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PREFACE

In recent years, the exploration of natural bioactive compounds for
therapeutic purposes has gained momentum. The potential of bioactive
compounds derived from plant sources for promoting wound healing has
emerged as a promising area of research. This project, entitled "Formulation
of Tobacco Stem Bioactive Compound Loaded Nanoparticle for Wound
Healing," represents a step forward in this exciting field, combining
traditional knowledge with cutting-edge nanotechnology to develop
innovative healthcare solutions.

The journey of this study is both challenging and rewarding. It began with
the identification and extraction of bioactive compounds from tobacco
stems, a process requiring meticulous attention and a deep understanding of
plant biochemistry. Following this, we embarked on the complex task of
formulating these compounds into nanoparticles by leveraging advanced
nanotechnology techniques to enhance their stability, bioavailability, and
therapeutic efficacy.

Our research was driven by the recognition of a significant clinical need for
the development of more effective and efficient wound-healing treatments.
Chronic wounds, including those associated with diabetes and other
underlying conditions, pose serious health challenges, often leading to
prolonged patient suffering and increased healthcare costs. By focusing on
the bioactive compounds from tobacco stems, we aimed to harness their
natural healing properties in a novel nanoparticle-based formulation.

This project would not have been possible without the support and
collaboration of many individuals and institutions. Our heartfelt gratitude
goes to the Department of Science and Technology, Science and Engineering
Research Board (DST SERB), whose generous funding made this study
feasible. We also acknowledge the significant contributions of our research
team, including Ph.D. scholars and M.Tech and B.Tech trainees, whose
dedication and hard work have been instrumental in advancing this project.
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In addition, the expertise and guidance provided by Dr. Sunita Garg from
CSIR-NISCAIR, support from the Amity Institute of Pharmacy,
infrastructure provided by the Amity Institute of Biotechnology, and
visionary leadership of Dr. Ashok K. Chauhan, Founder President of Amity
University, have been crucial to our progress. Collaboration with the
National Centre for Cell Sciences (NCCS) in Pune for providing cell lines
and analytical support from the Advance Research Analytical Service in
Ghaziabad has further strengthened our research.

This preface is a testament to the collaborative spirit underpinning scientific
research. This reflects the collective efforts of numerous individuals and
institutions working towards a common goal. As we presented the findings
of our study, we do so with a deep sense of gratitude and acknowledgment
of the contributions that have made this work possible.

We hope that the insights gained from this research will pave the way for
future studies and ultimately lead to the development of new and effective
treatments for wound healing. Our journey, marked by perseverance and
innovation, serves as an example of what can be achieved when diverse
expertise and resources come together in the pursuit of scientific
advancement.

Thank you.
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ABSTRACT

The skin is the largest organ in the surface area of the human body. It has a
critical structure that shields internal tissues from mechanical damage,
microbial infection, ultraviolet radiation, and extreme temperature. This
makes it highly susceptible to injury and significantly impacts individual
patients and the healthcare economy. Wound healing has been studied for
decades, but the underlying molecular mechanism remains unclear. Present
books include the nano-formulation of tobacco stems to observe wound
healing in Wistar rat models. Chromatographic analysis showed that
flavonoids were separated from the extracts and contained quercetin, rutin,
and tannic acid. The antimicrobial and antioxidant activities of the extracts
were found to be present in the extracts and fractions of N. tabacum stems.
Extracted flavonoids from the stem have revealed angiogenic activity and
wound healing efficacy against excision wounds in Wistar rat models.
Flavonoids have been used for the synthesis of AgNPs using the bio-
reduction method. Characterization of the synthesized silver nanoparticles,
such as SEM, DLS, and AFM, revealed the formation of nanoparticles
smaller than 100 nm. Antimicrobial assays using the broth dilution method
and mode of action showed maximum antimicrobial activity against gram-
positive and gram-negative bacteria. To observe the antioxidant capacity,
electron transfer assay, enzymatic activity, and non-enzyme content have
been determined and have revealed maximum capacity in the fractions of
tobacco stem and AgNPs. The angiogenic activity of extracts and
nanoparticles has revealed blood vessel formation in CAM models. The
wound healing efficacy of Ethanolic Extract-AgNPS and B Fraction-AgNPs
showed early wound contraction before 14 days in the excised wound of
Wistar rat models. Histopathological studies demonstrated epithelialization,
granulation tissue, and blood vessels in treated wounds. The formulated
nanogels also induced early wound contraction with re-epithelialization in
the treated wounds. It can be concluded from the study that formulated nano
gels prepared from extracted flavonoids of the tobacco stem that have
shown potent antimicrobial, antioxidant, and angiogenic agents can be
utilized as herbal gels for wound healing purposes.



