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SUMMARY

Herbal materials have many biomedical applications, and nanogel-based
herbal materials have high drug loading capacity. This study endeavors to
a drug release system modelling was designed using a nanoemulsion-based
gel of cloves oil. Clove oil was mixed with water in the presence of Tween-
20 as a polysorbate-type nonionic surfactant, and then carboxy
methylcellulose was added with different ratios of glycerin as a cross-
linking agent to prepared nanogel formulations of clove essential oil
(CEO). Our investigation focused on various aspects which includ in-vitro
release, cytotoxicity, antioxidant effect, hemocompatibility, anti-
inflammatory, and antibacterial activities. The characterization of the clove
Nanogel (CNG) was confirmed using of techniques such as Ultraviolet
spectroscopy (UV-Vis), Fourier Transform Infrared Spectroscopy (FTIR),
While nano nature of the CNG were identified through “Dynamic Light
Scattering” (DLS), and “Field Emission Scanning Electron Microscope”
(FESEM). The results indicated that CNG were highly pure and crystalline,
exhibiting agglomerated and spherical particles. Additionally, UV-Vis
maximum absorption wavelength 284 nm, while the DLS measurements
for CNG were 276 nm, and poly disparity index were value 0.279. CNG
release study at pH 1.2, 8.2 and 7 for 96 hours. The study also assessed the
antioxidant activity of CNG by using the DPPH assay, which were showed
a maximum inhibition of 65% at a concentration of 100ug/mL in clove
nanoemulsion CNE, whereas CNG at the same concentration exhibited
59.2% of inhibition. The calculated IC50 values of CNG and CNE were
6.58 and 3.25 pg/mL respectively, as well as the hemocompatibility on
erythrocytes and cell-cytotoxic properties through the MTT assay. CNG
displayed a good biocompatibility with red blood cells (RBCs) in the
hemolytic activity experiment, with no observed hemolytic reaction at



doses 7.5 to 120 pg/ml. Furthermore, the CNG exhibited antibacterial
activity against S.aureus and E.coli. It also results showed that all
concentrations of the clove nanogel have no effects on the cytokines
secretions by macrophage cells line. This means that glove nanogel has no
any inflammatory effects and not acting an antigen. Finally, the CNG
displayed good inhibition processes in terms of antibacterial activity,

antioxidant activity, and showed minimal cytotoxicity.
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Chapter one Introduction

1.1 Introduction

Despite the notable systematic progress achieved by therapeutic
manufacturing, many individuals frequently resort to natural remedies and
custom plants as cures. Clove essential oil (CEO) is a highly concentrated
oil derived from the flower blossoms of the Syzgium aromaticum L. plant,
which is a member of the Myrtaceae family. It is recommended for use in
treating a variety of illnesses. Extracts from CEO have been shown to
possess several biological actions, including antioxidant, anticoagulant,
antiparasitic, antibacterial, antiviral, and antifungal properties [1, 2].

The considerable volatility, instability, and low solubility in water
of this substance impose limitations on its processing, usage, and storage.
Developing nanostructures for essential oils shows promise in enhancing
their efficacy [3, 4]. Among the various Nano formulations,
Nanoemulsions hold more significance. Because of its lower incidence of
adverse effects and higher bioavailability, as well as its simpler
manufacturing procedures [5-7].

Nanoemulsions are clear dispersals composed of two phases, oil, and
water, which are alleviated by surfactants and co-surfactants. These
systems exhibit stability during assembly or anointing procedures because
their droplets are small, measuring fewer than 200 nm [8, 9]. Topical
Nanoemulsion delivery systems have demonstrated positive attributes,
such as improved permeability without causing of skin irritation [10, 11].
Nevertheless, Nanoemulsions enhance the efficacy of EOs by improving
their topical and physical administration as well as their thermal stability
[12, 13]. The potential for enhancing matter compounds before their
commercialization or therapeutic application makes this method all the
more attractive. Fewer adverse effects, more effectiveness and selectivity,

protection from thermal or photodegradation, and active component
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release control are all examples of such enhancements [14]. Immediate
progress in nanoscience and nanotechnology, together with the advances
achieved in pharmacological research at the last few decades, is necessary
for the application of nanoscale materials, which have been utilized by the
cosmetics industry. Modern scientific knowledge has the potential to
radically improve and perhaps eliminate some of the most vexing problems
with formulation preparation. Besides making active ingredients more
soluble and stabilizing, nanostructures have the potential to lengthen the
duration of a formulation’s effects and enable the effective combination of
active substances with varying degrees of hydrophilicity and lipophilicity.
Another use of this technique is to direct drug delivery to certain organs or
tissues [15].

Advances in nanotechnology have piqued the attention of the
pharmaceutical industry, which stands to gain benefits such as customized
release mechanisms and the possibility of creating novel formulations that
were previously impossible [16]. Several nanotechnological strategies,
such as polymeric nanoparticles, solid lipid nanoparticles (SLNs), liquid
crystal (LC) systems, and precursors systems for liquid crystals (PSLCs),
liposomes, and microemulsions, have attempted to break this barrier; they
allow substances with different properties to be used in the same
formulation, and may even change a substance’s behavior in a biological
environment [17]. These technical advancements have transformed the
delivery of drugs. The novel drug delivery techniques not only increase the
strength of the active chemicals in a formulation, but they can also reinstate
other ingredients that were removed because they were deemed

unnecessary.
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1.2 Drug Delivery Systems (DDS)

Formulating and storing drug molecules into appropriate forms, such
as tablets or solutions, for administration is the job of drug delivery
systems. By reducing the amount of medication that accumulates in areas
other than the intended target, they increase the therapeutic effectiveness
of the medications administered [18]. Not confined to the oral route of
administration, there are several more ways that drugs may be administered
into the body [19]. The delivery routes include buccal, sublingual,
transdermal, subcutaneous, anal, and transvaginal, as well as nasal and
ophthalmic [20]. Moreover, intravesical. The drug's physiochemical
qualities and the changes it causes in the body's systems when ingested are
attributed to the drug's components. Increased systemic circulation and
management of the drug's pharmacological action have made DDS a
valuable tool in the treatment of illnesses and enhancement of health during
the last several decades. With the development of pharmacokinetics and
pharmacology came the realization that the rate of drug release was a key
factor in the efficacy of treatments, which led to the idea of controlled
release [21]. Due to its substantial benefits over traditional medications,
the controlled-release formulation of a medicine has garnered a lot of
attention since its approval in the 1950s. It has an interval between doses
and a set duration during which the medication is released. Another benefit
Is that regulated medication delivery systems may last for days or even
years since they are not impacted by physiological factors. The medicine
may be released at a constant or variable pace, and the delivery can be
controlled spatially as well [22]. Furthermore, it reduces the toxicity of
medicine while enhancing its solubility, accumulation at specific locations,
efficacy, pharmacological activity, pharmacokinetic properties, patient

acceptance, and adherence



Chapter one Introduction

Taken together, several studies regarding the release mechanisms of drugs
In nanocarriers have been conducted. Diffusion, solvent, chemical reaction,
and stimuli-controlled release are a few mechanisms that can represent the

release of drugs in nanocarriers [23]. as shown in Fig. (1-1)

DIFUSSION SOLVENT

heat
& &8"_ ‘,%\ J : _Ci'uta:;"
hydrolysis ‘enzymes gt light ionic strength
CHEMICAL REACTIONS STIMULI-SENSITIVE

Figure (1-1): Mechanisms for controlled drug release using different
nanocarriers [24].
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1.3 Recent drug delivery systems

Extensive efforts have been dedicated to developing systems for
drug delivery that use inorganic, organic, or hybrid nanoparticles to
transport medications with a specific focus on chemotherapy. Several
aspects of drug delivery systems (DDS) had been improved, which
included the toxicity, prolonged release, efficacy, targeted distribution to
particular sites, permeability, and solubility. Comparing the conventional
dosage forms, can significantly improve the effectiveness of therapeutic
substances [25,26]. The Current drug delivery systems are recognized as
the latest breakthroughs and innovative comprehension of pharmaceutical
pharmacokinetics and pharmacologic behavior, which is essential in
formulating an optimal approach for drug administration. These drug
delivery systems (DDS) operate as carriers, enabling the transportation of
materials to the intended site of action and ensuring that the concentration
of medication remains within the therapeutic range for a prolonged
duration. The adoption of the delivery system is determined by the success
of the invention in both medical and commercial aspects. Early
involvement of patients in the development process would facilitate the
identification of concerns and optimize the device's use. Advanced and less
detrimental delivery systems are currently being explored. Figure (1-2)

displays the many methods used for delivering medicine [27].
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Red Blood Cell
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Figure (1-2): Several types of recent drug delivery systems [27].

1.4 In-situ gel drug delivery system

Modifying the medication's pharmacokinetic properties and tissue
distribution is the primary objective of every drug delivery system [28].
The past 60 years had seen considerable investment in the research and
development of dependable and regulated medication delivery systems.
Among the most cutting-edge methods of drug delivery, in-situ gel
medicine administration has recently gained prominence. The in-situ gel
drug delivery system helps prolong and manage the release of
pharmaceuticals, increases patient comfort and compliance, and has the
unique ability to convert from Sol to Gel [29]. Oral, nasal, injectable,
vaginal, rectal ocular, intravenously, and parenteral routes have all been
utilized in various studies to change solution-form formulations into gel-

form before they enter the body. Physiological conditions that accomplish
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this transformation include changes in pH, modulation of temperature, and
solvent exchange. Several polymeric techniques had been developed for
the delivery of drugs [30]. A sol-gel transition occurs when these polymers
are exposed to physiological stimuli. Drug delivery methods that employ
In situ gels may be made from a variety of synthetic and natural polymers.
The four recognized mechanisms that result in the creation of in-situ gel
biomaterials include changes in temperature and pH, changes in the
physical characteristics of the biomaterials such as solvent exchange and
swelling, biochemical alterations such as enzymatic and chemical
reactions, and photo-polymerization [31]. The drug loading and release
characteristics, synthesis ease, controllable swelling, and viscoelasticity,
passive and active focusing, and the ability to create nanogel carriers that
can react to biological stimuli are all appealing features of polymer-based
nanogel formulations that make them ideal for drug delivery. Because of
their novel properties and little toxicity, nanogels are a promising candidate
for vascular medication targeting [32]. Nanogels and other nano-carriers
with three-dimensional (3D) cross-linked structures have recently emerged
as promising candidates for the targeted delivery of a variety of therapeutic
and diagnostic agents, including chemotherapeutic medicines, chemicals
based on nucleic acids and proteins, photodynamic treatment, and dye
tracing. Nanogels contains on ample amount of the target substance due to
their great loading capacity and exceptional stability in living organisms.
To encapsulate tiny molecules, oligonucleotides, or proteins, one may
create nanogels out of natural or synthetic polymers with porous

architectures ranging in size from 20 to 250 nm [33].
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1.5 Nanotechnology

