function is to carry and

transport oxygen to body tissues as well as carry carbon dioxide to remove it from

body. Hemoglobin indices were measured for all four groups’ animals. Results are

given in Figure: 4.11.

Figure 4.11: HB (g/dL) of all experimental groups
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There is minimum differences between the HB indices of all groups. As compared

to control group, HB in plant extract group and high dose group increased while

in low dose group decreased.

The values are almost in correspondence to the results that are reported [85] upon

testing AgNPs who observed that p>0.3 in not significant value which showed their

AgNPs do not seems like affecting these parameters at tested doses. Mean values

for HB are given in Table: 4.2. p>o.o5 mean that data obtained is insignificant

and minimum to no toxicity on this blood parameter occurred.

This data supports the concepts of T. N. Almanaa [87] who reported that a decline

of Hb due to SiNPs cause acute toxicity in rats. Mean values of HB for all groups

are given in Table: 4.2.

Table 4.2: Mean±SD values for HB of all groups compared by one-way
ANOVA.

Parameter Control Plant

Ext.

Low dose High

dose

P

Value

HB 14.7± 0.2ab 13.25 ±

0.45a

14.91 ±

0.59b

13.5 ±

0.10ab

0.08

4.4.2 RBCs

Red Blood Cells (RBCs) that are also termed as Erythrocytes are important ele-

ments in blood and body as they contain HB proteins and carry oxygen and carbon

dioxide towards and away from body tissues respectively. Fig.4.12 demonstrating

the differences between RBCs values of all groups. There is a slight difference be-

tween values of RBCs in all groups which is seeming like SiNPs induce less to no

toxicity on RBCs of animal model [87]. RBC count in low dose slightly increased

as compared to control but showed no significant differences as p value is given in

Table: 4.3.
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Figure 4.12: RBCs (mil/mm3) of all Groups

Table 4.3: Mean±SD values for RBCs of all groups compared by one-way
ANOVA.

Parameter Control Plant

Ext.

Low dose High

dose

P

Value

RBCs 7.55± 0.24a 6.74 ±

0.19b

7.85 ±

0.41a

6.85 ±

0.005b

0.091

4.4.3 WBCs

White Blood Cells (WBCs) also termed as leukocytes that help body against

infections. They flow through our blood and reach the target area. White blood

cells defend the body by consuming foreign substances and cellular waste, and by

eliminating harmful pathogens. WBCs values for all groups are shown as graph in

Fig.4.10 which demonstrates a slight increase in WBCs count. There is reported

that increase in WBCs can be reason for inflammation or damage in body [88].

So, the values presented in Fig: 4.13 demonstrate a very slight increase of WBCs

in plant and low dose group while WBCs count decreased in high dose group. This

slight change in WBCs is in accordance with the work that is already reported

who suggested no affect of SiNPs on this blood parameters by tested dose [87].

Table: 4.4 demonstrating the mean values with standard deviation (p>0.05) which

corresponds to the work reported by N. Almanaa [87].
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Figure 4.13: Graph showing WBCs (mil/mm3) in all groups.

Table 4.4: Mean±SD values for WBCs of all groups compared by one-way
ANOVA.

Parameter Control Plant

Ext.

Low dose High

dose

P

Value

WBCs 9.83± 2.36a 10.42 ±

0.06a

10.60 ±

3.40a

8.92 ±

0.05a

0.935

4.4.4 HCT

Hematocrit (Ht or HCT) is the %age of Red Blood Cells (RBC) in the blood.

Figure 4.14 is the graphical representation of the HCT level in all experimental

groups. As shown, HCT in plant group and high dose group decreased as compared

to control group and in low dose given group, HCT level is equal to the control

group.

Mean values of HCT level in all experimental groups in Table: 4.5 with p values

significant (p>0.05) which depicts the similar results reported by Ozdan Akram

Ghareeb (2021) [89] that upon administering AgNPs, HCT level decreased in rats

which shows some alteration in blood osmotic level resulting in increased the

plasma level.
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Figure 4.14: HCT % of all experimental groups

Table 4.5: Mean±SD values for HCT of all groups compared by one-way
ANOVA.

Parameter Control Plant

Ext.

Low dose High

dose

P

Value

HCT 45.5± 0.7b 40.65 ±

0.85a

45.5± 1.0b 42.05 ±

0.05a

0.021

4.4.5 MCV

MCV stands for Mean Corpuscular Volume. It is a measure of the average vol-

ume or size of red blood cells (RBCs) in a blood sample. The MCV value is an

important parameter in a complete blood count (CBC) and is useful in diagnosing

different types of anemia.

In Figure 4.15 all groups MCV values are demonstrated by graphs which shows

MCV level decreased in low dose group and increased in high dose group while in

plant extract group, this value is almost equal to the control group. In contrast,

T. N. Almanaa [87] Silica NPs administered at multiple doses induce metabolic,

hepatic and inflammatory disorders with the increased value of MCV in both low

and high dose animals. The reduced level of MCV might be due to decreased level

of erythrocyte formation [90].
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Figure 4.15: MCV (%) values of all groups.

Mean values of MCV of all experimental groups are given in table 4.6 with p>o.o5

which indicates the insignificant value of data for MCV.

Table 4.6: Mean±SD values of MCV for all experimental groups compared
by one-way ANOVA.

Parameter Control Plant

Ext.

Low dose High

dose

P

Value

MCV 60.35± 0.95a 60.25 ±

0.45a

58± 1.7a 61.5 ±

0.05a

0.243

4.4.6 Platelet Count

Platelets, also termed as Thrombocytes, found in blood. They are formed in bone

marrow and are involved in blood clotting process (hemostasis). As shown in

Figure 4.16, platelets of plant extract group and high dose group decreased as

compared to control and low dose group increased than control. Values obtained

are in correspondence with R. Rehman [85] who reported decreased platelet count

in high dose and increased platelet count in low dose that depicts the tested doses

not affecting the animal.
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Figure 4.16: Graphical representation of Platelets Count

Table 4.7 showing all mean values of experimental groups with p>0.05 which is

insignificant data supporting work of R. Rehman [85] with less to no toxic effect

of NPs on model organisms.

