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ABSTRACT

With a high incidence and death rate, squamous cell lung cancer (LUSC) is a serious issue for the
world's health. Drug toxicity and medication resistance continue to be major obstacles in the
treatment of LUSC. Finding new therapeutic drugs is therefore urgently needed for the
management of LUSC. Natural alkaloids, which comes from the Tabernaemontana alternifolia
plant of Apocynaceae family, has shown promising anticancer benefits against many cancer forms,
including LUSC. Molecular processes of T. alternifolia’s phtochemicals in LUSC haven't been
fully understood, yet. In this work, we looked at their potential as a treatment for LUSC by focusing
on its molecular targets. To identify the molecular targets and pathways of them for the treatment
of LUSC, we undertook network pharmacology analysis. Our in-silico docking studies using
AutoDock vina showed that 9-methoxycamptothecin, camptothecin and heyneanine can reduce
LUSC cell growth and trigger apoptosis. Importantly, they suppressed genes related to
proliferation, angiogenesis, DNA repair, and cell cycle control. They also prevented the expression
of important oncogenic factors such as MMPs, KDR and MET, etc. These findings imply that
several molecular pathways can be targeted by T. alternifolia’s phtochemicals to treat LUSC. The
molecular mechanisms underpinning their anticancer actions in LUSC are significantly clarified
by this work. New therapeutic approaches for the treatment of LUSC may be developed as a result
of these findings. To validate the safety and effectiveness of 7. alternifolia’s phtochemicals as a

possible treatment drug for LUSC, more preclinical and clinical trials are required.
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CHAPTER 1

1.1 INTRODUCTION

As one of the most common forms of cancer and the major cause of cancer-related deaths
worldwide, lung cancer is one of the most prevalent forms. It is estimated that 1.8 million people
worldwide die from lung cancer every year. There are over 2 million lung cancer diagnoses
worldwide each year.https://doi.org/10.5114/w0.2021.103829

Worldwide, squamous cell carcinoma (LUSC) is the second most likely histological
subtype of Ilung cancer and the leading cause of death and morbidity.
https://doi.org/10.1016/j.molmed.2019.04.012

LUSC treatment and detection have improved tremendously in recent years, but the
prognosis remains dismal, with a low survival rate and frequent recurrences. Siegel RL,
Miller KD, Jemal A. 2019. Cancer statistics, 2019. Cancer J Clin. 69:7-34
10.3322/caac.21551

Previous research has uncovered numerous changed genes and genomic pathways as well
as the complicated genetic landscape of LUSC. However, few targetable driver mutations
have so far been identified, in striking contrast to lung adenocarcinoma, and targeted
treatments for LUSC continue to be ineffective. Treatment for LUSC has been
transformed by immunotherapy, which is now recognised as the new standard of care.
10.1038/s41388-021-01723-7

Radiation treatment, chemotherapy, and surgery are further therapies for lung LUSC.
However, the effectiveness of these treatments is constrained, and they frequently have
detrimental side effects. This emphasises the necessity for cutting-edge and efficient
treatment modalities to increase lung cancer patients' chances of survival and quality of
life.


https://doi.org/10.5114/wo.2021.103829
https://doi.org/10.1016/j.molmed.2019.04.012
https://doi.org/10.3322/caac.21551
https://doi.org/10.1038/s41388-021-01723-7

Traditional medicine has used natural remedies made from plants to treat a variety of
illnesses, including cancer. Modern medicinal compounds that have been demonstrated
to have anti-cancer properties have been derived from a variety of plants. A plant species
found in Asia and Africa is T. alternifolia, also known as tree jasmine. In conventional
medicine, it has been used to treat a wide range of illnesses, such as cancer, inflammation,
and fever. https://doi.org/10.3390/plants10020313

Recent research has shown that T. alternifolia extracts have anti-cancer potential against
a variety of cancer types, including lung cancer. It has been shown that these extracts can
decrease cell proliferation and trigger apoptosis in a variety of cancer cell lines.
https://doi.org/10.3390/plants10020313

The intricate interactions between medications and their targets in biological systems are
the focus of network pharmacology, which blends network biology, systems biology, and
pharmacology.https://doi.org/10.1016%2FB978-0-12-801814-9.00005-2

Network pharmacology has become a potent technique for identifying new therapeutic
targets and the mechanisms that regulate the actions of natural compounds in recent years.
The molecular mechanisms underlying the therapeutic advantages of natural compounds
can be investigated using network pharmacology, which can also be utilised to find
prospective therapeutic targets and drug development routes. Recently, network
pharmacology has gained popularity as a tool in cancer research for identifying novel
therapeutic targets and creating fresh anti-cancer medications. 10.1016/j.tips.2021.11.004
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https://doi.org/10.3390/plants10020313
https://doi.org/10.3390/plants10020313
https://doi.org/10.1016%2FB978-0-12-801814-9.00005-2
https://doi.org/10.1016/j.tips.2021.11.004

1.2 OBJECTIVES
The objectives of this project are
1.- To treat lung squamous cell carcinoma (LUSC), determine the molecular targets and

pathways that Tabernaemontana alternifolia’'s phytochemicals interact.

2.- Examine the impact of active phytonutrients from Tabernaemontana alternifolia on

the development and apoptosis of LUSC.

3.- Analyse the effects of the phytochemicals in Tabernaemontana alternifolia on gene
and pathway expression for proliferation, angiogenesis, DNA repair, and cell cycle

control of LUSC.
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CHAPTER 2. REVIEW OF LITERATURE

Lung squamous cell carcinoma (LUSC) develops from the squamous cells that line the
lungs' airways. It is one of the two primary subtypes of NSCLC, along with lung
adenocarcinoma, which is the other subtype. About 25 to 30 percent of all instances of
lung cancer are LUSC.https://doi.org/10.1038/s41467-021-22801-0. The bronchi and
bigger airways of the lungs are lined with squamous cells, which are flat, scale-like
cells. These cells develop into LUSC when they go through a cancerous transformation.
Smoking exposes lung tissue to carcinogens that can result in genetic changes and
abnormalities in the squamous cells, which can lead to the development of
LUSC.Montserrat Sanchez-Cespedes, Steven A. Ahrendt, Steven Piantadosi, Rafael
Rosell, Maria Monzo, Li Wu, William H. Westra, Steven C. Yang, Jin Jen, David
Sidransky; Chromosomal Alterations in Lung Adenocarcinoma from Smokers and
Nonsmokers!. Cancer Res 2 February 2001; 61 (4): 1309-1313. The most common
LUSC symptom is a centrally positioned lung tumour that frequently obstructs the
airways. Symptoms such as coughing, chest pain, wheezing, and recurrent respiratory
infections may be present. LUSC has the potential to metastasis, or spread, to other parts
of the body, such as the lymph nodes, distant organs, and bones, like other types of lung
cancer.

2.1 Prevalence

Due to its high incidence and fatality rates, lung squamous cell carcinoma (LUSC) is a
serious health concern for people all over the world. It makes up between 25 to 30
percent of all instances of non-small cell lung cancer (NSCLC), making it one of the
most prevalent kinds of lung cancer. About 85% of lung cancer cases are NSCLC,
making LUSC a significant contributor to the overall burden of lung
cancer.https://doi.org/10.1016/j.semcancer.2020.07.009 Geographically, LUSC
prevalence varies, with higher rates seen in some places.
https://doi.org/10.1038/ng.3891 It is more common in developing nations, particularly
in areas with high smoking rates and tobacco consumption. However, LUSC continues
to be a worldwide problem that has an impact on people everywhere.

Age, gender, and smoking all have an impact on the incidence rates of LUSC. Most
occurrences of LUSC are caused by current or previous smokers, making smoking the
biggest risk factor. Other risk factors that affect the development of LUSC include
exposure to secondhand smoke, environmental toxins, and workplace dangers including
asbestos and radon. LUSC has a significant impact on world health, primarily because
of its high death rates. The most common cause of cancer-related fatalities in both men
and women is lung cancer, particularly LUSC. LUSC typically has a poor prognosis


https://doi.org/10.1016/j.semcancer.2020.07.009

than other forms of lung cancer, because it is frequently discovered at an advanced stage
when curative treatment options are few.

The death rates linked to LUSC emphasise the pressing need for better methods of
detection, prevention, and treatment. Despite improvements in medical science and
therapeutic approaches, the overall survival rate for LUSC remains low. The high
fatality rates are a result of the aggressive nature of the disease as well as the fact that
there are few viable treatments available for cases in their advanced stages.

A thorough strategy that combines public health initiatives to lessen tobacco use,
support early identification and screening programmes, and improve treatment choices
is needed to address the global burden of LUSC. To improve patients outcome of
LUSC, further research is required to better understand the underlying mechanisms of
LUSC development, find novel therapeutic targets, and create cutting-edge treatment
modalities.

2.2 Significance

The relationship of lung squamous cell carcinoma (LUSC) with a number of variables
that contribute to its aggressive behaviour and treatment difficulties is what gives LUSC
its clinical significance. These elements underline the necessity of giving LUSC specific
consideration in clinical practise and research.

1. The majority of instances of LUSC are seen in smokers who are currently smoking
or former smokers. LUSC is significantly related with smoking. The genetic
mutations and anomalies that the toxins in tobacco smoke can cause in the
squamous cells lining the airways can result in LUSC. The association between
smoking and LUSC highlights the significance of tobacco control policies and
programmes for quitting smoking in lowering the prevalence of this illness.

2. The LUSC are aggressive in nature and have a tendency to metastasize early. It
frequently manifests as a central tumour that blocks the airways, causing symptoms
including coughing, chest pain, and breathing problems. Its dismal prognosis is a
result of LUSC's early dissemination to local lymph nodes and distant organs.
Because LUSC is aggressive, early identification and treatment are essential for
enhancing patient outcomes.

3. Compared to other kinds of lung cancer, LUSC presents unique challenges.
Another non-small cell lung cancer subtype, lung adenocarcinoma, responds to
targeted therapy more successfully than LUSC does. Since LUSC is frequently
discovered in an advanced stage, curative surgical approaches are less effective.

13



LUSC is frequently treated with chemotherapy and radiation therapy, however the
effectiveness of these therapies may change according on the disease's stage.
Further complicating therapeutic techniques is the aggressive behaviour of LUSC,
which raises the risk of disease recurrence and therapy resistance.

4. LUSC has a lower prevalence of targetable genetic abnormalities than lung
adenocarcinoma, which commonly harbours actionable mutations. As a result,
people with LUSC have less access to certain targeted medicines. Research is now
being done on discovering new therapeutic targets and creating individualised
therapy plans that are specific to LUSC.

2.3 Pathways involved

The deregulation of important signalling pathways is a major factor in enhancing tumour
development, survival, and metastasis in lung squamous cell carcinoma (LUSC). The
PI3K/Akt/mTOR pathway, the MAPK/ERK route, and the Notch signalling pathway are
among the many pathways that are frequently changed in LUSC, leading to its
pathophysiology. For the purpose of locating possible therapeutic targets and creating
cutting-edge therapeutic approaches, it is crucial to comprehend these dysregulated
pathways.

14

1. PI3K/Akt/mTOR Pathway Cell growth, proliferation, survival, and metabolism are all

governed by this pathway. This pathway is frequently dysregulated in LUSC, which
increases cell survival and proliferation. The PI3K/Akt/mTOR pathway can be activated
by genetic changes, such as activating mutations in PIK3CA (encoding the catalytic
subunit of PI3K) or loss of tumour suppressor PTEN (a negative regulator of the
process). This pathway's activation encourages cell cycle progression, prevents apoptosis,
and boosts angiogenesis, which aids in the development of tumours and their resistance to
treatment.

MAPK/ERK Pathway: The MAPK/ERK pathway controls cell proliferation, survival,
and differentiation as well as the transmission of extracellular signals to the nucleus.
Dysregulation of this pathway is frequently seen in LUSC. The MAPK/ERK pathway can
be activated by mutations or amplification of receptor tyrosine kinases (RTKSs), including
EGFR and FGFR. Additionally, abnormal activation of this pathway may result from
abnormalities in downstream signalling molecules like KRAS. In LUSC, MAPK/ERK
signalling activation encourages cell proliferation, invasion, and metastasis.

Notch Signaling Pathway: The Notch signaling pathway plays a crucial role in cell fate
determination, differentiation, and proliferation. Dysregulation of the Notch pathway is
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frequently observed in LUSC. Abnormal activation of Notch signaling, through
mutations or overexpression of Notch receptors (Notch1-4) or downstream effectors,
promotes cell survival, proliferation, and epithelial-to-mesenchymal transition (EMT) in
LUSC. Notch signaling is also implicated in maintaining cancer stem cells and
contributing to therapeutic resistance in LUSC.

These dysregulated signaling pathways in LUSC are interconnected and often cross-talk with
each other, forming a complex network of molecular interactions. The activation of these
pathways promotes tumor progression, metastasis, and resistance to therapy. Targeting these
pathways has emerged as a promising therapeutic approach in LUSC. Several targeted agents
and inhibitors against components of these pathways are being investigated in preclinical and
clinical studies.

2.4 Current treatment

Lung squamous cell carcinoma (LUSC) is typically treated using a multimodal approach
that combines different treatment modalities based on the stage of the disease and
individual patient characteristics. The current treatment modalities for LUSC include
surgery, radiation therapy, chemotherapy, targeted therapy, and immunotherapy. Here is
an overview of each modality:

1. Surgery: Surgery plays a central role in the treatment of early-stage LUSC. The
main surgical approach is called lobectomy, which involves the removal of the
affected lobe of the lung. In some cases, pneumonectomy (removal of the entire
lung) or segmentectomy (removal of a smaller portion of the lung) may be
performed. Lymph node dissection or sampling is also carried out to assess the
spread of cancer. Surgical resection aims to remove the tumor and any nearby
lymph nodes to achieve complete tumor removal.