Nanotechnology is a recent development in scientific research. This
field was founded by American physicist Richard P. Feynman at Caltech
when he presented his lecture titled "There is plenty of room at the bottom,"
in 1959, he suggested Scaling down to the nanoscale was the way of the
future for technology and advancement [34]. The science of
nanotechnology deals with understanding and manipulating materials at
the nanoscale size, which has dimensions between 1 and 100 nanometers.
They have high surface/volume ratios and smaller than their bulk materials
[35]. As the particle size decreases, the number of constituent atoms
surrounding the surface of the particles increases. Highly reactive particles
with unique chemical, optical, physical, and electronic properties develop
as a result. Nanostructures is a fast-growing field of technology that has
great promise for the chemical, medical, engineering, and food-processing
sectors [36-38]. The fast advancement of “nanotechnologies” indicates that
nanoscale manufacturing will soon be used in almost all domains of
research and technology. There is a clear need to differentiate between
nanotechnology and nanoscience. Nanoscience is the study of structures
and molecules on the sizes of nanometers ranging from 1 to 100 nm, and
the technology that utilizes it in practical applications such as electronics,
Nano-medicine, etc. is termed nanotechnology [39]. Nanoscience is an
interdisciplinary field of research that focuses on the atomic, molecular,
and subatomic levels of matter. Nanotechnology refers to the concentered
research and development that is done for the purpose of understanding,
manipulating, and measuring materials at the atomic, molecular, and
supermolecular levels. The term "nanotechnology” refers to materials,
systems, and processes that measured at a size of one hundred nanometers
(nm) or less [40].
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1.6 Nanoemulsion

Nanoemulsions, which are emulsions with submicron-sized particles, are
now being extensively studied as carriers for drugs in order to enhance the
delivery of medicinal agents. Nanoemulsions are a stable and uniform
mixture of two liquids that do not normally mix together, such as water and
oil. This is achieved by using certain surfactants to create a single phase.
The diameters of nanoemulsion droplets generally vary from 20 to 200
nanometers. The size and surface characteristics of nanoemulsion droplets
significantly influence on biological behavior of the formulation.
Nanoemulsions provide significant potential for the advancement of
cosmetics, diagnostics, pharmacological treatments, and biotechnologies
[41-42]. Nanoemulsions have several benefits, including Nanoemulsions
possessing much more surface area and free energy compared to
macroemulsions, making them very efficient as a means of transportation.
Nanoemulsions do not exhibit the issues of intrinsic creaming,
flocculation, coalescence, and sedimentation that are often seen in
macroemulsions. Nanoemulsions may be prepared many formulas which
includ foams, creams, liquids, and sprays. These nanoemulsions are safe
and non-irritating, making them suitable for application on the skin and
mucous membranes, making them appropriate for therapeutic applications
in humans and animals. It may serve as a replacement for liposomes and

vesicles. It enhances the bioavailability of medications [43-44].

A key use of nanoemulsion is to conceal the unpleasant flavor of greasy
liquids. Nanoemulsion may provide protection for medications that are
vulnerable to hydrolysis and oxidation. Currently, nanoemulsions are used
for precise administration of several anticancer medicines,
photosensitizers, or therapeutic substances. Nanoemulsion may potentially
provide an extended duration of the medications [45].
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1.7 Nanogel

Nanogel-based materials have a high drug loading capacity,
biocompatibility, and biodegradability which are the key points to design
a drug delivery system effectively [46]. Nanogels, often referred to as
advanced drug delivery systems, are now the focus of study due to their
many benefits such as, adjustable size, reactivity to stimuli, prolonged drug
release via in situ gelling processes, and stability. Nanogels have shown
superiority in simplifying the delivery method and overcoming the

limitations of traditional systems[47].

The emergence of nanotechnology has led to a need for the
development of nanogel systems, which have shown their ability to
administer medications in a precise, continuous, and targeted way. Due to
the rapid development of polymer sciences, it is currently necessary to
create intelligent nano-systems that can be helpful for both therapy and
clinical trial advancement. The drug loading is significantly high and can
be accomplished without the need for chemical reactions. This is a crucial

aspect in maintaining the effectiveness of the medicine.

The ability to access the tiniest capillary vessels, plea to their
minuscule size, and to infiltrate the tissues via either the paracellular or
transcellular routes. It exhibits a high level of compatibility with living
organisms and is capable of being broken down naturally over time [48].
The figure (1-3) presents a model illustrating the release of drugs from
nanogels. The "intelligent nanogels™ maintain the drug molecule in its
whole state until it is taken up by the target cell. The use of different cross-
linking agents in this drug delivery system, which is responsive to external
stimuli, is crucial in reducing unintended side effects and ensuring

regulated release at the desired location of action [49-50].

10
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Nanogels met many, if not all of the key basic requirements of a versatile

nanocarrier delivery vehicle, as shown in Figure (1-4)
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Figure (1-3): Drug release mechanisms involved in Nanogels [44].
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prepared by the Maillard reaction followed by heating [51].
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1.8 Biomedical applications of herbal materials

Several studies have shown the biological uses of herbs and herbal
products. Despite their ability to limit bacterial growth, antibiotics and
other chemical antimicrobial agents may have adverse effects such as the
formation of reactive oxygen species (ROS) [52]. Clove, portulaca,
cinnamon, ginger, thyme, mint, fennel, chamomile, burdock, eucalyptus,
primrose, garlic, and lemon balm are some of the herbal ingredients that
might kill bacteria [53]. The intended cell death may be prevented by using
herbal medications, which function as direct antioxidants by inhibiting the
creation of ROS. The essential oil or extract of these herbal remedies often
contains phenolic chemicals, which show that they are powerful
antimicrobials and antioxidants. Because of their lack of toxicity and side
effects, herbal medications are often chosen over synthetic antibacterial
drugs. Additionally, herbal remedies have a cheaper price tag and a great
antibacterial potential. Phytopharmaceutical uses have skyrocketed in
recent years, although in large part to the widespread belief that natural
cures are safer than prescription drugs [54]. Because of this, studies in the
future may concentrate on developing pharmaceutical products and
Improving treatments by characterizing the active ingredient and studying
the effects of herb-herb combos. Biomaterials with strong antiviral activity
are being considered for use in the fight against the COVID-19 virus. Drug
delivery (COVID-19), cancer treatment, infection, and speeding up the
healing process are all areas that might benefit from these materials [55].

In figure (1-5) we can see the materials' potential uses in biomedicine.
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Figure (1-5): The biomedical applications of herbal materials [56].

1.9 Clove Essential Oil

In recent years, essential oils have gained massive acceptance due to
their applications in several pharmaceutical facets and food products
because of their potential to inhibit the growth and propagation of a wide
range of microorganisms such as bacteria, fungi and viruses ,Cloves
essential oil (CEO) is an essential oil isolated from flower buds of

Syzygium aromaticum L. (Family: Myrtaceae), advocated in the treatment

of various diseases [57].
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Figure (1-6): Illustrates the plant Cloves and Cloves QOil

CEO has been shown to possess many pharmacological
bioactivities, such as anti-inflammatory, analgesic, antibacterial,
antifungal, anti-allergic, anti-carcinogenic, and anti-mutagenic activities
[58]. CEO contains a variety of phytochemicals, including eugenol,
acetyleugenol, isoeugenol,  methyleugenol, carvacrol, thymol,
cinnamaldehyde, eugenyl acetate, B-caryophyllene, 2-heptanone, methyl
salicylate, a-humulene, gallic acid, ellagic acid, and oleanolic acid.
Eugenol, which constitutes 88.58% of CEO, has notable antioxidant and

insecticidal activities [59].
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Figure (1-7): Chemical structure of main compounds of clove (S.

aromaticum L.) essential oil [60]
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1.10 Cytokines

Cytokines are small, soluble proteins (6-70 kDa) that are released by
several types of cells, including lymphocytes, macrophages, natural Killer
(NK) cells, mast cells, and stromal cells. Cytokines are essential
components of the immune reaction and mediate important interactions
within the immunity system's communications of connections. They are
responsible for dynamically regulating the development, proliferation, and
reactivity of immune cells, and are significant factors in determining
overall health [61]. Single cytokine can be released by various types of
cells and affect on multiple types of cells, resulting in various biological
effects. The variation in cytokine levels in different biological fluids, such
as serum, blood, and saliva, can provide important information about the
diagnosis, stage, and prognosis of different diseases. Excessive or aberrant
synthesis of cytokines, as shown in a cytokine storm, may result in organ
failure and mortality. One example is the unfavourable outlook for severe
cases of Corona Virus Disease 2019 (COVID-19) that caused by excessive
production or cytokine storm syndrome [62]. Therefore, the quantities of
cytokines are considered a crucial signal for assessing clinical conditions.
Precise measurement of cytokines provides valuable clinical information
for monitoring patients' immune status and adjusting therapies for various
diseases, such as asthma, atherosclerosis, cancer, depression,
cardiovascular disease, acquired immune deficiencies (AIDS), kidney

Injury, sepsis, rheumatic arthritis, and other chronic diseases [63].
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1.11 Classification of Cytokines

Cytokines are classified into several categories based on their

cellular sources and their role in the immune response
1.11.1 Based on their cellular source:

Type 1 cytokines, which are generated by (CD4)+ T-helper 1 (Th1) cells,
consist of IL-2, IL-12, IFN-y, and TNF-B. The CD4+ T h 2 cells generate
type 2 cytokines, such as IL-4, IL-5, IL-6, IL-10, and IL-13 [64].

