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Abstract

Silica nanoparticles have gained substantial interest due to their diverse applica-

tions. Green synthesis of silica nanoparticles is being studied for their potential in

drug delivery, diagnosis, and bioimaging. Before transitioning green-synthesized

silica nanoparticles into clinical trials, it is crucial to assess their toxicity through

preclinical studies. This study focused on the green synthesis of SiO2 nanoparticle

using Euphorbia milii leaf extract from sodium metasilicate salt solution to im-

prove biocompatibility and minimize toxicity. Characterization of these nanopar-

ticles was performed using techniques such as FTIR, UV-Vis, XRD, and SEM

to confirm their formation. These techniques confirmed the amorphous structure

of green synthesized silica nanoparticles by SEM and XRD whose peak range

lies within at ∼22 θ. The size of nanoparticles generated in this study was 5nm

to 20nm. Toxicological assessments were conducted using a Sprague Dawley rat

model over 21 days with SiO2 NP doses of 50 mg/kg (low) and 150 mg/kg (high).

The study compared control groups, those treated with plant extract, and those re-

ceiving nanoparticles. Evaluations included morphological, hematological (WBC,

RBC, Hb, MCV, MCH, MCHC, platelet count), liver function (ALT, AST, ALP,

albumin, total bilirubin), renal parameters (BUN, creatinine), and inflammatory

markers (CRP, ESR). While the low-dose group showed minimal changes from

controls, the high-dose group exhibited notable histopathological effects, such as

altered cellular morphology and liver fatty infiltration. These findings suggest that

green-synthesized SiO2 NPs are less toxic and more biocompatible than chemically

synthesized alternatives, highlighting their potential for safer biomedical use. The

primary aim of the study was to biosynthesize silica nanoparticles from Euphorbia

milii extract and evaluate their safety profile, providing insights for their future

biomedical applications.
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Chapter 1

Introduction

Nanotechnology has emerged as a revolutionary field with vast applications across

various scientific and industrial sectors. Nanoparticles are key components of nan-

otechnology as their size range from 1 to 100nm, that’s responsible for its unique

physical and chemical properties [1]. In biology, nanoparticles have garnered signif-

icant interest for their potential applications in drug delivery, imaging, biosensing,

and therapeutic treatments due to their ability to interact at the molecular and

cellular levels [2].

Silica nanoparticles (SiO2 NPs) are seeking more attention in medicine for their

biocompatibility, stability, and versatile surface chemistry. They are used in

biomedical applications such as imaging contrast agents, biosensors, gene delivery

vehicles, and scaffolds for tissue engineering [3].

Silica nanoparticles can be synthesized using various methods, including chem-

ical, physical, and biological approaches. Chemical methods involve the use of

harmful and toxic chemicals, which may pose environmental and health risks.

Physical methods often require high energy input and specialized equipment, and

Physical methods have drawbacks like space requirements, and lengthy thermal

stabilization, particularly with traditional tube. In contrast, green synthesis uti-

lizes natural sources such as plant extracts, reducing agents, and stabilizers to

produce nanoparticles in a sustainable and eco-friendly manner. This approach

1



Introduction 2

not only minimizes environmental impact but also enhances the biocompatibility

 Tr ansform Infrared Spectroscopy (FTIR) are utilized to examine particle size, cr-
ystallinity, and surface functional groups. These insights are important for       op-

timizing synthesis protocols and understanding nanoparticle behavior in biologic-

al           environments [6].

as Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD), and Fourie

r

of nanoparticles [4].

Green synthesis using plant extract offers several advantages over traditional meth-

ods [2]. Plants contain bioactive compounds that are used as source of stabilizing

and reducing agents, facilitating process of formation of silica nanoparticles. Eu-

phorbia milli, commonly known for its medicinal properties, has shown promising

source for synthesis of silica nanoparticles due to its phytochemical composition

and property to reduce silica precursors effectively. The controlled synthesis of

silica nanoparticles ensures their suitability for specific medical applications while

minimizing potential toxicity concerns.

Euphorbia milii , known as crown of thorns, has been traditionally used in various

medicinal practices for its anti-inflammatory, antimicrobial, and wound-healing

properties. Extracts from this plant are rich in bioactive compounds that con-

tribute to its therapeutic potential, making it an important way for green synthesis

of silica nanoparticles with enhanced biological activities [5].

The characterization of green synthesized silica nanoparticles involves detailed

analysis of their physical, chemical, and structural properties. Techniques such

SiO2 NPs are valued in nanotechnology for their biocompatibility, and low tox-

icity, essential for biomedical tools like biosensors and drug delivery systems, so

SiO2 NPs safety is to be ensured. Larger silicon materials are generally safe,

nanoparticles like silver and gold have shown varying levels of toxicity. Studies on

SiO2 NPs have produced conflicting results: some suggest inflammatory responses

and cell damage, while others indicate minimal harm. This highlights the need for

thorough evaluation to ensure safe and beneficial use of SiO2 NPs in medical and

technological applications [7].
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The aim of the study was to green synthesize SiO2 NPs using plant extract that

can help to stabilize and reduce SiO2 NPs at room temperature without using

any toxic or hazardous materials. Assessing the safety of silica nanoparticles syn-

thesized from Euphorbia milii is critical before their clinical translation. Toxicity

studies in albino Sprague Dawley (SD) rats involve administering varying doses of

nanoparticles and monitoring physiological parameters, histopathological changes

in vital organs, and biochemical markers in blood and serum that helped to iden-

tify any adverse effects and establish safe dosage ranges for future biomedical

applications.

1.1 Hypothesis

The green synthesized silica nanoparticles using Euphorbia milii and administering

their low and high doses to Sprague Daw rats may have biochemical, hematological

and histopathological minimal toxicity.

1.2 Problem Statement

The lack of comprehensive studies on the toxicity of silica nanoparticles synthe-

sized using Euphorbia milii extract through green synthesis methods represents a

significant gap in current scientific literature. This gap impedes the exploration

of environmentally sustainable approaches to evaluate the safety of plant-derived

nanoparticles.

1.3 Aim and Objectives

The aim of this research was to investigate the potential of Euphorbia milii plant

extract to synthesize the silica nanoparticle from sodium metasilicate via green

synthesis and to assess their toxicity at different levels. To achieve this aim fol-

lowing objectives are aligned accordingly:
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1. Eco-friendly green synthesis of silica nanoparticles (NPs) using the extract

of Euphorbia milii.

2. To characterize the green-synthesized silica nanoparticle by different meth-

ods.

3. To evaluate the low and high dose toxicity and safety profile of silica nanopar-

ticles using rat model



Chapter 2

Literature Review

2.1 Nanoparticles

Nanotechnology has emerged as a revolutionary field with vast applications across

various scientific and industrial sectors. Nanoparticles are key components of

nanotechnology as their size range from 1 to 100nm, that’s responsible for its

unique physical and chemical properties [8].

The ”nano” prefix comes from Greek language for very small and refers to one-

billionth (10∧-9), and ”nanotechnology” was first used by Norio Taniguchi. This

field focuses on manipulating materials at the nanoscale to harness their unique

properties. As an interdisciplinary science, nanotechnology holds great promise for

transforming various scientific and industrial fields. Its applications span a wide

range, including biomolecular detection and diagnostics, therapeutic solutions,

catalysis, microelectronics, DNA sequencing, optical technologies, pharmaceuti-

cals, and sensor development [2].

2.1.1 Physicochemical Properties

Nanoparticles represent unique physicochemical properties that are suitable for

a many application. Some of the most important properties include electronic,

optical, magnetic, mechanical, and thermal characteristics.

5
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2.1.1.1 Optical Property

The optical properties of noble metal nanoparticles depend heavily on their size,

showing a clear visible extinction band on ultraviolet spectrum that doesn’t appear

in bulk metals. This band forms when the frequency of incoming light matches the

collective movement of electrons, known as Localized Surface Plasmon Resonance

(LSPR). The LSPR peak wavelength changes based on the nanoparticles’ size,

shape, and spacing between them [9].

2.1.1.2 Mechanical Property

Nanoparticles possess distinctive mechanical characteristics, including flexibility,

resilience, and strength under tension, that are significant for their use in ar-

eas such as friction management, surface treatment, nanoscale production, and

nanomanufacturing.

Key factors include stiffness, hardness, stress and strain, adhesion, and friction.

These properties are also influenced by surface coatings, clumping, and lubrication.

The difference in rigidity between nanoparticles and the surfaces they interact

with determines whether they will be dented or deformed under pressure, which

is essential for improving surface quality and material removal [10].

2.1.1.3 Magnetic Property

Magnetic nanoparticles are highly valued in fields like catalysis, biomedicine, data

storage, , and environmental cleanup. They work best when their size is below a

critical range of <10–20 nm, allowing their magnetic properties to be most effec-

tive. At such a small scale the magnetic properties of NPs become quite prominent.

This makes them valuable and useful for many diverse applications. These prop-

erties arise from uneven electron distribution, which is affected by the synthesis

process. Terms such as conductivity, semi-conductivity, and resistivity describe

their magnetic and electrical characteristics, making them ideal for contemporary

electronic applications [11].
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2.1.1.4 Thermal Property

Transfer of heat in nanoparticles relies on electron transmission/conduction, lattice

vibration, and scattering phenomena. Nanoparticles thermal properties, including

conductivity, power of thermoelectricity, holding capacity of heat, and stability,

are significant.

For example, thermal conductivity of copper is 700 times higher than water at

room temperature. Furthermore, this is 3000 times higher than engine oil. Water

thermal conductivity is also lower than oxides like alumina (Al2O3). Size of NP

directly depends on thermal conductivity of nanoparticles and electrical conduc-

tivity, with smaller NPs having higher surface-to-volume ratios, facilitating better

heat transfer [12].

2.1.1.5 Catalyst

Nano-catalysis employs NP as catalysts, offering improved catalytic properties

compared to bulk materials. NP catalytic effectiveness depends on size, form,

state, composition, spacing between the particles, state of oxidation, and material

support.

Smaller NPs are more catalytically active due to quantum effects and increased

surface-to-volume ratios, while different shapes influence reactivity. Alloying NPs

enhances activity by changing electronic properties and reducing poisoning effects.

Interparticle spacing affects stability, with closer spacing leading to faster deacti-

vation [13].

2.1.2 Classification of Nanoparticles

2.1.2.1 Based on Materials Classification of Nanoparticles

Nanoparticles can be categorized into organic, inorganic and carbon nanoparticles.
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Figure 2.1: Material and dimension-based classification nanoparticles [3]

• Inorganic nanoparticles, these nanoparticles do not contain carbon molecules

in their structure consists of metals and nonmetallic compounds. Metal

nanoparticles, This category features metals like Silver (Ag), Gold (Au) and

Aluminum (Al). They are distinguished by their unique properties related to

their size, surface area, pore size, surface charge density, shape that can be

spherical and cylindrical, color, and crystalline form. Metal-Oxide nanopar-

ticles, these metal nanoparticles react with oxygen to form oxides, enhancing

their properties and reactivity. Examples include Titanium-Oxide (TiO2),

Silicon-Oxide (SiO2), Iron-Oxide (Fe2O3) and Zinc-Oxide (ZnO) [14].

• Organic nanoparticles, known as nano-capsules, this group consists of li-

posomes like materials. They are characterized by their unique size, form,

composition, and surface-morphology [14].

• Carbon-Based nanoparticles are composed containing carbon materials, like

graphene, fullerenes, carbon nanofibers, carbon nanotubes, and black car-

bon.
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2.1.2.2 Dimension Based Classification

Nanoparticles can also be classified based on their dimensions as zero dimensional-

0D nanoparticles, the most common type of nanomaterials, that have rings, spheres

atomic clusters, fullerenes, and quantum dots. One dimensional-1D nanoparticles,

these include nanofibers, nanotubes, nano-spirals, and nano-rods, which have sin-

gle dimension that exceeds nanoscale. Two dimensional-2D This class includes

nano-layers, nano-discs, nano-films, and nano-coatings, characterized by two di-

mensions at the nanoscale.

Three dimensional-3D nanoparticles, despite their components being less than 100

nm, all three-dimensions of these nanoparticles exceed 100 nm. They are formed

by combining nanoscale particles [14].