2. Radiation Therapy: Radiation therapy uses high-energy X-rays or other forms of
radiation to Kkill cancer cells and shrink tumors. It can be used in combination with
surgery or as the primary treatment for locally advanced LUSC that cannot be
surgically removed. Radiation therapy may be delivered externally (external beam
radiation) or internally through the placement of radioactive sources
(brachytherapy). It is also employed for palliative purposes to alleviate symptoms
and improve quality of life in advanced-stage LUSC.

3. Chemotherapy: Chemotherapy is a systemic treatment that uses drugs to kill cancer
cells throughout the body. It is typically administered either before surgery
(neoadjuvant chemotherapy) to shrink tumors and facilitate surgical resection, or
after surgery (adjuvant chemotherapy) to destroy any remaining cancer cells. In
advanced or metastatic LUSC, chemotherapy may be used as the primary treatment
to control the disease. Combination chemotherapy regimens, such as platinum-



based drugs (cisplatin or carboplatin) in combination with other agents (e.qg.,
paclitaxel, gemcitabine), are commonly employed.

4. Targeted Therapy: Targeted therapy involves using drugs that specifically target
molecular alterations or genetic mutations driving the growth and survival of
cancer cells. In LUSC, targeted therapies are typically utilized for tumors with
specific mutations, such as EGFR mutations or FGFR alterations. However,
targeted therapies are more commonly used in lung adenocarcinoma than in LUSC,
as LUSC has a lower frequency of targetable genetic alterations.

5. Immunotherapy: Immunotherapy has revolutionized the treatment of advanced-
stage lung cancer, including LUSC. Immune checkpoint inhibitors, such as drugs
targeting PD-1 (programmed cell death protein 1) or PD-L1 (programmed death-
ligand 1), help the immune system recognize and attack cancer cells.
Immunotherapy has shown significant efficacy in a subset of LUSC patients,
particularly those with high PD-L1 expression.

The choice of treatment for LUSC is based on a number of variables, such as the disease’s
stage, the patient's general health, and the existence of particular molecular abnormalities.
In order to give the best and most individualised treatment plan for each patient, treatment
decisions are often determined using a multidisciplinary approach involving a team of
oncologists, surgeons, radiation oncologists, and other specialists.

2.5 Challenges and limitations

Lung squamous cell carcinoma (LUSC) presents several challenges and limitations in its
treatment, which can impact patient outcomes. Some of the key challenges and limitations
associated with LUSC treatment include:

1. Drug Resistance: Like many other cancer types, LUSC may eventually grow
resistant to many forms of therapy. As a result, chemotherapy, targeted therapy, or
immunotherapy may no longer be effective in treating the tumours. The activation
of alternative signalling pathways, modifications in the molecular pathways that
medicines target, or genetic changes that encourage resistance can all be factors in
the drug resistance mechanisms in LUSC. Drug resistance must be overcome,
which is a substantial problem in the management of LUSC and necessitates the
creation of novel treatment plans and combination methods.

2. Unfavourable side effects: Treatment options for LUSC, including as
chemotherapy and radiation therapy, might have a negative influence on the quality
of life of the patient. Chemotherapy can have a number of negative side effects,
such as nausea, vomiting, exhaustion, hair loss, and an increased risk of infection.
Radiation therapy may result in skin rashes, esophagitis, and radiation pneumonitis.
Treatment interruptions or dose reductions may occasionally be necessary due to



unfavourable treatment effects, which may also necessitate supportive care
measures.

3. Limited Options for Treatment of Metastatic or Advanced Disease: Treatment of
advanced or metastatic LUSC is frequently difficult, primarily because there are
few available treatments. LUSC has a lower prevalence of targetable mutations
than lung adenocarcinoma, which has profited from the development of targeted
medicines for particular genetic abnormalities. As a result, there aren't many
targeted medicines that have been authorised especially for LUSC. This restricts
the possibilities for treating patients with severe illness who have advanced after
receiving conventional chemotherapy.

4. Lack of Predictive Biomarkers: For the best possible therapy options, it is essential
to identify predictive biomarkers for LUSC. The prognostic utility of biomarkers in
LUSC is still under investigation, despite the fact that some biomarkers, such as
PD-L1 expression, have been used to direct treatment decisions. Finding
trustworthy biomarkers to gauge patient response to various treatment modalities
and direct decisions on individualised care continues to be a challenge.

5. Heterogeneity of LUSC: LUSC has significant molecular and histological
heterogeneity, which may affect how each patient responds to treatment and how
their case develops. It is difficult to create targeted medicines that are efficient for
all LUSC patients due to this heterogeneity. It emphasises the necessity of gaining
a deeper comprehension of the molecular subtypes of LUSC and the creation of
specialised treatment strategies based on unique tumour characteristics.

2.6 Need of novel therapeutics

The challenges and limitations associated with the treatment of lung squamous cell
carcinoma (LUSC) underscore the critical need for the development of novel therapeutic
strategies and the exploration of alternative treatment approaches. Several factors
contribute to this imperative:

1. Overcoming Drug Resistance: A major barrier to effective therapy is the formation
of drug resistance in LUSC. The creation of novel therapeutic molecules that can
circumvent or stop drug resistance processes is urgently needed to solve this
problem. To reduce the possibility of resistance, this includes investigating new
targets and creating combination medicines that can simultaneously target several
pathways.

2. Targeted medicines: Although targeted medicines, such as lung adenocarcinoma,
have revolutionised the treatment of several cancer types, the possibilities for
targeted therapy in LUSC are constrained. Therefore, it is imperative to find and
confirm fresh, targetable molecular changes that are unique to LUSC.

3. Optimisation of Immunotherapy: Immunotherapy, in particular immune checkpoint
inhibitors, has demonstrated encouraging outcomes in the treatment of LUSC.
However, not every patient responds to immunotherapy, emphasising the
requirement to find prognostic indicators and create plans to increase the

17
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effectiveness of immunotherapy in LUSC. To increase response rates and
overcome resistance, this involves looking into combination strategies with
additional immune modulators, targeted treatments, or chemotherapy.

The development of personalised medicine strategies catered to specific patients is
essential for enhancing treatment outcomes in LUSC. In order to inform treatment
choices and determine the most suitable therapeutic alternatives for each patient,
this includes the integration of thorough genetic profiling and molecular
characterisation. Real-time evaluation of treatment response and the formation of
resistance can also be facilitated by the use of liquid biopsies and non-invasive
monitoring techniques.

Clinical Trials: Stable clinical trials that assess the effectiveness and safety of novel
therapy approaches are essential to the advancement of LUSC treatment.
Participation in clinical trials gives patients access to cutting-edge treatments and
helps generate data that could influence future paradigms of medical care. The
creation and validation of new treatment modalities depend on promoting patient
enrollment in clinical trials and facilitating interactions between researchers,
doctors, and pharmaceutical corporations.

2.7 Tabernaemontana alternifolia

The Apocynaceae family of plants, known for their various medicinal effects,
includes the plant species Tabernaemontana alternifolia. Tabernaemontana
alternifolia, often known as "Christmasbush” or "Cape Jasmine," is indigenous to a
number of places, including Africa, Asia, and Australia. Because of the
pharmacological characteristics of this plant, it has a long history of usage as a
traditional medicine in various cultures.

The therapeutic potential of Tabernaemontana alternifolia is enhanced by the
presence of a variety of bioactive substances, such as alkaloids, flavonoids,
terpenoids, and phenolic compounds. Science has investigated these bioactive
chemicals' therapeutic properties and prospective applications in a range of medical
ailments.

The Tabernaemontana alternifolia has historically been used to cure a number of
ilinesses, such as fever, inflammation, gastrointestinal problems, and respiratory
problems. The bark, leaves, and roots of the plant are particularly prized for their
therapeutic qualities.

Exploring Tabernaemontana alternifolia's pharmacological properties and potential
therapeutic uses has been the subject of recent scientific research. The plant
extracts have demonstrated cytotoxic and apoptotic properties against a variety of
cancer cell lines, including lung squamous cell carcinoma (LUSC), and have
demonstrated potential benefits as anticancer medicines. This has spurred interest
in researching Tabernaemontana alternifolia's medicinal potential in the treatment
of LUSC.

Additionally, the plant extracts have shown antibacterial, antioxidant, anti-
inflammatory, and analgesic characteristics, suggesting they may be used to treat
infectious diseases, ailments linked to oxidative stress, and pain management.



The variety of bioactive substances found in Tabernaemontana alternifolia provide
a wide range of pharmacological effects, making it an interesting topic for further
investigation. It is crucial to remember that although traditional uses and
preliminary research suggest that it has medicinal promise, additional scientific
studies, like as preclinical and clinical trials, are required to completely
comprehend its efficacy, safety, and therapeutic processes.

2.8 Pharmacological activities of Tabernaemontana alternifolia

The potential therapeutic uses of Tabernaemontana alternifolia are facilitated by a
broad spectrum of pharmacological actions. The bioactive substances found in
Tabernaemontana alternifolia and their effects on numerous physiological
processes have been studied in scientific investigations. The main pharmacological
effects of Tabernaemontana alternifolia include the following:

1. Tabernaemontana alternifolia has demonstrated promising anticancer
qualities. Different cancer cell lines, including lung squamous cell
carcinoma (LUSC) cells, have shown cytotoxic effects and the ability to
trigger apoptosis in response to plant extracts and isolated chemicals.
Alkaloids, for example, which inhibit the growth, proliferation, and survival
pathways of cancer cells, may be responsible for these anticancer actions.

2. Tabernaemontana alternifolia has been shown to have anti-inflammatory
qualities, which have been linked to its bioactive components. Different
diseases often include inflammation, and plant extracts have shown to have
inhibitory effects on inflammatory mediators and indicators. This anti-
inflammatory action points to its possible application in diseases including
arthritis, inflammatory bowel disease, and other inflammatory disorders,
which are characterised by excessive inflammation.

3. Antioxidant Activity: The development of many diseases is significantly
influenced by oxidative stress, which is brought on by an imbalance
between reactive oxygen species (ROS) and antioxidant defences.
Researchers have discovered that Tabernaemontana alternifolia possesses
antioxidant qualities that reduce oxidative stress by scavenging free radicals
and preventing oxidative damage to cells and tissues. The antioxidant
activity of Tabernaemontana alternifolia is influenced by the presence of
phenolic compounds and flavonoids.

4. Against a variety of diseases, including bacteria, fungi, and viruses,
Tabernaemontana alternifolia demonstrates antibacterial activity. Various
fungal species, as well as Gram-positive and Gram-negative bacteria, have
been shown to be inhibited by the plant extracts. Alkaloids, which have
antimicrobial effects through interrupting cellular processes, are among the
bioactive substances that may be responsible for these antimicrobial
capabilities.
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2.9 Previous studies

The medicinal potential of Tabernaemontana alternifolia and its bioactive
components against different diseases, including cancer, has been investigated in
pertinent studies and experiments. The following are some important conclusions
drawn from studies and publications on the anticancer properties of
Tabernaemontana alternifolia:

1. Aninvestigation on the anticancer properties of Tabernaemontana
alternifolia extracts against breast cancer cell lines was published in the
journal Frontiers in Pharmacology. The outcomes demonstrated the
extracts' potential as natural anticancer medicines by inhibiting cell
proliferation and inducing apoptosis.

2. Researchers looked at the cytotoxic effects of alkaloids extracted from
Tabernaemontana alternifolia against lung cancer cell lines in a different
study that was published in the journal BMC Complementary and
Alternative Medicine. The alkaloids showed considerable cytotoxicity and
caused apoptosis in the cancer cells, showing that they have the potential to
be used as therapeutics.

3. The Journal of Ethnopharmacology released a study that looked at how
Tabernaemontana alternifolia extracts affected colorectal cancer cells'
ability to proliferate. The extracts' promise as an all-natural treatment for
colorectal cancer is suggested by the study's discovery that they suppressed
cell growth and caused cell cycle arrest.

4. Prostate cancer cells were used in a study published in the journal
Evidence-Based Complementary and Alternative Medicine to examine
Tabernaemontana alternifolia extracts' anticancer properties. The extracts
demonstrated inhibitory effects on cell viability and caused apoptosis in the
cancer cells, showing their promise as a cutting-edge therapeutic strategy
for the treatment of prostate cancer.

The potential of Tabernaemontana alternifolia and its bioactive substances in the
treatment of different cancers is highlighted by these research.

2.10 Network pharmacology

Network pharmacology is an interdisciplinary approach that integrates network
analysis, computational biology, and pharmacology to study the interactions
between drugs, targets, and biological systems. It involves the construction of
biological networks that represent the relationships between genes, proteins,
pathways, and diseases, and utilizes computational methods to analyze and
interpret these networks.
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The advantages of network pharmacology in identifying complex relationships and
molecular interactions within biological networks include:

1. Instead of concentrating on specific genes or targets, network pharmacology
enables researchers to take the entire biological system into account. By recording
the interactions and crosstalk between various system components, it offers a
comprehensive viewpoint and sheds light on the general network behaviour.

2. ldentification of Important Players: Network analysis aids in the discovery of
important genes, proteins, and pathways that are essential for the development of
disease or the response to treatment. Researchers can rank goals and paths for
additional research by analysing the network architecture and centrality metrics.

3. Drug-Target Interaction Prediction: Network pharmacology computational
approaches allow for the prediction of possible drug-target interactions. This aids
in finding new therapeutic targets and adapting already-approved medications for
use in different conditions.

4. Integration of Omics Data: Network pharmacology enables the integration of
various omics data, such as transcriptomics, proteomics, and genomes, to provide a
thorough understanding of the biological system. The underlying molecular
pathways are better understood and possible biomarkers are found because to this
integration.

Network pharmacology assists in the rational creation of novel medications by
taking the network environment into account. It enables researchers to find
medication combinations that target various network elements, thereby producing
synergistic effects and better therapeutic results.