CHAPTER 1

INTRODUCTION

The skin is the largest organ in the surface area of the human body and has
a critical structure that shields internal tissues from mechanical damage,
microbial infection, ultraviolet radiation, and extreme temperature. This
makes it highly susceptible to injury and has a significant impact on both
individual patients and the healthcare economy. Skin repair requires
intricate synchronization of different cell types in sequential steps. The
epidermis is the outer layer that withstands the harsh external environment
[1]. The dermis is rich in extracellular matrix (ECM), vasculature, and
mechanoreceptors and provides the skin with strength, nutrients, and
immunity [2]. Subcutaneous adipose tissue underlies the dermis and
functions as an energy reserve. When the skin is wounded, multiple steps
are involved in processes that deal with the three layers of healing [1].
Wound healing has been studied for decades, but the underlying molecular
mechanism remains unclear. Skin wounds are typically divided into acute
and chronic types. The skin serves as a protective barrier against physical
and chemical threats, such as exposure to radiation or thermal stress, and
pathogen entry, which radically compromises the functionality of the
barrier. The public health sector is concerned about skin wounds and poor
wound healing. Treatments that are complex and time-consuming add to the
cost of healthcare. Even in most uncomplicated cases, burns, chronic
wounds, and other difficult-to-treat wounds necessitate surgery and
prolonged hospitalization [3]. Silver products (e.g., silver nitrate and silver
sulfadiazine) are commonly used in infected chronic wounds and burn
dressings because of the release of silver ions, which exhibit potent
antibacterial effects. Silver ions bind to the thiol groups of peptidoglycans,
causing bacterial cell lysis [4]. In addition, microbial DNA is altered by
blockage of respiratory enzyme pathways. Moreover, silver compounds are
effective against multidrug-resistant bacteria and bacterial biofilms.
However, silver-derived products may cause tissue toxicity [S]. Nanomaterials
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for tissue regeneration can be developed under different structures:
nanoparticles, nanospheres, nanocapsules, nanoemulsions, nanocarriers,
and nanocolloids [4]. Nanoparticles are being used for diverse purposes,
from medical treatments, in various branches of industry production such as
solar and oxide fuel batteries for energy storage, to wide incorporation into
diverse materials of everyday use such as cosmetics or clothes. Metallic
and metal oxide nanoparticles have been extensively studied, with silver,
gold, and zinc compounds being the most researched due to their unique
properties such as antibacterial activity and reduced skin penetration. The
effectiveness and toxicity of these nanoparticles depend on specific features
such as size, structure (smaller particles are more biologically active),
surface functionalization, zeta potential, and polydispersity index. Previous
reports have indicated that higher concentrations of silver nanoparticles
(AgNPs) can decrease keratinocyte viability, metabolism, migration, and
differentiation, leading to cell death through the activation of caspase 3 and
7 (proteases involved in programmed cell death) and dose-dependent DNA
damage. To minimize side effects, silver nanoparticles can be used in low
doses in combination with antimicrobial drugs to achieve increased
efficiency [6].

The current book includes the nano-formulation of tobacco stem to observe
wound healing on Wistar rat models.