Table 2.1: Represent general classification of nanoparticles

Class Description Examples Morphology Ref

Metallic

Nanoparticles

Composed

of metallic

elements or

alloys

Gold (AuNPs), Spherical

shaped

[15]

Silver (AgNPs),

Iron (FeNPs)

Metal Oxide

Nanoparticles

Composed of

metal oxides

Titanium dioxide

(TiO2NPs),

Spherical,

Nanorods,

Nanosheets,

[16]

Zinc Oxide (ZnONPs), Nanowires

Silica (SiO2NPs)

Carbon-based

Nanoparticles

Composed of

carbon-based

materials

Carbon nanotubes

(CNTs),

Nanotubes,

Nanospheres,

Graphene sheets

[17]

Fullerenes (C60),

Graphene oxide (GO)

Lipid-based

Nanoparticles

Composed

of lipids or

lipid-like

materials

Liposomes Spherical, Mul-

tilamellar, Unil-

amellar

[18].
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Table 2.1 continued from previous page

Class Description Examples Morphology Ref

Solid lipid nanopar-

ticles (SLNs), Na-

noemulsions

Carriers of lipid

Polymer

Nanoparticles

Composed

of polymers

or polymer

composites

Poly (lactic-coglycolic

acid) (PLGA)

nanoparticles

Spherical,

Nanofibers,

Dendritic

[19]

Hybrid

Nanoparticles

Composed of a

combination of

materials

Silica-coated gold

nanoparticles,

Core-shell,

Janus,

[20]

Polymer-coated mag-

netic nanoparticles

2.2 Nanomedicine

Nanomedicine has revolutionized pharmaceutical development, recognized in the

European Union as a pivotal technology. It utilizes nanoparticles with specific

physicochemical properties for enhanced drug delivery, pivotal in drug research

and development.

Nanomaterials serve three main medical purposes: controlling drug delivery (nano

therapy), disease diagnosis (nano diagnosis), and regenerative medicine, leveraging

their intrinsic properties [21].

While nano therapy and nano diagnosis have been traditional methods, nowadays

regenerative technology is trendy. focuses on using nanotechnology to manipulate

genetically modified stem cells for curing genetic disorders.

Biodegradable nanoparticles like carbon nanofibers and collagen nanofibers play a

critical role in tissue engineering and implantable materials, particularly in treating

disorders like Alzheimer’s and Parkinson’s diseases [22].
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Nanotechnology has significantly advanced precision gene therapy by delivering

medicine directly to DNA, targeting diseases rooted in genetic mutations. This ap-

proach has enabled the development of therapies for cancers, Alzheimer’s, Parkin-

son’s, and other genetic disorders, enhancing pharmaceutical research and clinical

applications [23].

Effective gene therapy relies on precise drug delivery mechanisms that avoid healthy

cells and target specific diseased cells. Nanoparticles are engineered to exploit

tumor characteristics, such as enhanced vascularity and permeability, through

passive and active targeting methods. Passive targeting utilizes the Enhanced

Permeability and Retention (EPR) effect, while active targeting employs specific

ligands to bind receptors overexpressed on target cells, ensuring effective drug

delivery [23] [24].

Tumor targeting is divided into passive and active methods. Passive targeting

takes advantage of the distinct features of tumors, such as their enhanced vascu-

larity and permeability, and relies on the size and circulation time of nanoparticles

(NPs). The Enhanced Permeability and Retention (EPR) effect, vital for passive

targeting, is influenced by factors like angiogenesis, perivascular tumor invasion,

and intratumor pressure, along with NP characteristics (Fig 2.2).

Figure 2.2: Passive Targeting [23].



Literature Review 12

Active targeting employs specific ligands (e.g., transferrin, folate) that bind to

overexpressed receptors on target cells, enhancing nanoparticle (NP) affinity and

retention for improved drug delivery (Fig 2.3).

Key receptors involved include transferrin, folate, and epidermal growth factor

(EGFR) receptors. Examples include transferrin-modified NPs for ovarian carci-

noma and strategies to disrupt tumor blood supply, inducing hypoxia and necrosis.

pH-sensitive drug delivery systems leverage the acidic tumor environment to en-

hance treatment efficacy.

An ideal nanocarrier combines high cargo capacity, biocompatibility, stability,

uniformity in size and shape, and targeted release capabilities. Porous inorganic

materials like Mesoporous Silica Nanoparticles (MSNs) and Metal-Organic Frame-

works (MOFs) forms of silica NPs, are particularly promising due to their ad-

justable chemistry and stability.

Silica NPs can encapsulate drugs and precisely release them in response to pH

changes, reactive oxygen species, temperature, enzymes, or light. Researchers

have developed dual-responsive peptides like for MSNs, exploiting the acidic tumor

environment to enhance drug delivery effectiveness [23].

Figure 2.3: Active Targeting [23]
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2.3 Synthesis Approach for Nanoparticles

Nanoparticles come in various shapes, sizes, and structures, achieved through dif-

ferent synthesis methods. These methods are broadly used and have two cat-

egories: top-down and bottom-up approaches (Fig 2.4), each with condition of

reactions and operations-based subclasses.

2.3.1 Top-Down Approach

Constructive method has assembling materials that are atoms or molecules to make

clusters and eventually nanoparticles. Common techniques include spinning, sol-

gel formation, chemical vapor-deposition (CVD), laser-pyrolysis, biosynthesis and

plasma spraying synthesis [25].

2.3.2 Bottom-Up Approach

It is well-known for its process, which breaks down huge materials into smaller

pieces that become NPs. Among the methods are thermal breakdown, chemical

etching, laser ablation, mechanical milling, and nano-lithography. By changing the

synthesis parameters and reaction circumstances, one can modify the size, shape,

and charge of nanoparticles [26].

Figure 2.4: Top-down and Bottom-up approach classifications [23]
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2.4 Nanoparticles Synthesis

2.4.1 Physical Synthesis

Several physical methods are utilized to produce nanoparticles, each with distinct

benefits and applications. The plasma method uses Radio Frequency (RF) heating

coils to create plasma, where metal vapor nucleates on helium gas atoms and is

then collected as nanoparticles. CVD involves the chemical reaction of volatile

precursors on a heated substrate, resulting in the formation of ultrafine particles

and thin films.

Microwave irradiation accelerates chemical reactions, improving yields and reduc-

ing reaction times for the synthesis of organic, inorganic, and hybrid materials.

The pulsed laser method produces nanoparticles by generating hot spots on a ro-

tating disc exposed to laser pulses, commonly employed to produce silver nanopar-

ticles. Finally, gamma radiation offers a reproducible, straightforward, and cost-

effective method for synthesizing metallic nanoparticles, using minimal reagents

and producing monodisperse particles with controlled shapes. These techniques

showcase the versatility and potential of physical methods in nanoparticle synthe-

sis [27].

2.4.2 Chemical Synthesis

The polyol method, microemulsions, thermal decomposition, and electrochemi-

cal synthesis are chemical approaches for synthesizing nanoparticles, each offering

unique advantages and applications. The polyol method utilizes nonaqueous sol-

vents like ethylene glycol, serving as both solvent and reducing agent, to control

nanoparticle size and morphology, ideal for large-scale production. Microemul-

sions, involving liquid-in-liquid dispersions stabilized by surfactants, enable the

synthesis of inorganic nanoparticles with controlled size and shape through Brow-

nian motion-induced nucleation. Thermal decomposition involves heat-induced

chemical breakdown of compounds, providing insights into decomposition mecha-

nisms and products. Electrochemical synthesis, conducted in electrochemical cells,
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allows precise control over reaction conditions to produce nanoparticles, such as

silver and platinum, with varied sizes and high purity [27].

2.5 Green Synthesis

Traditional methods have been widely used, but recent studies highlight green syn-

thesis as the most effective approach for creating NPs, offering lower failure rates,

cost savings, and easier characterization. Unlike physical and chemical methods,

green synthesis produces distinct particles by utilizing biological components like

plant extracts instead of expensive chemical agents. This bottom-up method par-

allels chemical approaches but is more environmentally friendly, sustainable, and

scalable. Green synthesis also allows for the recycling of valuable metal salts from

waste streams, making green synthesis prepared NPs preferable for their supe-

rior qualities compared to conventionally synthesized NPs. The use of hazardous

chemicals in traditional methods can enhance particle reactivity and toxicity, pos-

ing risks to health and the environment, whereas green synthesis methods are

chosen for their reduced nanoparticle toxicity, leading to a growing adoption of

plant extracts in NP synthesis [4].

The concept of green synthesis has emerged as a sustainable alternative for nanopar-

ticle fabrication. This approach harnesses natural resources, such as plant extracts,

to synthesize nanoparticles, utilizing them as both stabilizing and reducing agents.

Plant extracts are rich sources of bioactive compounds like polyphenols, flavonoids,

and terpenoids, which play a crucial role in reducing metal ions and ensuring the

stability of the resulting nanoparticles. Furthermore, green synthesis offers numer-

ous benefits, including cost-effectiveness, scalability, and minimized environmental

impact [32]. Complex metallic ions can be reduced by Plants to generate simple

ions that become the source of medicinal compounds [28].

Recently, several in vivo techniques have emerged, utilizing herbal extracts as

reducing agents to synthesize nano-sized materials [29]. A variety of plant species,

along with different acids and metal salts (such as Au and Ag), have been utilized

in the green synthesis of nano-sized materials [30]. Compared to methods involving
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Figure 2.5: TEM of the CO3O4 hollow microspheres [31]

microorganism and chemicals that are harmful, the utilization of plant materials

for nanoparticle fabrication is more advantageous due to the absence of bacteria

or toxic chemical contaminants. Moreover, this requires low energy and offers

simplicity, as well as versatility in applications [31]. In the eco-friendly synthesis

of nanoparticles, a wide range of plant extracts obtained from different plants parts

like flowers leaves, stems, roots, seeds, and fruit, have been employed.

2.6 Characterization

2.6.1 Morphology Characterization

The morphological characteristics of NPs are crucial as they significantly impact

their properties. Various techniques are used for morphological analysis, with mi-

croscopic methods like Transmission Electron Microscope (TEM) Polarized Opti-

cal Microscopy (POM), Scanning Electron Microscopy (SEM) [33].

SEM is a widely used technique for examining nanoparticle morphology and dis-

persion within bulk materials or matrices. For instance, SEM has revealed the dis-

tribution of Single-Walled Carbon Nanotubes (SWNTs) in Poly(butylene) Tereph-

thalate (PBT) and nylon-6 [30]. POM has shown star-like spherulites, which de-

crease in size with more SWNTs. TEM works on electron transmittance principles,

offering detailed information from low to high magnification. TEM has identified

the quadrupolar hollow shell structure of Co3O4 nanoparticles (Fig 2.5), advan-

tageous for Li-ion battery anodes due to their enhanced cycling performance and

specific capacity [34].
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2.6.2 Structural Characterization

Structural characteristics are crucial for analyzing the components tha compose

and bind in nature of materials, offering insights into their bulk properties. Com-

mon techniques such as X-ray Diffraction (XRD), Energy Dispersive X-ray (EDX),

Raman spectroscopy and Zeta size analysis are employed to identify the properties

of structures of nanoparticles.

The XRD technique is most commonly used and particularly suitable for powdered

samples obtained directly from drying their respective colloidal solutions. Using

XRD equipment, the positions and peak intensities of sample’s diffraction pattern

are compared with reference patterns from various databases. This comparison

aids in determining the composition of nanoparticles quantitatively [35].

The XRD method operates by directing X-rays at nanoparticles, causing them to

scatter due to the movement of electrons around the atoms’ nuclei. These scattered

X-rays create interference patterns, where constructive interference occurs when

waves are in phase and destructive interference when they are out of phase. The

arrangement of atoms at the atomic scale directly influences the diffraction pattern:

shorter periodic arrangements of atoms lead to higher diffraction angles, and vice

versa [36].

2.6.3 Optical Characterization

For optical property characterization of the nanoparticle Ultraviolet–Visible (UV-

Vis) spectroscopy is used, it is a technique that helps to measure the light that is

visible given sample absorption or transmittance compared to the sample or blank

sample of their reference. As this technique depends on properties of light, light

contains the energy that is inversely proportional to the wavelength, meaning that

particle that have short wavelength have more capability to carry the energy and

vice versa. So, the value of the absorbance is basically the energy that is required

by the electron to promote in a substance to a high energy level. This is the reason

that there is different absorbance of light at the different wave lengths. The visible

light range is from 380nm that is violet to 780nm that is of red spectrum. The
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UV-Vis spectroscopy helps to determine the particles by pointing their wavelength

at which they absorb maximum light energy [37].

2.7 Nanotoxicology

Given the ubiquitous application of nanoparticles, awareness of their effects on

human well-being and the natural environment is imperative. Although nanopar-

ticles have many advantages, misuse and improper handling can lead to toxicity

and environmental damage. Numerous in-vitro and in-vivo research conducted

in the field of nanotoxicology—the study of nanoparticle toxicity—have demon-

strated that the size and surface area of nanoparticles make them extremely reac-

tive, which raises the possibility of toxicity. The production of Reactive Oxidative

Species (ROS)s, which harm biological macromolecules, is frequently the cause of

this toxicity [38].

2.7.1 Nanotoxicity Induced by ROS Generation

One of the main mechanisms underlying nanotoxicity is the production of ROS,

which can result in DNA damage, aberrant cell signaling, alterations in cell motil-

ity, cell death, apoptotic and cancer. The chemical makeup of designed nanoma-

terials determines how much ROS is produced by them. These nanomaterials are

more cytotoxic and genotoxic than their bulk equivalents because of their small

size, substantial specific surface area, and severe surface reactivity. They also cre-

ate higher quantities of ROS. Numerous nanomaterials have been discovered to

cause ROS-mediated toxicity in biological systems, such as skin fibroblasts and hu-

man erythrocytes. According to research, the generation of ROS is how quantum

dots, silica nanoparticles, and nano-CuO cause oxidative stress and cytotoxicity.