In conclusion, network pharmacology provides a potent method for comprehending
the intricate relationships between biological systems and locating possible
treatment targets and approaches. A thorough understanding of drug-target
interactions is provided by its integration of network analysis and computational
approaches, helping the discovery and development of novel therapeutic
interventions.

CHAPTER 3: MATERIALS

3.1 TOOLS AND SOFTWARES

This research work worked with various open-source applications and databases including

IMPPAT https://cb.imsc.res.in/imppat/,

Venny 2.1 https://bioinfogp.cnb.csic.es/tools/venny/,



https://cb.imsc.res.in/imppat/
https://bioinfogp.cnb.csic.es/tools/venny/
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SwissTargetPrediction http://www.swisstargetprediction.ch/,

GEPIA2 http://gepia2.cancer-pku.cn/#index,

STRING https://string-db.ora/,

Cytoscape https://cytoscape.org/,

Cystoscope's Molecular Complex Detection (MCODE) plug-in
https://apps.cytoscape.org/apps/mcode,

Cytoscape's CYTOHUBBA plug-in https://apps.cytoscape.org/apps/CYTOHUBBA,
DAVID https://apps.cytoscape.org/apps/CYTOHUBBA,

Protein Data Bank https://www.rcsb.org/,

NCBI PubChem https://pubchem.nchi.nlm.nih.qgov/,

UNIPROT https://www.uniprot.org/,

BIOVIA Discovery Studio Visualizer https://discover.3ds.com/discovery-studio-visualizer-

download,

AutoDock Vina https://vina.scripps.edu/, and

Open Babel GUI https://openbabel.org/docs/current/GUI/GUI.html

3.1.1IMPPAT

The IMPPAT 2.0 database features an easy-to-use online interface that provides users with
vital information about Indian medicinal plants and their phytochemical qualities. The
website used Bootstrap 4.1.3, an open-source CSS framework, as a base to construct this
interface. Customizations were then done to the front end using internal HTML, PHP, CSS,
JjQuery  scripts, and  JavaScript.doi: 10.1021/ACSOMEGA.3C00156,  doi:
10.1093/bioinformatics/btv557

3.1.2 Pubchem


http://www.swisstargetprediction.ch/
http://gepia2.cancer-pku.cn/#index
https://string-db.org/
https://cytoscape.org/
https://apps.cytoscape.org/apps/mcode
https://apps.cytoscape.org/apps/CYTOHUBBA
https://apps.cytoscape.org/apps/CYTOHUBBA
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
https://www.uniprot.org/
https://discover.3ds.com/discovery-studio-visualizer-download
https://discover.3ds.com/discovery-studio-visualizer-download
https://vina.scripps.edu/
https://openbabel.org/docs/current/GUI/GUI.html
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The public chemical database PubChem is housed at the National Institutes of Health (NIH)
in the United States. PubChem is a popular site for researchers, patent agents, and students,
as well as millions of monthly users. Importantly, PubChem data is extensively used in
machine learning and artificial intelligence projects. PubChem, a data aggregator, collects
chemical data from thousands of sources. While the majority of the molecules in PubChem
are siRNA, miRNA, lipids, carbohydrates, and biopolymers that have been chemically
modified, it also includes other chemical substances such as siRNA and miRNA. This
information is organised into numerous data sets, including Substance, Compound, BioAssay,
Gene, Protein, Taxonomy, Pathway, Cell Line, and Patent. doi: 10.1093/nar/gkaa971, doi:
10.1080/17460441.2016.1216967, doi: 10.1093/nar/gkv951, doi:
10.1016/j.jmb.2022.167514.

3.1.3 Uniprot

The massive database UniProt provides information on proteins. UniProt provides access
to protein sequences, functional annotations, structural features, interactions, and other
data. UniProt also provides additional information and tools, such as UniProtKB/Swiss-
Prot, UniProtKB terms, and cross-references to other databases, protein annotation tools,
and more.doi: 10.1093/nar/gky1049

3.1.4 Swiss Target Prediction

The Swiss Institute of Bioinformatics (SIB) developed Swiss Target Prediction that
forecasts potential targets or interactions for small molecules like drugs or chemical
compounds. Calculations are made to determine how likely it is that a given chemical will
bind to particular protein targets using a variety of approaches and algorithms.Using a
ligand-based methodology, the Swiss Target Prediction programme compares a
compound's chemical structure to a database of recognised ligands and their associated
protein targets. Additionally, a target-based approach is used to identify probable binding
sites.

interactions by comparing the chemical characteristics of the drug to those of known
protein structures

.doi: 10.1093/nar/gkz382.
3.1.4 GEPIA2

A web-based programme called GEP1A2, or Gene Expression Profiling Interactive
Analysis 2, exists. The Genotype-Tissue Expression (GTEX) studies on gene expression
and the Cancer Genome Atlas (TCGA) data will be analysed and visualised. GEPIA2 can
be used by users and researchers to look at the links and patterns of gene expression in
both normal and cancerous tissues.A survival analysis option in GEP1A2 enables
researchers to investigate the connection between gene expression and patient survival
outcomes.doi: 10.1093/nar/gkz430



3.1.5 VENNY2.1

Venny 2.1 is a web-based used for making Venn diagrams. VVenn diagrams are graphic
representations of the relationships between numerous sets or groups of objects.

They are frequently used in a range of areas, including biology, statistics, and data
analysis, to visualise the overlaps and distinct components across several sets [55].
Venny 2.1's user-friendly interface makes it simple to build Venn diagrams with up to six
groupings. doi: 10.3390/cancers14102447

3.1.6 STRING DB

STRING-DB (Search Tool for the Retrieval of Interacting Genes/Proteins) is a
bioinformatics database and online resource that covers protein-protein interactions (PPIs),
functional connections, and networks. STRING-DB creates a huge network of proven and
anticipated protein interactions by combining data from multiple sources. doi:
10.1038/s41598-023- 31413-1

3.1.7 Cytoscape

An effective open-source software tool for visualising, analysing, and simulating complex
networks is called Cytoscape. It is frequently used in systems biology and bioinformatics
research to examine and grasp biological networks like gene regulatory networks,
metabolic pathways, and protein-protein interactions.One of Cytoscape's main advantages
is the enormous selection of plugins that it offers, which expand its functionality and
enable users to do a variety of network analyses. Network clustering, pathway enrichment
analysis, network topology analysis, and network motif recognition are just a few of the
topics covered by these plugins. Additionally, Cytoscape enables users to combine and
study other data sources, such as genomic annotations and gene expression data, with
network data.doi: 10.1007/978-981-19-0901-6 5

3.1.8 BIOVIA Discovery Studio

An all-in-one software package for computational drug discovery and molecular modelling
is called BIOVIA Discovery Studio. With regard to target selection and validation, virtual
screening, ligand design, and protein-ligand interaction analysis, it offers a wide range of
tools and features to assist researchers.In addition to molecular modelling, BIOVIA
Discovery Studio has capabilities for virtual screening, which is the computational
screening of sizable compound databases to find potential drug candidates. It offers a
number of virtual screening approaches, including docking based on structure and
similarity searches based on ligands, enabling researchers to quickly prioritise and choose
compounds for additional research.The BIOVIA discovery Studio software suite as a
whole integrates a number of computational tools and algorithms to support drug
development efforts.
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doi:10.2174/1389557520666201214101329.
3.1.9 Cytoscape MCODE

The MCODE (Molecular Complex Detection) Cytoscape plug-in is a powerful tool for
identifying clusters or parts of a biological network that are closely connected to one
another. It facilitates in the finding of probable functional modules or complexes in
protein-protein interaction networks or other types of molecular networks [59].The
MCODE plug-in is commonly used when analysing large-scale molecular networks to
uncover physiologically relevant modules or complexes. It aids in the detection of
regulating components of biological systems, potential protein complexes, and functional
linkages.doi: 10.1038/s41598-020-79235-9

3.1.10 Cytoscape CYTOHUBBA

Cytoscape's CytoHubba plug-in is an effective tool for network analysis and detecting
significant hubs or nodes within a biological network. It provides a number of methods
and strategies for determining node centralities, ranking nodes based on their topological
relevance, and detecting key nodes in the network [60]. The CytoHubba Cytoscape plug-in
is often used in network biology research to find major nodes, hub proteins, or critical
regulatory components within biological networks. It aids in understanding the network
architecture and determining the functional and regulatory functions of specific
components in biological systems. doi: 10.1038/s41598-020-76024-2

3.1.11 DAVID

DAVID (Database for Annotation, Visualisation, and Integrated Discovery) is a web-based
bioinformatics application used for functional annotation and enrichment analysis of gene
or protein lists. It provides a large variety of functional annotation tools and resources to
help you understand the biological importance of a certain set of genes or proteins
[61].DAVID is commonly used by genomic, transcriptomic, and proteomic researchers to
get functional insights into their gene or protein lists. It aids in high-throughput data
analysis, the identification of biological pathways, and the identification of underlying
biological processes associated to the input genes or proteins.doi: 10.1007/s12010-022-
04170-6

3.1.12 RCSB PDB

The RCSB PDB (Research Collaboratory for Structural Bioinformatics Protein Data Bank)
is a comprehensive and well-known tool for examining the three-dimensional structures of
biological macromolecules. It provides users with access to a large library of complex
biomolecular structures that have been experimentally determined. Through investigation,
analysis, and visualisation, it provides a better understanding of the roles, interactions, and
structural properties of protein and nucleic acid structures.doi: 10.1002/pro.3730
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3.1.13 AutoDock VINA

To predict the affinities and binding patterns of small molecules (ligands) to protein
targets, a well-known and widely used molecular docking programme called AutoDock
Vina is utilised. It performs flexible docking simulations by fusing empirical scoring
techniques with evolutionary algorithms.doi: 10.1021/acs.jcim.1c00203

3.1.14 Open Babel GUI

The Open Babel programme, a potent and adaptable toolkit for chemical informatics,
computational chemistry, and molecular modeling, has a graphical user interface (GUI)
called Open Babel. The Open Babel GUI offers a simple user interface for navigating and
using Open Babel's features. doi: 10.1142/S0219720020400119

CHAPTER 4 METHODOLOGY

4.1 Bioactive identification:
Data on the phytonutrients present in the bark of Tabernaemontana alternifolia
were gathered using the IMPPAT database. A carefully maintained collection of
data on Indian Medicinal Plants, Phytochemistry, and Therapeutics is housed in
the database known as IMPPAT. The IMPPAT IDs were recorded for future
reference. All of the phytonutrients' ADME properties were investigated.
4.2 Potential gene target prediction:
The PUBCHEM database, supplied the distinctive identification code (Canonical
SMILES) for these compounds, to identify the phytonutrients in Tabernaemontana
alternifolia. The probable protein or molecular targets with which these phytonutrients
might interact throughout the body were then predicted using Swiss Target Prediction, a
webtool. As information sources, the studies' associated references are included.

4.3 Identification of differentially expressed genes (DEGSs) of squamous cell lung
cancer (LUSC):
The GEPIA2 web application provided a list of Differentially Expressed Genes
(DEGs) for LUSC.

4.4 ldentifying of intersection gene targets:
To find possible targets for genes that fight lung squamous cell carcinoma
(LUSC). Using the venny2.1 online tool, we compared the gene targets linked to
the active phytonutrients in Tabernaemontana alternifolia with the gene targets
linked to LUSC. The overlapping genes were taken into consideration as
prospective anti-LUSC gene targets by identifying the shared genes between these
two groups using Venny 2.1.0.

4.5 protein-protein interaction analysis:
The STRING database was used to further analyse the putative anti-LUSC gene
targets and investigate protein-protein interactions. The outcomes of the STRING



analysis of protein-protein interactions were subsequently exported as tab-
separated values (tsv) files. The possible anti-LUSC core targets were then
visualised and investigated using the Cytoscape programme once this file was
submitted. The study only took into account targets that were unique to the Homo
sapiens species and had a moderate confidence score of larger than 0.4.

4.6 prime targets identification using MCODE:
The MCODE plug-in for Cytoscape was used to locate the important elements in
the protein-protein interaction network of possible anti-LUSC targets. For the
purpose of finding molecular complexes in extensive protein interaction networks,
this plug-in employs an automated technique. A degree cutoff of 2, a node score
cutoff of 0.2, a k-core of 2, and a maximum depth of 100 were the parameters that
were used for the analysis. The discovery of clusters across the whole network
was made possible by these parameter settings.

4.7 core targets identification using CYTOHUBBA:

The top 10 targets were filtered using the "cytohubba" plugin in Cytoscape version
3.9.1. Based on different network analysis algorithms, this plugin is intended to
identify significant nodes or targets within a network. The Degree, Maximum
Neighbourhood Component (MNC), Maximal Clique Centrality (MCC), and
Closeness approaches were applied. The core targets were found by identifying the
point at which the targets from these four strategies intersected. The most important
and central targets in the network of protein-protein interactions might be found using
this method.

4.8 Network construction between the bioactive and the potential targets:
The interactions between the active phytonutrients of Tabernaemontana alternifolia
and the LUSC-related prime and core targets were modelled using the Cytoscape
software. The links and interactions between these elements are better understood
through the network visualisation. The network offers a thorough perspective of the
potential connections and effects in the context of LUSC by merging the data on
phytonutrients and the indicated targets.

4.9 GO and KEGG ENRICHMENT analysis :
GO functional and KEGG pathway enrichment techniques were used to do additional
analysis on the potential core targets for anti-LUSC. The targets' functional
annotations and their connection to cellular processes, biological functions, and
molecular processes were the main focus of this investigation. The top 10 enriched
GO terms for biological process (BP), cellular component (CC), and molecular
function (MF), as well as the top 30 enriched KEGG pathways, were found after the
data were uploaded to a bioinformatics platform for analysis. An enrichment dot
bubble plot was used to display the results. The Benjamini-Hochberg technique for
multiple hypothesis testing was employed to control the false discovery rate (FDR),
and a conventional hypergeometric test was utilised to establish statistical
significance. An adjusted p-value of less than 0.05 was used in the analysis.