1.11.2 Depending on Their role in the immune response :

According to their role in the immune response, cytokines are
classified as pro-inflammatory and anti-inflammatory. Pro-inflammatory
cytokines such as IL-18, IL-6, IL-8, IL-12, TNF-a, and interferons,
promote inflammatory responses and tend to activate immune cells. On the
other hand, anti-inflammatory cytokines such as IL-4, IL-6, IL-10, IL-11,
IL-13, IL-1 receptor antagonist (IL-1RA), and TGF-£, have the ability to
prevent inflammation and reduce the activity of immune cells. Certain
cytokines, such as IL-6, exhibit both pro-inflammatory and anti-

inflammatory characteristics [64].
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1.11.1.1 Pro-Inflammatory Cytokines

Cytokines play a major role in controlling the inflammatory
response, initiating an severe phase reply to protect the body from
irritation, injury, and infection. The process starts with the release of pro-
inflammatory cytokines, such as IL-13, IL-6, IL-8, IL-12, IFN-y, and
TNF-q, either since the same cell or from different cells. The main role of
these cytokines is to convey information to nearby tissues about the
existence of infection or injury. In addition, these cytokines have the ability
to enter the circulation, stimulating immune cells and leading to significant
alterations in the body's functioning, such as fever and the acute-phase
response [65]. Pro-inflammatory cytokines have immunological qualities
that may benefit the host by helping to protect against bacterial invasion
and other microorganisms in the immediate environment, as well as the
natural bacteria present on the skin and in the digestive system. It is
important to acknowledge that an excessive pro-inflammatory response
can cause ongoing inflammation and disrupt the pathways that regulate
biological equilibrium, resulting in detrimental health conditions such as
cancer, heart failure, diabetes, gastrointestinal diseases, Parkinson's

disease, and age-related diseases [66] .
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1.11.1.2 Anti-Inflammatory Cytokines

The anti-inflammatory cytokines, such as IL-1 receptor antagonists, IL-4,
IL-6, IL-10, IL-11, IL-13, and TGF-p, are a set of molecules that control
the immune system and inhibit excessive inflammation induced by pro-
inflammatory cytokines [67]. IL-1 is an influential anti-inflammatory
cytokine with immunoregulatory capabilities, capable of inhibiting the
production of other pro-inflammatory cytokines, IL-1 has an anti-
inflammatory effect on eosinophils, basophils, and mast cells, hence
playing a crucial role in the control and regulation of allergies and asthma,
Physiologically, these cytokines function to limit the deleterious effects of
prolonged or excessive pro-inflammatory reactions. The effectiveness of
these anti-inflammatory cytokines has been shown in the treatment of
several clinical conditions defined by excessive inflammation.
Pharmaceutical drugs that have anti-inflammatory properties may be used

to treat illnesses that are related to inflammation [68]
1.11.2.1 Interleukin 1 ( IL-1)

IL-1 o and IL-1 B are considered the original members of the 1L-1
family. The cytokines of the interleukin-1 (IL-1) family consist of 11
proteins (IL-1F1 to IL-1F11) that are encoded by 11 separate genes [69].
The primary role of IL-1-type cytokines is to regulate proinflammatory
responses triggered by pathogen-associated molecular patterns (PAMPS),
which are substances produced by bacteria or viruses, or damage- or
danger-associated molecular patterns (DAMPs), which are released from
injured cells [70]. Therefore, they play a crucial role in regulating innate
Immune responses, and their effects are carefully controlled [71].
Macrophages and monocytes, which are part of the innate immune system,

are the primary producers of IL-1a and IL-1B. However, other cell types
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such as epithelial cells, endothelial cells, and fibroblasts are also capable
of producing IL-la and IL-1B. IL-la is mostly attached to the cell
membrane and transmits signals by autocrine or juxtacrine pathways,
whereas IL-1p is released through an unusual protein secretion route and
may function in a paracrine manner or affect the whole system [72]. The
inflammatory activity of IL-1 cytokines is controlled by other members of
the same family, such as receptor antagonists, soluble receptors, and anti-

inflammatory cytokines [73].
1.11.2.2 Tumor necrosis factor-o (TNF-a)

Tumor necrosis factor alpha (TNF-a) is a cytokine that has
pleiotropic effects on various cell types. It has been identified as a major
regulator of inflammatory responses and is known to be involved in the
pathogenesis of some inflammatory and autoimmune diseases [74]. From
a physiological standpoint, TNF-a plays a vital role in maintaining a
healthy immune response. TNF-a has the ability to stimulate the immune
system for regulation. However, when TNF-a. is produced inappropriately
or excessively, it may be detrimental and could result in illness.
Rheumatoid arthritis (RA), inflammatory bowel disease (IBD), psoriatic
arthritis (PsA), psoriasis (PS) , and noninfectious uveitis (NIU) are caused
by the aberrant release of TNF-a. Therefore, TNF-a may be considered a

crucial element in the pathological progression of these conditions [75].

TNF-a inhibitors have been effectively developed and utilized in the
clinical treatment of autoimmune diseases like Crohn's disease (CD) and
rheumatoid arthritis (RA) due to the involvement of TNF-a in the
development of these diseases. Several TNF-a inhibitors, including
etanercept, infliximab, adalimumab, golimumab, and certolizumab, have

been approved for clinical use [76].
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1.12 Antioxidant Activity

A chemical that prevents other molecules from becoming oxidized
Is called an antioxidant. In oxidation, a material gives up an electron or a
hydrogen atom to an oxidizing agent. A free radical may be a byproduct of
an oxidation process. Then, these radicals may set off a chain reaction,
which, if it happens within a cell, can destroy or severely harm that cell.
By neutralizing free radical intermediates and preventing further oxidative
reactions, antioxidants stop these cascades of events [77]. One way they do
this by oxidizing themselves. Thiol, ascorbic acid, and polyphenols are
examples of antioxidants that are reducing agents. Numerous definitions
have been putted forward for the term "antioxidant,” including substances
that, when present in low concentrations relative to an oxidizable substrate,
considerably delay or prevent the oxidation of that substrate, or substances
that, when present in small quantities, can prevent or greatly retard the
oxidation of easily oxidizable materials [78]. Because of their protective
functions against oxidative degradation in food items and in the body
against oxidative stress-mediated pathological processes, antioxidants are
attracting increasing attention from food scientists, health professionals,
and the general public.  Preservatives for food and
nutraceuticals/pharmaceuticals are two areas seeing a surge in demand for
natural and powerful antioxidants [79]. Cloves oil has the antioxidant
compounds eugenol, eugenyl acetate,-caryophyllene, and-humulene,
which protect cells from free radical oxidation. Diseases such as cancer,
arteriosclerosis, Alzheimer’s disease, and Parkinson’s disease are related
to the presence of ROScompounds. Cloves oil has shown scavenging

activity on radicals and inhibition of lipid peroxidation [80]
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1.13 Antibacterial activity

Bacteria, or germs are microscopic, single-celled organisms,
including Cocci, bacilli, and spirals. The gather together and take multiple
forms, such as knots or rosaries, so they are called streptococci, or in the
form of clusters, so they are called staphylococci. The cytoplasm, which
contains ribosomes, the nucleoid, and the cell membrane make up the
primary components of bacteria, which are broad sorts of organisms.
Cocci, bacilli, and spirochetes are the three main categories of bacteria
according to their overall shape [81]. Antibiotics primarily include
penicillin, cephalosporins, aminoglycosides, macrolides, and quinolones,
which combat bacterial illnesses by halting the development of harmful
microorganisms and eliminating their root causes [82]. But medication
resistance among bacterial infections has emerged due to the abuse of
antibiotics. When bacteria come into touch with medications on a regular
basis, their sensitivity to those drugs diminishes or vanishes altogether.
This process is known as bacterial drug resistance [83]. In the battle
against the increasing drug resistance caused by the rise of multidrug and
extensively drug-resistant bacterial phenotypes, natural products may be a

valuable source of novel and highly potent antibacterial medicines [84].
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1.14 Literature review

Previous studies focused on many applications that use cloves in various

ways to obtain the optimal benefit.

The in vitro release tests demonstrated cumulative releases of native clove
oil (NC) and CON of 76% and 42%, respectively at pH 7.4. The cellular
toxicity of CON was significantly reduced by four fold compared to NC at
a concentration of 60 pug/mL when tested on Caco2 cells. Similarly,
haemolytic activity on red blood cells revealed less than 10% haemolysis

signifying the compatibility of CON for its nutraceutical applications [85].

Penetration of the drugs encapsulated has been studyed in emulsions
Is enhanced when the droplet size is in nanometric range (less than 500 nm)
Reducing the droplet size below 500 nm produces higher penetration
through different skin layers and absorption of drug ingredients with higher
particle uptake by enhancing the mechanism of passive transport. Among
the olive oil nanoemulsions, F1 was considered as optimized nanoemulsion
formulation with droplet size value of 490 nm, while for clove oil
nanoemulsion F7 was optimized formulation with droplet size value of
222nm. Due to the droplet sizes below 500 nm, both these nanoemulsions

are expected to face no barrier in passage through biological barriers [86].

In other study, an amphiphilic polymer-based nano-green coating
(CMC-CYST-EUG) based on carboxymethyl cellulose (CMC) has been
prepared, EUG was grafted into CMC by thiolene click reaction of
Cysteamine hydrochloride (CYST) to reduce the volatility of EUG. When
exposed to the same environment, the antibacterial duration of CMC-
CYSTEUG increased by 7.8 times compared with pure EUG. Liquid
holding capacity of CMC-CYST-EUG on pakchoi leaf surface increased
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by 81% compared with EUG solution. It shows that CMC-CYST-EUG has
good adhesion to fruits and vegetables and can prevent the loss of EUG.
Strawberry treated with CMC-CYST-EUG can be stored for 7 days. Within
the concentration range of 0.5-0.25 mg/mL, the antifeedant rate of CMC-
CYST-EUG to pests was significantly higher than that of EUG.
Importantly, cytotoxicity experiments indicate that low quantities of CMC-
CYST-EUG are deemed safe. This artificial substance offers a method for

creating and applying volatile active ingredients [87].

a reaschers had explored the anti-infammatory efect (paw edema
test) and the anti-nociceptive efect (hot plate and formalin test) of
nanoemulsion-based gels containing the essential oils in the animal model.
First, nanoemulsions containing essential oils of clove and cinnamon were
made, with droplet sizes of 12+3 and 28+6 nm, respectively. The
nanoemulsions were subsequently gelifed by adding
carboxymethylcellulose (3.5% wi/v). Ultimately, ATR-FTIR analysis was
utilised to characterise the nanogels, which were then applied topically as
a pre-treatment prior to inducing inflammation or pain in both acute and
long-term analgesic experimental investigations.The formalin and paw
edoema results demonstrated the significant anti-nociceptive and anti-
inflammatory effects of the nanogel formulations.The produced nanogels
may be used as analgesic medications to reduce inflammation and
discomfort associated with illnesses; research like this led to the
development of cinnamon-NG and clove-NG as a topical delivery
mechanism. This research has led to the conclusion that cinnamon-NG and
other nanoemulsion-based gel formulations may have use as anti-nociceps
[88].
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Utilizing nanoparticles to specifically target cancer cells Cancer is a
very complex illness, and brain cancer is particularly problematic to
identify and treat due to the obstacles in delivering imaging and therapeutic
substances via the blood-brain barrier and into the brain. Several
researchers have discovered that nanoparticles show potential for
transporting these substances into the brain. Apolipoprotein E has been
proposed as a mediator for drug transportation across the blood-brain
barrier. Loperamide, a substance that can not pass across the blood-brain
barrier but has pain-relieving effects when injected directly into the brain,
was encapsulated in nanoparticles made of human serum albumin and
connected to apolipoprotein E. When mice had been given this compound
via their veins, it caused a reduction in pain sensitivity as seen in the
tailflick test. The effectiveness of this medication delivery method relies
on the identification of lipoprotein receptors. Kopelman and his colleagues
developed Probes Encapsulated by Biologically Localized Embedding
(PEBBLE) with the purpose of carrying diverse agents on their surface and

executing different activities [89].