ROS are also produced by nano-ZnO and nano-TiO2, which can cause oxidative

damage, inflammation, and cell death [39].

Both nano-Au and gold–cobalt nanoalloys have been explored for biomedical ap-

plications. As in study [40], found that in mice, the gold–cobalt nanoalloy altered
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tumor-initiating genes, increased micronuclei formation, and generated 8-OHdG,

while nano-Au exhibited much lower toxic activities. These toxic effects are at-

tributed to increased oxidative stress [41].

2.7.2 Nanomedicine and Toxicity

Only in the past two decades has the word nanotoxicology attracted more atten-

tion. Since then, significant progress has been made in this field [42]. Since they

can both study the same mechanisms and have an impact on the same metabolic

pathways, nanomedicine and nanotoxicology are inextricably intertwined [43]. At

the intersection of toxicology and nanomedicines, nanotoxicology has developed

into a subdiscipline. Nanomaterials (NMs) have different properties from their

bigger equivalents due to their extremely small size and high surface area to vol-

ume ratio, which may lead to unanticipated interactions with cells and tissues.

The potential hazardous interactions between NMs and various biological systems

(cells, tissues, and living beings) are frequently highlighted by nanotoxicology [42].

Over several years of research, it has been clear that the interactions between

nanomedicines and living things’ cells are quite intricate. The potential impact

of NMs’ morphological and physicochemical features on these interactions is un-

known, though [44].

The physical and chemical properties of nanomedicines have a significant influ-

ence on how they interact with biological cells and can also have an impact on

their toxicity. Nanotoxicology is responsible for examining the harmful effects of

nanomedicines because the size of the materials has a significant influence on their

toxicity. Numerous elements, such as size, area of surface, form, content, sur-

face chemistry, aggregation/agglomeration procedures, etc., constitute the basis

of nanotoxicology [45].
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2.7.3 Toxicity of Gold Nanoparticles

Gold nanoparticles (AuNPs) have been the subject of extensive research due to

their distinctive physical, chemical, and optical properties and are now used in

many different sectors. However, depending on criteria including size, shape, sur-

face chemistry, concentration, and length of exposure, gold nanoparticles, like any

other nanomaterial, can exhibit varying degrees of toxicity [46].

The toxicity of AuNPs is significantly influenced by their size and structure.

Smaller nanoparticles have a greater ability to infiltrate cells and tissues, which

could increase their toxicity.

Additionally, the toxicity of substances can vary depending on how they interact

with biological systems. Cells can absorb AuNPs using several different processes,

including endocytosis. Their buildup inside of cells can impair biological processes

and have harmful effects [47].

ROS can be produced within cells because of oxidative stress brought on by AuNPs.

Excessive ROS can harm DNA, lipids, proteins, and other biological components,

which may ultimately cause cell death. Inflammation and immunological responses

can be brought on by AuNPs [42].

This might contribute to tissue injury by causing the release of pro-inflammatory

cytokines and the activation of immune cells. The genotoxic properties of gold

nanoparticles raise the possibility that they could contaminate DNA and cause

genetic alterations [48].

The organ or tissue being researched can affect how harmful AuNPs are. For

instance, compared to the lungs or brain, the liver may respond to nanoparticles

differently. The toxicity of nanoparticles depends on their capacity to be elimi-

nated by the body. Long-term harm could result from nanoparticle accumulation

and ineffective removal [46].
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2.7.4 Toxicity of Silver Nanoparticles

Silver Nanoparticles (AgNPs) have also attracted a lot of attention due to their

unique properties and potential applications in a range of industries, including

consumer products, health, and electronics. However, just like other nanoparticles,

AgNPs can demonstrate toxicity based on their characteristics and the conditions

of their exposure [49].

According to certain research, these nanoparticles may be mutagenic and cause

DNA damage, among other genotoxic effects. AgNPs are extensively distributed

throughout the body and, with a single encounter, alter gene expression [50].

By producing reactive oxygen species, AgNPs can cause oxidative stress by ROS.

ROS can harm tissues and cells, resulting in cell death, DNA damage, and inflam-

mation [51]. Body weight and locomotor activity were both reduced by AgNPs

[52].

Similar to gold nanoparticles, silver nanoparticles can trigger an immune response

and inflammation. This immune activation can contribute to tissue damage and

other adverse effects. AgNPs have the greatest impact on the immune system,

which results in decreased thymus weight [53].

AgNPs toxicity is primarily caused by their intact nanostructure, with just a little

amount coming from the released silver ions. AgNPs may accumulate largely in

the liver and spleen in addition to other tissues [54][55].

2.7.5 Toxicity of Silica

Since chemically manufactured silica nanoparticles can be easily modified as drug

carriers, they are valuable in drug delivery. They comprise roughly 8% of airborne

nanoparticles and are also present in the atmosphere. Despite being thought to

be quite safe for use in medicine, silica nanoparticles have been linked to oxidative

stress due to their ability to produce ROS.
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Human lung cells treated to silica NPs (15-46 nm) at dosages ranging from 10

to 100 µg/mL showed elevated levels of ROS, lactate dehydrogenase (LDH), and

malondialdehyde. Liver cells exposed to silica-based NPs (70 nm) at 30 mg/kg

exhibited biochemical alterations and symptoms of liver injury. These findings

demonstrate that, while silica nanoparticles are adaptable for medicinal applica-

tions, their possible health consequences must be carefully examined [56].

2.7.6 Toxicity Mitigation

Nanoparticles are valuable in medicine but pose toxicity challenges. To address

this, strategies focus on modifying NP surfaces. Coating NPs with materials like

Polyethylene Glycol (PEG), Polyvinylpyrrolidone (PVP), and zwitterionic poly-

mers alters their properties, reducing toxicity.

PEGylation improves biocompatibility and stability. Adjusting NP surface chem-

istry, such as charge and hydrophobicity, also lowers toxicity and enhances ef-

fectiveness (Fig 2.6). Another approach involves coating NPs with natural cell

membranes e.g., from Red Blood Cells (RBCs) or White Blood Cells (WBCs),

which enhances safety and targeting abilities. These efforts aim to make metal-

based NPs safer and more effective for biomedical uses [57].
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Figure 2.6: Ways that can mitigate nanoparticles toxicity strategies [57]

2.8 Drug Delivery System

Drug delivery is the process of providing pharmacological chemicals to accomplish

therapeutic effects. It comprises a variety of tactics for increasing therapeutic

efficacy, improving patient compliance, and reducing adverse effects.

Traditional methods like oral ingestion and injections are supplemented by ad-

vanced technologies such as nanotechnology and carrier systems. These inno-

vations optimize drug distribution, release kinetics, and site-specific targeting,

aiming to deliver medications precisely where needed in the body [58].

2.8.1 Conventional Nanoparticle Drug Delivery

Nanoparticles can enter the human body through direct injection, inhalation, and

oral intake. Then start to circulation inside the body, protein interaction occurs

because of that distribute in various organs. Distributing and eliminating the

nanoparticles is done by lymphatic system, filtering excess fluid and detecting



Literature Review 24

foreign matter. The affect their distribution, toxicity, and targeting ability of the

nanoparticles depends on its shape and size and affect the toxicity and distribution.

Smaller particles have a larger surface area, leading to faster drug release, but they

should be made in such a way that they clearance by the lymphatic system [59].

2.8.2 Targeted Nanoparticle Drug Delivery

Targeted delivery of drug involves creating nanoparticles that can reach, recognize,

bind, and deliver drugs to specific pathological tissues reducing damage to tissues

that are healthy. This can be done by active targeting system, where drug carriers

are conjugated to tissue-specific ligands, or passive targeting, where nanoparticles

reach target organs due to leaky junctions in inflamed or damaged tissue. Target-

ing ligands might be tiny compounds, peptides in antibodies, proteins, or nucleic

acid aptamers. Liposomes, which resemble cell membranes, may be adjusted in

size and charge by using particular lipid monomers, as well as surface targeting

ligands, to improve lipophilic drug delivery to specified cells. This smart multi-

functional drug-loaded nanoparticle system represents a significant advancement

in targeted drug delivery [59].

2.8.3 Drug Delivery System (DSS) to Treat Diseases

Lipid-Based drug delivery system like liposomes and micelles. Liposomes are hy-

drophobic and hydrophilic drug delivery vehicles that resemble bilayer nanovesicles

seen in cell membranes. Example is PEG-coated liposome doxorubicin to lessen

cytotoxicity and enhance anticancer medication delivery [60].

A polymeric drug delivery system, composed of repeating units of certain poly-

mers, like chitosan, PLGA, and PEG. These DSSs can be altered to react to

variations in pH or the production of ROS. For example, polyamine loaded in fo-

late and ligands for the HIV Transcriptional Transactivator (TAT) encapsulated in

doxorubicin. Inorganic nanoparticle drug delivery uses nanocarriers such as silica,

magnetic, and gold nanocarriers. They can be modified for targeted distribution
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and used to encapsulate drugs. Examples can be drug protection by functional-

ized silica nanocarriers. Magnetic nanocarriers guided by magnetic fields across

the human body. Gold nanocarriers for photothermal treatment and imaging.

Peptide Nanoparticle DDSs with linear or cyclic structures that target cell surface

receptors. They can be produced organically or by using fragments of naturally

existing protein. Lung cancer treatment with peptidomimetic EGFR ligand en-

capsulated in a cationic liposome. As, liposome coupled with Receptor-Interactive

Peptide Linker (RIPL) to target cancer cells that overexpress [60].

2.9 Metal Oxide Nanoparticles: Silica Nanopar-

ticles

Silica nanoparticles (SiO2-NPs) hold considerable promise in the field of emerg-

ing nanomedicine due to their minimal cytotoxicity, extremely small size (below

100 nm), and capacity for modification with biomedical molecules. Their struc-

ture is composed of Si-O-Si bonds, with hydroxyl groups (silanol, Si-OH) covering

their surfaces. By incorporating molecules of organic matter and functional com-

pounds into their structure, they obtain new functions, considerably extending

their in vitro uses for bioimaging, biosensors, and in vivo applications such as

cancer treatment and drug administration. The size of those nanoparticles is im-

portant to their usefulness in biological applications [61].

Silica nanoparticles exhibit a remarkable property, when applied to surfaces, they

adhere to molecules, enabling the surfaces to repel dirt and water effectively. This

property is utilized in materials like glass, tiles, wood, and stone, preventing dirt

adhesion and facilitating easy removal of water and contaminants. Nano-silica

also has uses in biology, including cell, a gene, and immune therapy. Additionally,

delivery of drugs, photothermal treatment, biological analysis, bio catalysis, and

biological engineering [62].

This study is going to utilize sodium metasilicate as source for silica nanoparti-

cle synthesis, Due to its cost-effectiveness, biodegradability, and safety, sodium



Literature Review 26

metasilicate is chosen as the silicon source. This silicon is suitable for reactions in

water-based environments, which saves time and reduces risks during synthesis.

Thus, the synthesis approach developed and executed in this study will contribute

new insights into the production of silica nanoparticles using sodium metasilicates

as the source of silicon [63].

2.9.1 Structural Forms of Silica

Silica can be found in two structural forms, crystalline and amorphous. Crystalline

particles like quartz, crystallite and tridymites have arranged in orderly and re-

peating patterns. On other side, amorphous material like opal lacks this orderly

arrangement.

Naturally occurring silica can be both amorphous and crystalline form. Amor-

phous silica are the substances that are hyalite opal and natural-silica glass (Fig

2.7), and crystalline silica minerals like α-quartz, α-cristobalite, and α-tridymite.

It is important to note that amorphous silica can transform into crystalline forms

by the help of thermal treatments.

Silica in its impure form can have mix of these phases, such as quartz and sand-

stone. When it comes to crystalline silica it includes a variety of polymorphic

structures, each with distinct low-temperature (α) form and high-temperature (β)

form. These transformations are significant in geological processes; for instance,

amorphous opal-A can convert to crystalline opal-CT under conditions of increas-

ing temperature and pressure, often linked with organic matter transformation in

sediments [64].
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Figure 2.7: Structure of Silica, Crystalline and amorphous [64].

2.9.2 Synthesis of Silica-Based Materials

2.9.3 Chemical Synthesis

There are two synthesis techniques used mostly in chemical synthesis of silica

nanoparticle:

• Chemical synthesis involves the technique called sol-gel technique that facil-

itates the production of pure, homogeneous silica materials in various forms

like fibers, films, and submicron powders. It is also done for the transfor-

mation of the forms as colloidal sol-suspension into a 3D-interconnected gel

network by the help of the hydrolysis and polymerization reactions process of

metal alkoxides. Different methods of chemically synthesized nanoparticles

are given in (Table 2.2) [65].