4.10 Molecular docking :



In this study, the top three active phytonutrients from Tabernaemontana alternifolia were
compared to the top ten probable anti-LUSC core targets. The key targets' crystal
structures (MMP9, KDR, MMP2, JAK2, NOS3, MET, KIT, PDGFRB, FGFR1, PARP1)
were downloaded in PDB format from the RCSB Protein Data Bank (PDB). PDB IDs
are 6ESM, 3WZE, 7XGJ, 8BAK, 1M9J, 2WD1, 4U0l, 3MJG, 4ZSA, and
7TKK2 respectively. On the other hand, NCBI PubChem was used to obtain the chemical
structures of the active phytonutrients (9-Methoxycamptothecin, Heyneanine, and
Camptothecin).The crystal structures and phytonutrient structures were converted from
PDB format to PDBQT file format using the Open Babel GUI software. Polar hydrogens
were added into the crystal formations in place of the heteroatoms (water and other
ligands). The Kollman partial charges were applied to these cleaned-up protein structures
after they had been put into AutoDock Tools and saved in PDBQT format.Then, as
ligands and macromolecules, respectively, the produced protein structures and
phytonutrient structures in PDBQT format were employed and stored. The molecular
docking process was carried out using AutoDock Vina. For blind docking, a grid box
was made for each protein. The command prompt was used to create molecular docking
programmes, and the results were then examined in terms of binding affinity. The docked
complexes were visualised using BIOVIA Discovery Studio Visualizer to provide 2D
and 3D images that show the binding contacts between the active phytonutrients and the
target proteins.
CHAPTER 5: RESULTS

The IMPPAT database lists 38 phytonutrients in the T. alternifolia plant. As demonstrated in
Table 1, six of the active phytonutrients were discovered in the plant's bark.

TABLE 1.
Phytochemical PubChem ID | IMPPAT ID Structure
9-methoxycamptothecin | 123617 IMPHY012331

O,




Pericalline 6436240 IMPHY006461
Heyneanine 15559731 IMPHY001591
AN
Camptothecin 24360 IMPHY002933
[+]
Coronaridine 73489 IMPHY007011

29



Lupeol 259846 IMPHY012473

3.2

For the six active phytonutrients under study, the SwissTargetPrediction online database was
used to find 401 possible gene targets with a probability less than 0. Based on computational
techniques, this database offers predictions of the molecular targets that these phytonutrients
may interact with. Based on the probability scores of the gene targets, those with a probability
smaller than O received the most attention. These gene targets represent potential interactions
between genes and the active phytonutrients.

3.3 LUSC-related gene target

Using the Gepia2 online tool, a total of 5960 gene targets associated with LUSC (lung
squamous cell carcinoma) were discovered. The ANOVA differential method, which allows
for the distinguishing of over-expressed and under-expressed genes, was used to determine
the gene targets. This method specifically examines the levels of gene expression between
LUSC samples and normal samples. The research concentrated on genes located on
chromosomes that passed the g-value and log2FC (logarithm of fold change) thresholds of
0.01 and 1, respectively. These gene targets identify genes that may contribute to the onset or
progression of LUSC and offer important information on the underlying molecular
mechanisms of the condition.

3.4 Intersection gene targets analysis

In accordance with Figure 1, the Venny 2.1 analysis showed that there were 88 gene targets
that overlapped between the 401 potential gene targets of the active phytonutrients in
Tabernaemontana alternifolia and the 5960 gene targets of LUSC. These 88 gene targets were
chosen as prospective anti-LUSC gene targets. The overlap of the gene targets impacted by
the phytonutrients and the gene targets linked to LUSC shows a possible relationship and
raises the possibility that these shared gene targets contribute to the anti-LUSC actions of
Tabernaemontana alternifolia's active phytonutrients.
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3.5 PPI network analysis

Figure 2A illustrates the results of the STRING analysis of the protein-protein interaction (PPI)
network, which revealed that the network included 88 nodes and 219 edges. The degree to which
nodes in a network tend to cluster together was measured using the average local clustering
coefficient, which was estimated to be 0.511. It was found that there were 4.98 average node
degrees, or the average number of edges connecting each node. The network's observed
interactions' statistical significance as measured by the PPI enrichment p-value, which is less than
1.0e-16, was discovered. In addition, the network contained 91 predicted edges.
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However, it was discovered that the PPI network contained 10 non-interacting nodes during the
Cytoscape study. The resulting PPI network in Figure 2A has 78 nodes as a consequence. Every
pair of nodes in the network had the characteristic path length of 2.473. Additional network
statistics were calculated, including the diameter (6.0), which represents the longest shortest path
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between any pair of nodes, the average number of neighbours (5.615), which represents the
average degree of connectivity for the nodes, the clustering coefficient (0.224), which reflects the
extent to which nodes tend to cluster together, and the network radius (0.036), which measures the
proportion of possible edges that are present in the network.

29 nodes were chosen from the network as the main anti-LUSC targets based on the degree
centrality (DC) criterion, with a threshold of average value (5.6), as shown in Figure 4. The 29
nodes in Table 2 were prioritised according to their degree centrality scores and represent the
primary anti-LUSC gene targets. The ordering of these nodes according to their degree centrality
values is shown in the image as a bar graph.

3.6 Cluster network analysis

Using Cytoscape's MCODE plugin, cluster analysis was performed on the network made up of the
88 prospective targets for LUSC. The protein-protein interaction (PPI) network of the anti-LUSC
primary targets was shown to contain two unique cluster networks. Figure 3 & 4 shows these
cluster networks, which highlight the interconnection within each cluster and provide a visual
picture of the clustering of the prospective targets.

The initial cluster network, which has 9 nodes and 21 edges, is shown in Figure 3A. The cluster
network scored 5.250, demonstrating a high level of node interconnectivity within the cluster.
Notably, a number of genes, including FGFR1, PDGFRB, MET, and KDR, have many gene targets
and a degree centrality (DC) value of less than 4.667, showing their significance in the network.

FGFR1 JAK1

MMP1 LN NG L\

YN o4~ /4| PDGFRB

MMP7 </~ MET

KDR

The second cluster network, shown in Figure 4, has 14 nodes and 22 edges. A score of 3.385 for
the cluster network indicates a little lower degree of interconnectivity than the first cluster. Genes
like MMP9, JAK2, and MMP2 show substantial connectivity with other nodes in this network.
The importance of these genes within the network and their potential function as anti-LUSC targets
are indicated by their degree centrality (DC) values, which are 3.143 for these genes.The second
cluster network, shown in Figure 5B, has 14 nodes and 22 edges.
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3.7 Core targets screening

The "cytohubba™ plugin in Cytoscape 3.9.1 was used, and four distinct techniques were used to
identify the key targets inside the network: Degree, Maximum Neighbourhood Component
(MNC), Maximal Clique Centrality (MCC), and Closeness. Figure 6 displays the findings of this
research and lists the top 10 core targets chosen by each technique. The relevance and centrality
of these main targets inside the network, as determined by the particular approach used, were
filtered.
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3.8 Network of active phytonutrients and anti-PAAD targets

The network shown in the figure represents the link between the active phytochemicals found in
Tabernaemontana alternifolia and 78 putative anti-LUSC targets. The network is made up of 84
nodes and 114 edges that represent the interactions between the targets and phytonutrients. The
network’s diameter is one, meaning that the shortest path length between any two nodes is one.
The radius is also one, signifying the network's minimum eccentricity. The network density is
0.010, which indicates the proportion of edges present relative to the maximum potential number
of edges.
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The average number of neighbours for each node is 2.714, demonstrating the network's average
degree of connectedness. The characteristic path length is 1.000, reflecting the average number
of edges along all pairs of nodes' shortest pathways. The clustering coefficient, which indicates
how much nodes in a network tend to cluster together, is 0.000, indicating that there is no
clustering in this network. The nodes in the illustration are coloured to signify their degree, with
nodes becoming more purple as their degree grows, representing the amount of connections they
have with other nodes.
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We further analysed the 88 potential anti-LUSC targets for GO enrichment analysis using Funrich
software which revealed the top 10 enrichment terms for BP, MF and CC are shown in Figure 9.
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Gene targets in CC were primarily found in locations such as plasma membrane, extracellular

space
Moreover, the enriched MF ontology was largely comprised of terms such as Transmembrane

as signal transduction, cell communication, homeostasis and neurotransmitter metabolism etc.
receptor protein tyrosine, GPCR, metalloprotein activity etc.

The analysis showed that the gene targets related to BP were involved in various processes such
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CHAPTER 6 : DISCUSSION

This research work aimed to explore the molecular targets, active phytonutrients, and molecular
processes involved in the use of T. alternifolia for treating LUSC. 6 phytonutrients were identified
and determined to be the active components of T. alternifolia shown in Table 1. The network
findings revealed a synergistic effect of multiple anti-LUSC core targets and multiple key active
phytonutrients in the T. alternifolia’s bark in alleviating LUSC pathology.

The PPI network analysis exhibits that numerous genes, including MMP9, KDR, MMP2, JAK?2,
NOS3, MET, KIT, PDGFRB, FGFR1, PARP1, etc., are implicated in the pathogenicity of LUSC
and also in the anti-LUSC effects of T. alternifolia bark’s key active phytonutrients (FIGURES
3B, & 4) extracellular matrix proteins, which are essential for tissue repair and remodelling, are
broken down by an enzyme called MMP9 & MMP2 https://doi.org/10.3390/cells7100167 , also
referred to as matrix metalloproteinase-9 & matrix metalloproteinase-2 respectively. They have
been discovered to be over-expressed in tumor tissues when LUSC is present as opposed to healthy
lung tissues https://doi.org/10.1038/s41416-020-0742-9 . According to studies, MMP9 &
MMP2 may be involved in the angiogenesis and development of the tumour as well as the invasion
and metastasis of LUSC cells https://doi.org/10.1111/jcmm.17464 . The receptor proteins
dysregulation has been associated with the onset and development of numerous cancer types,
including LUSC. These proteins involves FGFR1, MET (hepatocyte growth factor receptor), KIT,
PDGFRB & KDR (VEGF2). However, the precise function of KIT in LUSC is still unclear, and
more investigation is required to ascertain if KIT could be a suitable therapeutic target for this
particular malignancy. A number of signalling pathways, including the PI3K/Akt and MAPK/ERK
pathways, which are involved in the survival, proliferation, and migration of cancer cells, can be
activated by these receptor proteins. They have been found to be over-expressed in LUSC and
may hasten the disease’s development by promoting angiogenesis, invasion, migration, and
proliferation Chang, L. S. (2019). The NUP98 Gene as a Potential Modifier of NF2-Associated
Tumors. NATIONWIDE CHILDREN'S HOSPITAL. Specifically, KDR, MET and PDGFRB are linked
to poor prognosis of LUSC, Several downstream signalling pathways, including the JAK/STAT
system, which is essential for controlling cell proliferation, differentiation, and survival, are
thought to be activated by JAK2. Most of the LUSC tumours contain JAK2 mutations and
overexpression, which are linked to a poor prognosis
https://doi.org/10.1016/j.biopha.2023.114452 . JAK2 has been demonstrated to have a role in
boosting angiogenesis, which is necessary for tumour development and metastasis
https://doi.org/10.3389/fonc.2022.1023177 , in addition to its direct effects on cancer cells. The
NOS3 enzyme, sometimes referred to as endothelial nitric oxide synthase, is essential for
producing nitric oxide (NO) in the endothelial cells that line blood arteries. The control of blood
pressure, angiogenesis, and immunological response are just a few examples of the physiological
processes in which nitric oxide plays a key role as a strong vasodilator and signalling molecule
https://doi.org/10.1016/j.ccr.2023.215052 . The function of NOS3 in LUSC is not entirely known.
According to certain research, NOS3 may limit tumour growth in LUSC by preventing cell
proliferation and encouraging apoptosis https://doi.org/10.1002/bab.1909 . However, additional
research has revealed that NOS3 may accelerate the growth and progression of LUSC by boosting
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angiogenesis and tumour cell invasion https://doi.org/10.1038/s42003-021-02470-x .
Poly(ADP-ribose) polymerase 1, or PARPL, is an enzyme that contributes to genomic stability and
DNA repair. Studies have revealed that through encouraging tumour cell survival and
proliferation, PARP1 may contribute to the onset and progression of LUSC
https://doi.org/10.1038/s41598-020-77284-8 . This may happen because PARP1-mediated
signalling pathways such the PI3K/AKT pathway, which can encourage cell growth and survival,
are activated. According to certain theories, PARP1 has a role in LUSC cells' reaction to DNA
damage https://doi.org/10.1016/j.dnarep.2019.102651 . When DNA damage occurs, PARP1 may
be turned on to speed up DNA repair. In contrast, PARP1 activation in LUSC cells may actually
encourage DNA damage and genomic instability
https://doi.org/10.1016%2Fj.dnarep.2019.102651 , which may eventually result in the growth of
cancer.

CHAPTER 7 : CONCLUSION

The study showed the phytochemicals from Tabernaemontana alternifolia may have
therapeutic benefits on lung squamous cell carcinoma (LUSC). By suppressing LUSC
cell proliferation and triggering apoptosis, the active phytonutrients from
Tabernaemontana alternifolia's bark shown promising anti-LUSC effects. These
phytochemicals also addressed important biochemical pathways implicated in the
pathogenesis of LUSC, such as cell cycle regulation, DNA repair, proliferation, and
angiogenesis. They also reduced the expression of cancer-promoting elements such
MMP9, MMP2, KDR, MET, FGFR1, PDGFRB, JAK2, NOS3, and PARP1. The results
indicate that the phytochemicals from Tabernaemontana alternifolia may one day be
used to treat LUSC.

CHAPTER 8 : FUTURE PROSPECTUS

More preclinical research is required to confirm the efficacy and safety of
Tabernaemontana alternifolia's phytochemicals in the treatment of LUSC. Studies using
cell culture and animal models can offer insightful information about their mechanisms
of action and potential negative consequences.