Nanoparticulate methods for medication delivery to the brain One
potential method for transporting medications to the brain is via the use of
nanoparticles. Poly (butylcyanoacrylate) nanoparticles are currently the
only nanoparticles that have been effectively used for delivering
medications to the brain in living organisms.The first drug to be transported
to the brain using nanoparticles was hexapeptidedalargin, which is an
analogue of Leu-enkephalin with opioid activity. Nanoparticles and
nanoformulations have already been successfully used as drug delivery
systems. Nanoparticulate drug delivery systems have even greater potential

for various applications [90].
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1.15 Aims of the study

1) Design of a drug release system model using a nanoemulsion-based

gel of cloves oil

2) Preparation and characterization of Clove Nano-emulsion gel (CNG)

by using Fourier Transform Infrared Spectroscopy (FTIR), Nuclear

magnetic resonance (*H-NMR), Dynamic light scattering (DLS), Field

emission scanning electronic microscope (FESEM).

3) Study Biological activities of Clove Nano-emulsion gel (CNG):-

Study Drug release of Clove Nano-emulsion gel (CNG) in
SGF, SIF and Buffer

Study Anti-inflammatory effects of Clove Nano-emulsion
gel:

Induction of inflammation in the cell line using inducers
LPS and demonstrate the anti-inflammatory activities of
Nano-emulsion gel in the cell line through the
management of the IL-6, and TNF alpha using the
technique ELISA.

Study antioxidants properties by DPPH assay.

Study Antibacterial properties.

Study Hemolysis and MTT effect of Clove Nano-

emulsion gel

26



CHAPTER TWO

Materials and Methods



Chapter two

2. Materials and Methods

2.1 Instruments

Materials and Methods

The instruments used in the present study and their models, companies

and Country are listed in Table (2-1).

Table (2-1): Instruments used in study and their models, companies,

Country
Ser Devices Company Country
1 | UV-Vis spectrophotometer, UV-1800 Shimadzu Japan
2 | FT-IR spectrophotometer, FTIR—8400S | Shimadzu Japan
3 | pH meter, pH 7110 Inolab Germany
4 | Incubator Faithful China
5 | Incubator CO2 Genex Lab USA
6 | Dynamic light scattering (DLS) Brookhaven USA
7 | Centrifuge Hettich-D- | Germany
78532
8 | Field emission scanning electronic TESCAN French
microscope (FESEM), 5 KV
9 | Rotary Heidolph USA
10 | Micro ELISA Reader BioTek USA
11 | Overhead Stirrer Joanlab China
12 | Hotplate Magnetic Stirrer medilab Korea
13 | Vortex mixer Joanlab China
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2.2 Chemicals

Table (2-2): All materials and Chemicals used, with their company and

Country
Ser | Chemicals Company Country
Dimethyl Sulfoxide (DMSO) Sigma Aldrich UK
2 | 2,2-diphenyl-1 picrylhydrazyl Sigma Aldrich UK
(DPPH)
3 | Sodium Hydroxide ChemLab. UK
4 | Sodium Decyl Sulfate (SDS) Sigma Aldrich. UK
5 | Mueller Hinton Agar HiMedia India
6 | Phosphate Buffered Saline(PBS) Sigma-Aldrich. UK
7 | Methanol ChemLab. UK
8 | Sodium Chloride Thomas beaker India
9 | Hydrochloric acid Applichem USA
10 | Tween 20 Loba Chemie India
11 | Carboxy methyl Cellulose ShengHuangchm China
12 | Glycerin Thomas Baker India
13 | Lipopolysaccharide (LPS) Solarbio China
14 | Ethyl Acetate Srichem India
15 | Magnesium Sulphate CDH India
16 | Mono Potassium Phosphate TM Media India
17 | MTT (3-(4,5-dimethylthiazol-2-yl)- Roth Germmany
2,5-diphenyl-2H-tetrazolium bromide
18 | RPMI 1640 medium w/L-glutamine, | US Biological life USA

25mM HEPES (powder)

science
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2.3 Assay Kit

The assay kits used in this study include:

Table (2.3) list of ELISA assay Kits used the present study

Materials and Methods

No. | Kits Company Country

1 ELISA Kit (Interleukin 1-B) Elabscience | USA

2 ELISA kit (Tumor Necrosis Factor | Elabscience | USA
ALPHA (TNF-a))
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2.4 Methods

2.4.1 Extraction of Cloves Oill

The Steam distillation (SD) methods are the most extensively used
for extracting cloves oil, because These are easy to operate, so the Steam
hydro distillation is select as a method to isolate clove oil. Was performed
according to the previous study with a few modifications and as shown in
Figure (2.1) [91]. The oil was extracted from dried clove flowers by Steam
distillation. 100 gm of cloves powder plant were taken and this quantity
was divided into batches, where each batch contained 20 gm of cloves and
200 ml of distilled water and placed in the device for three hours the time
started to be counted when first drop of distillate comes out. The oil was
extracted from the water by mixing it with diethyl ether and placing it in a
separating funnel with vigorous shaking during the separation stage. Each
batch was repeated three times, and each time the separating funnel
contained 50 ml of clove extract and 50 ml of diethyl ether and was shaken
vigorously for a minute 5 Then ,After that, the diethyl ether was evaporated

using a rotary evaporator to obtain only oil [92].

Figure (2-1): (A) Dry Powder of Cloves plant (B) The Steam distillation
method. (C) Cloves oil .
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2.4.2 Preparation of Clove Nanoemulsions-gels

The beaker holding the Tween-20 solution was stirred at 2000 rpm
using an overhead mixer (AC 100-24v, 50-60 Hz, Overhead, China) while
clove essential oils (2.5 ml) were added. To make the nanoemulsion,
distilled water was added slowly until the volume was reached, and then
the mixture was agitated at 2000 rpm for 40 minutes. Then, the nanogels
were made by adding carboxymethyl cellulose (CMC 3.5 gm) to the
nanoemulsion and mixing it at 180 rpm for 4 hours. The cross-linking agent
used was glycerin (0, 8, 20, and 30 ml). The names of the produced gels

were shortened to Clove-NG. At room temperature, all ingredients were

combined [93].

Table (2-4): Composition (w/w %) of clove Nanoemulsion gel (CNG)

(M1-M2) prepared using Glycerin, Tween 20, CMC, and water.

Code Clove oil | Tween 20 | Glycerin | CMC Water
M1 2.5 ml 10 ml 0 35gm |84 ml
M2 2.5 ml 10 ml 8 ml 3.5gm [76 ml
M3 2.5 ml 10 ml 20 mi 3.5gm |64 ml
M4 2.5 mi 10 mi 30 ml 3.5gm |54 ml
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Figure (2-2): (A) During the preparation of the Clove Nanoemulsion gel
(CNG) (B) Clove Nanoemulsion (CNE) (C) Clove Nanogel (CNG).
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2.4.3 Preparation of Simulated Intestinal Fluid (SIF)

The simulated Intestinal Fluid (SIF) was prepared by dissolving 6.8
g of potassium phosphate (monobasic) in 250 ml of distilled water, then
mixed with 190 ml (0.2 M), of sodium hydroxide solution and 400 ml of
distilled water .Then the pH was adjusted using sodium hydroxide, and the
pH was (pH= 8.2) [94].

2.4.4 Preparation of Simulated gastric fluid (SGF)

Simulated gastric fluid (SGF) was prepared by dissolving (2 g) of sodium
chloride in 500 ml of distilled water, then adding 7 ml of concentrated
hydrochloric acid to the solution and diluted to 1000 ml of distilled water,
to adjust (pH=1.2) [94].

2.4.5 Determination of the standard calibration curves of the
Clove Nanoemulsion (CNE) in SGF, SIF and Buffer.

The standard calibration curves of the Clove Nanoemulsion (CNE)
in SGF, SIF and Buffer Solution were determined according to Beer-
Lambert law using ultraviolet spectroscopy at A max absorption 284 nm.
The absorbance was plotted against the different concentration of (CNE)
in SGF,SIF and Buffer.
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2.5 Characterization of Clove Nanogel (CNG)

2.5.1 UV-Vis Analysis

Sample Preparation After centrifugation operation was finished,
the pellets was collected, the superannuated was ejected, distilled water

was added to the pellets. Forming a stock solution, for further analysis.

Experiment Method Analysis of the UV-Vis spectrophotometer
was done using stock solution. These analyses allowed for the observation
and identification its Amax of Clove Nanogel (CNG). Water was first used
as a blank reference. Nearly 4 ml of (CNG) solution were combined and
placed inside the spectrophotometer., light in the 265-320 nm range was
generated in a UV-Vis spectrophotometer, note that it was measured Amax

manually [95].
2.5.2 Fourier Transform Infrared Spectroscopy (FT-IR).

The FTIR spectra of CMC powder, clove oil, nanoemulsion (NE),
and nanogel (NG) were obtained using a Shimadzu spectrum FT-IR
Spectrometer (Japan). The spectra were recoded between 400 and 4000
cm-1 to determine the functional groups contained in the chemical

compounds.