Table 4.7: Mean±SD values of Platelets count for all groups compared by
one-way ANOVA.

Parameter Control Plant
Ext.

Low dose High
dose

P
Value

Platelets 633± 78a 386± 142a 698.5 ±
49.5a

504.5 ±
77.5a

0.22

4.5 Inflammatory Markers

Inflammatory markers are biological measurements that are used to predict the

inflammation in body. These markers are present in blood, urine or other body

fluids. Bio inflammatory markers were used to assess any inflammation in animal

body.

4.5.1 ESR

ESR stands for erythrocyte sedimentation rate. It’s a simple blood test used to

assess the presence of inflammation in the body. The test measures how quickly
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red blood cells settle at the bottom of a test tube over a period of one hour. Nor-

mally, red blood cells settle relatively slowly. Figure 4.17 represents the graphical

representation of ESR values of all groups. It is shown that ESR rate or plant

extract and high dose are comparable to control group and in low dose group,

ESR value is elevated. Low value of ESR depicts no inflammation in body while

elevated level of ESR is sign of inflammation [91].

Figure 4.17: Graphical representation of ESR value for all groups.

Mean values of ESR of all groups are given in Table: 4.8 with p>0.05 that is

insignificant showing less inflammation on average.

Table 4.8: Mean±SD values of ESR for all groups compared by one-way
ANOVA.

Parameter Control Plant
Ext.

Low
dose

High
dose

P
Value

ESR 9.5± 2.50a 9.5± 0.50a 11.5 ±
0.50a

9± 1.0a 0.631

4.5.2 CRP

C-reactive protein (CRP) is a substance produced by the liver in response to

inflammation. Its primary role is as a marker of inflammation in the body. When

there is inflammation present, CRP levels in the blood increase rapidly, typically
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within hours. This makes CRP a useful biomarker in clinical practice for detecting

and monitoring inflammatory conditions. Figure 4.18 demonstrating the values of

CRP in all groups. A minor increase in CRP level of plant extract group and high

dose of SiNPs group can be seen. Where in low dose of SiNPs group, CRP is equal

to the control group.

Figure 4.18: CRP of all groups

S. T. Rafik [92] reported that increased CRP level is due to inflammation in body.

Following their report, a slight inflammation is seen in plant extract group and

high dose of SiNPs but not of extreme.

Table 4.9: Mean±SD values of CRP for all groups compared by one-way
ANOVA.

Parameter Control Plant
Ext.

Low
dose

High
dose

P
Value

CRP 0.49± 0.04a 0.56 ±
0.02a

0.49 ±
0.06a

0.55 ±
0.04a

0.534

4.6 Biochemical Tests

Biochemical tests refer to a set of laboratory procedures used to identify and char-

acterize various substances in biological samples such as blood, urine, cerebrospinal

fluid, and others.
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4.6.1 RFTS

Renal function tests are a group of tests that are commonly performed to assess

how well the kidneys are functioning. These tests are essential in diagnosing and

monitoring various kidney conditions, as well as evaluating overall health. RFTs

are as followed:

4.6.1.1 Creatinine

Creatinine is essentially a metabolite of creatine phosphate, a compound that

acts as a source of energy in muscle. Creatinine is present in the bloodstream

(serum creatinine) and is filtered out of the body at a constant rate by the kidneys

(glomerulus and the proximal tubule). As shown in Figure 4.19, Creatinine level in

all treated groups is decreased as compared to control group. According to Monir

Doudi [93] the level of creatinine in blood reflects how well the kidneys are filtering

waste products. This filtration process happens in tiny structures called glomeruli.

Higher-than-normal creatinine levels can signal reduced kidney function or renal

damage.

Figure 4.19: Creatinine (mg/dL) value of all groups.

From Monir Doudi [93] report, it can be concluded that treated groups do not

show any damage to renal function. Mean values with standard deviation are

given in Table:4.10.
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Table 4.10: Mean±SD values for Creatinine of all groups compared by
one-way ANOVA.

Parameter Control Plant
Ext.

Low
dose

High
dose

P
Value

Creatinine 1.42± 0.18a 1.21 ±
0.07a

1.22 ±
0.03a

1.04 ±
0.01a

0.184

4.6.1.2 BUN

BUN stands for Blood Urea Nitrogen. It is a common laboratory test used to

assess kidney function and overall health. BUN measures the amount of nitrogen

in blood that comes from urea. From figure: 4.20, it is shown that BUN level is

elevated in all three treated groups but up to slight extent.

Elevated level of BUN cause renal function damage in such a way that it do not

filter urea properly [85]. Low dose group increased creatinine more as compared

to high dose that have less increased level. Same results are reported where low

dose of AgNPs induced more creatinine as compared to high dose AgNPs [85].

Figure 4.20: BUN (mg/dL) value of all groups

Mean values of BUN of all groups are shown in table: 4.11 with p value
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Table 4.11: Mean±SD values for BUN of all groups compared by one-way
ANOVA.

Parameter Control Plant
Ext.

Low dose High
dose

P
Value

BUN 15.9± 0.50a 18.5 ±
1.15a

19.9 ±
1.65a

18± 1.2a 0.276

4.6.1.3 Urea

Urea, is the key element that is measured in RFTs, that is used to test the health

and function of kidneys. The concentration of urea in the blood increases when

the kidneys are not functioning properly, leading to reduced excretion of urea. It is

the marker for the Nitrogen metabolism in the body. In figure: 4.21, urea level is

slightly elevated in treated groups that depicts a slight change in kidney function.

This elevated level can be due to renal function disorder.

It is the marker for the Nitrogen metabolism in the body. In figure: 4.21, urea

level is slightly elevated in treated groups that depicts a slight change in kidney

function. This elevated level can be due to renal function disorder. Similar results

have been reported the increased level of urea in animal models while inducing

SiNPs in them and reported a renal damage [87]. Table: 4.11 shows the Mean and

standard deviation values of Urea of all groups.

Figure 4.21: Urea (mg/dL) value of all groups
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Table 4.12: Mean±SD values for Urea of all groups compared by one-way
ANOVA.