CHAPTER 2

REVIEW OF LITERATURE

1. Medicinal Plants

For millennia, medicinal plants have played a pivotal role in human healing
practices, maintaining their significance in the realm of wound care. Various
traditional healing systems across the globe have harnessed the therapeutic
potential of diverse plants to address wounds, injuries, and skin issues.
These plants harbor bioactive compounds with distinct pharmacological
actions that actively participate in the wound-healing process [7]. In recent
years, scientific research has endeavored to uncover the mechanisms of
action of these compounds and validate their effectiveness in controlled
clinical settings. Before delving into the specifics of medicinal plants and
their bioactive compounds, it is crucial to understand the fundamental stages
of wound healing. This intricate process unfolds in a series of well-
coordinated events, typically categorized into inflammation, proliferation,
and tissue remodeling.

Aloe vera, a succulent plant revered for its medicinal properties across
various cultures, holds a special place in wound care. The gel extracted from
its leaves encompasses a rich array of bioactive compounds with
demonstrated potential in wound healing. Aloe vera polysaccharides play a
pivotal role by stimulating fibroblast proliferation and collagen synthesis,
essential for tissue repair [8]. Anthraquinones found in aloe vera exhibit
anti-inflammatory and antimicrobial properties, contributing to the creation
of an optimal environment for wound healing [9]. Turmeric, derived from
the Curcuma longa plant, has a longstanding history of medicinal use in
traditional systems like Ayurveda. The primary bioactive compound in
turmeric, curcumin, has garnered significant attention for its therapeutic
properties. Curcumin modulates inflammatory responses, thereby reducing
inflammation and promoting tissue repair [10]. Its antioxidant effects
protect against oxidative stress, fostering a conducive environment for
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wound healing. Furthermore, curcumin's antimicrobial properties play a
role in preventing infections, bolstering the overall healing process.
Calendula, commonly known as marigold, has a traditional history of use in
addressing skin conditions and promoting wound healing. The flowers of
this plant contain bioactive compounds with anti-inflammatory, antioxidant,
and antimicrobial properties. Collectively, these compounds create an
optimal environment for supporting the wound-healing process. While
clinical trials provide substantiation for the efficacy of these medicinal
plants, challenges such as standardization and integration into mainstream
medicine warrant attention. This marks a promising yet evolving frontier in
wound care, where traditional wisdom meets modern scientific validation