• Another method for silica nanoparticle synthesis is Stober method, in this

low-temperature sol-gel as an approach can be used for synthesis (Table 2.2).

The process involves the hydrolytic condensation reaction of Si–OH groups,

replacing alkoxide groups (–OR) with hydroxyl groups (–OH). To make silica
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nanoparticles from 100nm to few micrometers there is need of controlling

precursor concentrations during hydrolysis, this includes various shapes such

as nano-cubes and spheres [65]. For chemical synthesis, Tetraethyl Ortho-

silicate (TEOS) and ethanol concentrations can be considered to play a

crucial role in determining size and distribution in silica-nanoparticles. Large

particles are made when higher concentrations are used. The pH, reaction

temperature, and duration influence particle size and morphology. Different

types of surfactants are used like PEG, these help in controlling the size and

help in preventing agglomeration. Silica nanoparticles synthesized via sol-gel

methods find applications in nanomedicine and various industries [65]

Table 2.2: Represents chemically synthesized silica nanoparticles

Method Observation Reference

Stober In this, opals of silica opals with diameters

480 nm and 540 nm are formed.

[66]

Particle sizes: 50 nm, 55 nm, 130 nm. Size

increases with TEOS and NH3 concentra-

tions.

[67]

Sono-chemical sol-gel process Dispersed without agglomeration, average

size of 9 nm, controlled by PEG 1000 sur-

factant.

[68].

Sol-gel method Average size ranges from 79.6nm to

87.3nm, 700oC temperature was used to

optimize calcination and 2h aging time.

[69]

Micelles entrapment approach Particle sizes range from 28.91 nm to

113.22 nm, controlled by reaction temper-

ature and solvents.

[70]

2.9.3.1 Silica Nanoparticles Synthesized by Green Synthesis

It is possible to produce green silica nanocomposites using sodium silicate and aloe

vera gel. As, silica nanoparticles are synthesized using aloe vera gel as a green

and sustainable source. Aloe vera gel serves as a biocompatible matrix rich in

polysaccharides, facilitating the formation of silica-polysaccharides nanocompos-

ites. This approach has helped in leverages the renewable nature of aloe vera but
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also enhances the self-cleaning properties of solar mirrors due to the hydrophilic

and adhesive characteristics of the polysaccharide-rich gel matrix [71].

Silica nanoparticles are synthesized from rice husk through an alkaline precipita-

tion method. This process involves utilizing rice husk ash, a byproduct of rice

processing, which is rich in silica. The ash is treated with an alkaline solution

under controlled conditions, typically at pH 7 and a temperature of 90oC for sev-

eral hours. During this reaction, silica dissolves in the alkaline medium, forming a

soluble silicate solution. Subsequently, under these conditions, silica nanoparticles

gradually precipitate out of the solution. This method is considered environmen-

tally friendly and economically feasible, utilizing a readily available agricultural

waste product to produce nanoparticles that find applications across various fields

including biomedicine, electronics, and environmental remediation [72].

2.9.4 Applications of Silica Nanoparticle

Nanoscale materials have garnered significant interest for their remarkable po-

tential in diverse applications, offering unique technological advancements. Silica

nanoparticles, in particular, are important in domains such as catalysts, deliv-

ery of medications, medicinal uses, environmental remediation, and treatment of

wastewater (Fig 2.7). Their innovative properties promise to address numerous

challenges across various scientific disciplines.
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Figure 2.8: Green synthesized silica nanoparticle advantages [74].

Recent advancements in nanomaterials have sparked significant research interest

in application od nanomaterials in biological sectors such as delivery of drugs,

genetic therapy, and cancer treatment. MSNs offer unique advantages including

their morphology, large pore size for drug reservoirs, and surface functionaliza-

tion capabilities, enabling precise control over drug release [73]. MSNs are highly

biocompatible and can target specific organs or tissues, making them promising

carriers for therapeutic agents, including anti-cancer drugs and gene therapies [74].

Silica nanoparticles can be engineered to carry imaging agents (e.g., fluorescent

dyes, contrast agents) for diagnostic purposes, enabling real-time monitoring of

drug delivery and therapeutic response in cancer patients. By combining ther-

apeutic and diagnostic capabilities, silica nanoparticles support theragnostic ap-

plications, where drug delivery and imaging functionalities are integrated into a

single platform for personalized medicine.

Silica-based drug delivery systems protect encapsulated drugs from degradation,

extending their shelf life and ensuring better stability during storage and transport.

Silica nanoparticles are generally biocompatible and can be modified to enhance

their biodegradability and reduce potential cytotoxicity, making them suitable for

clinical applications. Silica nanoparticles can facilitate combination therapy by
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delivering multiple drugs or therapeutic agents simultaneously, addressing hetero-

geneous tumors and overcoming drug resistance. The small dimension and surface

characteristics of silica nanoparticles enable effective cellular absorption, which

improves the efficacy of treatment of drugs given to cancer cells. Silica nanopar-

ticles can be used in Photothermal Treatment (PTT) by absorbing Near-Infrared

(NIR) light and turning them into heat, so selectively killing cancer cells while

preserving healthy tissues. Functionalized silica nanoparticles can make cancer

cells more sensitive to radiation treatment, increasing their efficacy and lowering

the dose required [75].

Table 2.3: Silica nanoparticle application in cancer therapy as Drug carrier
[75]

Type of cancer Drug type Functionalized material

Bones Doxorubicin (DOX) PAA-capped MSNs

Alendronate(AL) Mesoporous bioactive glass (MBG)

Doxorubicin(DOX) Biodegradable hollow mesoporous-

silica nanoparticles

Breast Paclitaxel and cur-

cumin

Lipid bilayer-coated with MSNs

Doxorubicin(DOX) MSN-coated with Au-nanorods

Doxorubicin(DOX) MSNs modified with arginylglycylas-

partic acid peptide

Colon CytC AS1411 Nanoporous structure of porous silica

nanocargo

Doxorubicin(DOX)

Liver Sorefenib Gold nano-shell MSNs

Plasmid and CRISPR

ribonucleoprotein

Lipid-coated mesoporous silica

nanoparticle

2.9.5 Toxicity/Safety of Silica Nanoparticle

Silicon-based materials are widely utilized across industries like construction, elec-

tronics, food, consumer goods, and medical fields, with applications ranging from

bandages and lenses to dietary supplements and implants. Within nanotechnol-

ogy, SiO2 NPs are valued for their size, surface area, biocompatibility, and minimal
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toxicity. They play crucial roles in biomedical uses such as biosensors, drug de-

livery systems, and enhancing cellular uptake. Despite their potential benefits,

concerns persist regarding the biocompatibility and safety of SiO2 NPs. While

larger silicon materials are generally considered safe for human use, nanoparticles

like silver and gold have demonstrated toxicity.

Studies examining SiO2 NPs have yielded diverse outcomes regarding their toxic-

ity. Some in vitro research suggests SiO2 NPs can trigger inflammatory responses

and apoptosis in specific cell lines, while other studies indicate minimal cytotoxi-

city. In vivo investigations have also produced conflicting results, with SiO2 NPs

causing pulmonary inflammation and oxidative stress in some cases but showing

no toxicity in others [76].

But also, SiO2 NPs offer high biocompatibility in vivo, as confirmed by numerous

studies on toxicity, its biodistribution and excretion from the body. The FDA

classifies silica as safe, commonly used in food additives and cosmetics. Silica par-

ticles disperse in soluble water orthosilicic acid (Si (OH)4), which accumulates as a

minor element in humans. In vitro investigations reveal no toxicity at dosages up

to 100 µg mL−1, and even greater quantities show low harm. However, crystalline

silica nanoparticles may cause the development of ROS, thereby affecting cellular

viability [76].

2.9.6 Precursors for Synthesis of Silica NP

Different salts or precursors can be used to synthesize silica nanoparticles, some of

those are; sodium silicate (Na2SiO3), tetraethyl orthosilicate (TEOS, Si (OC2H5)4),

sodium, metasilicate (Na2SiO3.9H2), potassium silicate (K2SiO3), silicon tetra-

chloride (SiCl4), silicic acid (H4SiO4).

Silica nanoparticles are synthesized from sodium silicate, which is produced in

alkaline circumstances, sodium chloride (NaCl) serves as a crucial salt additive.

NaCl plays multiple roles in this process: it acts as a precipitating agent, facilitat-

ing the controlled formation of silica nanoparticles by promoting their precipita-

tion from sodium silicate solutions. Additionally, NaCl helps to stabilize the pH



Literature Review 33

of the reaction mixture, ensuring favorable conditions for nanoparticle formation

and maintaining solution stability. The amount of NaCl also effects the size and

shape of the silica nanoparticles generated, adding to the desired qualities of the

end product. Overall, sodium chloride enhances the efficiency, yield, and purity

of silica nanoparticles synthesized under alkaline conditions, making it an essen-

tial component in this nanoparticle fabrication method [77]. TEOS is used as a

precursor in the solution-gelation inorganic polymerization process that produces

silica nanoparticles. When TEOS interacts with water at the air-water interface, it

hydrolyzes, progressively shedding ethoxy groups while enhancing the OH-stretch

sign in sum-frequency generating (SFG) vibratory spectroscopy. Hydrolysis is fol-

lowed by condensation, where Si-O- species form an interconnected network of

Si-O-Si bonds, resulting to a reduction in the OH-stretch signal [78].

Sodium metasilicate is utilized as a precursor for synthesizing silica nanoparticles

through fundamental chemical processes. Initially, during hydrolysis, water reacts

with sodium metasilicate, producing silanol groups (Si-OH) and sodium hydroxide

(NaOH). This reaction alters the pH of the solution and initiates the formation

of silicic acid (Si(OH)4). Subsequently, in the condensation phase, silanol groups

undergo further reactions, forming siloxane bonds (Si-O-Si) that link together to

create the silica nanoparticle structure. These regulated reactions, affected by

parameters such as temperature, pH adjustment, and solvent conditions, define

the size, shape, and surface features of the resultant nanoparticles, which are

critical for different applications spanning from medicine to materials science [79].

2.10 Significance of Medicinal Plants in World

The utilization of medicinal plants and herbal products is rapidly increasing world-

wide due to the complexity of various pathologies and the adverse effects associ-

ated with synthetic drugs. Natural products have been extensively studied and

confirmed to possess diverse pharmacological activities, including cytotoxic, an-

tioxidant, antidiabetic, and antimicrobial. Moreover, its observed that the greater

utilization of natural products is correlated with a reduced likelihood of major
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health issues on a global scale, such as cancer, cardiovascular disorders, and type

2 diabetes. Consequently, the discovery of bioactive compounds from medicinal

plants has garnered significant recognition within the scientific community [80].

2.10.1 Medicinal Plant Bioactive Compounds Significance

The bioactive compounds found in medicinal plants hold immense promise for

managing diabetes effectively. From regulating blood sugar levels to mitigating

diabetic complications, these natural remedies offer holistic solutions for individu-

als grappling with the challenges of diabetes. By integrating medicinal plants into

diabetes management strategies, healthcare practitioners can empower patients to

take control of their health and enhance their quality of life [81].

2.11 Euphorbia milii

Figure 2.9: Euphorbia milli plant aerial parts, Flowers and leaves [83]

It is a succulent shrub that climbs and can reach heights of up to 1.8 meters

(5 feet 11 inches), characterized by densely spiny stems. The leaves primarily

emerge from new growth and are oval-shaped, measuring up to 3.5 centimeters in

length and 1.5 centimeters in width. Its small flowers are surrounded by noticeable
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petal-like bracts, which can be red, pink, or white and reach diameters of up to

12 millimeters. The plant’s sap possesses moderate toxicity [82].

Euphorbia milii, commonly known as ”Christ thorn” or ”Christ plant,” and also

popularly referred to as the crown of thorns, Euphorbia milii, as a medicinal plant

found abundantly in tropical and subtropical areas [84].

Euphorbia milii Des Moul. (Euphorbiaceae), commonly known as an ornamental

plant with wart-removing properties, Euphorbia milii is relatively less studied

compared to other members of the genus. Prior to 2016, only 12 ingenol esters

and 2 phorbol derivatives had been identified in Euphorbia milii However, recently

there was uncovered 16 previously undescribed rosane-type diterpenoids from the

aerial parts of Euphorbia milii, including two rearranged compounds featuring

unique fused-ring systems (a novel 7/5/6 fused-ring system and a novel 5/7/5

tricyclic system, respectively). Intrigued by these novel structures, a systematic

chemical investigation was initiated. This investigation led to the isolation of seven

previously unreported diterpenoids, alongside nine known compounds, from the

entire plants of Euphorbia milii [84].