Parameter Control Plant

Ext.

Low dose High

dose

P

Value

Urea 34± 1.00a 39.5± 2.5a 42.5± 3.5a 38.5± 2.5a 0.267

4.6.2 LFTs

Liver function tests (LFTs), also known as liver enzyme tests or liver panel, are

a group of blood tests used to assess the health and function of the liver. They

typically include several different tests that measure various enzymes, proteins,

and substances produced or excreted by the liver.

4.6.2.1 ALT

Alanine aminotransferase (ALT), is practically most recognized enzymes in the

liver. It is the first step (stage) in examining liver functioning. An increased level

in ALT shows the liver damage because these enzymes are present in the cells of

liver and when liver gets damage, cells throw out the enzyme in blood stream that

elevated their level in blood [93].

In figure 4.22, it is shown that ALT level in plant group is same as control but in

low dose and high dose of SiNPs, ALT level is reduced than control which shows

minimum to no damage to liver by NPs. Mean values with standard deviation are

shown in Table: 4.11.

Table 4.13: Mean±SD values for ALT of all groups compared by one-way
ANOVA.

Parameter Control Plant
Ext.

Low dose High
dose

P
Value

ALT 78.5± 178a 76± 121a 59± 2.0a 34± 15a 0.44
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Figure 4.22: ALT (U/L) value of all groups

4.6.2.2 AST

AST, or Aspartate aminotransferase, is an enzyme found in your liver, but also

in small amounts in your heart, kidneys, muscles, and brain. AST is the first

element that is measured to examine the liver functioning. Increase in AST is the

indication of the liver damage [93]. In figure: 4.23, it is shown that AST level in

plant is slightly increased while in SiNPs doses of high and low, the level of AST is

decreased as compared to control group which demonstrate that no liver damage

occurred in case of SiNPs. This study contradicts the results of T. N. Almanaa

[87], who observed an increase in the level of AST in blood serum of rats upon

administration of Silica NPs.

Figure 4.23: AST (U/L) value of all groups
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Mean values with standard deviation are given in table below with p>0.05.

Table 4.14: Mean±SD values for AST of all groups compared by one-way
ANOVA.

Parameter Control Plant
Ext.

Low dose High
dose

P Value

AST 554± 262a 584± 39a 464.5 ±
27.5a

382.5 ±
31.5a

0.67

4.6.2.3 Bilirubin Total

Bilirubin is a yellowish pigment that forms when red blood cells break down. The

liver helps remove bilirubin from blood. Bilirubin total is a part of a liver function

test that measures the amount of bilirubin in blood. After biochemical testing

of blood, it is seen that Bilirubin total is same in all four groups. There is no

difference between these values.

This study is contradictory to the results reported, decrease in value of Bilirubin

in all groups treated with SiNPs and they reported no toxicity of NPs in animal

[94]. Hence, no effect of SiNPs observed on bilirubin level of blood serum. Mean

values of bilirubin are given in Table: 4.12.

Figure 4.24: Bilirubin Total (U/L) value of all groups
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Table 4.15: Mean±SD values for Bilirubin of all groups compared by
one-way ANOVA.

Parameter Control Plant
Ext.

Low dose High
dose

P
Value

Bilirubin 0.2± 0.0 0.2± 0.0 0.2± 0.0 0.2± 0.0 —

4.6.2.4 Albumin

Albumin is a protein produced by the liver that plays a vital role in various bodily

functions. It helps maintain fluid balance in the body, transports hormones and

other substances throughout the bloodstream, and contributes to wound healing.

In biochemical testing, albumin level in plant extract group is decreased while in

high and low doses of SiNPs, albumin level is increased that depicts a slight change

in liver function.

These results contradict the results reported in (2017) [94], who observed decrease

in the albumin level of mice upon administering SiNPs and report no toxicity.

Figure 4.25 represents the graphical representation of albumin levels in all groups

and Table: 4.13 represents the Mean and SD values of albumin of all experimental

groups.

Figure 4.25: Albumin (g/dL) value of all groups
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Table 4.16: Mean±SD values for Albumin of all groups compared by
one-way ANOVA.

Parameter Control Plant
Ext.

Low
dose

High
dose

P
Value

Albumin 4.3± 0.025a 3.9± 0.08a 4.4 ±
0.00a

5.3± 1.34a 0.595

4.7 Histopathological Analysis of Liver Tissues

Histochemical analysis of liver tissue carried in order to assess the toxicity on liver

tissues.

Figure 4.26: Histo analysis of Liver Tissue of (A) Control, (B) Plant Extract
group, (C) Low dose (SiNPs) group and (D) High dose (SiNPs) groups.

Histological analysis of liver tissue of control group (Fig:4.26A) shows normal

histological structures. No cell damage or inflammation in liver tissues and cells

are in normal size [94]. Histomicrographs of liver tissue from rats of plant extract

group (Fig:4.26B) shows a normal liver tissue with a minor change in cellular

structure as compared to control one. Micrographs of liver tissue from rat of low

dose of SiNPs group (4.26C) shown a very slight change in morphology of liver

cells where nuclei of each cell reduced their size and slight necrosis is seen while
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21 days of administration of SiNPs. Micrographs of liver tissue of rats from high

dose group are shown in (Fig:4.26D). There can be seen a start of necrosis in liver

tissues and nuclei of cells gets expanded which demonstrate that upon 21 days of

induction of SiNPs, hepatocytes tend to necrosis at very earlier stage.



Chapter 5

Conclusion and Future

perspective

5.1 Conclusion

Several studies have been made on synthesis and use of SiNPs for variety of func-

tions and to overcome the negative effects of SiNPs induced in animal bodies.

Main aim of this study was to synthesize silica nanoparticles in a way to reduce

its toxicity up to maximum. Several different protocols were applied for green

synthesis of SiNPs with Ficus carica L. leaf extract. One of them with little op-

timizations get successful in synthesizing the SiNPs. Characterization techniques

confirmed their synthesis and nano range size (19-33nm). After synthesizing and

assessing its toxicity on animal model, study depicts that green synthesized SiNPs

have a slight effect on overall parameters of blood, kidney and liver. A slightly less

in vivo toxicity is seen. These findings underscore the feasibility of utilizing nat-

ural extracts for eco-friendly nanoparticle synthesis, highlighting the importance

of further research to explore their efficacy in various therapeutic and diagnostic

roles.