2.5.3 Field Emission Scanning Electronic Microscope
(FESEM)

A specimen container covered with cabon was used to attach the
spray-and freeze-dried (CNG). Using a 30 kV accelerating voltage in high
vacuum mode with a (TESCAN MIRA3) French detector FESEM, a
FESM Quanta 200 scanning electron microscope was used to capture their
morphologies. The size and shape of the acquired (CNG) were then
determined [85].
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2.5.4 Dynamic Light Scattering (DLS) Analysis

The average droplet size and polydispersity index (PI) of Clove
Nanogel (CNG) were determined using a dynamic light scattering analyzer
(Brookhaven, USA) at a temperature of 25°C. To conduct these
measurements, the CNG sample was diluted with deionized water and then
filtered using 0.45 um membrane filters. The measurement was conducted
with a fixed scattering angle of 15° degrees. A high-sensitivity device

detected the scattering signals [96].
2.5.5 Nuclear Magnetic Resonance Spectrometer

'H-NMR spectra of the clove Nanogel was measured at the
Department of Chemistry, College of Education for Pure Sciences -
University of Basra, Iraq using a Bruker 400-DRX spectrometer

(Germany). D,O was used as solvent and TMS as internal standard.

2.6 Biological Evaluation of Synthesized Clove Nanogel
(CNG)

2.6.1 Hemolytic activity assay

To determine the effect of Clove Nanogel (CNG) and clove oil on
red blood cells (RBCs), the hemolysis test was used. Donors were healthy
adults about 20 and 30 years old, and they provided fresh red blood cells.
For 10 minutes at 1500 rpm, the blood sample was centrifuged to prepare
it. After that, the pellet was washed three times with PBS to remove any
remaining debris. The red blood cells that were extracted were mixed with
10% v/v PBS. The samples were mixed with RBC suspension at a ratio of
1:1, and then incubated at 37 °C for 60 minutes. The quantities of CNG
and cloves oil used were 7.5, 15, 30, 60, and 120 pg mL—1. Then, for 5
minutes, each sample was spun in a centrifuge at 5000 rpm. Lastly, a 96-
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well plate was used to transfer 100uL of the sample supernatant. A plate
reader was used to determine the supernatants' absorbance values at 540
nm. A 0.1% SDS in PBS solution served as the positive control, while a
PBS solution served as the negative control. How much hemolysis was

present in red blood cells was determined using the following formula [97].

Sample Absorbance—Nengative Control Absorbance

H% = X 100%

Positive Control Absorbance—Negativee Control Absorbance

The symbol H for Hemolysis
2.6.2 Antioxidants Evaluation

The DPPH method was used to determine the efficacy of Clove
Nanoemulsion (CNE) and Clove Nanogel (CNG) as antioxidants. With
ascorbic acid acting as the positive control The CNE and CNG solution (1
mg/mL) was diluted with methanol to produce final concentrations of 100,
200, 300, and 400 pg/ml. 300 ul of methanol DPPH solute was added to
CNE and CNG. Following incubation of the combination at ambient
temperature for a duration of 30 minutes in the absence of light, its
absorbance at a wavelength of 517 nm was quantified using a UV VIS-
1800 spectrophotometer manufactured by Shimadzu in Japan [98]. The
absorption bands shift from the violet end to the yellow end, as seen in
figure (2-3). The scavenging activity was computed using the following

formula :-

. .. Absorb C ontrol-Absorb S l
Scavenglng activity % = (Absorbance C ontro sorbance Sample) % 100%

(Absorbance Control)
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Figure (2-3): Reaction DPPH with AH [99].
2.6.3 Anti-Bacterial Activity:

This study aimed to determine the antibacterial activity of clove oil
(CEO) and clove nanogel (CNG) against bacterial, two types of standard
bacterial strains were used, Staphylococcus aureus (ATCC25923) and
Escherichia coli (ATCC25923) as positive and negative gram stains
respectively which were provided by the American Type Culture
Collection (ATCC). The Agar-Cup Well Diffusion Method was employed
to assess the antimicrobial properties. These investigations were conducted
against two types of bacteria, Staphyloccocus aureus and Escherichia coli,
which are known to be harmful to humans and animals. These bacterial
strains were incubated for 24 hours at 37°C in nutrient agar. The
pharmacological and therapeutic significance of these bacterial strains was
taken into consideration during their selection. The bacterial species were
grown on Mueller-Hinton agar. After solidification, a sterile borer was
used to drill 5 mm holes, and 0.25 ml of test strains were added. After
adding solutions of clove oil and CNG (250, 500, and 1000 pl/ml) to each
well, the plates were incubated for 24 hours at 37°C. A blank well was

carried by adding solvent alone (DMSO) to act as a negative control. After
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an incubation period under 37 °C for 24 h, was measured growth inhibition

zones for all sample investigated [100]
2.6.4 In vitro release assay

In this study, we examined the slow release of Clove Oil (CEO) from
Nanogel (CNG) encapsulated in SGF, SIF, and buffer over a period of 1,
2,3,5/6,7,8,9, 10, 11, 12, 24, 48, 72, and 96 hours. We used UV-Vis
spectroscopy at 284 nm to measure the amount of clove oil released from
the NG. The following equations were used to compute the percentage of
clove oil release, and a standard curve was used to quantify the

concentration of released clove oil [85].

Concentration x Dissolution bath volume x dilution factor
1000

Amount of clove oil released =

amt of clove oil released

Percentage of clove oil release = . x 100
weight of nanogel

2.6.5 MTT Assay

The MTT test is often used to measure viable cell numbers on 96-
well plates, which allow for fairly high throughput, without the need for
complex cell counting. So far, testing the cytotoxicity of different doses of
many medicines has been the most well-known use. The RAW 264.7
macrophage cell line, which was generated from a male mouse tumor, was
used to assess the impact of Clove Nanogel on cell proliferation in vitro.
The tissue culture laboratory at the College of Medicine at the University
of Babylon generously provided us with this cell line. Growing the cells in
RPMI 1640 media was the main method [101]. The cells were cultured in
a humidified incubator with 5% CO, at 37 °C after plating them in 96-well
plates with 100 ml of RPMI 1640. The cells were treated with different
doses of CNG (31-1000 pg/mL) and a medium control for 24 hours at 37°C

to assess the cytotoxic effects of the compound. After the exposure time, a
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fresh 100 ml of medium containing 5 mg/mL of MTT solution was added
to each well as a post-treatment measure. A microtiter plate ELISA reader
was used to measure the absorbance at 570 nm after incubating the
formazan crystal of the MTT reduction for four hours in the dark. The
crystal was dissolved in DMSO. Every experiment was conducted four
times. The ability of the cells to convert the yellow MTT dye into a blue
formaldehyde crystal was used to measure their viability. A reduction in
absorbance relative to the control suggests cell death or inhibition of
proliferation, while an increase in absorbance relative to the control
indicates cell growth. To determine the proportion of cell viability or

inhibition, the following formula was used.

Absorbance Sample—Absorbance Blank

x 100%

% viability

Absorbance Control-Absorbance Blank

% Inhibition =100 - % Viability

Figure(2-4): (A) the plate befor incubated and add dye MTT,(B) after
incubated , add dye MTT and DMSO.
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2.6.6 Anti-inflammatory effect studies

To Estimate the anti-inflammatory effects of the CNG in vitro was
used RAW 264.7 a macrophage cell line that was established from a tumor
in a male mouse. This cell line was kindly supplied from tissue culture
laboratory/ Collage of medicine/ University of Babylonl. The cells were
essentially grown in RPMI 1640 medium. Cells were plated into 24-well
dishes with 100 ml of RPMI 1640 and kept at 37 °C in a humidified, 5%
CO; incubator, in plate was used different concentrations 250, 500, and
1000 pg/ml of the CNG with or without (80 ng/ml ) of LPS and incubated
for 48h , tests were performed in triplicates, the positive control was LPS
in medium and the negative control was medium only solution, After
incubation the levels of ( IL-1) and (TNF-o ) was measured in cell lines
with and without LPS using ELISA method , if the data is analyzed using
SPSS and a test is performed T-Test [102].

2.6.6.1 Test principle

This ELISA kit uses the sandwich-ELISA principle in which the plate is
precoated with an antibody specific to the human cytokine of interest.
Samples or standards are added to the plate and combined with the
antibody. The biotinylated detection antibody and avidin-HRP conjugate
are added to the plate changing the color to blue. The enzyme-substrate
reaction is terminated by addition of stop solution and the color turns
yellow. The optical density is measured at wavelength of 450 nm. The
concentration of cytokine of interest is measured by comparing the OD of

sample to the standard curve .
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Figure (2-5): (A) the plate befor incubater, (B) after incubater and during
add stop solution, (C) after the reaction termination stage.
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3. Results and Discussion

3.1 Percentage of Oil Isolated from Cloves

The weight of the isolated oil which was obtained from the method (2.4.1)
was calculated and the percentages of the oil were calculated according to

the following equation.

p . g = (Oil weight) « 100%
ercentage of oil = (sample weight) 0

The findings demonstrated that the clove plant produced a good 10% of
volatile oil. According to Amelia et al. [103], clove buds from Java and
Manado had essential oil contents of roughly 4.99% and 4.58%,
respectively, when subjected to the steam distillation method—a lower
percentage than what was found in the current study. Conversely, Guan et
al. [104] discovered that Chinese clove buds had a comparable essential oil
content (10.1% by weight of steam distillation and 11.5% by weight of
water distillation). According to Kapadia et al. [105], clove buds (using a
microwave-assisted extraction process) contain between 11.93% and
13.11% percent essential oil by weight. The yields of 1.87% [106], 7.05%
[107], 11.35% [108], and 15.40% [108] are reported by other sources.
Clove bud origin, variety, storage conditions, and sample preparation all
affect variations in essential oil production. The isolation process's and as

well as the technique used.

Table (3-1): the physical properties of clove oil obtained.

Physical properties

The appearance Transparent, yellowish liquid
Density 1.07 kg/cm®

Boiling Temperature 251°C
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3.2 Characterization of the Clove Nanogel (CNG)

3.2.1 Determination wavelength maximum (A max) of Clove
Nanogel (CNG) by UV-visible spectrophotometer.

To further verify the results, the formation and stability of the synthesized
Clove Nanogel were determined by measuring the absorption spectrum in
the 265-320 nm wavelength range. As shown in Figure (3-1), the maximum
absorption peaks at 284 nm, that was attributed to electronic transfers
(m—m*, n—1*) due to the presence of electronic doublets in both (tween -
20) and the active groups as phenol in the eugenol compound that forms
87% of cloves oil. A study done by [85] agree with of this study. The
position and shape of the absorption peaks of nanoparticles are strongly
related to particle size and morphology. A sharp, single absorption peak

corresponds to spherical nanoparticles [109].