2.11.1 Medicinal Properties

Studies have indicated that Euphorbia exhibits various medicinal properties, in-

cluding anti-arthritis, anti-cancer, anti-convulsant, anti-inflammatory, anti-microbial,

antioxidant, antispasmodic, anti-tumor, and antitussive effects, as well as benefits

for hormonal regulation and myelopoiesis [85].

The early phytochemical screening of the methanol extract of Euphorbia milii

indicated multiple positive bioactive components, including flavonoids, tannins,

coumarin, and terpenoids, but no carbohydrates, alkaloids, glycosides, or steroids.

These favorable bioactive components are remarkable because of their potential

therapeutic applications. Flavonoids are well-known for their antioxidant and

anti-inflammatory effects, making them useful in treating oxidative stress-related

illnesses. Tannins have astringent and antibacterial characteristics, which can aid
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in wound healing and infection prevention. Coumarins have anticoagulant, an-

tibacterial, and anti-inflammatory properties, expanding their medical potential.

Terpenoids are renowned for their anti-cancer, anti-malarial, and antiviral effects,

which emphasize their importance in a variety of therapeutic scenarios. Euphor-

bia milii’s rich phytochemical composition highlights its potential as a source of

bioactive chemicals for many purposes [86].

The phytochemical screening of the Euphorbia milii plant revealed an assort-

ment of rich of bioactive components. The dried material contains high levels of

flavonoids (20.3 ± 2.2 mg quercetin) and phenolics (3.61 ± 0.81 mg GAE). Com-

pared to other species in the same family, is the highest among them. Euphorbia

milii’s bioactivity is heavily reliant on flavonoids, a significant component. They

are well-known for their powerful antioxidant qualities, which aid in free radical

neutralization and oxidative stress reduction. This antioxidant activity protects

cells from harm and may help prevent chronic illnesses like cancer and cardio-

vascular disease. Furthermore, flavonoids have anti-inflammatory, and anticancer

effects, making them useful for a variety of medicinal applications [87].

The plant’s latex, renowned for its mollusk-controlling effects, has been extensively

utilized in traditional medicine. It has been historically employed to combat liver

fluke and schistosomiasis in various animals, including sheep, cattle, and humans.

Several beneficial alkaloids, including β-sitosterol, euphol, euphorbol, euphorbol

hexacosanoate, and the potent antileukemic macrolide lasiodiplodin, have been

identified in the latex. However, detailed investigations into the latex’s proteins

and other biochemical constituents have been limited [88].

Euphorbia species exhibit a wide range of pharmacological activities, including

anticancer, anti-viral, and antimicrobial effects. The latex of certain Euphorbia

species has been traditionally utilized topically for treating skin ailments, sexually

transmitted diseases like gonorrhea, migraines, and gastric parasites [89]

Euphorbia milii holds considerable medicinal significance within the genus because

of that it has been traditionally employed for treating conditions like warts, cancer,

and hepatitis. Additionally, Euphorbia milii exhibits antifungal, antinociceptive,
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and molluscicidal properties. It has traditionally been utilized for its healing prop-

erties, such as promoting wound recovery, reducing inflammation, and exhibiting

antimicrobial effects [89].

2.11.2 Traditional Uses and Therapeutic Potential

Euphorbia roots and tubers have gained recognition for their medicinal properties,

particularly in Chinese traditional medicine. These botanical components serve

as key ingredients in various Chinese herbal remedies [90].

2.11.3 Family and Distribution

With roughly 2000 species, the genus Euphorbia is a well-known angiosperm found

around the world, mainly in Asia, Africa, Central and South America. From

little annual or perennial herbs to sturdy wooden shrubs, vines, and trees, and

succulent plants, Euphorbia species showcase remarkable variation in morphology.

Notably, these plants are characterized by the production of a milky latex known

for its irritant properties. Throughout scientific inquiry, the entirety of Euphorbia

specimens, including their stems, leaves, latex, roots, and seeds, has been subjected

to comprehensive chemical and pharmacological exploration [91].

The genus Euphorbia, belonging to the Euphorbiaceae family, stands as one of

the largest genera of medicinal plants. It thrives across tropical regions, including

countries like China and Pakistan [86].

2.11.4 Emerging Research

This plant has been helpful in production of eco-friendly silver nanoparticles (Ag-

NPs) by utilizing the methanolic extract from the E. milii plant led to the creation

of nanoparticles with remarkable antibacterial and enzyme inhibitory properties.

These synthesized AgNPs demonstrated considerable effectiveness in inhibiting
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the growth of S. aureus, showing greater activity compared to using the plant

extract alone [92].

The emerging research of Euphorbia milii leaf extract is essential in the eco-friendly

synthesis of zinc oxide (ZnO) nanoparticles. Bioactive compounds like flavonoids,

tannins, phenolics, and saponins within the extract serve as reducing agents, con-

verting zinc ions (Zn2+) into ZnO nanoparticles. These compounds also stabilize

the nanoparticles by capping them, preventing aggregation. Functional groups

such as hydroxyl, carboxyl, and amino groups bind to the nanoparticles, enhanc-

ing stability. Additionally, the organic matrix provides nucleation sites for uni-

form growth. This method yields biocompatible ZnO nanoparticles suitable for

biomedical applications [93].



Chapter 3

Research Methodology

The utilization of Euphorbia milii plant extract in the green synthesis of sodium

metasilicate mediated silica nanoparticles for toxicity research is an intriguing

concept that combines natural resources with nanotechnology.

Figure 3.1: Methodology used during the study

39
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3.1 Ethical Considerations

The ethical review committee of the Department of Bioinformatics and Biosciences,

Capital University of Science and Technology, Islamabad, Pakistan, approved the

research titled ”In Vivo Toxicity Evaluation of Green Synthesized Silica Nanopar-

ticles from Euphorbia milii in Sprague Dawley Rat Model” with reference number

Ref# Sp24-BSBE-27.

All procedures followed the committee’s guidelines to ensure the ethical treatment

of the animals, with measures in place to minimize any discomfort or stress to the

rats during the experiment.

3.2 Plant Collection and Extract Preparation

Euphorbia milii was sourced from the surroundings of Islamabad, the capital of

Pakistan, during March 2024. The plant parts, including leaves and flowers, were

identified and authenticated by the Botany Department of Arid Agriculture Uni-

versity, Rawalpindi.

Carefully selected leaves and flowers were collected and placed in a sterile storage

box for transport to the laboratory. Fresh aerial parts were initially washed with

distilled water to remove any surface contamination.

About 50g of the plant material was taken, cut into small pieces, and washed twice

more to ensure cleanliness.

The cleaned plant material was added to 250 mL of distilled water in a conical

flask and placed in a water bath maintained at 55-60oC for 45 minutes to facilitate

the extraction.

After extraction, the mixture was filtered using filter paper to obtain a clear, light

yellow aqueous extract of Euphorbia milii (Fig 3.2) [95].
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Figure 3.2: Euphorbia milii plant extract preparation.

3.3 Salt Solution Preparation

Sodium metasilicate [Na2SiO3] act as precursor salt that initiates the synthesis of

silica nanoparticles. Here 0.5 M salt solution was prepared, in 20ml of distilled

water 1 g of sodium metasilicate was dissolved.

Then this mixture was thoroughly stirred to make homogeneous solution, that en-

suring complete dissolution of the salt. prepared 0.5M solution of sodium metasili-

cate was then used in the next steps for silica nanoparticle synthesized as precursor

[95].
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3.4 Silica Nanoparticle Synthesis

Silica nanoparticles were synthesized by using 20 mL of the .5M sodium metasili-

cate solution. this solution was added dropwise into 100 mL of the aqueous extract

of Euphorbia milii while stirring continuously, resulted in 120ml of total solution

volume. There was adjustment of the pH to 8-9 pH of the mixture by adding

Sodium Hydroxide (NaOH) and Hydrochloric Acid (HCl) needed. The mixture

was then heated to a temperature of 60-70oC for 5 hours. During this period, a

little jelly-like formation was observed, indicating the initiation of the reduction

process. The color change from light yellow to deep brown further confirmed that

the of silica nanoparticles were synthesized [95].

After the heating period, the mixture was allowed to cool to room temperature

and was then centrifuged at 4000 rpm for 10 minutes. The obtained pellet was

subsequently dried in an oven set at 80oC to remove moisture. The dried material

was washed twice with distilled water to eliminate any unreacted phytochemicals,

followed by washing with ethanol to remove any residual salts [95].

Finally, annealing of the silica nanoparticle was done at 100oC to transform the

silica nanoparticles from brown to white, that helped in producing the final sil-

ica nanoparticle powder (Fig 3.3). This series of steps in (Fig 3.4), ensured the

successful synthesis and purification of silica nanoparticles using a green synthesis

method involving sodium metasilicate and Euphorbia milii extract [95].

Figure 3.3: Silica nanoparticles (SiO2 NPs) after washing and drying
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Figure 3.4: Schematic diagram of green synthesis of silica nanoparticles

3.5 Characterization of Nanoparticles

Characterization is important as the synthesis of NPs is occurring at nanoscale and

hence, there is need to validate first that either the NPs have formed or not. There

are various analytical techniques to characterize the synthesized nanoparticles:

The characterizations techniques that are used UV-Vis spectrophotometry, FTIR,

SEM and XRD.

UV-Vis spectrophotometry was utilized for analytical method employed for qual-

itative and quantitative analysis of chemical compounds/ elements [96]. Here this

technique was used for validation purposes of silica NPs formation.

SEM is another technique used for morphological analysis of the shape and form

of nanoparticles [97]. Chemical analysis using spectroscopic techniques by FTIR

was done to confirm functional groups and chemical composition of plant extract

samples as well was silica nanoparticles produced via green synthesis to know

about their chemical nature [98]. For structural analysis XRD was done to identify
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crystalline phases, that’s a very versatile technique for analysis of nanoparticles,

that has given information about structure of samples [99].

3.6 Experimental Animals Selection

Twelve adult male albino Sprague Dawley (Rattus norvegicus) rats 140-180gm,

six to eight weeks old were taken from the Department of Pharmacy, CUST,

Islamabad.

These rats were kept in typical stainless-steel cages with unrestricted access to

water and fed a normal laboratory meal in an environment with regulated room

temperature and 60–70% relative humidity [100].

3.7 Experimental Design

A total of 12 rats were randomly assigned to four groups (control, plant extract,

low and high dose of SiO2) each having 3 rats were designed and rats were kept

in animal house for the period of 28 days (Fig 3.5). In the first week they were

made to acclimatize to the animal house.

Group 1-Control: Rats in this group were provided with a standard diet and

purified water for a period of 21 days.

Group 2-Plant extract: Rats received a daily dose of 150 mg/kg of dried extract

solution combined with distilled water [101].

Group 3-Low Dose Group: Rats were given a low dose of 50 mg/kg of green-

synthesized SiO� nanoparticles via oral gavage, while continuing with a normal

diet and purified water for 21 days [102].

Group 4-High dose: Rats were administered a high dose of 150 mg/kg of SiO2

nanoparticles via oral gavage, alongside a regular diet and purified water for 21

days [102].
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Figure 3.5: Sprague dawley rats were categorized into 4 groups in accordance
with experimental design.

3.8 Dose Administration

Nanostructured SiO2 NP suspended were administered in deionized water to the

animals at doses of 50, and 150 mg/kg body on dry silica nanoparticle (Fig 3.6).

For the 21 days of the experiment, the nanomaterial was given to the animals by

gavage. Time of the dosing was same throughout the experiment.

Table 3.1: Low and high dose of silica nanoparticle measurement

Dose range of plant extract, low and high dose groups.

Groups Dose Ref

Plant extract 100mg/kg [101]

Low dose 50mg/kg [102]

High dose 100mg/kg [102]

Figure 3.6: Rats being given the dose with the help of feeding tube.
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3.9 Body Weight

At the start of the experiment, all groups of rats, including the control and those

treated with plant extract, low and high dose of silica nanoparticles synthesized

using Euphorbia milii, were observed for their initial weights to establish a baseline

for comparison. The weight of the rats were measured on regular bases, with the

help of electronic balance (Fig 3.7), as morphological analysis for dosing date till

the end of the study for 21 days [103].

Figure 3.7: Rats body weight measuring

3.10 Animal Dissection and Blood Collection

On the 22nd day of the experiment, all rats underwent anesthesia using chloroform.

To prevent contamination of blood samples were collected via cardiac puncture

below the sternum for further biochemical analysis (Fig 3.8A). Following anesthe-

sia, the rats were dissected (Fig 3.8B). A midline incision was made to access the

abdominal cavity, ensuring minimal damage to surrounding tissues. The liver was

carefully dissected out using standard dissection techniques, which involved gentle

handling and precise cuts to preserve the organ’s structure [104].
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Figure 3.8: A. cardiac puncture for blood collection, B. Dissection of rat for
liver extraction.

3.11 Hematologic Analysis

After the study period of 21 days, the hematological analyses of all the groups

were conducted. The blood sampling of all the rats was done with the help of

cardiac puncture and blood collected in Ethylenediaminetetraacetic Acid (EDTA)

coated tubes containing disodium (5%) as in (Fig 3.9).