70
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5.2 Future Work

Upon further optimizations of their charge, surface area, size etc, SiNPs can be

created in a way to have no toxicity factor in them. Then they can be best used

for drug delivery system, textile industry, food additives etc. Creative ideas, new

learnings, efforts and work on this tiny world where nano sized NPs are being

used, can be revolutiozed in number of fields. Nanoparticles can be utilized in

environmental cleanup. Their high surface area and adsorption capacity make

them effective in removing pollutants and contaminants from the environment. In

electronics, silica nanoparticles are being explored for their potential in improving

the performance of devices like transistors and solar cells.



Bibliography

[1] S. Bayda, M. Adeel, T. Tuccinardi, M. Cordani, and F. Rizzolio, “The history

of Nanoscience and Nanotechnology: From Chemical–Physical applications to

Nanomedicine,” Molecules/Molecules Online/Molecules Annual, vol. 25, no.

1, p. 112, Dec. 2019.

[2] S. S. Suri, H. Fenniri, and B. Singh, “Nanotechnology-based drug delivery

systems,” Journal of Occupational Medicine and Toxicology, vol. 2, no. 1,

Dec. 2007. doi:10.1186/1745-6673-2-16

[3] J. K. Patra et al., “Nano based drug delivery systems: recent developments

and future prospects,” J. Nanobiotechnology, vol. 16, no. 1, p. 71, 2018.

[4] L. Mu, “Applications of nanoparticle systems in drug delivery technology,”

Asian Journal of Pharmaceutical Sciences, vol. 9, no. 4, pp. 456–465, 2014.

[5] de Jong. (2008). Drug delivery and nanoparticles: Applications and hazards.

International Journal of Nanomedicine, 3(2),.

[6] C. Bharti, N. Gulati, U. Nagaich, and A. Pal, “Mesoporous silica nanoparti-

cles in target drug delivery system: A review,” Int. J. Pharm. Investig., vol.

5, no. 3, p. 124, 2015, doi: 10.4103/2230-973x.160844.

[7] M. Vallet-Regí, M. Colilla, I. Izquierdo-Barba, and M. Manzano, “Mesoporous

silica nanoparticles for drug delivery: Current insights,” Molecules, vol. 23,

no. 1, p. 47, 2017, doi: 10.3390/molecules23010047.

[8] M. Vallet-Regí, M. Colilla, I. Izquierdo-Barba, and M. Manzano, “Mesoporous

silica nanoparticles for drug delivery: Current insights,” Molecules, vol. 23,

no. 1, p. 47, 2017, doi: 10.3390/molecules23010047.

72



Bibliography 73

[9] V. Selvarajan, S. Obuobi, and P. L. R. Ee, “Silica nanoparticles—A versatile

tool for the treatment of bacterial infections,” Front. Chem., vol. 8, 2020.

[10] R. Eivazzadeh-Keihan et al., “Recent advances in the application of meso-

porous silica-based nanomaterials for bone tissue engineering,” Mater. Sci.

Eng. C Mater. Biol. Appl., vol. 107, no. 110267, p. 110267, 2020.

[11] J. F. Hainfeld, L. Lin, D. N. Slatkin, F. Avraham Dilmanian, T. M. Vadas,

and H. M. Smilowitz, “Gold nanoparticle hyperthermia reduces radiotherapy

dose,” Nanomedicine, vol. 10, no. 8, pp. 1609–1617, 2014.

[12] “Green Synthesis of Iron Oxide Nanoparticles by Using Ficus Carica Leaf Ex-

tract and Its Antioxidant Activity,” Biointerface Research in Applied Chem-

istry, vol. 12, no. 2, pp. 2108–2116, Jun. 2021.

[13] I. Khan, K. Saeed, and I. Khan, “Nanoparticles: Properties, applications and

toxicities,” Arabian Journal of Chemistry, vol. 12, no. 7, pp. 908–931, May

2017.

[14] N. Joudeh and D. Linke, “Nanoparticle classification, physicochemical prop-

erties, characterization, and applications: a comprehensive review for biolo-

gists,” Journal of Nanobiotechnology, vol. 20, no. 1, Jun. 2022.

[15] Khan et al., “Classification, Synthetic, and Characterization Approaches to

Nanoparticles, and Their Applications in Various Fields of Nanotechnology:

A Review,” Catalysts, vol. 12, no. 11, p. 1386, Nov. 2022.

[16] N. Rani, P. Singh, S. Kumar, P. E. Kumar, V. Bhankar, and K. Kumar,

“Plant-mediated synthesis of nanoparticles and their applications: A review,”

Materials Research Bulletin, vol. 163, pp. 112233–112233, Jul. 2023.

[17] ed. (30 November 2018). Basic fundamentals of drug delivery. Academic Press.

ISBN 978-0-12-817910-9. OCLC 1078149382.

[18] K. Jain, “An Overview of Drug Delivery Systems,” Drug Delivery Systems,

pp. 1–54, Aug. 2019.



Bibliography 74

[19] Meng, “A Sustainable Approach to Fabricating Ag Nanoparticles/PVA Hy-

brid Nanofiber and Its Catalytic Activity,” Nanomaterials, vol. 5, no. 2, pp.

1124–1135, Jun. 2015.

[20] Singh, Y. J. Kim, C. Wang, R. Mathiyalagan, and D. C. Yang, “Weissella

oryzae DC6-facilitated green synthesis of silver nanoparticles and their an-

timicrobial potential,” Artificial Cells, Nanomedicine, and Biotechnology, vol.

44, no. 6, pp. 1569–1575, Jul. 2015.

[21] Tian, M. R. Nejadnik, D. Baunsgaard, A. Henriksen, C. Rischel, and W.