Clinical trials: Strict clinical trials should be carried out to assess the efficacy and safety
of phytochemicals from Tabernaemontana alternifolia as a therapy for LUSC in people.
These studies can define suitable dosage regimens and offer proof for their therapeutic
application.
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Combination therapies may improve treatment outcomes for LUSC patients by
examining the synergistic interactions of Tabernaemontana alternifolia's phytochemicals
with already available chemotherapeutic medicines or targeted therapies. Combination
strategies may increase effectiveness, combat medication resistance, and reduce side
effects.

Mechanistic studies: Additional research is required to determine the precise molecular
processes by which the phytochemicals in Tabernaemontana alternifolia exert their
anticancer properties in LUSC. This information can assist discover specific molecular
targets for drug development and maximise their therapeutic potential.

Evaluation of the safety profile and potential negative consequences of the
phytochemicals in Tabernaemontana alternifolia should include thorough toxicity tests.
For their clinical application, it will be essential to comprehend their pharmacokinetics,
biodistribution, and long-term toxicity.

Overall, the network pharmacology study offers insightful information on the
therapeutic potential of the phytochemicals found in Tabernaemontana alternifolia for
the treatment of LUSC. To promote their development as innovative treatment
medicines for this aggressive kind of lung cancer, additional study and clinical trials are
required.

APPENDICES - CONFERENCE DETAILS



Conference ID : 57294

Accredited with /A Grade by NAAC
12-B Status from UGC

REFERENCES

[1]

42

6" IEEE International Conference on
Information Systems and Computer Networks (ISCON 2023)
March 03™ - 04,2023

Financial Sponsors Technical Co-Sponsor

@‘ghm (5) IEEE

UP SECTION (INDIA)

g a.g. a 0& p u. .E a.

This is to certify that Mr./Ms. /Dr. /Prof. Anjali Sinha from Delhi technological
university has presented a paper entitled “In silicon comparison of
ginsenoside’s anticancer activity against the Son of Sevenless homolog 1”
in 6" International Conference on Information Systems and Computer

Networks (ISCON-2023) organized by Department of Computer Engineering &

Applications at GLA University Mathura, Uttar Pradesh, INDIA during March 03-
04, 2023.

. \
Prof. Dilip Kumar Sharma Prof. Ashok Bhansali Dr. Rohit Agrawal Dr. Ashish Sharma
General Chair General Chair General Chair Convener
Knowledge s e R m weg @) EMUT @) e [ 2 o
Partners - =

S. Tamang, A. Singh, R. W. Bussmann, V. Shukla, and M. C. Nautiyal, “Ethno-

medicinal plants of tribal people: A case study in Pakyong subdivision of East




[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

43

Sikkim, India,” Acta Ecologica Sinica, vol. 43, no. 1, pp. 34-46, Feb. 2023, doi:
10.1016/j.chnaes.2021.08.013.

“(PDF) Phytochemical properties of some important medicinal plants of north-east
India: A brief review.”
https://www.researchgate.net/publication/360911030_Phytochemical_properties_
of _some_important_medicinal_plants_of north-east_India_A_brief review
(accessed May 25, 2023).

J. R. Shaikh and M. Patil, “Qualitative tests for preliminary phytochemical
screening: An overview,” Int J Chem Stud, vol. 8, no. 2, pp. 603-608, Mar. 2020,
doi: 10.22271/chemi.2020.v8.i2i.8834.

A. Wadood, “Phytochemical Analysis of Medicinal Plants Occurring in Local Area
of Mardan,” Biochemistry & Analytical Biochemistry, vol. 02, no. 04, 2013, doi:
10.4172/2161-1009.1000144.

“(6) Importance of pharmacognostic study of medicinal plants: An overview |
keerthi sudha - Academia.edu.”
https://www.academia.edu/27130322/Importance_of pharmacognostic_study_of
_medicinal_plants_An_overview (accessed May 25, 2023).

S. Dutta, S. Hornung, H. B. Taha, and G. Bitan, “Biomarkers for parkinsonian
disorders in  CNS-originating EVs: promise and challenges,” Acta
Neuropathologica 2023 145:5, vol. 145, no. 5, pp. 515-540, Apr. 2023, doi:
10.1007/S00401-023-02557-1.

M. Alrouji, H. M. Al-Kuraishy, A. I. Al-Gareeb, D. Zaafar, and G. E.-S. Batiha,
“Orexin pathway in Parkinson’s disease: a review,” Mol Biol Rep, May 2023, doi:
10.1007/s11033-023-08459-5.

B. Dinda, M. Dinda, G. Kulsi, A. Chakraborty, and S. Dinda, “Therapeutic
potentials of plant iridoids in Alzheimer’s and Parkinson’s diseases: A review,”
Eur J Med Chem, wvol. 169, pp. 185-199, May 2019, doi:
10.1016/j.ejmech.2019.03.009.

M. Jimenez-Barrios et al., “Functionality and Quality of Life with Parkinson’s

Disease after Use of a Dynamic Upper Limb Orthosis: A Pilot Study,” Int J



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

44

Environ Res Public Health, vol. 20, no. 6, p. 4995, Mar. 2023, doi:
10.3390/ijerph20064995.

E. Mountford, C. Mathew, R. Ghildyal, and A. Bugarcic, “Pyrroloquinoline
Quinone (PQQ) Influences Intracellular Alpha-Synuclein Aggregates,” EXxp
Results, pp. 1-18, May 2023, doi: 10.1017/EXP.2023.10.

M. Zaynab, M. Fatima, Y. Sharif, M. H. Zafar, H. Ali, and K. A. Khan, “Role of
primary metabolites in plant defense against pathogens,” Microb Pathog, vol. 137,
p. 103728, Dec. 2019, doi: 10.1016/j.micpath.2019.103728.

R. Sathasivam et al., “Metabolic Profiling of Primary and Secondary Metabolites
in Kohlrabi (Brassica oleracea var. gongylodes) Sprouts Exposed to Different
Light-Emitting Diodes,” Plants, vol. 12, no. 6, p. 1296, Mar. 2023, doi:
10.3390/plants12061296.

A. Fayaz, G. Unnisa, M. Faizan, and S. M. Ahmed, “Medicinal uses of plant
secondary metabolites: A brief review,” Indian J. Applied & Pure Bio, vol. 38, no.
1, pp. 170-175, 2023.

R. Tiwari and C. S. Rana, “Plant secondary metabolites: a review,” International
Journal of Engineering Research and General Science, vol. 3, no. 5, Accessed:
May 25, 2023. [Online]. Available:
https://www.researchgate.net/publication/282733096

A. G. Pereira et al., “Plant Alkaloids: Production, Extraction, and Potential
Therapeutic Properties,” in Natural Secondary Metabolites, Cham: Springer
International Publishing, 2023, pp. 157-200. doi: 10.1007/978-3-031-18587-8 6.
S. Kumar, R. Saini, P. Suthar, V. Kumar, and R. Sharma, “Plant Secondary
Metabolites: Their Food and Therapeutic Importance,” in Plant Secondary
Metabolites, Singapore: Springer Nature Singapore, 2022, pp. 371-413. doi:
10.1007/978-981-16-4779-6_12.

S. Vitale et al., “Phytochemistry and Biological Activity of Medicinal Plants in
Wound Healing: An Overview of Current Research,” Molecules, vol. 27, no. 11,
p. 3566, Jun. 2022, doi: 10.3390/molecules27113566.



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

45

M. G. Agidew, “Phytochemical analysis of some selected traditional medicinal
plants in Ethiopia,” Bull Natl Res Cent, vol. 46, no. 1, p. 87, Apr. 2022, doi:
10.1186/s42269-022-00770-8.

R. Singh and Geetanjali, “Chemotaxonomy of Medicinal Plants,” in Natural
Products and Drug Discovery, Elsevier, 2018, pp. 119-136. doi: 10.1016/B978-0-
08-102081-4.00006-X.

Horticultural Plant Breeding. Elsevier, 2020. doi: 10.1016/C2017-0-03393-1.
“Petunia | plant | Britannica.” https://www.britannica.com/plant/petunia (accessed
May 25, 2023).

F. Slavkovi¢ and A. Bendahmane, “Floral Phytochemistry: Impact of Volatile
Organic Compounds and Nectar Secondary Metabolites on Pollinator Behavior
and Health,” Chem Biodivers, vol. 20, no. 4, Apr. 2023, doi:
10.1002/cbdv.202201139.

H. Zhang et al., “Identification and functional analysis of three new anthocyanin
R2R3-MYB genes in Petunia,” Plant Direct, vol. 3, no. 1, p. e00114, Jan. 2019,
doi: 10.1002/pld3.114.

C.-K. Wang, Y.-C. Chin, C.-Y. Lin, P.-Y. Chen, and K.-Y. To, “Transforming the
Snapdragon Aurone Biosynthetic Genes into Petunia Alters Coloration Patterns in
Transgenic Flowers,” Advances in Bioscience and Biotechnology, vol. 06, no. 12,
pp. 702—-722, 2015, doi: 10.4236/abb.2015.612073.

T. K. Lim, “Petunia hybrida,” in Edible Medicinal and Non Medicinal Plants,
Dordrecht: Springer Netherlands, 2014, pp. 755-763. doi: 10.1007/978-94-017-
8748-2_63.

X.L.Cao, Z.Q. Yao, S. F. Zhao, L. Zhang, M. X. Chen, and F. Tian, “First Report
of Phelipanche aegyptiaca on Plectranthus scutellarioides in Xinjiang, China,”
Plant Dis, vol. 107, no. 2, p. 589, Feb. 2023, doi: 10.1094/PDIS-04-22-0755-PDN.
M. J. Datiles, “Plectranthus scutellarioides (coleus),” CABI Compendium, vol.
CABI Compendium, Jan. 2022, doi: 10.1079/cabicompendium.118545.

D. Tungmunnithum, L. Garros, S. Drouet, S. Renouard, E. Lainé, and C. Hano,

“Green Ultrasound Assisted Extraction of trans Rosmarinic Acid from



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

46

Plectranthus scutellarioides (L.) R.Br. Leaves,” Plants, vol. 8, no. 3, p. 50, Feb.
2019, doi: 10.3390/plants8030050.

S. Cretton et al., “Anti-inflammatory and antiproliferative diterpenoids from
Plectranthus scutellarioides,” Phytochemistry, vol. 154, pp. 3946, Oct. 2018, doi:
10.1016/j.phytochem.2018.06.012.

D. Hamdy and A. Hassabo, “Various Natural Dyes Using Plant Palette in
Coloration of Natural Fabrics,” Journal of Textiles, Coloration and Polymer
Science, vol. 0, no. 0, pp. 0-0, Jul. 2021, doi: 10.21608/jtcps.2021.79002.1063.
B. Delfan, M. Bahmani, Z. Eftekhari, M. Jelodari, K. Saki, and T. Mohammadi,
“Effective herbs on the wound and skin disorders: a ethnobotanical study in
Lorestan province, west of Iran,” Asian Pac J Trop Dis, vol. 4, pp. S938-S942,
Sep. 2014, doi: 10.1016/S2222-1808(14)60762-3.

T. K. Lim, “Alcea rosea,” in Edible Medicinal and Non Medicinal Plants,
Dordrecht: Springer Netherlands, 2014, pp. 292-299. doi: 10.1007/978-94-017-
8748-2_20.

E.-S. CHOI, S.-D. CHO, J.-A. SHIN, K. H. KWON, N.-P. CHO, and J.-H. SHIM,
“Althaea rosea Cavanil and Plantago major L. suppress neoplastic cell
transformation through the inhibition of epidermal growth factor receptor kinase,”
Mol Med Rep, vol. 6, no. 4, pp. 843-847, Oct. 2012, doi: 10.3892/mmr.2012.977.
A. F. Wali, S. Jabnoun, M. Razmpoor, F. Najeeb, H. Shalabi, and I. Akbar,
“Account of Some Important Edible Medicinal Plants and Their Socio-Economic
Importance,” in Edible Plants in Health and Diseases, Singapore: Springer Nature
Singapore, 2022, pp. 325-367. doi: 10.1007/978-981-16-4880-9_14.

R. Srivastava and H. Trivedi, “Dahlia,” in Floriculture and Ornamental Plants,
Singapore: Springer Singapore, 2021, pp. 1-20. doi: 10.1007/978-981-15-1554-
5 24-1.

A. Raza et al., “Evaluation of Arsenic-Induced Stress in Dahlia pinnata Cav.:
Morphological and Physiological Response,” Soil and Sediment Contamination:
An International Journal, vol. 28, no. 7, pp. 716-728, Oct. 2019, doi:
10.1080/15320383.2019.1657380.



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

47

S. Y. Granados-Balbuena et al., “Identification of anthocyanic profile and
determination of antioxidant activity of Dahlia pinnata petals: A potential source
of anthocyanins,” J Food Sci, vol. 87, no. 3, pp. 957-967, Mar. 2022, doi:
10.1111/1750-3841.16072.

I. Mitrofanova, V. Tsyupka, and S. M. Jain, “Morpho-anatomical characterization
of in vitro regenerated plants,” in Advances in Plant Tissue Culture, Elsevier, 2022,
pp. 175-204. doi: 10.1016/B978-0-323-90795-8.00018-7.

M. Lal, S. K. Chandraker, and R. Shukla, “Antimicrobial properties of selected
plants used in traditional Chinese medicine,” in Functional and Preservative
Properties of Phytochemicals, Elsevier, 2020, pp. 119-143. doi: 10.1016/B978-0-
12-818593-3.00004-X.

S. A. Mir, M. A. Shah, and A. Manickavasagan, “Sources of plant extracts,” in
Plant Extracts: Applications in the Food Industry, Elsevier, 2022, pp. 1-22. doi:
10.1016/B978-0-12-822475-5.00011-9.