Blood parameters that were to be assessed with the help of an automated hematol-

ogy analyzer were as follows: C-reactive Proteins (CRP), Erythrocyte Sedimenta-

tion Rate (ESR), Red Blood Cells (RBC), White Blood Cells (WBC), Hemoglobin

(Hb), Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH),

Mean Corpuscular Hemoglobin Concentration (MCHC), and differential leuco-

cytes [103].

3.12 Biochemical Analysis

Blood sampling for serum biochemical examination was done after anesthetiza-

tion as in (Fig 3.10). Thus, obtained serum was used to measure the following

biochemical parameters, such as the Liver Function Test (LFT) and Renal Func-

tioning Test (RFT), this helped to estimate all the biochemical parameters [103].
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Figure 3.9: Blood samples collection for hematological analysis

Figure 3.10: Blood sample collection for biochemical analysis

3.13 Histopathology Study

Histopathology involves the microscopic examination of tissues, essential for di-

agnosing diseases and understanding structural changes. The animals were sac-

rificed for histopathological examinations. The liver of each rat was preserved in
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10% formalin for histopathological analysis as in (Fig 3.11), in this study involv-

ing nanoparticles, examining liver tissue can reveal insights into their impact on

organ health and function. Formalin fixation helps maintain tissue structure and

prevents decay, ensuring the integrity of cellular morphology during microscopic

examination [105].

Figure 3.11: Liver sample collection for histopathological analysis

3.14 Statistical Analysis

The study used three in-vivo tests and reported the results as Mean ± Standard

Error of the Mean. To allow for multiple comparisons, one-way Analysis of Vari-

ance (ANOVA) was used, which helped with the statistical comparison of test

samples to control groups. Duncan’s multiple range test was also used to compare

the means of various groups after ANOVA [106].



Chapter 4

Results and Discussion

4.1 Plant Extract & Silica Nanoparticle Synthe-

sis

In this study, extract of Euphorbia milii plant was used to initiate the synthesis

of silica (SiO2) nanoparticles. The extract was prepared from the aerial parts of

the Euphorbia milii plant in 100 ml of distilled water, followed by filtration that

resulted in light yellow filtrate as shown in (Fig 4.1A). A 0.5 M sodium metasilicate

(Na2SiO3) solution was prepared in 20 ml of distilled water and added dropwise to

the plant extract. Bioactive compounds such as polyphenols and flavonoids in the

extract acted as reducing agents, reducing the sodium metasilicate and forming

silica nanoparticles. During this process, sodium ions (Na+) were separated from

silicate ions (SiO2−
3 ), leading to the synthesis of silica nanoparticles. The successful

production of nanoparticles was indicated by a color change from light yellow

to deep brown (Fig 4.1B) as indicated in the study conducted previously [95].

Additionally, functional groups in the plant extract acted as stabilizers, preventing

aggregation and maintaining the colloidal properties of the green synthesized SiO2

nanoparticles [95].

50
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Figure 4.1: A. Synthesized extract of the Euphorbia milii plant, B. Color
change indicated of plant extract when mixed with sodium metasilicate solution.

4.2 Characterization

Characterization of the SiO2 nanoparticles is important and considered as the first

step to confirm the synthesis amicably before its use for any desired application.

The first indicator of synthesis of SiO2 nanoparticles was the visual color change

from yellow to deep brown.

The characterization of silica nanoparticles was done using different techniques

like XRD to evaluate the green synthesis of the silica SiO2 nanoparticle. FTIR for

knowing about the biomolecules that bind and influence the formation and stability

of synthesized nanoparticles. SEM-EDX to investigate the size and elemental

composition of synthesized nanoparticles.

4.3 Fourier Transform Infrared Spectroscopy

FTIR is a very versatile tool because it allows scientists to study chemical re-

actions that have happened and to assist in detecting functional groups. FTIR

spectroscopy also highlights the bonding properties of the nanoparticles. This in-

formation can provide details about the structure and chemical composition of the

nanoparticle [107].
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FTIR range was set at 400-4000 cm−1, there was a baseline correction done with

Origin Pro software. From the spectra results those peaks that correspond to Si-O-

Si and Si-O bonds were identified. In the green synthesized silica SiO2 nanoparticle

FTIR results, it was clear that the bands nearby 3737 cm-1 in (Fig 4.2) was associ-

ated with the Si-OH, which is usually characteristic of the OH group corresponding

to the available phytochemical of the E. milii plant extract that was OH group

noted at 3215 cm−1 peak in (Fig 4.3) [108].

The 2347 cm−1 involves C-H stretching of CH2 bonds, represents a carbon-rich

surface in nanoparticle. C-O bending occurs at 1583 cm−1 in (Fig 4.3) of nanopar-

ticle , indicating carbon-containing functional groups. In addition, the band at

1531 cm-1 was due to the scissor bend and vibration of the water molecule H2O

[109]. Peak vales from 400 to 1400 cm−1 were important for the understanding

of silica network formation because it covers Si-O-Si vibrations. Specific observa-

tions include 1060 cm−1 that represents Si-O-Si asymmetric stretching lies between

∼1110 - 1070 cm−1 as in (Table 4.1) and symmetric bending at 803 cm−1 (∼815

- 790 cm−1) of Si-O bonds [109]. Moreover, the band at 450 cm−1 was represents

the O-Si-O bending [110]. These vibrational spectra were essential for optimizing

synthesis conditions to tailor silica nanoparticle properties for various applications.

Figure 4.2: FTIR of the Euphorbia milii plant extract.
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Figure 4.3: The FTIR of synthesized silica SiO2 NPs.

Different functional groups that were present in the Euphorbia milii plant extract

and silica nanoparticle were represented in the in the (Table 4.1) The peaks that

present in the plant extract and silica nanoparticle represents different functional

bonds in FTIR spectra, which denotes the reduction of the nanoparticles. These

compounds were involved in the caping of the silica NPs, thereby it prevents

aggregation.

Table 4.1: FTIR graph peaks value of plant and nanoparticle ranges.

Sr.

No

Wavenumber

Number (cm-

1)

Frequency

range (cm-1)

Functional

group

Compounds Ref

1 3737.1 (NP) ∼3737 Si-OH bonds Hydroxyl com-

pounds

[108]

2 3215.6 (plant) 3400–3200 O-H group Hydroxyl com-

pound

[111]

3 2926.1 (plant) 3000-2840 C-H stretch C-H compounds [112]

4 2350.1 (plant) 2355-2347 C–H stretch Symmetrical/

asymmetrical

CH2 bonds

[109]

5 2347.2 (NP) 2355-2347 C-H stretch C-H compounds [109]

8 1583.5 (plant) 1650-1566 C=C stretch Cyclic alkene [112]

9 1531.57 (NP) 1550-1500 N-O stretch Nitrogen com-

pounds

[112]



Results and Discussion 54

Table 4.1 continued from previous page

Sr.

No

Wavenumber

Number (cm-

1)

Frequency

range (cm-1)

Functional

group

Compounds Ref

10 1398.2 (plant) 1440-1395 O-H bending Carboxylic com-

pound

[112]

11 1213.004 (plant) 1275-1200 C-O stretch-

ing

Alkyl aryl ether [112]

12 1060 (NP) 1110 – 1070 Si-O-Si

asymmetric

stretching

Si-O compound [112].

[113]

13 1037.86 (plant) 1382-1036 C-O bond Carbon com-

pounds

[113]

14 803.05 (NP) 815 – 790 Si-O-Si sym-

metric bond

Si-O compounds [112],

[113],

[114].

15 745.96 (plant) ∼742 C-Cl Stretch Alkyl halide [115]

16 494.6, 441.3

(plant)

490-620 C-l stretch Halo compound [111]

17 450.06 (NP) ∼450 O-Si-O

bonds

Si-O compounds [110]

4.3.1 UV-vis Spectroscope

Ultraviolet–Visible (UV-Vis) spectroscopy is most used technique to explore the

optical properties of the nanoparticle. UV-visible spectroscopy represents the ab-

sorbance spectra that is at visible range. It is represented in form of a plot of

optical absorbance of wavelength [35].

The green synthesized Sio2 nanoparticle was further characterized by UV-visible

spectrophotometer. The absorbance range was set from 200 to 700 nm. The

absorbance peak was noted at 297nm wavelength (Fig 4.4), These results were

in accordance with the study [116],as similar results were achieved. The strong

absorbance of silica nanoparticle was observed between 250 nm to 300 nm [117].

Hence the highest peak at 297nm confirmed the presence of silica nanoparticles.



Results and Discussion 55

Figure 4.4: UV-vis spectrophotometer of green synthesized silica nanoparticle.

4.3.2 Scanning Electron Microscopy (SEM)

SEM was used to analyze the surface morphology of SiO2 NPs that were green

synthesized. SEM results, shown in Figure 4.5, represent that green synthesized

SiO2 NPs were polydisperse, meaning they differ in size, not like chemically syn-

thesized SiO2 NPs, which were uniform in size means monodisperse. The size of

green synthesized silica nanoparticle ranges from nanoparticle 5nm to 21nm, as in

Figure 4.5 [118]. The results were in accordance with study, reported that silica

nanoparticle of such properties agglomerate. So, the green synthesized nanoparti-

cles also tend to agglomerate/clump together, due to their larger surface area and

the affinity they maintain during the dehydration process [119].

The phytochemicals in the plant extract used for green synthesis play a significant

role in the stability and agglomeration of these nanoparticles. As a result, the

SiO2 NPs tend to stick to each other, forming irregular clusters [120].
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Figure 4.5: SEM images of green synthesized nanoparticles. A. 1µm at 10K
X, B. 2µm at 5K X, C. 200µm and D) 200µm at 50 K X.

Figure 4.6: SEM results showed the size of silica nanoparticle that was from
5nm to 21nm size.

4.3.3 Energy-Dispersive X-Ray

The elemental composition of silica nanoparticles was confirmed using EDX spec-

troscopy EDX. Figure 4.7 displayed the EDX spectra of the samples. In the case

of SiO2 NPs, EDX analysis confirmed the presence of silicon (Si) and oxygen

(O), constituting 70-78% of the composition. Minor Prescence of other elements
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possibly from the precursor materials or experimental process were also detected

indicated by additional signals such as carbon (C), calcium (Ca) and some trace

elements like magnesium (Mg), and phosphorus (P). This comprehensive analy-

sis via SEM and EDX supports the successful synthesis of the silica nanoparticle

material [121].

Figure 4.7: EDX results. A. 5 different spectrums shown. B-F. 1-5 spectrum
results are demonstrated in form of graphs with a table of major to trace ele-

ments precent in the sample given.

4.3.4 X-Ray Diffraction (XRD)

XRD analysis of silica produced was performed on dry/ powder state of silica

NPs. XRD resulted in the peak value of 22 degrees (Figure 4.8). These results are

indication of the amorphous form of silica nanoparticles.
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Figure 4.8: Diffraction pattern of silica nanoparticle obtained using XRD at
the range of 10 to 80o. The silica nanoparticle is found to be amorphous in

shape.

SiO2 NPs have a peak range of 2� = 20 - 30 degrees, that was an indicator of

amorphous silica nanoparticle synthesis [70]. This type of peak rose due to lack of

long-range order in material that have amorphous form. These results also corelate

to another study [122], where there was a broad peak observed that represents

complete amorphous structure. There were no diffraction peaks observed except

for a broad band centered at ∼22o which was the characteristic peak range for

amorphous SiO2. nanoparticle.

4.4 Weight Assessment of Rats

At the start of the experiment, all groups of rats, including the control and those

treated with plant extract, low and high dose of silica nanoparticles synthesized

using Euphorbia milii, were observed for their initial weights to establish a baseline

for comparison. Over the experimental period, the weights of the rats were regu-

larly monitored and recorded to assess any potential toxic effects of the nanopar-

ticle’s morphological parameter. The initial average weights of the control group

and the treated groups were comparable, ensuring that any observed differences

could be attributed to the treatment.
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Figure 4.9: Graph showing weights of, control, plant extract only, low dose
and high dose of SiO2

Table 4.2: Weight, one-way ANOVA test measure the variance value, this the
control, plant extract dose, low dose of SiO2 (Np) and high dose of SiO2 (Np).

Group Treat-

ments (n=3)

Changes in body weight (g) at (days)

0 5 10 14 21

Control 170.3±4.6a 176±4.3a 180.8 ±4.2a 186 ±3.46a 190.7±5.2a

Plant Extract 174.6±1.8a 174±1.6a 172±3 a 168.5 ± 3.1a 166 ±4.7a

Low Dose 167.8±4.1a 172±2.3a 184 ±3a 190 ±4.6a 192±.4a

SiO2 (NP)

High Dose 168 ±1.8a 176±4a 188.6±4.1a 194.5±3.4a 200± 4a

SiO2 (NP)

P Value 0.6 0.7 0.08 0.07 0.06

The silica nanoparticles were administered orally for 21 days. Changes in body

weight recorded regularly. At the end of the study, no treatment-related death was

detected. Body weight changes over the treatment period revealed no significant

differences between the silica nanoparticle-treated and control groups (Figure 4.9).