Jiskoot, “A Comprehensive Evaluation of Nanoparticle Tracking Analysis

(NanoSight) for Characterization of Proteinaceous Submicron Particles,”

Journal of Pharmaceutical Sciences, vol. 105, no. 11, pp. 3366–3375, Nov.

2016.

[22] Wagner, Biomaterials Science : An Introduction to Materials in Medicine : An

Introduction to Materials in Medicine. San Diego, United States: Academic

Press, 2020. 22.

[23] Tayyab Sayyad et al. A Review on Formulation of Conventional Drug De-

livery System and Novel Drug Delivery System. Indo American Journal of

Pharmaceutical Research.2023:13(01). Received 13/01/2023 Available online

01/02/2023

[24] Bertrand and J.-C. Leroux, “The journey of a drug-carrier in the body: An

anatomo-physiological perspective,” Journal of Controlled Release, vol. 161,

no. 2, pp. 152–163, Jul. 2012.

[25] C. L. Matos de Opitz and P. Sass, “Tackling antimicrobial resistance by ex-

ploring new mechanisms of antibiotic action,” Future Microbiology, vol. 15,

no. 9, pp. 703–708, Jun. 2020.

[26] M. A. Mir, U. Rasool, S. Aisha, B. Alshehri, and S. S. Hamadani, “Human

pathogenic microbes (bacterial and fungal) and associated diseases,” in Else-

vier eBooks, 2022, pp. 1–30. doi: 10.1016/b978-0-323-96127-1.00002-4.

[27] “MSK Library Guides: Infectious Diseases: Home.”



Bibliography 75

[28] S. Doron and S. L. Gorbach, “Bacterial Infections: Overview,” International

Encyclopedia of Public Health, pp. 273–282, Aug. 2008, .

[29] C. I. Efrimescu, S. Donnelly, and D. J. Buggy, “Systemic sclerosis. Part II:

perioperative considerations.,” BJA Education, vol. 23, no. 3, pp. 101–109,

Mar. 2023. 22.

[30] X. Cheng, Q. Xie, and Y. Sun, “Advances in nanomaterial-based targeted

drug delivery systems,” Frontiers in Bioengineering and Biotechnology, vol.

11, Apr. 2023.

[31] R. Singh and J. W. Lillard, “Nanoparticle-based targeted drug delivery,” Ex-

perimental and Molecular Pathology, vol. 86, no. 3, pp. 215–223, Jun. 2009.

[32] O. Afzal et al., “Nanoparticles in Drug Delivery: From History to Therapeutic

Applications,” Nanomaterials, vol. 12, no. 24, p. 4494, Dec. 2022.

[33] Wang, C. Hu, and L. Shao, “The antimicrobial activity of nanoparticles:

present situation and prospects for the future,” International Journal of

Nanomedicine, vol. Volume 12, pp. 1227–1249, Feb. 2017.

[34] K. Zheng, M. I. Setyawati, D. T. Leong, and J. Xie, “Antimicrobial silver

nanomaterials,” Coordination Chemistry Reviews, vol. 357, pp. 1–17, Feb.

2018.

[35] E. Yılmaz, I. Göktürk, M. Ovezova, F. Yılmaz, S. Kılıç, and A. Denizli, “An-

timicrobial Nanomaterials: A Review,” Hygiene, vol. 3, no. 3, pp. 269–290,

Sep. 2023.

[36] H. Ezhilarasu, D. Vishalli, S. T. Dheen, B.-H. Bay, and D. K. Srinivasan,

“Nanoparticle-Based Therapeutic Approach for Diabetic Wound Healing,”

Nanomaterials, vol. 10, no. 6, p. 1234, Jun. 2020.

[37] J. Y. Quek, E. Uroro, N. Goswami, and K. Vasilev, “Design principles for

bacteria-responsive antimicrobial nanomaterials,” Materials today chemistry,

vol. 23, pp. 100606–100606, Mar. 2022.



Bibliography 76

[38] B. Mehravani, A. Ribeiro, and A. Zille, “Gold Nanoparticles Synthesis and

Antimicrobial Effect on Fibrous Materials,” Nanomaterials, vol. 11, no. 5, p.

1067, Apr. 2021.

[39] C. Liao, Y. Li, and S. C. Tjong, “Visible-Light Active Titanium Dioxide

Nanomaterials with Bactericidal Properties,” Nanomaterials, vol. 10, no. 1,

p. 124, Jan. 2020.

[40] A. Díez-Pascual, “Antibacterial Activity of Nanomaterials,” Nanomaterials,

vol. 8, no. 6, p. 359, May 2018.

[41] V. V. Chrishtop, A. Y. Prilepskii, V. G. Nikonorova, and V. A. Mironov,

“Nanosafety vs. nanotoxicology: adequate animal models for testing in vivo

toxicity of nanoparticles,” Toxicology, vol. 462, p. 152952, Oct. 2021.

[42] L. Chen, R. A. Yokel, B. Hennig, and M. Toborek, “Manufactured Aluminum

Oxide Nanoparticles Decrease Expression of Tight Junction Proteins in Brain

Vasculature,” Journal of Neuroimmune Pharmacology, vol. 3, no. 4, pp. 286–

295, Oct. 2008.

[43] Gold nanoparticles as novel agents for cancer therapy. The British journal of

radiology. 2012;85(1010):101–113.

[44] R. Lei et al., “Integrated metabolomic analysis of the nano-sized copper

particle-induced hepatotoxicity and nephrotoxicity in rats: A rapid in vivo

screening method for nanotoxicity,” Toxicology and Applied Pharmacology,

vol. 232, no. 2, pp. 292–301, Oct. 2008.

[45] M. Ahamed, M. A. Siddiqui, M. J. Akhtar, I. Ahmad, A. B. Pant, and H. A.

Alhadlaq, “Genotoxic potential of copper oxide nanoparticles in human lung

epithelial cells,” Biochemical and Biophysical Research Communications, vol.

396, no. 2, pp. 578–583, May 2010.

[46] X. Chen and H. J. Schluesener, “Nanosilver: A nanoproduct in medical ap-

plication,” Toxicology Letters, vol. 176, no. 1, pp. 1–12, Jan. 2008.