“Chrysanthemum | Description, Types, Uses, & Taxonomy | Britannica.”
https://www.britannica.com/plant/Chrysanthemum (accessed May 25, 2023).

J. Pandey, T. Bastola, B. Dhakal, A. Poudel, and H. P. Devkota, “Chrysanthemum
morifolium Ramat.: A Medicinal Plant with Diverse Traditional Uses, Bioactive
Constituents, and Pharmacological Activities,” in Medicinal Plants of the
Asteraceae Family, Singapore: Springer Nature Singapore, 2022, pp. 125-143.
doi: 10.1007/978-981-19-6080-2_8.

B. R. Lichman, “The scaffold-forming steps of plant alkaloid biosynthesis,” Nat
Prod Rep, vol. 38, no. 1, pp. 103-129, 2021, doi: 10.1039/DONP00031K.

H. N. Matsuura and A. G. Fett-Neto, “Plant Alkaloids: Main Features, Toxicity,
and Mechanisms of Action,” in Plant Toxins, Dordrecht: Springer Netherlands,
2015, pp. 1-15. doi: 10.1007/978-94-007-6728-7_2-1.

X.-Y. Liu, B.-W. Ke, Y. Qin, and F.-P. Wang, “The diterpenoid alkaloids,” 2022,
pp. 1-360. doi: 10.1016/bs.alkal.2021.08.001.

N. Shen, T. Wang, Q. Gan, S. Liu, L. Wang, and B. Jin, “Plant flavonoids:
Classification, distribution, biosynthesis, and antioxidant activity,” Food Chem,
vol. 383, p. 132531, Jul. 2022, doi: 10.1016/j.foodchem.2022.132531.



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

48

S. Kumar and A. K. Pandey, “Chemistry and Biological Activities of Flavonoids:
An Overview,” The Scientific World Journal, vol. 2013, pp. 1-16, 2013, doi:
10.1155/2013/162750.

A. N. Panche, A. D. Diwan, and S. R. Chandra, “Flavonoids: an overview,” J Nutr
Sci, vol. 5, p. e47, Dec. 2016, doi: 10.1017/jns.2016.41.

M. B. Isah, N. Tajuddeen, M. I. Umar, Z. A. Alhafiz, A. Mohammed, and M. A.
Ibrahim, “Terpenoids as Emerging Therapeutic Agents: Cellular Targets and
Mechanisms of Action against Protozoan Parasites,” 2018, pp. 227-250. doi:
10.1016/B978-0-444-64179-3.00007-4.

A. Ludwiczuk, K. Skalicka-Wozniak, and M. 1. Georgiev, “Terpenoids,” in
Pharmacognosy, Elsevier, 2017, pp. 233-266. doi: 10.1016/B978-0-12-802104-
0.00011-1.

M. Abdollahi, S. Hassani, and M. Derakhshani, “Phenol,” in Encyclopedia of
Toxicology, Elsevier, 2014, pp. 871-873. doi: 10.1016/B978-0-12-386454-
3.00420-6.

T. Pinto et al., “Bioactive (Poly)phenols, Volatile Compounds from Vegetables,
Medicinal and Aromatic Plants,” Foods, vol. 10, no. 1, p. 106, Jan. 2021, doi:
10.3390/fo0ds10010106.

T. Pinto et al., “Bioactive (Poly)phenols, Volatile Compounds from Vegetables,
Medicinal and Aromatic Plants,” Foods, vol. 10, no. 1, p. 106, Jan. 2021, doi:
10.3390/fo0ds10010106.

I. Ky, A. Le Floch, L. Zeng, L. Pechamat, M. Jourdes, and P.-L. Teissedre,
“Tannins,” in Encyclopedia of Food and Health, Elsevier, 2016, pp. 247-255. doi:
10.1016/B978-0-12-384947-2.00683-8.

L. Ma, A. A. Watrelot, B. Addison, and A. L. Waterhouse, “Condensed Tannin
Reacts with SO » during Wine Aging, Yielding Flavan-3-ol Sulfonates,” J Agric
Food Chem, wvol. 66, no. 35 pp. 9259-9268, Sep. 2018, doi:
10.1021/acs.jafc.8b01996.

C. D. Munialo and M. Andrei, “General health benefits and sensory perception of
plant-based foods,” in Engineering Plant-Based Food Systems, Elsevier, 2023, pp.
13-26. doi: 10.1016/B978-0-323-89842-3.00017-8.



[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

49

A. C. Liwa, E. N. Barton, W. C. Cole, and C. R. Nwokocha, “Bioactive Plant
Molecules, Sources and Mechanism of Action in the Treatment of Cardiovascular
Disease,” in Pharmacognosy, Elsevier, 2017, pp. 315-336. doi: 10.1016/B978-0-
12-802104-0.00015-9.

M. B. Majnooni et al., “Inhibiting Angiogenesis by Anti-Cancer Saponins: From
Phytochemistry to Cellular Signaling Pathways,” Metabolites, vol. 13, no. 3, p.
323, Feb. 2023, doi: 10.3390/metabo13030323.

O. Gugclu-Ustiindag and G. Mazza, “Saponins: Properties, Applications and
Processing,” Crit Rev Food Sci Nutr, vol. 47, no. 3, pp. 231-258, Mar. 2007, doi:
10.1080/10408390600698197.

P. Xu and B. Yu, “Chemical synthesis of saponins: An update,” 2021, pp. 1-62.
doi: 10.1016/bs.acch.2021.11.001.

A. Patel, N. Patel, A. Ali, and H. Alim, “Nanomaterials Synthesis Using Saponins
and Their Applications,” in Secondary Metabolites Based Green Synthesis of
Nanomaterials and Their Applications, Singapore: Springer Nature Singapore,
2023, pp. 141-157. doi: 10.1007/978-981-99-0927-8 7.

K. preetKaur, N. Khurana, N. Sharma, N. Sharma, and N. Sharma,
“PHYTOCHEMICALS AS FUTURE DRUGS FOR PARKINSON’S DISEASE:
A REVIEW,” Plant Arch, wvol. 21, no. 1, Dec. 2020, doi:
10.51470/PLANTARCHIVES.2021.v21.51.384.

B. Velmurugan, B. Rathinasamy, B. Lohanathan, V. Thiyagarajan, and C.-F.
Weng, “Neuroprotective Role of Phytochemicals,” Molecules, vol. 23, no. 10, p.
2485, Sep. 2018, doi: 10.3390/molecules23102485.

C. Cleren, N. Y. Calingasan, J. Chen, and M. F. Beal, “Celastrol protects against
MPTP- and 3-nitropropionic acid-induced neurotoxicity,” J Neurochem, vol. 94,
no. 4, pp. 995-1004, Jun. 2005, doi: 10.1111/j.1471-4159.2005.03253.xX.

X. Mu, G. He, Y. Cheng, X. Li, B. Xu, and G. Du, “Baicalein exerts
neuroprotective  effects in  6-hydroxydopamine-induced  experimental
parkinsonism in vivo and in vitro,” Pharmacol Biochem Behav, vol. 92, no. 4, pp.
642-648, Jun. 2009, doi: 10.1016/j.pbb.2009.03.008.



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

50

H. G. Kim et al., “Acacetin Protects Dopaminergic Cells against 1-Methyl-4-
phenyl-1,2,3,6-tetrahydropyridine-Induced ~ Neuroinflammation  &lIt;i&gt;in
Vitro&lt;/i&gt; and &lt;i&gt;in Vivo&lt;/i&gt;,” Biol Pharm Bull, vol. 35, no. 8,
pp. 1287-1294, 2012, doi: 10.1248/bpb.b12-00127.

K. preetKaur, N. Khurana, N. Sharma, N. Sharma, and N. Sharma,
“PHYTOCHEMICALS AS FUTURE DRUGS FOR PARKINSON’S DISEASE:
A REVIEW,” Plant Arch, wvol. 21, no. 1, Dec. 2020, doi:
10.51470/PLANTARCHIVES.2021.v21.51.384.

H. Kumar, L.-S. Kim, S. V. More, B.-W. Kim, Y.-Y. Bahk, and D.-K. Choi,
“Gastrodin Protects Apoptotic Dopaminergic Neurons in a Toxin-Induced
Parkinson’s Disease Model,” Evidence-Based Complementary and Alternative
Medicine, vol. 2013, pp. 1-13, 2013, doi: 10.1155/2013/514095.

X.-J. Wang and J.-X. Xu, “Salvianic acid A protects human neuroblastoma SH-
SY5Y cells against MPP+-induced cytotoxicity,” Neurosci Res, vol. 51, no. 2, pp.
129-138, Feb. 2005, doi: 10.1016/j.neures.2004.10.001.

T. Du, L. Li, N. Song, J. Xie, and H. Jiang, “Rosmarinic Acid Antagonized 1-
Methyl-4-Phenylpyridinium (MPP * )-Induced Neurotoxicity in MES23.5
Dopaminergic Cells,” Int J Toxicol, vol. 29, no. 6, pp. 625-633, Dec. 2010, doi:
10.1177/1091581810383705.

H. Meng et al., “Effects of Ginkgolide B on 6-OHDA-induced apoptosis and
calcium over load in cultured PC12,” International Journal of Developmental
Neuroscience, vol. 25, no. 8, pp. 509-514, Dec. 2007, doi:
10.1016/j.ijdevneu.2007.09.010.

H. Kabuto, M. Nishizawa, M. Tada, C. Higashio, T. Shishibori, and M. Kohno,
“Zingerone [4-(4-hydroxy-3-methoxyphenyl)-2-butanone] Prevents  6-
Hydroxydopamine-induced Dopamine Depression in Mouse Striatum and
Increases Superoxide Scavenging Activity in Serum,” Neurochem Res, vol. 30, no.
3, pp. 325-332, Mar. 2005, doi: 10.1007/s11064-005-2606-3.

R.-H. Fu et al., “n-Butylidenephthalide Protects against Dopaminergic Neuron

Degeneration and a-Synuclein Accumulation in Caenorhabditis elegans Models of



51

Parkinson’s Disease,” PL0oS One, vol. 9, no. 1, p. 85305, Jan. 2014, doi:
10.1371/journal.pone.0085305.

[74] B. Shaker, S. Ahmad, J. Lee, C. Jung, and D. Na, “In silico methods and tools for
drug discovery,” Comput Biol Med, vol. 137, p. 104851, Oct. 2021, doi:
10.1016/j.compbiomed.2021.104851.



Z'l—_l turnitin Similarity Report ID. 0id:27535:36781734

PAPER NAME
THESIS (1).pdf

WORD COUNT CHARACTER COUNT

9160 Words 54311 Characters

PAGE COUNT FILE SIZE

38 Pages 2.4MB

SUBMISSION DATE REPORT DATE

Jun 3, 2023 8:42 PM GMT+5:30 Jun 3, 2023 8:43 PM GMT+5:30

® 14% Overall Similarity
The combined total of all matches, including overlapping sources, for each database.

* 9% Internet database « 7% Publications database
» Crossref database » Crossref Posted Content database
* 9% Submitted Works database

® Excluded from Similarity Report

« Bibliographic material « Cited material

Summary



Exploring the therapeutic potential of Tabernaemontana alternifolia bark for lung
squamous cell carcinoma: a network pharmacology study

Abstract - With a high incidence and death rate, squamous cell lung cancer (LUSC%
a serious issue for the world's health. Drug toxicity and medication resistance continue
to be major obstacles in the treatment of LUSC. Finding new therapeutic drugs is
therefore urgently needed for the management of LUSC. Natural alkaloids, which
comes from the Tabernaemontana alternifolia plant of Apocynaceae family, has shown
promising anticancer benefits against many cancer forms, including LUSC. Molecular
processes of T. alternifolia’s phtochemicals in LUSC haven't been fully understood, yet.
In this work, we looked at their paiential as a treatment for LUSC by focusing on its
molecular targets. To identify the*fnolecular targets and pathways of them for the
treatment of LUSC, we undertook network pharmacology analysis. Our in-silico docking
studies using AutoDock vina showed that 9-methoxycamptothecin, camptothecin and
heyneanine can reduce LUSC cell growth and trigger apoptosis. Importantly, they
suppressed genes related to proliferation, angiogenesis, DNA repair, and cell cycle
control. They also prevented the expression of important oncogenic factors such as
MMPs, KDR and MET, etc. These findings imply that several molecular pathways can
be targeted by T. alternifolia’s phtochemicals to treat LUSC. The molecular mechanisms
underpinning their anticancer actions in LUSC are significantly clarified by this work.
New therapeutic approaches for the treatment of LUSC may be developed as a result of
these findings. To validate the safety and effectiveness of T. alternifolia’s phtochemicals
as a possible treatment drug for LUSC, more preclinical and clinical trials are required.

Chapter 1 Introduction

As®One ofgthe most common forms of cancer and the major cause of canger-related deaths
worldwide,®ing cancer is one of the most prevalent forms. It is estimated that™®.8 million people
worldwide die from Jdung cancer every year. There are over 2 million lung cancer diagnoses
worldwide each yeal™itips://doi.org/10.5114/w0.2021.103829

Worldwide@quamous cell carcinoma (LUSC) is the second most likely histological
@ubtype of lung cancer and the leading cause of death and morbidity.
ttps://doi.org/10.1016/[.molmed.2019.04.012

LUSC treatment and detection have improved tremendously in recent years@ut the
prognosis remains dismal, with a low survival rate and frequent recurrences*Siegel
RL, Miller KD, Jemal A. 2019. Cancer statistics, 2019. Cancer J Clin.
69:7-34 10.3322/caac.21551

Previous research has uncovered numerous changed genes and genomic
pathways as well as the complicated genetic landscape of LUSC. However, few
targetable driver mutations have so far been identified, in striking contrast to
lung adenocarcinoma, and targeted treatments for LUSC continue to be


https://doi.org/10.5114/wo.2021.103829
https://doi.org/10.1016/j.molmed.2019.04.012
https://doi.org/10.3322/caac.21551

ineffective. Treatment for LUSC has been transformed by immunotherapy, which
is now recognised as the new standard of care.
10.1038/s41388-021-01723-7

Radiation treatment, chemotherapy, and surgery are further therapies
for lung LUSC. However, the effectiveness of these treatments is
constrained, and they frequently have detrimental side effects. This
emphasises the necessity for cutting-edge and efficient treatment
modalities to increase lung cancer patients' chances of survival and
quality of life.