0.7 4
284 nm

0.6 4

Nano Gel

0.5 1

Absorbance

8 2 B

BRI ey ———————————

265 270 275 280 285 290 295 300 305 310 315 320
Wave length (nm)

Figure (3-1): Absorption spectrum of Clove Nanogel.
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3.2.2 Fourier Transform Infrared Spectroscopy (FTIR)

Figure (3-2) shows the FTIR spectra of the samples in terms of
transmittance rate (%). In the cloves oil spectrum, the peak at 2924 cm™ is
attributed to O-H stretching in the phenol group for eugenol component in
the oil [110]. The appearance of weak to moderate absorption bands
between 2951.19-2856.67 ¢cm ! due to the amplitude vibration of the
aliphatic bond C-H is attributed methylen group CH; and methyl group
CHgs in Eugenol and Eugenyl acetate components. The peak at 1684.2 cm-
1is attributed to functional group C=0 stretching in Eugenyl acetate, and
the peak at 1631.83 cm is attributed to C=C stretching in allyl group in
Eugenol, and peak at 1514.17 cmis attributed to C=C in aromatic ring. A
very strong absorption band was observed at 885.36 cm™ is attributed to

C-0O band of methoxy group.

FTIR spectrum of CMC showed the broad bands at 3333 cm™ can
be attributed to the stretching of the hydroxyl group O-H, the peak which
indicated the presence of hydroxyl groups in carboxymethyl cellulose
(polysaccharide). The peaks at 2915 cm corresponded to the (-CH) groups
stretching vibration in caboxymethyl cellulose [111]. The strong band at
1586 cm-1 related to C=0O Carbonyl group. In addition, the FTIR
absorption bands at 1412/1322 cm™was assigned to O-H bending vibration
in polysaccharide. The peak at 1054 cm ! is attributed to C-O stretching.

FTIR spectrum of clove Nanoemulsion, the broadband at 3458 cm'
Is attributed to O-H stretching vibration due to hydrogen bonding. The peak
at 2855 cm is attributed to C-H stretching, and the peak at 1750 and 1644
cm® exhibited C=0 stretching, and the peak at 1163 cm™ is attributed to
C-O stretching.
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Moreover, in the spectrum of clove-NG (1) without glycerin showed
broad bands between 3416.05-3257.88 cm™ is attributed to O-H stretching
vibration due to hydrogen bonding, the peak at 1635.69 cm™ attributed
exhibited C=0 stretching, and the sharp and strong peak at 1084 cm™ is
attributed to C-O stretching.

The spectrum of clove-NG (2) with glycerin the peak at 3306.10 cm
s attributed to O-H stretching vibration due to hydrogen bonding, the
peak at 2924.18 and 2881.75 cm " are attributed to C-H stretching. The
peak at 1649.19 cm exhibited C=0 stretching, representing the overlap
carbonyl group in Clove EO with tween molecules. The sharp and strong
peak at 1041 cm? is attributed to C-O stretching.
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Figure (3-2): FTIR spectra of the clove oil.
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Figure (3-3) FTIR spectra of the CMC .
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Figure (3-5) : FTIR spectra of the Nanogel 2
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Figure (3-6): FTIR spectra of the sample (Oil, CMC, Nanoemulsion,

Nanogel 1, Nanogel 2)
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Table (3-2) Infrared spectrum results for clove EO, (CMC) carboxymethyl
cellulose, Nanoemulsion, Nanogel with glycerin, and Nanogel without

glycerin: its absorption bands, and their functional group.

Functional group Bond Bond | Bond
shape | Frequency
cm?
Phenolic O-H stretching | B 3612
C-H  sympatric of |C-H
_ aliphatic CH3, CH=CH | stretching, m-sh | 2951.19,
Oil CH3 . CHZ, 2924.18,
stretching,
CH=CH 2856.67
stretching
C=0 stretch Carbonyl | C=0 m-sh | 1684.2
group
(alkene) Allyl group C=C m-sh | 1631.83
C=C aromatic C=C S-sh | 1514.17
C-H C-H bending | Sh 1448.59
O-H O-H bending | m-sh |1383.84
C-O (methoxy group) | C-O stretching | Sh 885.36
Polysaccharide O-H stretching | B 3333
(-CH)groups stretching | (-CH) m-sh | 2915
stretching
CMC C=0 stretch Carbonyl | C=0 m-sh | 1586
group
O-H at polysaccharide | O-H bending | m-sh | 1412
O-H bending | w-sh | 1322
C-O  vibration of |C-O w 1054
carbonC2
hydroxyl group O-H O-H stretching 3458
C-H  sympatric  of | C-H stretching 2855
aliphatic CH3,
C=0 stretch Carbonyl | C=0 w-sh | 1750, 1644
Emulsion |9roup at  tween20
,eugenal acetate
C-O (methoxy group) | C-O stretching | S-Sh | 1163
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O-H, O-H stretching | B 3306.10
Nanogel | C-H sympatric of C-H stretching | m-sh | 2924,2881
with aliphatic CH,
glycerin
C=0 stretch ester group | C=0 m-Sh | 1649
O-H, O-H bending | m-sh | 1456.30
C-O C-O stretching | m-sh | 1041
Alcohol, Carboxy | O-H stretching | B 3416-
Nanogel | methyl cellulose, clove 3257.44
without | oil
glycerin | carbonyl group in|C=0 m-Sh | 1635
Clove with  tween | stretching
molecules
C-O C-O m-Sh | 1084
Stretching

3.2.3 'H-NMR spectra of Clove Nanogel (CNG)

In Figure (3-7), shows the *H NMR spectra of Clove-NG. Figure 4
shows the proton signals obtained from the *H NMR spectra of CMC:

Hydrogen, water, and hydrogen ions have concentrations of 4.114 ppm,

4.697 ppm, 4.103 ppm, and 3.284-3.911 ppm, respectively, according to
reference [112]. Peaks at 2.36 ppm, 3.94 ppm, and 3.381 ppm (H8, H9, and
H10) were seen in the *H NMR spectra of CMC-Glycerin, indicating the

existence of the ester signal (Hou et al., 2018). Notably absent from the

CMC-Glycerin-EUG H NMR spectra were any vinyl peaks at 5.7-6.0 ppm

for clove-NG. Nevertheless, a distinct signal appeared between 1.9 and 2.2

ppm, suggesting that the vinyl double bond was reduced to a single bond

while being mixed.
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Figure (3-7): 'H-NMR spectra of the Clove Nanogel
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Figure (3-8): Suggestion scheme of the prepared Cloves Nanogel
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Figure (3-9): Chemical composition of the materials used in preparation
the Nanogel.
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3.2.4 Field Emission Scanning Electronic Microscope
Analysis (FESEM).

Clove Nanogel without glycerin FESEM micrographs verified the
debris to be densely packed, erratically shaped agglomerates. The
nucleation-and boom-floor-free strength-based sample generation methods
are hindered by the molecular attractions of specific-scale forces that cause
elemental crystals to aggregate [113]. As seen in Figures (3 — 10). As a
result, surface-loss power is reduced. Aggregation is the result of crystal
growth inside the aggregates, which occurs in the presence of a persistent
residual supersaturation. The agglomerated particle then combines with
additional particles to form secondary debris, which grows in size over
time.

Clove Nanogel with glycerin FSEM images also revealed surface lamellar
structure creation of varied intensities, suggesting the possibility of
microporous-like structures. Little patchy structures and a few big lamellar
structures that are only partially hydrated are the primary byproducts of the

sample's hydration process.as seen in figures (3-11).
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D1=65.13 nm

D2 = 175.54 nm

SEM MAG: 100.0 kx Det: InBeam | MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam

BI: 7.00 500 nm WD: 6.03 mm BI: 7.00 200 nm
View field: 2.08 ym  Date(m/dly): 01/27/24 View field: 1.04 pm |Date(m/dly): 01/27/24

SEM MAG: 330 kx Det: InBeam | | MIRA3 TESCANfl SEM MAG: 50.0 kx ‘ Det: InBeam MIRA3 TESCAN
WD: 6.02 mm Bl: 7.00 100 nm WD: 6.05 mm ‘ BI: 7.00

View field: 0.629 ym Date(m/dly): 01/27/24 View field: 4.15 ym | Date(midly): 01/27/24

Figure (3-10). The FESEM analysis of Clove Nanogel without glycerin at
(500nm, 200nm, 100nm, 1um) scales.
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D1 = 649.52 nm

SEM MAG: 100 kx Det: InBeam MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam LT Lo

WD: 5.10 mm BI: 7.00 500 nm WD: 5.06 mm BI: 7.00 200 nm
View field: 2.08 pm  Date(m/dly): 01/31/24 View field: 1.04 pm |Date(m/dly): 01/31/24

SEM MAG: 330 kx Det: InBeam MIRA3 TESCAN SEM MAG: 50.0 kx Det: InBeam MIRA3 TESCAN

WD: 5.06 mm BI: 7.00 100 nm WD: 5.06 mm BI: 7.00 1pm
View field: 0.629 ym |Date(m/dly): 01/31/24 View field: 4.15 ym | Date(m/dly): 01/31/24

Figure (3-11): Clove Nanogel with glycerin at (500nm, 200nm, 100nm,
1um) scale.
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3.2.5 Dynamic Light Scattering (DLS) Analysis

calculated Clove Nanogel (CNG) hydrodynamic diameters and
polydispersity indices (PDIs) using density-functional theory (DLS)
modeling. Figure (3-12) shows that the usual hydrodynamic widths of the
clove Nanogel are measured to be 276 nm, as seen in the DLS size
distribution histogram. DLS uses Brownian motion as a basis for
measuring the diameter of solution-bound particles. The average clove
nanogel diameters were bigger than those found with FESEM analysis
[114]. This is because DLS analysis takes into account the hydration layer
of water molecules when measuring particle size. A polydispersity index
(PDI) value of 0.279 indicated good stability and monodispersity, settled
on the best formulation (CNG) according to PDI values and particle size.
Particle size and intensity are affected by the surfactants' physicochemical
and steric structures as well [115]. In the 276 nm range, a large peak with
a wide dispersion of particles was seen in the CNG produced with Tween
20. The probable reason for the larger average sizes in DLS compared to
SEM pictures is that SEM only reveals the CNG on the surface of the
agglomerates. However, DLS takes a three-dimensional view of the
particles, which may include a bimolecular covering. Previous
documentation has documented the disparity between the average sizes of

SEM and DLS, which is associated with method-specific details.
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Figure (3-12): Size distribution by intensity of the clove Nanogel.