Bibliography 77

[47] S. M. Hussain, K. L. Hess, J. M. Gearhart, K. T. Geiss, and J. J. Schlager,

“In vitro toxicity of nanoparticles in BRL 3A rat liver cells,” Toxicology in

Vitro, vol. 19, no. 7, pp. 975–983, Oct. 2005.

[48] S. Beg, M. Rizwan, A. M. Sheikh, M. S. Hasnain, K. Anwer, and K. Kohli,

“Advancement in carbon nanotubes: basics, biomedical applications and tox-

icity,” Journal of Pharmacy and Pharmacology, vol. 63, no. 2, pp. 141–163,

Nov. 2010.

[49] C. A. Poland et al., “Carbon nanotubes introduced into the abdominal cavity

of mice show asbestos-like pathogenicity in a pilot study,” Nature Nanotech-

nology, vol. 3, no. 7, pp. 423–428, May 2008,.

[50] A. Dhawan et al., “Stable Colloidal Dispersions of C60 Fullerenes in Water:

Evidence for Genotoxicity,” Environmental Science & Technology, vol. 40, no.

23, pp. 7394–7401, Oct. 2006.

[51] Gatou Maria Anna, “Biomedical Applications of Silica (SiO2) Nanoparticles,”

Biomedical Journal of Scientific and Technical Research, vol. 51, no. 1, Jun.

2023.

[52] T. I. Janjua, Y. Cao, F. Kleitz, M. Linden, C. Yu, and A. Popat, “Silica

nanoparticles: A review of their safety and current strategies to overcome

biological barriers,” Advanced Drug Delivery Reviews, vol. 203, p. 115115,

Dec. 2023.

[53] Kirla, D. J. Henry, S. Jansen, P. L. Thompson, and J. Hamzah, “Use of

Silica Nanoparticles for Drug Delivery in Cardiovascular Disease,” Clinical

Therapeutics, Oct. 2023.

[54] V. Selvarajan, S. Obuobi, and P. L. R. Ee, “Silica Nanoparticles—A Versatile

Tool for the Treatment of Bacterial Infections,” Frontiers in Chemistry, vol.

8, Jul. 2020.

[55] K. A. Altammar, “A review on nanoparticles: characteristics, synthesis, ap-

plications, and challenges,” Frontiers in Microbiology, vol. 14, Apr. 2023.



Bibliography 78

[56] M. S. Samuel et al., “A Review on Green Synthesis of Nanoparticles and Their

Diverse Biomedical and Environmental Applications,” Catalysts, vol. 12, no.

5, p. 459, Apr. 2022.

[57] Forouzanfar F, Bazzaz BS, Hosseinzadeh H. Black cumin (Nigella sativa) and

its constituent (thymoquinone): a review on antimicrobial effects. Iran J Basic

Med Sci. 2014 Dec;17(12):929-38. PMID: 25859296; PMCID: PMC4387228.

[58] I. F. ul Rasool et al., “Industrial Application and Health Prospective of Fig

(Ficus carica) By-Products,” Molecules, vol. 28, no. 3, p. 960, Jan. 2023.

[59] S. J. P. Jacob, V. L. S. Prasad, S. Sivasankar, and P. Muralidharan, “Biosyn-

thesis of silver nanoparticles using dried fruit extract of Ficus carica - Screen-

ing for its anticancer activity and toxicity in animal models,” Food Chem.

Toxicol., vol. 109, pp. 951–956, 2017, doi: 10.1016/j.fct.2017.03.066.

[60] T.Kamal, M.Ali, R.Amin, K.Niaz Khan, T.Nawaz, S.Khan, “green synthesis

of nickle oxide nanoparticles from ficus carica and their antibacterial activity”

volume 19 issue 06 june 2023. http://xisdxjxsu.asia

[61] “Green Synthesis of Iron Oxide Nanoparticles by Using Ficus Carica Leaf Ex-

tract and Its Antioxidant Activity,” Biointerface Research in Applied Chem-

istry, vol. 12, no. 2, pp. 2108–2116, Jun. 2021,.

[62] M. Wink, Alkaloids: biochemistry, ecology and medicinal applications.

Springer Science & Business Media, 2013.

[63] G. Prevost, I. Fajardy, P. Fontaine, P. M. Danze, and C. Besmond, “Human

RAGE GLY82SER dimorphism and HLA class II DRB1‐DQA1‐DQB1 haplo-

types in type 1 diabetes,” Eur. J. Immunogenet., vol. 26, no. 5, pp. 343–348,

1999.

[64] Yang, F., et al. (2018). Curcumin: A potential therapeutic agent for the

treatment of Alzheimer disease. Current Alzheimer research, 15(10), 1222-

1231.



Bibliography 79

[65] T. Unger, S. Bette, J. Zhang, M. Theis, and J. Engele, “Connexin-deficiency

affects expression levels of glial glutamate transporters within the cerebrum,”

Neurosci. Lett., vol. 506, no. 1, pp. 12–16, 2012.

[66] Fulford, L. McSwiggan, T. Kroll, and S. MacGillivray, “Exploring the use

of mobile information and communication technologies by people with mood

disorders,” Int. J. Ment. Health Nurs., vol. 28, no. 6, pp. 1268–1277, 2019.

[67] C. Y. Rahimzadeh, A. A. Barzinjy, A. S. Mohammed, and S. M. Hamad, &

quot; Green synthesis of SiO2 nanoparticles from Rhus coriaria L. extract:

Comparison with chemically synthesized SiO2 nanoparticles & quot; Plos One

[68] D. Titus, E. James Jebaseelan Samuel, and S. M. Roopan, “Nanoparticle

characterization techniques,” Green Synthesis, Characterization and Appli-

cations of Nanoparticles, pp. 303–319, 2019.

[69] B. L. Furman, “Streptozotocin-Induced Diabetic Models in Mice and Rats,”

Current Protocols in Pharmacology, pp. 5.47.1–5.47.20, Sep. 2015.