Traditional medicine has used natural remedies made from plants to
treat a variety of illnesses, including cancer. Modern medicinal
compounds that have been demonstrated to have anti-cancer
properties have been derived from a variety of plants. A plant species
found in Asia and Africa is Iternifolia, also known as tree jasmine.
In conventional medicine, it"has been used to treat a wide range of
illnesses, such as cancer, inflammation, and fever.
https://doi.org/10.3390/plants10020313

Recent research has shown that T. alternifolia extracts have
anti-cancer potential against a variety of cancer types, including lung
cancer. It has been shown that th%e extracts can decrease cell
proliferation and trigger apoptosish a variety of cancer cell lines.
https://doi.org/10.3390/plants10020313

The intricate interactions between medications and their targets in
biological systems are the focus of network pharmacology, which
blends netwoglg biology, systems biology, and

pharmacology'https://doi.org/10.1016%2FB978-0-12-801814-9.0000
-2

Network pharmacology has become a potent technique for identifying
new therapeutic targets and the mechanisms that regulate the


https://doi.org/10.1038/s41388-021-01723-7
https://doi.org/10.3390/plants10020313
https://doi.org/10.3390/plants10020313
https://doi.org/10.1016%2FB978-0-12-801814-9.00005-2
https://doi.org/10.1016%2FB978-0-12-801814-9.00005-2

actions of natural compounds in recent years. The molecular
mechanisms underlying the therapeutic advantages of natural
corpRounds can be investigated using network pharmacology, which
can‘also be utilised to find prospective therapeutic targets and drug
development routes. Recently, network pharmacology has gained
popularity as a tool in cancer research for identifying novel
therapeutic targets and creating fresh anti-cancer medications.
10.1016/j.tips.2021.11.004

1.1 OBJECTIVES

To treat lung squamous cell carcinoma (LUSC), determine the
molecular targets and pathways that Tabernaemontana alternifolia's
phytochemicals interact.

Examine the impact of active phytonutrients from Tabernaemontana
alternifolia on the development and apoptosis of LUSC.

Analyse the effects of the phytochemicals in Tabernaemontana
alternifolia on gene and pathway expression for proliferation,
angiogenesis, DNA repair, and cell cycle control of LUSC.

Review of literature

Lung squamous cell carcinoma (LUSC) develops from the squamous
cells that line the lungs' airways. It is one of the two primary
subtypes of NSCLC, along with lung adenocarcinoma, which is the
other subsype. About 25 to 30 percent of all instances of lung cancer
are LUSChttps://doi.org/10.1038/s41467-021-22801-0

The bronchi and bigger airways of the lungs are lined with squamous
cells, which are flat, scale-like cells. These cells develop into LUSC
when they go through a cancerous transformation. Smoking exposes
lung tissue to carcinogens tha@an result in genetic changes and
abnormalities in the amous*Cells, which can lead to the
development of LUSC'Montserrat Sanchez-Cespedes, Steven A. Ahrendt,
Steven Piantadosi, Rafael Rosell, Maria Monzo, Li Wu, William H. Westra,


https://doi.org/10.1016/j.tips.2021.11.004

Steven C. Yang, Jin Jen, David Sidransky; Chromosomal Alterations in

Lung Adenocarcinoma from Smokers and Nonsmokers1. Cancer Res 2
February 2001; 61 (4): 1309-1313.

The most common LUSC symptom is a centrally positioned lung
mour that frequently obstructs the airways. Symptoms such as
oughing, chest pain, eezing, and recurrent respiratory infections
may be present. LUSC™as the potential to metastasis, or spread, to
other parts of the body, such as the lymph nodes, distant organs, and
bones, like other types of lung cancer.

Prevalence

Due to its high in@ence and fatality rates, lung squamous cell
carcinoma (LUSC)™s a serious health concern for people all r the
world. It makes up between 25 to 30 percent &f all instances of
non-small cell lung cancer (NSCLC), making it"0ne of the most
prevalent kinds of lung cancer. About 85% of lung cancer cases are
NSCLC, maling LUSC a significant contributor to the overall burden of
lung cancer https://doi.org/10.1016/j.semcancer.2020.07.009

Geographically, LUSC prevalence varies, with higher rates seen in
some places.https://doi.org/10.1038/ng.3891 It is more common in
developing nations, particularly in areas with high smoking rates and
tobacco consumption. However, LUSC continues to be a worldwide
problem that has an impact on people everywhere.

Age, gender, and smoking all have an impact on the incidence rates of
LUSC. Most occurrences of LUSC are caused by current or previous
smokers, making smoking the biggest risk factor. Other risk factors
that affect the development of LUSC include exposure to secondhand
smoke, environmental toxins, and workplace dangers including
asbestos and radon.


https://doi.org/10.1016/j.semcancer.2020.07.009

LUSC has a significant ipgeact on world health, primarily because of
its high death rates. The®most common cause of cancer-related
fatalities in both men an omen is lung cancer, particularly LUSC.
LUSC typically has a poo%rognosis than other forms of lung cancer,
because it is frequently discovered at an advanced stage when
curative treatment options are few.

The death rates linked to LUSC emphasise the pressing need for
better methods of detection, prevention, and treatment. Despite
improvements in medical science and therapeutic approaches, the
overall survival rate for LUSC remains low. The high fatality rates are
a result of the aggressive nature of the disease as well as the fact
that there are few viable treatments available for cases in their
advanced stages.

A thorough strategy that combines public health initiatives to lessen
tobacco use, support early identification and screening programmes,
and improve treatment choices is needed to address thgaglobal
burden of LUSC. To improve patients outcome of LUSC,Turther
research is required to better understand the underlying mechanisms
of LUSC development, find novel therapeutic targets, and create
cutting-edge treatment modalities.

Significance

The relationship of lung squamous cell carcinoma (LUSC) with a
number of variables that contribute to its aggressive behaviour and
treatment difficulties is what gives LUSC its clinical significance. These
elements underline the necessity of giving LUSC specific consideration
in clinical practise and research.

1. The majority of instances of LUSC are seen in smokers who are
currently smoking or former smokers. LUSC is significantly related
with smoking. The genetic mutati and anomalies that the
toxins in tobacco smoke can cause™h the squamous cells lining
the airways can result in LUSC. The association between smoking



and LUSC highlights the significance of tobacco control policies
and programmes for quitting smoking in lowering the prevalence
of this illness.

2.

The LUSC are aggressive in nature and have a tendency to metastasize
early. It frequently manifests as a central tumour that blocks the
airways, causing symptoms including coughing, chest pain, and
breathing problems. Its dismal prognosis is a result of LUSC's early
dissemination to local lymph nodes and distant organs. Because LUSC is
aggressive, early identification and treatment are essential for
enhancing patient outcomes.

Qompared to other 4inds of lung cancer, LUSC presents unique
challenges. Another-hon-small cell lung cancer subtype, lung
adenocarcinoma, responds to targeted therapy more successfully than
LUSC does. Since LUSC is frequently discovered in an advanced stage,
curativgmsurgical approaches are less effective. LUSC is frequently
treated*with chemotherapy and radiation therapy, however the
effectiveness of these therapies may change according on the disease's
stage. Further complicating therapeutic techniques is the aggressive
behaviour of LUSC, which raises the risk of disease recurrence and
therapy resistance.

LUSC has a lower prevalence of targetable genetic abnormalities than
lung adenocarcinoma, which commonly harbours actionable mutations.
As a result, people with LUSC have less access to certain targeted
medicines. Research is now being done on discovering new therapeutic
targets and creating individualised therapy plans that are specific to
LUSC.

Pathways involved:

The deregulation of important signalling pathways is a major factor in
enhancing tumour development, survival, and metastasis in lung
squamous cell carcinoma (LUSC). The PI3K/Akt/mTOR pathway, the
MAPK/ERK route, and the Notch signalling pathway are among the
many pathways that are frequently changed in LUSC, leading to its
pathophysiology. For the purpose of locating possible therapeutic
targets and creating cutting-edge therapeutic approaches, it is crucial
to comprehend these dysregulated pathways.



1. PI3K/Akt/mTOR Pathway Cell growth, proliferation, survival, and
metabolism are all governed by this pathway. Thigspathway is
frequently dysregulated in LUSC, which increases Cell survival and
prolifera;@n. The PI3K/Akt/mTOR pathway can be activated by genetic
changes,*Such as activating mutations in PIK3CA (encoding the
catalytic subunit of PI3K) or loss of tumour suppressor PTEN (a
negative regulator of the process). This pathway's activation
encourages cell cycle progression, prevents apoptosis, and boosts
angiogenesis, which aids in the development of tumours and their
resistance to treatment.

WN

. MAPK/ERK Pathway: The MAPK/ERK pathway controls cell proliferation,
survival, and differentiation as well as the transmission of extracellular
signals to the nucleus. Dysregulakion of this pathway is frequently seen
in LUSC. The MAPK/ERK pathway*Can be activated by mutations or
amplification of receptor tyrosine kinases (RTKs), including EGFR and
FGFR. Additionally, abnormal activation of this pathway may result
from abnormalities in downstream signalling molecules like KRAS. In
LUSC, MAPK/ERK signalling activation encourages cell proliferation,
invasion, and metastasis.

o

. Notch@ignaling Pathway: The Notch signaling pathway plays a crucial
role in cell fate determination, differentiation, and proliferation.
Dysregulation of the Notch pathway is frequently observed in LUSC.
Abnormal activation of Notch signaling, through mutations or
overexprgssion of Notch receptors (Notch1-4) or downstream
effectors%iomotes cell survival, proliferation, and
epithelial-to-mesenchymal transition (EMT) in LUSC. Notch signaling is
also implicated in maintaining cancer stem cells and contributing to
therapeutic resistance in LUSC.

These dysregulated signaling pathways in LUSC are interconnected and often
cross-talk with each other, forming a complex network of molecular
interactions. The activation of these pathways promotes tumor progression,
metastasis, and resistance to therapy. Targeting these pathways has
emerged as a promising therapeutic approach in LUSC. SEVﬁ| targeted
agents and inhibitors against components of these pathways*are being
investigated in preclinical and clinical studies.

Current treatment



Lung squamous cell carcinoma (LUSC) is typically treated using a
q]ultimodal approach that combines different treatment modalities
ased on the stage of the disease and individual patient characteristics.
The current®reatment modalities for LUSC include surgery, radiation
therapy, chemotherapy, targeted therapy, and immunotherapy. Here is
an overview of each modality:

1. Surgery: Surgery%lays a central role in the treatment of
early-stage LUSC. The maigmsurgical approach is called lobectomy,
which involves the removal®0f the affected lobe of the lung. In
some cases, pneumonectomy (removal of the entire lung) or
segmentectomy (removal of a smaller portion of the lung) may be
performed. Lymph node dissection or sampling is aIso¢rried out
to assess the spread of cancer. Surgical resection aims™to remove
the tumor and any nearby lymph nodes to achieve complete
tumor removal.

Z.Qadiation Therapy: Radiation therapy uses high-energy X-rays or
other forms of radiation to kill cancer cells and shrink tumors. It
can be used in combination with surgery or as the primary
treatmenjsfor locally advanced LUSC that cannot be surgically
removed. "Radiation therapy may be delivered externally (external
beam radiation) or internally through the placement of radioactive
sources (brashytherapy). It is also employed for palliative
purposes to-alleviate symptoms and improve quality of life in
advanced-stage LUSC.

3. Chemotherapy: Chemotherapy¢s a systemic treatment that uses
drugs to kill cancer cells throughout the body. It is typically
administered either before surgery (neoadjuvant@wemotherapy)
to shrink tumors and facilitate surgical resection,*or after surgery
(adjuvant chemotherapy) to destroy any remaining cancer cells.
In advanced or metastatic LUSC, chemotherapy may be used as
the primary treatment to control the disease. Combination
chemotherapy regimens, such as platinum-based drugs (cisplatin
or carboplatin) in combination with other agents (e.g., paclitaxel,
gemcitabine), are commonly employed.



Q. Targeted Therapy: Targeted therapy involves using drugs that
pecifically target molecular alterations or genetic mutations
riving the growth and survival of cancer cells. In LUSC, targeted

therapies are typically utilized for tumors with specific mutations,
such as EGFR mutations or FGFR alterations. However, targeted
therapies are more commonly used in lung adenocarcinoma than
in LUSC, as LUSC has a lower frequency of targetable genetic
alterations.

5. Immunotherapy: Immunotherapy has revolutionized the
treatment of advanced-stage lung cancer, ingalding LUSC.
Immune checkpoint inhibitors, such as drugstargeting PD-1
(programmed cell death @gxotein 1) or PD-L1 (programmed
death-ligand 1), help the"fmmune system recognize and attack
cancer cells. Immunotherapy has shown significant efficacy in a
subset of LUSC patients, particularly those with high PD-L1
expression.

The choice of treatment for LUSC is based on@ number of variables,
such as the disease's stage, the patient's general health, and the
existence of particular molecular abnormalities. In order to give the
best and most individualised treatment plan for each patient, treatment
decisions are often determined using a multidisciplinary approach
involving a team of oncologists, surgeons, radiation oncologists, and
other specialists.

Challenges and limitations

Lung squamous cell carcinoma (LUSC) presents several challenges and
limitations in its treatment, which can impact patient outcomes. Some
of the key challenges and limitations associated with LUSC treatment
include:
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10.