3.3 Application for Clove Oil and Clove Nanogel (CNG)
3.3.1 Hemolysis assay

Isolated volatile oil and Clove Nanogel's toxicity was assessed using
red blood cells since the procedure is cheap, simple, and yields findings
quickly. At doses ranging from 7.5,15,30,60 and 120 pg/mL, Figure (3—
13) shows that both clove Nanogel and clove oil had less hemolytic
activity in comparison to the control. While cloves oil shown a lower
proportion of hemolysis activity at lower doses, nanogel exhibited a greater
percentage at concentrations of 7.5 and 15 ug/mL. and they was lower than
cloves oil; this agrees with a research [85], which found that the rate of red
blood cell breakdown is dependent on three variables: concentration,
incubation time, and temperature. The covalent interaction between

harmful chemicals and the free radical of the protein (SH) causes hemolysis
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by destroying the red blood cell membrane [116]. One sure sign of a
substance's biological incompatibility is hemolysis, which may happen as
a consequence of direct or indirect injury to the RBC membrane. Finding
out how a biomaterial reacts when exposed to blood is one way to measure
its hemolytic potential [117]. Hemolysis occurs when the red blood cells
release hemoglobin due to cell rupture. The results show that the nanogel
greatly decreases the cytotoxicity of clove oil, as confirmed by both the

cytotoxicity and hemolysis data.

1.2 -
Nanogel oil

o
o

Hemolysis of RBC of cells (%0)
o o
iN o

0.2 4

u 0.295 0.48 0.733
u 0.46 0.52 0.6

Concentration (ug/ml)

Figure (3-13): Hemolysis activity of the Clove oil and Clove Nanogel.
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3.3.2 Cytotoxicity assay

Evaluating the cytotoxic activity of clove nanogel (CNG) is a crucial
factor in assessing the cellular level safety properties of CNG. Also, the
vitro cytotoxicity of CNG differs depending on their size and the kind of
cells being tested [118,119]. Therefore, a cell viability experiment was
conducted to examine the in vitro toxicity of CNG on RAW 264.7 cell lines
using MTT. According to Figure (3-14), CNG demonstrated higher cell
viability compared to the control. Not even at the highest possible dose of
1000 pg/mL is there any indication of cell toxicity. Higher absorbance
levels, in comparison to the control, indicate cell multiplication, while
lower values suggest cell death or inhibition. Consequently, the positive
results suggest that there is no cellular toxicity at any quantity, and the

Clove nanogel that was created does not harm cells.

59



Chapter Three

Results and Discussion

108

106

104

102

100

98

cell number %

96

94

92

90

88

cytotoxi

city assay

control

31

62

125

250

500

1000

M Seriesl

100

95.372751

95.71551

94.772922

100.77121

105.9126

105.0557

concentrations (ug/ml)

Figure (3-14): The cell toxicity of the clove Nanogel.

60




Chapter Three Results and Discussion

3.3.3 Antioxidant properties of Clove Nanogel (CNG) and
Clove Nanoemulsion (CNE)

The ability of CNE and CNG to remove free radicals was evaluated
using the DPPH assay. Nanomaterials have been extensively used to
evaluate the antioxidant capacity by using free radicals like DPPH [120].
The DPPH solution was initially deep violet, but it became light yellow
with the addition of CNE and CNG, with ascorbic acid serving as the
standard reference. Based on Figure (3-15), it can be shown that the CNE
and CNG exhibited significant antioxidant activity when administered at
doses ranging from 100-400 ug/mL. Clove Nanoemulsion (CNE) reduced
the DPPH radical formation in a dose-dependent manner. The CNE
showed inhibition of 65% at a concentration of 100ug/mL, whereas CNG
at the same concentration exhibited 59.2% of inhibition. The calculated
IC50 values of CNG and CNE were 6.58 and 3.25 pg/mL respectively.

It is well-established that nanoencapsulation may boost the antioxidant
capacity of natural compounds, as supported by references [121, 122]. The
explanation for this is, also linked to antioxidant chemicals in clove oil,
such as eugenol, eugenol acetate, 13-caryophyllene, and a-humulene. These
compounds help protect cells from oxidation caused by free radicals. Clove
oil has shown the ability to scavenge radicals and reduce lipid peroxidation
[123, 124]. The presence of the hydroxyl group on the aromatic ring of
eugenol is accountable for its antioxidant procedure [125]. Phenolic
chemicals can transport electrons or hydrogen atoms and neutralize

them, inhibiting the oxidative process [126]. As seen in Figure (3-16).
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Figure (3-15): Antioxidant activities of CNE and CNG.
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Figure (3-16): Suggested mechanism Potential Contribution of the
Hydroxymethyl Group to DPPH Radical Scavenging Activity [127].

63



Chapter Three Results and Discussion

3.3.4 Determination of the Calibration Curve of Clove

Nanoemulsion (CNE) by UV-visible Spectrophotometer

The calibration curve of CNE was determined by using a series of
standard solutions (0.5, 1, 1.5, 2, 2.5, and 3 ppm) of CNE in SGF, SIF and
Buffer, at A max = 284nm as shown in Fig. (3-17), (3- 18) and (3-19)

respectively.
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Figure (3-17): Calibration curve of CNE in SGF at 284 nm.
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Figure (3-18): Calibration curve of CNE in SIF at 284 nm.
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Figure (3-19): Calibration curve of CNE in Buffer at 284 nm

3.3.5 In vitro drug release of clove oil from Nanogel (M1, M2,
M3 and M4) in SGF, SIF, and Buffer, for 1-12 h, 24h, 48h,
and 96 h.

Based on the method described in (2.4.2), cloven Nanogel (CNG)
was synthesized and characterized using a mixture of CMC and glycerin
as a cross-linking agent. The presence of cloves between the chains played
a crucial role in the preparation of clove Nanogel. This study involves
measuring the release of Clove EOs in pH solutions various. The results
discuss the impact of glycerin, a commonly used and safe plasticizer, on
water flexibility, permeability, and stiffness reduction [128]. The
concentration of glycerin is typically associated with the matrix basis, such
as polysaccharides or proteins. The release is expeditious when glycerin is
not used and takes place during the first few hours of submersion in various
pH settings. Furthermore, the discharge has become more limited as the
glycerin ratio has increased with time. As seen in figure (3-20), (3-21), (3-
22), and (3-23)
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Figure (3-20): In vitro release cloves oil from NG (M1) in SGF, SIF, and
Buffer
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Figure (3-21): In vitro release cloves oil from NG (M2) in SGF, SIF and
Buffer.
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Figure (3-22): In vitro release cloves oil from NG (M3) in SGF, SIF and
Buffer.
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Figure (3-23): In vitro release cloves oil from NG (M4) in SGF, SIF, and
Buffer.
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3.3.6 Anti-bacterial activity of Cloves Oil (CEO) and Clove
Nanogel (CNG)

The antibacterial activity of cloves oil and clove Nanogel was tested
by using the agar wells diffusion method as described [129]. Two bacterial
species were used in the study: Escherichia coli (gram-negative) and
Staphylococcus aureus (gram-positive). The results presented in Tables (3-
3) and (3-4) showed that Cloves oil and clove Nanogel caused different
inhibition zones ranging for the cloves oil from the highest (23 mm) against
E. coli at 1000 pg/ml concentration to lowest (11 mm) inhibition zone on
S. aureus at 250 pg /ml. Other inhibition zones caused by clove Nanogel,
ranged from the highest (20 mm) against E. Coli at 1000 pg /ml
concentration to the lowest inhibition zone (10 mm) on both of E. coli and
S. aureus at 250 pg /ml concentration. From these results, we notice that
the effect of oil and gel on inhibiting negative bacteria is greater than their
effect on positive bacteria due to the thickness of the cell wall bacteria (S.
aureus), through the current findings, the insulated volatile oil has been

shown to have high anti-bacterial efficacy compared with clove Nanogel.

The anti-bacterial efficacy of this oil can be due to the phenolic compounds
that are known for their anti-bacterial efficacy, discuss [130-132] the
antibacterial effects of cloves oil and its main components, particularly 3-
caryophyllene, which is comparable to eugenol. According to previous
research, the -OH groups found at the ortho and meta locations in cloves
oil basic chemical makeup are responsible for its antibacterial action
because they may interact with the bacterial cell membrane [133]. Some
researchers think this occurrence might damage the bacterial phospholipid
membrane, which in turn can stop the cell from transferring electrons,

proteins, or phosphorylating [134,135].
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An outstanding antibacterial action against Bacillus subtilis, S.
aureus, Klebsiella pneumonia, and Vibrio cholera was shown by
Hemalatha et al., [136] in the methanolic clove extract. In their study, Cui
et al. [137] discovered that CEO had positive effects against E. coli and S.
aureus. Additionally, using histological and microbiological techniques,
the anticandidal effects of eugenol and carvacrol were investigated and
researchers have found that both eugenol and cinnamaldehyde, at a
concentration of 2 g/mL, were more efficient than amoxicillin in inhibiting
the growth of Helicobacter pylori after 9-12 hours of incubation,
respectively [138,139].

Table: (3-3) Anti-bacterial activity of Clove oil (CEO) against bacterial
Gram-negative (E. coli) and Gram-positive (S. aureus).

Concentration Inhibition zone (mm)
pug/ml
250 pg/mi 500 pg/mi 1000 pg/ml
E. coli 12 15 23
S. aureus 11 13 20

Table: (3-4) Anti-bacterial activity of (CNG) against bacterial Gram-

negative (E. coli) and Gram-positive (S. aureus).

Concentration Inhibition zone (mm)

pg/mi 250 pg/mi 500 pg/mi 1000 pg/ml
E. coli 10 13 20

S. aureus 10 12 18
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Figure (3-24): Anti-bacterial activity of cloves oil and Clove Nanogel
against Gram-negative (Escherichia coli) (A) when (1000 pg/ml) of CNG
(B) (500 pg/ml) of CNG (C) (250 pg/ml) of CNG (D) (1000 pg/ml) of
CEO (E (500 pg/ml) of CEO (F) (250 pg/ml) of CEO.