[11].
2. Nicotiana tabacum

Nicotiana tabacum (Tobacco) belongs to a family of Solanaceae. It’s a
perennial herbaceous plant that is found only in cultivation, it grows up to
2 meters in height. It is native to tropical and subtropical America but today
it is cultivated throughout the world. All the parts are sticky and are covered
with short viscid-glandular hairs which exude a yellow secretion containing
nicotine. Its synonyms are tobacco, tamak, and siah (marma). 20% of
tobacco resources are discarded as processing waste, which pollutes the
environment and causes a large amount of waste [12]. In India, the leaves
of tobacco plants have been used as sedative, antispasmodic, vermifuge,
antiseptic, emetic, and narcotic. The decoction of leaves is also applied for
muscle relaxation and relieving pain [13]. Discarded tobacco leaves are
valuable because of the presence of bioactive compounds. However,
tobacco leaf is rich in polyphenols which possess various bioactive that
affect the quality of tobacco leaf[14]. Nicotine which is isolated from leaves
of tobacco in associated with zinc has shown antibacterial activity against
ten different strains of Gram-positive and Gram-negative bacterial strains
[15]. The antinociceptive activities of methanolic leaf extract of tobacco
using tail immersion, hot plate, and acetic acid have revealed abdominal
constrictions in albino Wistar mice [16]. Tobacco has also given its
antifungal activity against Fusarium solani [17]. As a traditional medicine,
for the treatment of tuberculosis coughs were also screened for activity
against Mycobacterium tuberculosis [18]. Tobacco contains 30 -40% of
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vegetal oil and can produce oil and biodiesel. Tobacco also consists of citric
acid that can be used for the production of dyes and varnishes. As far as the
stem of tobacco is concerned, the production of briquettes has values of
tobacco stem [19]. It’s been reported that extracts of seeds have shown
antibacterial activity on Staphylococcus [20]. The antioxidant properties of
flavonoids and polysaccharides from tobacco (Nicotiana tabacum L.) leaves
were evaluated in vitro systems, e.g., scavenging activities on hydroxyl,
superoxide anion, 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-casino-
bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radicals, and reducing
power. Flavonoids showed much better activity than polysaccharides in
scavenging activities on free radicals. When compared to the positive
control, ascorbic acid, both showed weaker antioxidant potential. However,
flavonoids possessed comparable superoxide anion, DPPH, and ABTS
radical scavenging abilities to ascorbic acid at high concentrations (600
pg/mL). Meanwhile, it was found that flavonoids had prominent effects on
the reducing power, which was equivalent to ascorbic acid, and was
significantly higher than polysaccharides [35]. Different parts of tobacco
plants were dried at 40 and 70 °C. Some of them were also dried at room
temperature. Dried plant material was extracted by sonication to obtain
hydro-alcoholic extracts (70%). Total phenol and total flavonoids were
determined as well as antioxidant activities which were evaluated through
different methods (capacity for scavenging DPPH, ABTS, superoxide, and
hydroxyl radicals; capacity for preventing lipid peroxidation using egg yolk
as substrate; and reducing power). In young and adult plants, leaves
generally had higher amounts of phenols (14.46-23.05 mg g-1) than the
remaining parts of the plant, independent of the temperature used.
Generally, roots had lower amounts of phenols (1.56-4.63 mg g-1). Leaves
and flowers had significantly higher concentrations of flavonoids (3.08-4.17
mg QE g-1and 1.17-2.12 mg QE g-1, respectively) than the remaining parts.
The antioxidant activity was generally higher in leaf extracts, although stalk
ones had also a good capacity for scavenging hydroxyl radicals [21].
Different isoforms of chitinases and @- 1,3-glucanases of tobacco
(Nicotiana tabacum cv Samsun NN) were tested for their antifungal
activities.The class I, vacuolar chitinase, and @-1,3-glucanase isoforms
were the most active against Fusarium solani germlings, resulting in lysis
of the hyphal tips and growth inhibition. In addition, we observed that the
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class I chitinase and @-1,3 -glucanase acted synergistically [22]. The
antibacterial activity of extracts of twelve Nigerian medicinal plant species
and a “wonder cure” concoction (Epa — Ijebu) used in traditional medicine
for the treatment of tuberculosis and cough were screened for activity
against Mycobacterium tuberculosis isolated from tuberculosis patient
sputum and the control strains of M. tuberculosis (H37RV). Both ethanolic
and aqueous solutions of the extract of Allium ascalonicum, Terminalia
glaucescent, Allium cepa, and Securidaca long pedunculate (ethanolic
extract only) at 0.05 g/ml as well as aqueous solution of “wonder cure”
concoction at same concentration inhibited the growth of M. tuberculosis.
Aqueous and ethanol extract of Nicotiana tobacco is used as a medicinal
plant extract in the treatment of tuberculosis [23].

3. Role of Secondary Metabolite in Wound Healing

Secondary metabolites refer to organic compounds synthesized by plants,
fungi, and microorganisms, which don't directly contribute to the organism's
growth, development, or reproduction, unlike primary metabolites essential
for basic life processes such as photosynthesis and cell division. These
secondary metabolites, in contrast, play diverse roles, often enhancing the
organism's survival in its environment [24]. A significant function is their
role in defense against herbivores, pathogens, and competitors, acting as
chemical deterrents, toxins, or attractants. Plants, for instance, produce
alkaloids, terpenoids, and phenolic compounds to deter herbivores and
protect against infections. Beyond defense and competition, secondary
metabolites function as signaling molecules, facilitating intercellular
communication in response to environmental changes. In microbial
communities, quorum sensing involves the production and detection of
specific secondary metabolites, allowing bacteria to coordinate behaviors
like forming biofilms. Additionally, these compounds have pharmaceutical
importance, contributing to drugs like penicillin, paclitaxel, and artemisinin.
In the context of wound healing, secondary metabolites play a crucial role
through various mechanisms. They aid in tissue repair, reduce inflammation,
and prevent infections. Compounds like flavonoids, terpenoids, and
alkaloids, known for their anti-inflammatory properties, help manage
inflammation during wound healing. Further, metabolites with antimicrobial
properties, including tannins and alkaloids, contribute to preventing infections,
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creating an optimal wound-healing environment [25]. Promoting cell
proliferation and tissue regeneration is vital in wound healing. Secondary
metabolites like growth factors, peptides, and polyphenols stimulate cell
proliferation, angiogenesis, and tissue repair. Certain polyphenols, such as
epigallocatechin gallate (EGCQ) in green tea, show the potential to enhance
collagen synthesis, crucial for wound closure and tissue strength.
Traditional medicine has long utilized plants rich in secondary metabolites
for wound healing, such as aloe vera with anti-inflammatory properties or
honey with antimicrobial and anti-inflammatory components [26]. While
the potential of secondary metabolites in wound healing is promising,
further research is needed to understand their specific mechanisms, optimal
formulations, and potential side effects. Standardization of plant extracts or
isolated compounds is crucial to ensure consistent therapeutic effects. The
multifaceted contributions of secondary metabolites underline their
significance in both ecological interactions and medical applications [27].