[70] S. Shabbir, Y. Hu, X. He, K. Huang, and W. Xu, “Toxicity and Impact of Sil-

ica Nanoparticles on the Configuration of Gut Microbiota in Immunodeficient

Mice,” Microorganisms, vol. 11, no. 5, pp. 1183–1183, Apr. 2023.

[71] I. V. Gmoshinski et al., “Toxicity Evaluation of Nanostructured Silica Orally

Administered to Rats: Influence on Immune System Function,” Nanomateri-

als, vol. 10, no. 11, pp. 2126–2126, Oct. 2020.

[72] G. E. Odo et al., “Toxicity and effects of fig (Ficus carica) leaf aqueous extract

on haematology and some biochemical indices of wistar albino rats (Rattus

norvegicus),” vol. 10, no. 22, pp. 298–305, Jun. 2016.

[73] Haider Ali Khan et al., “Green synthesis of silver nanoparticles from plant

Fagonia cretica and evaluating its anti-diabetic activity through indepth in-

vitro and in-vivo analysis,” Frontiers in Pharmacology, vol. 14, Oct. 2023.

[74] M. Fatemi, J. Moshtaghian, Kamran Ghaedi, N. Jafari, and G. Naderi, “Ef-

fects of Silver Nanoparticle on the Developing Liver of Rat Pups after Mater-

nal Exposure.,” PubMed, vol. 16, no. 2, pp. 685–693, Jan. 2017.



Bibliography 80

[75] O. A. Olayode, M. O. Daniyan, and G. Olayiwola, “Biochemical, hemato-

logical and histopathological evaluation of the toxicity potential of the leaf

extract of Stachytarpheta cayennensis in rats,” Journal of Traditional and

Complementary Medicine, May 2019.

[76] A. A. Mostafa, A. A. Al-Askar, K. S. Almaary, T. M. Dawoud, E. N.

Sholkamy, and M. M. Bakri, “Antimicrobial activity of some plant ex-

tracts against bacterial strains causing food poisoning diseases,” Saudi Jour-

nal of Biological Sciences, vol. 25, no. 2, pp. 361–366, Feb. 2018, doi:

https://doi.org/10.1016/j.sjbs.2017.02.004.

[77] N. B. Patil, H. Sharanagouda, S. R. Doddagoudar, C. T. Ramachandra, and

K. T. Ramappa, “Biosynthesis and Characterization of Silica Nanoparticles

from Rice (Oryza sativa L.) Husk,” International Journal of Current Micro-

biology and Applied Sciences, vol. 7, no. 12, pp. 2298–2306, Dec. 2018.

[78] I. Biradar, P. D. Sarvalkar, S. B. Teli, C. A. Pawar, P. S. Patil, and N. R.

Prasad, “Photocatalytic degradation of dyes using one-step synthesized silica

nanoparticles,” Materials Today: Proceedings, vol. 43, pp. 2832–2838, Jan.

2021. 78.

[79] J. Hayat et al., “Phytochemical screening, polyphenols, flavonoids and tan-

nin content, antioxidant activities and FTIR characterization of Marrubium

vulgare L. from 2 different localities of Northeast of Morocco,” Heliyon, vol.

6, no. 11, p. e05609, Nov. 2020.

[80] Rajiv Periakaruppan, Manju Praveena S, Priya C, Ranjitha P, Gokul Raj

S, and Jeyapragash Danaraj, “Biosynthesis of Silica Nanoparticles Using the

Leaf Extract of Punica granatum and Assessment of Its Antibacterial Activ-

ities Against Human Pathogens,” Applied biochemistry and biotechnology,

vol. 194, no. 11, pp. 5594–5605, Jun. 2022.

[81] “Phytochemical Screening by HPLC and FTIR Spectroscopy of Glucokinin

Isolated from Methanol Extract of Bauhinia Variegata,” Medico-Legal Up-

date, Apr. 2020.



Bibliography 81

[82] K. Singh, J. Singh, T. Medhi, and A. Kumar, “Phytochemical Screening,

Quantification, FT-IR Analysis, and In Silico Characterization of Potential

Bio-active Compounds Identified in HR-LC/MS Analysis of the Polyherbal

Formulation from Northeast India,” ACS Omega, vol. 7, no. 37, pp. 33067–

33078, Sep. 2022.

[83] V. Kumar Yadav and M. H. Fulekar, “Green synthesis and char-

acterization of amorphous silica nanoparticles from fly ash,” Mate-

rials Today: Proceedings, vol. 18, pp. 4351–4359, Jan. 2019, doi:

https://doi.org/10.1016/j.matpr.2019.07.395. 78.

[84] G. Nallathambi, T. Ramachandran, V. Rajendran, and R. Palanivelu, “Effect

of silica nanoparticles and BTCA on physical properties of cotton fabrics,”

Materials Research, vol. 14, no. 4, pp. 552–559, Nov. 2011.

[85] R. Rehman, S. Khanam, Y. Khan, and F. Hayat, “Toxicological Effects of

Colloidal Silver Nanoparticles on Rat Health: Assessing Physiological, Hema-

tological, Biochemical, and Behavioral Parameters,” Deleted Journal, vol. 2,

no. 1, pp. 101–107, Jun. 2024.

[86] N. M. Luaibi and H. A. Qassim, “EFFECT OF SILVER NANOPARTICLES

(AGNPS) ON RATS BODY WEIGHT,” Biochem. Cell. Arch. Vol. 18, No. 1,

pp. 137-139, 2018, ISSN 0972-5075.

[87] T. N. Almanaa et al., “Silica Nanoparticle Acute Toxicity on Male Rat-

tus norvegicus Domestica: Ethological Behavior, Hematological Disorders,

Biochemical Analyses, Hepato-Renal Function, and Antioxidant-Immune Re-

sponse,” Frontiers in bioengineering and biotechnology, vol. 10, Apr. 2022.

[88] T. Yong and M. T. Swihart, “In vivo toxicity of quantum dots: no cause for

concern?,” Nanomedicine, vol. 7, no. 11, pp. 1641–1643, Nov. 2012.