The control group weight increased from 170 to 190g during the period of experi-

ment. the plant extract group weight maintained slightly lower than control group

from 174 to 166g, this may be due to plants bioactive compounds that have weight
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lost activity [124]. The weight of low dose and high dose group animal increased

from 167g to 192g and 168g to 200g respectively. The increase in weight of nano

particle treated group compared to control group, showed insignificant results, as

the increase in weight of low, high dose group and control group was at similar

pace, as indicated in previous study [123].

4.5 Hematological Indices

Hematological tests are essential for assessing the overall health and detecting

a wide range of disorders, including infections, anemia, and diseases related to

blood and bone marrow. The results of hematological parameter identified in rats

of control, plant extract, low dose and high dose group.

4.5.1 RBC and WBC

Red Blood Cells (RBCs) transport oxygen from the lungs to the body and return

carbon dioxide to the lungs. White Blood Cells (WBCs) defend the body against

infections and diseases. The plant extract group had (6.76.4±.5a) RBC levels and

WBC counts was (5.6±1a) compared to the control group (Figure 4.10). These

results were not significant, showing that the extract was not hazardous.

The study done with chemically synthesized silica nanoparticles, discovered that

in RBC levels were reduced while WBC counts increased [125, 126]. These findings

contradict the findings of current study, where both low and high dose of green

synthesized silica nanoparticles resulted in rise of RBC levels while decrease in

WBC counts compared to the control group (Figure 4.10).

However, these results were not significant enough to indicate toxicity as p-value

was >0.05 (Table 4.3). This could demonstrate that silica nanoparticles derived

from green production have no substantial harmful effects on RBC and WBC

counts.



Results and Discussion 61

Figure 4.10: RBC and WBC graphical presentation in blood.

Table 4.3: RBC & WBC One-way ANOVA with in the control, plant extract
dose, low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean ±

standard error.

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

RBC (10∧12/L) 6.4±.5a 6.7±.3a 6.9±0.2a 7.1±0.1a 0.9

WBC (10∧9/L) 7.4±1.7a 5.6±1a 5.4±1.3a 6.3±2.4a 0.8

4.5.2 Hemoglobin

Hemoglobin (Hb) is essential for oxygen transport in red blood cells, which aids

in oxygen delivery to tissues and carbon dioxide elimination. In this study, Hb

levels in the plant extract group increased slightly compared to normal values, but

the increase was not statistically significant when compared to the control group

as in Figure 4.11 and Table 4.4. These results were comparable with the study

previously done [127], which found no significant increase in Hb levels regardless

of dose. Another study reported that the study that E. milii latex did not cause

teratogenic hazards or toxic effects in rats [124].
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In contrast, control group compared to both low and high dosage nanoparticle

(Figure 4.11), resulted exposure to nanoparticles increased Hb levels, indicating

physiological stress caused by the nanoparticles. These findings are consistent

with prior studies that also suggest that nanoparticle can induced physiological

responses at some degree [124].

Figure 4.11: Hb levels graphical presentation in blood

Table 4.4: HB, one-way ANOVA test measure the variance value, the control,
plant extract dose, low dose of SiO2 (Np) and high dose of SiO2 (Np) with mean

standard error.

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

Hb 12.2±2.2a 13.3±1a 13.5±0.1a 14±0.3a 0.8

4.5.3 MCV, MCH and MCHC

They are major indicators of hematological disorders. Mean Corpuscular Vol-

ume (MCV) MCV measures volume of a red blood cell on average, and results

in showing anemias as microcytic, normocytic, or macrocytic. Mean Corpuscular

Hemoglobin (MCH) indicates the average amount of hemoglobin per red blood cell,

aiding in the evaluation of hyperchromic anemias. Mean Corpuscular Hemoglobin

Concentration (MCHC) measures the concentration of hemoglobin in a given vol-

ume of red blood cells on average, providing insights into hemoglobin saturation
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and hypochromic anemia. These parameters were considered crucial for under-

standing the underlying causes of various blood disorders [128].

Figure 4.12: MCV, MCG, MCHC levels graphical presentation in blood.

Table 4.5: MCV, MCG, MCHC. One-way ANOVA with in the control, plant
extract dose, low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean

± standard error.

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

MCV (fL) 58.6±2.6a 57.9±2.1a 58±1.2a 60.3±0.9a 0.7

MCH (pg) 19.3±1.1a 19.8±.5a 19.6±0.4a 19.7±0.1a 0.9

MCHC (%) 33±.4a 34.1±.4a 33.9±1.3a 32.7±0.7a 0.5

The standard mean values of MCV, MCH, and MCHC showed no significant dif-

ferences among groups (Table 4.5). Specifically, MCH values were 19.3±1.1 for

the control group, 19.8±0.5 for the plant extract group, 19.6±0.4 for the low dose

of green synthesized silica nanoparticles, and 19.7±0.1 for the high dose, all within

normal ranges. The previous research aligns with the results of this study, which

has shown consistent MCH values compared to controls in their rat model study

[129].

The MCV values were similar across all groups (Figure 4.12), as 58.6 ± 2.6 for

the control, 57.9 ± 2.1 for the plant extract group, and 58 ± 1.2 for the low

dose nanoparticle group, with no significant differences observed. The high dose

nanoparticle group had a slightly higher MCV of 60.3 ± 0.9, but with a non-

significant p-value of 0.7 (Table 4.5). These findings indicate that neither the
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plant extract nor the silica nanoparticles, at any dose, significantly affected red

blood cell volume in rats [129].

The MCHC of the plant extract group showed a slight increase compared to

the control, while the high dose nanoparticle group exhibited a slight decrease.

The variability in the low dose nanoparticle group suggests potential effects on

hemoglobin concentration. These results align with the toxicology report on SiO2,

that has identified numerical differences of MCHC values under different silica

nanoparticles concentrations show no Toxicological effects or animal model [130].

4.6 Liver Function Test (LFT)

Liver function tests (LFTs) provide valuable insights into the health and function-

ality of the liver. These tests measure various markers in the blood that indicate

how well the liver is performing its essential functions, including liver enzymes

like alanine aminotransferase (ALT) and aspartate aminotransferase (AST) mea-

sure the levels of these enzymes released by liver cells when they are damaged or

stressed. Other tests are bilirubin, alkaline phosphates, total protein and albumin

level counts. Interpreting LFT results requires consideration of these markers in

conjunction with clinical symptoms and other diagnostic tests. Abnormal results

may indicate various liver conditions, including hepatitis, cirrhosis, fatty liver dis-

ease, or drug-induced liver injury. LFTs are crucial for diagnosing liver diseases,

monitoring treatment effectiveness, and assessing overall liver health [131].

4.6.1 Albumin and Globulin

Albumin is produced by the liver and is the most abundant protein in blood

plasma. It helps maintain fluid balance and transports substances like hormones,

vitamins, and drugs. Albumin keeps the right amount of fluid in blood vessels and

carries essential molecules throughout the body. Low levels can indicate liver dis-

ease, malnutrition, or chronic inflammation. High levels are less common but can
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be a sign of dehydration [132]. Globulins are proteins in blood plasma, such as al-

pha, beta, and gamma globulins. They are important for immune response, blood

clotting, and transporting substances. Globulins help fight infections, clot blood,

and carry metals and lipids. Low levels can suggest immune deficiencies, liver

dysfunction, or kidney problems. High levels may indicate chronic inflammation,

infections, or certain cancers [133].

Figure 4.13: Albumin and Globulins graphical presentation in blood

Table 4.6: Al & Gl, One-way ANOVA with in the control, plant extract dose,
low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean ± standard

error, Duncan test.

Parameters Groups P Value

Control Plant Ex-

tract

Low Dose High Dose

(NP) (NP)

Albumin (g/dL) 4.3±.2a 3.9±.04a 4.4±.1a 4.2±.2a .4

Globulins (g/dL) 4±.1a 3.7±.1ab 3.7±0ab 3.5±0b .04 (Signifi-

cant)

The albumin levels within the experimental groups show no significant difference

(p-value = 0.4) (Table 4.6). The control group has an albumin level of 4.3 ±

0.2 g/dL. The plant extract group has a slightly lower albumin level (3.9 ± 0.04

g/dL), but this is not statistically significant. The low dose nanoparticle group
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has a slightly higher albumin level (4.4 ± 0.1 g/dL) compared to the control, and

the high dose nanoparticle group has an albumin level of 4.2 ± 0.2 g/dL.

These variations are within the range of experimental error and do not suggest a

significant impact of the treatments on albumin levels. According to study [125]

the albumin values difference should be significant for the toxicity, the p-value >

0.05 also suggests there is no significant variance in results as compared to control

values [125]. The results showed significant difference in globulin levels between

the groups as p-value was 0.04. The control group has a globulin level of 4 ± 0.1

g/dL.

The plant extract group (3.7 ± 0.1 g/dL) and the low dose nanoparticle group

(3.7 ± 0 g/dL) both show a slight reduction compared to the control. The high

dose nanoparticle group has the lowest globulin level (3.5 ± 0 g/dL), indicating a

significant reduction. This suggests that the treatments, particularly the high dose

of silica nanoparticles, have a noticeable effect on globulin levels. t was suggested

in prior research work, that when these were low albumin in the blood due to liver

disorder then the globulin levels increase to balance the loss of albumin protein

concentration in the blood to maintain the acceptable limits.

It was suggested in prior research work, that when these were low albumin in the

blood due to liver disorder then the globulin levels increase to balance the loss

of albumin protein concentration in the blood to maintain the acceptable limits

[134].

4.6.2 Alkaline Phosphatase (ALP)

Alkaline Phosphatase (ALP) is an enzyme that occurs in whole body, in liver it is

in high concentrations, along in bile ducts, and bones. It plays an important role in

metabolizing proteins and is involved in processes such as bone mineralization and

liver function. Elevated ALP levels can indicate liver disease and bone disorders.

Conversely, low levels may be seen in certain genetic conditions or nutritional

deficiencies.
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Figure 4.14: Alkaline phosphatase (ALP) graphical presentation in blood.

Table 4.7: ALP, One-way ANOVA with in the control, plant extract dose,
low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean ± standard

error, Duncan test.

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

Alkaline

phosphatase

(U/L)

88±18a 88±1a 76.5±18.5a 82.5±27.5a .9

The results of low dose and high dose groups of green synthesized silica nanoparti-

cles show that the ALP levels are not significantly high to be considered as toxic.

Compared to the research done earlier, where acute toxicity was reported at 120

U/L (ALP), this value suggests that 76.5U/L and 82.5 U/L of low dose and high

dose respectively in current study were not consider high enough to be toxic [125].

Then, mean values of extract-based results also when compared to control and sil-

ica nanoparticle administered groups treated with Euphorbia milii extract demon-

strated normal ALP levels. This suggests that the extract beneficial effect and no

toxic effects as well [124].
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4.6.3 Alanine Aminotransferase (ALT) & Aspartate

Aminotransferase (AST)

Serum biochemical parameters are vital for diagnosing diseases. Alanine Amino-

transferase (ALT) is an enzyme in liver cells (hepatocytes) that helps convert L-

alanine and �-ketoglutarate into pyruvate and L-glutamate. Elevated ALT levels

indicate liver cell damage. Aspartate Aminotransferase (AST) is found predomi-

nantly in liver and heart cells. Elevated AST levels can indicate liver damage or

disease.

Figure 4.15: ALT and AST graphical presentation in blood.

Table 4.8: AST and ALP, One-way ANOVA with in the control, plant extract
dose, low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean ±

standard error, Duncan test.

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

ALT (U/L) 289±177a 240±129.5a 258±112a 148±61a .8

AST (U/L) 661.5±2.5a 617±33a 907.5±19.5a 690.5±236.5a .4

During the experiment, group treated with Euphorbia milii extract has reduced

ALT levels compared to the untreated control groups, suggesting a potential ben-

eficial effect of the extract on liver health [124].
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The ALT level in low dose of silica nanoparticles have low to no significant differ-

ence compared to control. But in high dose of 300mg/kg had high levels compared

to control as represented in previous research [136]. In AST the silica nanopar-

ticle given at low dose have low values compared to control and high dose have

no significant difference in AST level compared to control that indicated green

synthesized silica nanoparticles were safe. But in AST values of low dose is high

compared to control group that means there are acute toxicity in the liver. An-

other study reported that, silica-based nanoparticles ALT and AST level increase

compare to control group [136]. This suggested that in current study the level of

ALT was not significantly high in low and high dose groups of green synthesized

silica nanoparticles. Meaning there was no liver toxicity regarding ALT levels, but

in AST the low dose of silica nanoparticles has shown an increased level, while

high dose group of nanoparticles remain normal to the control group. This indi-

cated low dose of nanoparticles might have caused some toxicity in liver that has

released AST into the blood whereas high dose of silica has activated protective

mechanisms, that have prevented further damage to liver resulting in lower AST

levels.