Figure (3-25): Anti-bacterial activity of clove oil and Clove Nanogel
against Gram-positive (Staphylococcus aureus) (A) when (1000 pg/ml) of
CEO (B) (500 pg/ml) of CEO (C) (250 pg/ml) of CEO (D) (1000 pg/ml)
of CNG (E) (500 pg/ml) of CNG (F) (250 pg/ml) of CNG.
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3.3.7 Anti-inflammatory Effect of clove Nanogel

Biological properties of clove had been reported, but little is known
about its effect on the immune system. The present study considered
studying the effects of the Clove nanogel on the secretion of
proinflammatory cytokines (IL-1 and TNF-a) using inflammatory
macrophage cell line (RAW 264.7) supplied by the tissue culture
laboratory/College of Medicine/ University of Babylon. Irag. Also, an
inflammatory antigen composed of 80 ng/ml lipopolysaccharides (LPS)
extracted from gram-negative bacterial (Escherichia coli) and provided by
(Solarbio Comp. China) was used as an inducer for the secretion of
cytokines by the cell line after incubation in 24-well dishes with 100 ml of
RPMI 1640 medium at 37 °C in a humidified, 5% CO; incubator for 48

hours.

The anti-inflammatory effects of different concentrations (250
pg/ml, 500 pg/ml, and 1000 pg/ml) of clove nanogel were tested using four
24-well plates. The first plate was indicated as positive control which
contained macrophage cells line and LPS antigen incubated in 100 ml of
RPMI 1640 medium at 37 °C in a 5% CO, humidified condition for 48
hours, while the second, third, and fourth plates contained the same
aforementioned components in addition to the clove nanogel in a
concentration of 250, 500, and 1000 pg/ml respectively. Each experiment
was repeated three times. Moreover, two 24-well plates were used as
comparison between positive control (LPS+ cell line) and negative control

(Cell line only) and incubated in the same conditions.
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The results found as shown in Table (3-5) that the concentrations of
IL-1 and TNF-o were significantly higher in the positive control wells
compared to the negative control (P value <0.000 and 0.0012 respectively).
The elevated concentrations of IL-1 and TNF-a in the positive control
wells are due to the existence of LPS which stimulates the production of
cytokines by macrophage cells.

Table (3-5): Concentration of IL-1 and TNF-a in Positive and Negative
control of the cell culture.

Positive Control NEEURCE
Cytokines Control Pvalue
Mean + SE Mean + SE
IL-1 pg/ml/10° cell
62.07+£0.15 39.39 +£ 0.38 <0.000"™"
TNF-a pg/ml/10° cell .
266.03 £ 0.71 32.71+£0.43 0.0012

**Results were significant at 0.01 level. SE= Standard Error

The results found, as presented in Table (3-6), that adding 250 pg/m
of the clove nanogel to the inflammatory macrophage cells incubated with
LPS of 80 ng/ml caused a significant decrease in the secretion of the
cytokine IL-1 (P value <0.000) compared to inflammatory macrophage
cells incubated with LPS only (control positive), however, the secretion of
TNF-o was non-significantly affected by the 250 pg/ml concentration of

the clove nanogel (P value =0.560).
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Table (3-6): Concentration of IL-1 and TNF-a in macrophage cell culture
incubated with LPS and 250 pg/ml of clove nanogel.

o Nanogel 250
Cytokines e Hg/ml Pvalue
Mean £ SE Mean £ SE
_ 5
IL-1 pg/ml/10° cell 62. 07+ 0.15 41.97+029 | <0.000*
TNF-o. pg/ml/10° cell 266.03 +0.71 236.06 095 | 0.560

**Results were significant at 0.01 level. SE= Standard Error

Moreover, the results of Table (3-7), revealed that the concentration

of the proinflammatory cytokines (IL-1 and TNF-a) were significantly
decreased (P value <0.000 for both) after the addition of 500 pg/ml of the

nanogel to macrophage cell culture incubated with LPS.

Table (3-7): Concentration of IL-1 and TNF-o in macrophage cell culture
incubated with LPS and 500 pg/ml of clove nanogel.

o Nanogel (500
Cytokines LB IVOET 0, pg/ml) Pvalue
Mean + SE Mean £+ SE
_ 5 kk
IL-1 pg/ml/107 cell 62. 07+ 0.15 4153005 | 0000
_ 5 kk
TNF-0pg/ml/10” cell | 56 031 071 191502021 | ~0-000

**Results were significant at 0.01 level. SE= Standard Error
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In the same context, the results of Table (3-8) showed that the 1000

pg/ml concentration of the nanogel has no significant effects on the
secretion of IL-1 and TNF-B by the macrophages incubated with 80 ng/ml
of LPS antigen.

Table (3-8): Concentration of IL-1 and TNF-a in macrophage cell culture
incubated with LPS and 1000 pg/ml of nanogel

. Positive Control el O P
Cytokines (pg/mi) value
Mean + SE Mean = SE
_ 5
IL-1 pg/ml/10° cell 62. 07+ 0.15 4696 £0.27 | 0.368
_ 5
TNF-apg/ml/10%cell | 50340071 | 203.60+£232 | 0.986

SE= Standard Error

To demonstrate the effects of the nanogel on the inflammatory
macrophage cells without using inflammatory inducer (LPS), cell culture
of the RAW 264.7 macrophage cell line was incubated in a 24-well palter
with 100 ml of RPMI 1640 medium in a condition of 37 °C, 5% CO,
humidified incubator for 48 hours with 250, 500 and 1000 pg/ml
concentrations of the nanogel respectively and compared to the negative
control. The results showed that all concentrations of the nanogel have no
effects on the cytokines secretions by macrophage cell line as presented in
tables (3-9), (3-10) and (3-11). This means that nanogel has no
inflammatory effects and not acting as an antigen.
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Table (3-9): Concentrations of IL-1 and TNF-a in macrophage cell line

incubated with 250 pg/ml of nanogel only.

) Negative Control | Nanogel (250 pg/ml)
Cytokines Mean = SE Mean = SE P value
i 5
IL-1 pg/ml/10° cell 3939 + 0.38 32.60 + 0.45 0.131
_ 5
TNF-a pg/ml/10%cell | 55 71 4 43 32.41 + 49 0.213

SE= Standard Error

Table (3-10): Concentrations of IL-1 and TNF-a in macrophage cell line
incubated with 500 pug/ml of nanogel only

Negative
ot Coutrol Nanogel 500 pg/ml Vall’ue
Mean = SE Mean = SE
_ 5
IL-1 pg/ml/10° cell 39.39 + 0.38 35.16 % 2.89 0313
_ 5
TNF-o pg/ml/10° cell | 5 51 | 43 31.25+0.25 0.142

SE= Standard Error

Table (3-11): Concentration of IL-1 and TNF-a in macrophage cell line
incubated with 1000 pg/ml of nanogel only

. Negative Control | Nanogel 1000 pg/mi P
Cytokines Mean =+ SE Mean + SE value
IL-1 pg/ml/10° cell 39.39+0.38 41.14 £0.60 0.616
TNF-a pg/ml/10° cell 32.71 £0.43 32.51+0.38 0.294

SE= Standard Error
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Discussion:

The results of the tables (3-5) to (3-8) revealed that adding the CNG to a
macrophage cell culture stimulated by LPS led to a significant decrease in
the production of IL-1 and TNFa.

Similar findings had been reported in other studies. For example [140]
discovered that non-cytotoxic amounts of clove have anti-inflammatory
and immunomodulatory effects on the production of cytokines by mice
macrophages. In asingle study, the production of interleukin (IL)-1, IL-6,
and IL-10 was successfully decreased at a concentration of 100 g per well
[141].

Similarly, CEO at a concentration of 0.011% significantly reduced the
increase in the production of multiple proinflammatory biomarkers,
including interferon-induced protein 10 (IP-10), vascular cell adhesion
molecule-1 (VCAM-1), interferon-inducible T-cell chemoattractant (I-
TAC), and monokine induced by c interferon (MIG) [142].

Also, clove oil reduced the release of IL-1B by inhibiting the NLRP3
inflammasome, which in turn reduced the inflammation caused by LPS in
RAW?264.7 cells [143].

CEOQO's anti-inflammatory properties stem from its eugenol, which works
by blocking the production of prostaglandins and the chemotaxis of
neutrophils. Furthermore, it can prevent the NF-kB factor from stimulating
the tumor necrosis factor-a (TNF-a) and cyclooxygenase (COX)-2
expression in lipopolysaccharide (LPS) triggered by macrophages.
Eugenol has the potential to be an anti-inflammatory drug because studies

have demonstrated that it lowers TNF signals and COX-2 expression [144].
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The study notice that at concentrations of 250, 500, and 1000, the
gel worked to inhibit cytokines stimulated by LPS, and its inhibition at
concentrations of 250 and 500 was better than at concentrations of 1000.
This means that increasing the concentration does not lead to increased
inhibition, The study showed that the optimal concentration of Clove
nanogel is 250 pg/m had the best anti -inflammatory activity.

Altogether, our results suggest that the preparation of clove nanogel
we used contains intriguing chemicals like eugenol that may be utilized to
decrease TNF-a and IL-1. This study is supported by another study [145].
Eugenol inhibits neutrophil chemotaxis and prostalglandin production as
part of its anti-inflammatory mechanism of action [146].

Also The results showed that all concentrations of the nanogel have
no effects on the cytokines secretions by macrophage cell line as presented
in tables (3-8), (3-9) and (3-10). This means that nanogel has no
inflammatory effects and not acting as an antigen.

Thus, the study concluded that clove nanogel showed anti-
inflammatory effect be candidates for further developing anti-

inflammatory drug
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Chapter four Conclusion and Recommendation

Conclusion

The objective of the present study was to develop clove-NG as a
medication delivery method. The in vitro release of the substance had been
examined for 96 hours at pH levels of 1.2, 8.2, and 7. Furthermore, the
CNG variant of the gel did not exhibit any harmful effects on cells. Our
research shows that the CNG had an antioxidant effect as determined by
the DPPH test. The CNG had little hemolysis activity and demonstrates
antibacterial efficacy against S. aureus and E. coli. The findings of the anti-
inflammatory study indicated that all concentrations of the clove nanogel
(CNG) did not have any impact on the release of cytokines by macrophage
cell lines. This indicates that clove nanogel does not have any

inflammatory effects and does not function as an antigen.
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Recommendations

The following items may be suggested based on the findings of this study:

1. Preparation of clove Nanogel using Tween-40 and Tween-80
and compare them in terms of release.

2. Investigating the effect of the CNG on anti-inflammatory
cytokines such as IL-10, IL-4 and IL-11 and compare result them
with pro-inflammatory IL-1 and TNF-p.

3. Conduct studies to evaluate the long-term safety and efficacy of
clove nanogel in vivo.

4. The possibility of improving the properties of nanogels to affect
drug loading and release to achieve better therapeutic efficacy.

5. In vivo studies with clove nanogel may provide encouraging

outcomes when it comes to medicine delivery.
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