[89] Ozdan Akram Ghareeb, “Toxic Effect of Silver Nanoparticles on Some Hema-

tological Parameters and Possible Preventive Role of Moringa Oleifera : In

Vivo,” Annals of the Romanian Society for Cell Biology, pp. 13796–13801,

May 2021.



Bibliography 82

[90] A. Caulier, R. Rapetti-Mauss, H. Guizouarn, V. Picard, L. Garçon, and C.

Badens, “Primary red cell hydration disorders: Pathogenesis and diagnosis,”

International Journal of Laboratory Hematology, vol. 40, pp. 68–73, May

2018.

[91] Nasser Gholijani, Samira-Sadat Abolmaali, Kurosh Kalantar, and

Mohammad-Hadi Ravanrooy, “Therapeutic Effect of Carvacrol-loaded Albu-

min Nanoparticles on Arthritic Rats.,” PubMed, vol. 19, no. 1, pp. 312–320,

Jan. 2020.

[92] S. T. Rafik, T. M. Zeitoun, T. I. Shalaby, Mervat Kamel Barakat, and C.

A. Ismail, “Methotrexate conjugated gold nanoparticles improve rheumatoid

vascular dysfunction in rat adjuvant-induced arthritis: gold revival,” Inflam-

mopharmacology, vol. 31, no. 1, pp. 321–335, Dec. 2022.

[93] K. A. AROWORA, K. C. UGWUOKE, M. A. ABAH, B. C. UGWOKE,

“Effects of green-synthesized silver nanoparticles from Azadirachta indica on

growth performance and liver function parameters in male albino rats”, E-

ISSN: 2580-4499 Pages: 28-34 DOI: 10.13057/cellbioldev/v070104.

[94] H. S. El-Beltagi et al., “Green synthesis, characterization, and hepatoprotec-

tive effect of zinc oxide nanoparticles from Moringa oleifera leaves in CCl4-

treated albino rats,” Heliyon, vol. 10, no. 9, pp. e30627–e30627, May 2024.


	Author's Declaration
	Plagiarism Undertaking
	Acknowledgement
	Abstract
	List of Figures
	List of Tables
	Abbreviations
	Symbols
	1 Introduction
	1.1 Background
	1.2 Problem Statement
	1.3 Gap Analysis
	1.4 Hypothesis
	1.5 Aim and Objectives

	2 Literature Review
	2.1 Nanoparticles Overview
	2.1.1 Classification
	2.1.2 Physiochemical Properties of Nanoparticles
	2.1.2.1 Mechanical Properties
	2.1.2.2 Thermal Properties
	2.1.2.3 Magnetic Properties
	2.1.2.4 Electronic and Optical Properties

	2.1.3 Synthesis Approaches
	2.1.3.1 Top Down Approach
	2.1.3.2 Bottom Up Approach

	2.1.4 Characterization of NPs
	2.1.4.1 Morphological Characterizations
	2.1.4.2 Structural Characterizations
	2.1.4.3 Particle Size and Surface Area Characterization
	2.1.4.4 Optical Characterizations


	2.2 Drug Delivery System
	2.2.1 Conventional Drug Delivery System
	2.2.2 Targeted Drug Delivery Systems

	2.3 Pathogenic Bacteria in Human Health
	2.3.1 Types of Microflora
	2.3.2 Modes of Transmission

	2.4 Nanoparticles-Based Targeted Drug Delivery System
	2.5 Nanoparticles as Antimicrobial Agents
	2.5.1 Silver (Ag) Based Nanoparticles
	2.5.2 Gold (Au) Based Nanoparticles
	2.5.3 Titanium Dioxide (TiO2) Nanoparticles

	2.6 Nanoparticles Toxicity in Animal Models
	2.6.1 Aluminum Based Nanoparticles
	2.6.2 Copper Oxide (CuO) Nanoparticles
	2.6.3 Silver Nanoparticles
	2.6.4 Carbon-Based Nanomaterials

	2.7 Role of Silica Nanoparticles (SiNPs) in Health Sciences
	2.7.1 Silica Nanoparticles in Targeted Drug Delivery System
	2.7.2 Silica Nanoparticles as Antimicrobial Agents

	2.8 Synthesis of Silica Nanoparticles
	2.8.1 Chemical Synthesis Method
	2.8.2 Green Synthesis Method

	2.9 Ficus carica Phytoconstituents
	2.9.1 Nanoparticles Synthesized with Ficus carica Extract
	2.9.2 Therapeutic Efficacy of Plant Extracts


	3 Methodology
	3.1 Preparation of Ficus carica L. Extract
	3.2 Synthesis of Silica Nanoparticles (SiNPs)
	3.3 Characterization of Silica Nanoparticles
	3.4 Animal Selection
	3.5 Dosage Optimization
	3.6 Experimental Plan
	3.7 Morphological Assay
	3.8 Animal Dissection
	3.9 Hematological Analysis
	3.10 Biochemical Assays
	3.11 Histopathological Analysis
	3.12 Statistical Analysis

	4 Results and Discussion
	4.1 Plant Extract Preparation and Synthesis of Nanoparticles
	4.2 Characterizations of Nanoparticles
	4.2.1 UV-Vis Spectrophotometry
	4.2.2 FTIR Analysis
	4.2.3 SEM-EDX
	4.2.4 XRD

	4.3 Body Weight
	4.4 Hematological Assays
	4.4.1 Hemoglobin (HB)
	4.4.2 RBCs
	4.4.3 WBCs
	4.4.4 HCT
	4.4.5 MCV
	4.4.6 Platelet Count

	4.5 Inflammatory Markers
	4.5.1 ESR
	4.5.2 CRP

	4.6 Biochemical Tests
	4.6.1 RFTS
	4.6.1.1 Creatinine
	4.6.1.2 BUN
	4.6.1.3 Urea

	4.6.2 LFTs
	4.6.2.1 ALT
	4.6.2.2 AST
	4.6.2.3 Bilirubin Total
	4.6.2.4 Albumin


	4.7 Histopathological Analysis of Liver Tissues

	5 Conclusion and Future perspective
	5.1 Conclusion
	5.2 Future Work

	Bibliography