4. Flavonoids as a wound healer

Flavonoids, a category of polyphenolic compounds present in a variety of
plants, fruits, vegetables, and beverages, have garnered attention for their
potential to promote wound healing. These compounds showcase a diverse
array of biological activities, including antioxidant, anti-inflammatory,
antimicrobial, and angiogenic effects, all of which can contribute to
different stages of the wound healing process. Several flavonoids have
undergone scrutiny for their potential impact on wound healing, and some
noteworthy ones include:

1. Quercetin: Widely distributed in fruits, vegetables, tea, and red wine,
quercetin boasts anti-inflammatory and antioxidant properties. Research
indicates its ability to foster wound healing by encouraging fibroblast
proliferation and collagen synthesis, crucial for effective tissue repair [28].

2. Kaempferol: Found in various fruits and vegetables, kaempferol
possesses anti-inflammatory and antioxidant properties. Studies suggest
that kaempferol may expedite wound closure by promoting cell migration
and proliferation, along with angiogenic effects that contribute to the
formation of new blood vessels in the wounded area [29].
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3. Epigallocatechin gallate (EGCG): Derived from green tea, EGCG is a
flavonoid with potent antioxidant and anti-inflammatory activities.
Research has demonstrated its potential in promoting wound healing by
augmenting collagen synthesis, hastening tissue regeneration, and mitigating
inflammation [29].

4. Hesperidin: Abundant in citrus fruits, hesperidin has been explored for its
wound-healing attributes. It exhibits anti-inflammatory effects and has been
shown to promote angiogenesis, a critical process for the development of
new blood vessels in the wound bed [30].

5. Rutin: Commonly found in buckwheat, citrus fruits, and tea, rutin
possesses antioxidant and anti-inflammatory properties. Research has
delved into its potential to enhance wound healing by promoting collagen
deposition and angiogenesis [31].

The exploration of flavonoids and wound healing involves a comprehensive
range of both in vitro and in vivo studies, shedding light on their
mechanisms of action. These studies often focus on various facets of the
wound-healing process, including inflammation, cell proliferation, collagen
synthesis, angiogenesis, and tissue regeneration. While the potential
advantages of flavonoids in wound healing are promising, it's crucial to
acknowledge that the efficacy of these compounds can be influenced by
factors such as concentration, formulation, and the specific type of wound.
Furthermore, additional research is imperative to establish standardized
protocols for the application of flavonoids in wound care.

5. Polyphenols as a wound-healing agent

Polyphenols, a diverse group of naturally occurring compounds found in
plants, have garnered significant attention for their potential involvement in
wound healing. These compounds, known for their antioxidant and anti-
inflammatory properties, play a contributory role in various stages of the
wound healing process. In this comprehensive exploration, we delve into
the mechanisms through which polyphenols impact inflammation, cell
proliferation, collagen synthesis, angiogenesis, and tissue regeneration.
Polyphenols, with their anti-inflammatory properties, can modulate this
phase [32]. As per the previous studies, a study investigated the effects of