4.6.4 Bilirubin

A waste product produced by the liver during the breakdown of old red blood cells.

Elevated levels can indicate liver dysfunction or bile duct obstruction, in contract

to the results in Table 4.9 and Figure 4.16 the bilirubin result was consistent and

no change was observed in low dose and high dose of SiO2 (NP), indicating no

liver dysfunctionality.

Table 4.9: Bilirubin, One-way ANOVA with in the control, plant extract dose,
low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean ± standard

error, Duncan test.

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

Bilirubin To-

tal (mg/dl)

0.2±0.00 0.2±0.00 0.2±0.00 0.2±0.00 -
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Figure 4.16: The Bilirubin graphical representation in blood.

4.7 RFT

RFT is a blood test used to know how well the kidneys are functioning. It tells

important information about kidney cell damage. It includes measurements of

Blood Urea Nitrogen (BUN) and serum creatinine. The high levels of BUN and

creatinine may indicate kidney impairment.

4.7.1 BUN

BUN is a test that measures the amount of the nitrogen within the blood, that can

be in form of protein metabolism, urea, or other waste product. As liver produces

urea that is excreted by kidneys. Elevated BUN levels indicate impairment of the

kidney and extreme low values indicate malnutrition or overhydration.

Table 4.10: Serum BUN, One-way ANOVA with in the control, plant extract
dose, low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean ±

standard error, Duncan test

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

Serum BUN

(mg/dl)

12±2.6a 9.333±.9a 12.9±2.6a 7±1.4a .3
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Figure 4.17: Serum BUN levels graphical presentation in blood.

It was observed that there were varying levels of BUN among different groups

exposed to nanoparticles. The control group exhibited BUN levels of 12 ± 2.6

mg/dL (mean ± SD). The control group exhibited BUN levels of 12 ± 2.6 mg/dL

(mean ± SD. The high-dose group showed significantly lower BUN levels of 7 ± 1.4

mg/dL, while the low-dose group exhibited BUN levels of 12.9 ± 2.6 mg/dL, indi-

cating no substantial difference compared to the control. These findings suggest

a dose-dependent effect of nanoparticles on renal function, with higher doses po-

tentially affecting BUN levels differently compared to lower doses and the control

group.

It was indicated in research [138], that mean values of the serum BUN lie in be-

tween the moderate range, which suggested green-synthesized silica nanoparticles

may exert mild toxicity effect on renal function at higher doses, evidenced by

lower BUN levels compared to the control group. However, at lower doses, the

nanoparticles appear to have minimal acute effects on renal function based on

BUN levels.

4.7.2 Serum Creatinine

It is the waste of muscles as they breakdown they make creatinine and a substance

that occurs in muscles. Kidney helps to excrete out the creatinine from the body.

So, measuring the levels of creatinine in the blood is crucial to know kidney health
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and overall well-being. Elevated levels of creatinine indicate the dysfunction of

kidney. That’s why monitoring levels of kidney is important. In (Figure 4.18),

current study was presented.

Figure 4.18: Serum Creatinine level. graphical presentation in blood.

Table 4.11: Serum Creatinine, One-way ANOVA with in the control, plant
extract dose, low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean

± standard error, Duncan test.

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

Serum Creatinine 1.3±0.09a 1.2±.2a 1.3±.1a 1.1±.01a .6

Results of serum creatinine showed that, the control group had level of 1.3 ± 0.09

mg/dL, the plant extract group had 1.2 ± 0.2 mg/dL, the low dose nanoparticle

group had 1.3 ± 0.1 mg/dL, and the high dose nanoparticle group had 1.1 ± 0.01

mg/dL (Table 4.11). These results indicated that plant extract alone does not

significantly impact renal function, as the creatinine levels in the plant extract

group are similar to the control.

Also, the low dose nanoparticle group represent comparable creatinine levels to

the control, suggested no significant renal function impact at low doses. Even at

higher doses, the nanoparticles do not significantly impair renal function. These
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results contradict with the previously documented research [139], that proposed

silica nanoparticles cause significant increased creatinine levels in blood and cause

toxicity. And other study on toxic levels of nanoparticles also supported the data

[140].

The other research done on large silica nanoparticles showed similar results to this

research as creatinine level in high dose of 300mg/kg are low. Where as in low dose

the creatinine values are slightly high. It can be suggested that silica nanoparticle

that are green synthesized showing such results can be considered safe [136].

4.8 CRP

C-reactive Protein (CRP) a protein produced by the liver in response to inflam-

mation. It is a very sensitive marker for detecting acute and chronic inflammation

in the body. Elevated levels of CRP in the blood indicate the presence of in-

flammation, which can be caused by infections, autoimmune disorders, or other

inflammatory conditions. CRP levels rise rapidly in response to inflammatory

stimuli, peaking within 48 hours as suggested [141].

Figure 4.19: CRP levels graphical presentation in blood.
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Table 4.12: CRP, One-way ANOVA with in the control, plant extract dose,
low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean ± standard

error, Duncan test

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

CRP mg/dL 0.5±0.09a 0.52±0.03a 0.54±0.02a 0.52±.06a 0.97

CRP levels were measured in four experimental groups: the control group (0.5

± 0.09), the group administered Euphorbia milii plant extract (0.52 ± 0.03), the

low-dose silica nanoparticle group synthesized from green Euphorbia milii extract

(0.54 ± 0.02), and the high-dose silica nanoparticle group (0.52 ± 0.06) as in

(Table 4.12). The p-value of 0.97 suggests no significant difference in CRP levels

among these groups, indicating that neither the plant extract nor the synthesized

silica nanoparticles had a notable effect on systemic inflammation as measured by

CRP.

A study done with chemically synthesized silica nanoparticle cause reactive oxygen

species to increase in only 6 days of exposure, that was linked to CRP. Elevated

ROS levels can reflect the presence of increased inflammation in the body, which

was typically associated with higher CRP levels. These findings suggested that

the green synthesized silica nanoparticles do not cause inflammatory response in

the body [142].

4.9 ESR

Erythrocyte Sedimentation Rate (ESR) in rats, indicated rate of red blood cells

settle in a vertical tube over a specific time, typically one hour [143]. This test

served as an indicator of inflammation and is influenced by various factors like

age, strain, and health status of the rats. In rats, high ESR typically shows

inflammation or infection. It reflects increased blood protein levels causing faster

red blood cell settling. And when there was low ESR levels normal physiological

state or conditions affecting blood characteristics like sickle cell disease.
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Figure 4.20: ESR levels graphical representation.in blood

Table 4.13: ESR, One-way ANOVA with in the control, plant extract dose,
low dose of SiO2 (Np) and high dose of SiO2 (Np) along with mean ± standard

error, Duncan test

Parameters Groups P Value

Control Plant Extract Low Dose High Dose

(NP) (NP)

ESR 7.5±0.5a 8.5±1.5a 7.5±.5a 9.5±2.5a 0.7

The study investigated the effect of green synthesized silica nanoparticles from

Euphorbia milii extract and Erythrocyte Sedimentation Rate (ESR) values in rats.

Four experimental groups were examined as in (Table 4.13): a control group (7.5

± 0.5), a group administered Euphorbia milii plant extract (8.5 ± 1.5), a low-dose

silica nanoparticle group (7.5 ± 0.5), and a high-dose silica nanoparticle group

(9.5 ± 2.5). P-value is >0.05 also suggests that the differences in ESR values

compared to control was not significant, that was in accordance with the study

done earlier [102]. The control and low-dose nanoparticle groups showed similar

ESR levels, indicating minimal inflammatory response. In plant extract group

exhibited change in ESR value, suggesting a mild to no inflammatory effect of

the plant extract. As, study conducted previously [144], showed that the ESR
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elevated levels are sign of inflammation in Rattus norvegicus that can be related

to high dose that has increased the ESR level in blood, indicated that a pronounced

inflammatory response possibly due to higher nanoparticle concentrations. These

findings suggest varying degrees of inflammatory effects from low to high doses of

silica nanoparticles in rats, underscoring the importance of dosage in nanoparticle

toxicity studies.

4.10 Histopathology test

Liver is the largest solid organ in the body, that is primary site for nanoparticle

accumulation and biotransformation of toxins. Numerous studies have shown that

silica nanoparticles that are chemically synthesized can cause liver injury, includ-

ing oxidative stress, inflammation, and metabolic disorders, potentially leading

to fibrosis and liver failure [145]. The safety of silica nanoparticle is needed to

be assessed. To evaluate the hepatotoxic effects of green synthesized silica NPs

using Euphorbia milii extract, histopathological examination of liver tissues from

exposed rats was conducted [145].

Figure 4.21: Liver histopathology test results A. Control, B. Plant extract,
C. Low dose NP, D. High dose NP.



Results and Discussion 77

It was observed that the control group had normal uniform hepatocytes, with

clear cytoplasm and prominent nuclei, overall normal cell morphology in (Figure

4.21A). In control group sinusoids were well defined and there were no apparent

inflammatory cells or signs of necrosis. The (Figure 4.21A) represents healthy

liver tissues. This serves as a baseline comparison for assessing the impact of

silica nanoparticles. Liver sections from the plant extract-treated group (Figure

4.21B)showed similar results as the control group, with slight variations in cell size

but overall uniform appearance. No significant sign of inflammation or necrosis

observed. The liver section of plant extract group rats indicates also healthy or

mildly affected liver tissues [146].

In low dose nanoparticles (Figure 4.21, C), there was slight damage to cells with

the formation of interlobular fibrous bridges. In the low dose group, hepatocyte’s

structure is less uniform with some disruption. There might be mild infiltration

of inflammatory cells, as show slight fibrosis there is minimal cellular damage

observed. In high dose of silica nanoparticles group (Figure 4.21, D), there was

damage observed with the formation of slightly larger interlobular fibrous bridges,

affecting hepatic cords and sinusoids was observed. The high dose group of silica

nanoparticles shows pronounced damage to liver cells and structures as compared

to low dose of nanoparticles group. Noticeable disruption of hepatocytes arrange-

ment with increased cell size variation, potential sign of starting of necrosis, and

presence of inflammatory cell [146].

In summary, these observations illustrate the dose-dependent effects of green syn-

thesized silica nanoparticles on liver tissue, ranging from normal morphology in

the control to increasing damage and structural alterations in the low and high

dose groups., whereas plant group showed minimal changes to healthy liver tissues.

These findings are crucial for understanding the safety profile and potential risks

associated with the use of silica nanoparticles in biomedical applications.



Chapter 5

Conclusion and Future

Perspective

In conclusion, this research has explored the journey from green synthesis of sil-

ica nanoparticles using Euphorbia milii extract to their thorough characterization

and subsequent in vivo toxicity assessment. By adopting eco-friendly synthe-

sis methods, this research helped to addressed the growing need for sustainable

nanoparticle production, aiming to reduce environmental impact and enhance bio-

compatibility for biomedical applications. Silica NPs were made by green synthe-

sis approach have particle ranged in size from 5 to 21nm. They had amorphous

structure and spherical shape this was characterized by using techniques such as

SEM, UV-vis spectrum EXD, XRD, and FTIR have provided detailed insights

into the structural and chemical properties of these silica nanoparticles, ensuring

their integrity and suitability for various uses.

The in-depth evaluation of nanoparticle toxicity in rat models, notably albino

Sprague Dawley rats, has been pivotal in determining their safety profile. The final

results show that silica nanoparticles, when green synthesized and utilized at mod-

erate amounts, can be more beneficial compared to higher amounts. Histopatho-

logical examinations, biochemical analyses, and systemic assessments have elu-

cidated potential impacts on biological systems, emphasizing the importance of

rigorous safety testing in nanomaterial development. This integrated approach

78
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underscores the significance of balancing innovation with safety considerations,

paving the way for responsible advancements in silica nanoparticle research and

application across biomedical and environmental fields.

To build on these findings, several future research directions are recommended.

Extended toxicity studies are needed to assess the long-term effects and potential

accumulation of silica nanoparticles in various organs. Investigating the molecular

mechanisms behind the changes in globulin levels will provide deeper insights into

their impact on immune function. Expanding the research to include different

animal models and eventually human trials will help confirm the safety and effi-

cacy of these nanoparticles. Additionally, exploring the biomedical applications

of these nanoparticles, such as in drug delivery and imaging, is promising due to

their biocompatibility and unique properties. Finally, assessing the environmental

impact of the green synthesis process and the nanoparticles themselves is crucial,

considering the growing concern over nanomaterial pollution. This study signifi-

cantly contributes to the field of nanotoxicology and nanomedicine, demonstrating

the potential of plant-based green synthesis methods for producing biocompatible

nanoparticles. The findings support further research and development, potentially

leading to innovative applications in healthcare and environmental sustainability.
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