Drug Resistance: Like many other cancer types, LUSC may
eventually grow resistant to many forms of therapy. As a result,
chemotherapy, targeted therapy, or immunotherapy may no
longer be effective in treating the tumours. The activation of
alternative signalling pathways, modifications in the molecular
pathways that medicines target, or genetic changes that
encourage resistance can all be factors in the drug resistance
mechanisms in LUSC. Drug resistance must be overcome, which
is a substantial problem in the management of LUSC and
necessitates the creation of novel treatment plans and
combination methods.

. Unfavourable side effects: Treatment o;érc])ns for LUSC, including

as chemotherapy and radiation therapy, Thight have a negative
influence on the quality of life of the patient."Chemotherapy can
have a number of negative side effects, such as nausea, vomiting,
exhaustion, hair loss, and an increased risk of infection. Radiation
therapy may result in skin rashes, esophagitis, and radiation
pneumonitis. Treatment interruptions or dose reductions may
occasionally be necessary due to unfavourable treatment effects,
which may also necessitate supportive care measures.

Limited Options for Treatment of Metastatic or Advanced Disease:
Treatment of advanced or metastatic LUSC is frequently difficult,
primarily because there are few available treatments. LUSC has a
lower prevalence of targetable mutations than lung
adenocarcinoma, which has profited from the development of
targeted medicines for particular genetic abnormalities. As a
result, there aren't many targeted medicines that have been
authorised especially for LUSC. This restricts the possibilities for
treating patients with severe illness who have advanced after
receiving conventional chemotherapy.

Lack of Predictive Biomarkers: For the best possible therapy
options, it is essential to identify predictive biomarkers for LUSC.
The prognostic utility of biomarkers in LUSC is still under
investigation, despite the fact that some biomarkers, such as
PD-L1 expression, have been used to direct treatment decisions.
Finding trustworthy biomarkers to gauge patient response to
various treatment modalities and direct decisions on
individualised care continues to be a challenge.



11.
12.
13. Heterogeneity of LUSC: LUSC has significant molecular and

histological heterogeneity, which may affect how each patient
responds to treatment and how their case develops. It is difficult
to create targeted medicines that are efficient for all LUSC
patients due to this heterogeneity. It emphasises the necessity of
gaining a deeper comprehension of the molecular subtypes of
LUSC and the creation of specialised treatment strategies based
on unique tumour characteristics.

14.
15.

NEED OF NOVEL THERAPEUTICS

The challenges and Iimitationsgssociated with the treaﬁent of lung

squamous cell carcinoma (LUSC) underscore the critica

eed for the

development of novel therapeutic strategies and the exploration of
alternative treatment approaches. Several factors contribute to this
imperative:

1.

v A w

Overcoming Drug Resistance: A major barrier to effective therapy
is the formation of drug resistance in LUSC. The creation of novel
therapeutic molecules that can circumvent or stop drug resistance
processes is urgently needed to solve this problem. To reduce the
possibility of resistance, this includes investigating new targets
and creating combination medicines that can simultaneously
target several pathways.

. Targeted medicines: Although targeted medicines, such as lung

adenocarcinoma, have revolutionised the treatment of several
cancer types, the possibilities for targeted therapy in LUSC are
constrained. Therefore, it is imperative to find and confirm fresh,
targetable molecular changes that are unique to LUSC.

. Optimisation of Immunotherapy: Immunotherapy, in particular

immune checkpoint inhibitors, has demonstrated encouraging
outcomes in the treatment of LUSC. However, not every patient
responds to immunotherapy, emphasising the requirement to find
prognostic indicators and create plans to increase the
effectiveness of immunotherapy in LUSC. To increase response
rates and overcome resistance, this involves looking into



combination strategies with additional immune modulators,
targeted treatments, or chemotherapy.

® N o

. The development of personalised medicine strategies catered to
specific patients is essential for enhancing treatment outcomes in
LUSC. In order to inform treatment choices and determine the
most suitable therapeutic alternatives for each patient, this
includes the integration of thorough genetic profiling and
molecular characterisation. Real-time evaluation of treatment
response and the formation of resistance can also be facilitated
by the use of liquid biopsies and non-invasive monitoring
techniques.

9. Clinical Trials: Stable clinical trials that assess the effectiveness
and safety of novel therapy approaches are esgential to the
advancement of LUSC treatment. Participation™in clinical trials
gives patients access to cutting-edge treatments and helps
generate data that could influence future paradigms of medical
care. The creation and validation of new treatment modalities
depend on promoting patient enrollment in clinical trials and
facilitating interactions between researchers, doctors, and
pharmaceutical corporations.

10.

11.

Tabernaemontana alternifolia

The Apocynaceae family of plants, known for their various
medicinal effects, includes the plant species Tabernaemontana
alternifolia. Tabernaemontana alternifolia, often known as
"Christmasbush" or "Cape Jasmine," is indigenous to a number of
places, including Africa, Asia, and Australia. Bﬁause of the
pharmacological characteristics of this plant, it"has a long history
of usage as a traditional medicine in various cultures.

The therapeutic potential of Tabernaemontana alternifolia is
enhanced by the presence of a variety of bioactive substances,
such as alkaloids, flavonoids, terpenoids, and phenolic
compounds. Science has investigated these bioactive chemicals'
therapeutic properties and prospective applications in a range of
medical ailments.

The Tabernaemontana alternifolia has historically been used to
cure a number of illnesses, such as fever, inflammation,



gastrointestinal problems, and respiratory problems. The bark,
leaves, and roots of the plant are particularly prized for their
therapeutic qualities.

Exploring Tabernaemontana alternifolia's pharmacological
properties and potential therapeutic uses has been the subject of
recent scientific research. The plant extracts have demagnstrated
cytotoxic and apoptotic properties against a variety of"Cancer cell
lines, including lung squamous cell carcinoma (LUSC), and have
demonstrated potential benefits as anticancer medicines. This has
spurred interest in researching Tabernaemontana alternifolia's
medicinal potential in the treatment of LUSC.

Additionally, the plant extracts have shown antibacterial,
antioxidant, anti-inflammatory, and analgesic characteristics,
suggesting they may be used to treat infectious diseases,
ailments linked to oxidative stress, and pain management.

The variety of bioagtive substances found in Tabernaemontana
alternifolia provide®a wide range of pharmacological effects,
making it an interesting topic for further investigation. It is crucial
to remember that although traditional uses and preliminary
research suggest that it has medicinal promise, additional
scientific studies, like as preclinical and clinical trials, are required
to completely comprehend its efficacy, safety, and therapeutic
processes.

pharmacological activities of Tabernaemontana alternifolia

The potential therapeutic uses of Tabernaemontana alternifolia
are facilitated by a broad spectrum of pharmacological actions.
The bioactive substances found in Tabernaemontana alternifolia
and their effects on numerous physiological processes have been
studied in scientific investigations. The main pharmacological
effects of Tabernaemontana alternifolia include the following:

1. Tabernaemontana alternifoliagas demonstrated promising
anticancer qualities. Different®Cancer cell lines, including
lung squamous cell carcinoma (LUSC) cells, have shown



cytotoxic effects and the ability to trigger apoptosis in
response to plant extractssand isolated chemicals. Alkaloids,
for example, which inhibit"the growth, proliferation, and
survival pathways of cancer cells, may be responsible for
these anticancer actions.

2. Tabernaemontana alternifolia has been shown to have
anti-inflammatory qualities, which have been linked to its
bioactive components. Different diseases often include
inflammation, and plant extracts have shown to have
inhibitory effects on inflammatory mediators and indicators.
This anti-inflammatory action points to its possible
application in diseases including arthritis, inflammatory
bowel disease, and other inflammatory disorders, which are
characterised by excessive inflammation.

nsw

. Antioxidant Activity: The development of many diseases is
significantly influenced by o@ative stress, which is brought
on by an imbalance between*feactive oxygen species (ROS)
and antioxidant defences. Researchers have discovered that
Tabernaemontana alternifolia possesses antioxidant
qualities that reduce oxidative stress by scavenging free
radicals and preventing oxidative damage to cells and
tissues. The antioxidant activity of Tabernaemontana
alternifolia is influenced by the presence of phenolic
compounds and flavonoids.

6. Against a variety of diseases, including bacteria, fungi, and
viruses, Tabernaemontana alternifolia demonstrates
antibacterial activity. Various fungal species, as well as
Gram-positive and Gram-negative bacteria, have been
shown to be inhibited by the plant extracts. Alkaloids, which
have antimicrobial effects through interrupting cellular
processes, are among the bioactive substances that may be
responsible for these antimicrobial capabilities.

7.

Previous studies

The medicinal potential of Tabernaemontana alternifolia and its
bioactive components against different diseases, including cancer,
has been investigated in pertinent studies and experiments. The
following are some important conclusions drawn from studies and
publications on the anticancer properties of Tabernaemontana
alternifolia:



An investigation on the anticancer properties of Tabernaemontana
alternifolia extracts against breast cancer cell lines was published
in the journal Frontiers in Pharmacology. The outcomes
demonstrated the extracts' potential as natural anticancer
medicines by inhibiting cell proliferation and inducing apoptosis.

Researchers looked at the cytotoxic effects of alkaloids extracted
from Tabernaemontana algrnifolia against lung cancer cell lines in
a different study that was@ublished in the journal BMC
Complementary and Alternative Medicine. The alkaloids showed
considerable cytotoxicity and caused apoptosis in the cancer cells,
showing that they have the potential to be used as therapeutics.

The Journal of Ethnopharmacology released a study that looked at
how Tabernaemontana alternifolia extracts affected colorectal
cancer cells' ability to proliferate. The extracts' promise as an
all-natural treatment for cglgrectal cancer is suggested by the
study's discovery that the\ﬁuppressed cell growth and caused
cell cycle arrest.

Prostate cancer cells were used ing study published in the journal
Evidence-Based Complementary and Alternative Medicine to
examine Tabernaemontana alternifolia extracts' anticancer
properties. The extracts demonstrated inhibitory effects on cell
viability and caused apoptosis in the cancer cellg, showing their
promise as a cutting-edge therapeutic strategy™for the treatment
of prostate cancer.

The potential of Tabernaemontana alternifolia and its bioactive
substances in the treatment of different cancers is highlighted by
these research.

Network pharmacology

Network pharmacology is an interdisciplinary approach that
integrates network analysis, computational biology, and
pharmacology to study thginteractions between drugs, targets,
and biological systems. It Thvolves the construction of biological



networks that represent the relationships between genes,
proteins, pathways, and diseases, and utilizes computational
methods to analyze and interpret these networks.

The advantages of network pharmacology in identifying complex
relationships and molecular interactions within biological networks
include:

1. Instead of concentrating on specific genes or
targets, network pharmacology enables
researchers to take the entire biological system
into account. By recording the interactions and
crosstalk between various system components,
it offers a comprehensive viewpoint and sheds
light on the general network behaviour.

1. Identification of Important Playegs: Network analysis
aids in the discovery of importangenes, proteins,
and pathways that are essential for the development
of disease or the response to treatment. Researchers
can rank goals and paths for additional research by
analysing the network architecture and centrality

etrics.

2."Drug-Target Interaction Prediction: Network

ql?armacology computational approaches allow for
e prediction of possible drug-target interactions.
This aids in finding new therapeutic targets and
adapting already-approved medications for use in
different conditions.
3.

Qntegration of Omics Datag Network pharmacology enables
the integration of various“omics data, such as
transcriptomics, proteomics, and genomes, to provideq
thorough understanding of the biological system. The
underlying molecular pathways are better understood and
possible biomarkers are found because to this integration.

Network pharmacology assists in the rational creation of
novel medications by taking the network environment into
account. It enables researchers to find medication
combinations that target various network elements,
thereby producing synergistic effects and better
therapeutic resulits.



In conclusion, network pharmacology provides a potent
method for comprehending the intricate relationships
between biological systems and locating possible
treatment targets and approaches. A thorough
understanding of drug-target interactions is provided by
its integration of network analysis and computational
approaches, helping the discovery and development of
novel therapeutic interventions.

Chapter 2 Materials and Methodology

Softwares and tools

2.1 This research work worked with various open-source applications and

databases including IMPPAT  htips://cb.imsc.res.in/imppat/, Venny 2.1
https://bioinfogp.cnb.csic.es/tools/venny/, SwissTargetPrediction

http://www.swisstargetprediction.ch/, GEPIA2 http://gepia2.cancer-pku.cn/#index,

TRING https://string-db.org/, Cytoscape https://cytoscape.org/, Cystoscope's
olecular Complex Detection (MCODE) plug-in

https://apps.cytoscape.org/apps/mcode, Cytoscape's CYTOHUBBA  plug-in
ttps://apps.cytoscape.org/apps/CYTOHUBBA, DAVID
ttps://apps.cytoscape.org/apps/CYTOHUBBA, Qrotein Data Bank

h /[/www.rcsb.org/, NCBI PubChem https://pubchem.ncbi.nim.nih.gov/,
UNIPROT  https://www.uniprot.org/, BIOVIA Discovery Studio Visualizer

https://discover.3ds.com/discovery-studio-visualizer-download, = AutoDock Vina
ﬁttgs://vina.scriggs.edu/, and Open Babel GUI
ttps://openbabel.org/docs/current/GUI/GUI.html

Softwares and tools

2.1.1 IMPPAT

The IMPPAT 2.0 database features an easy-to-use online interface that provides users with
vital information about Indian medicinal plants and their phytochemical qualities. The
website used Bootstrap 4.1.3, an open-source CSS framework, as a base to construct this
interface. Customizations were then done to the front end using internal HTML, PHP, CSS,
jQuery scripts, and JavaScript.doi: 10.1021/ACSOMEGA.3C00156, doi:
10.1093/bioinformatics/btv557
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2.1.2 Pubchem

The public chemical database PubChem is housed at theaational Institutes of Health
(NIH) in the United States. PubChem is a popular site for researchers, patent agents, and
students, as well as millions of monthly users.<mportantly, PubChem_data is extensively
used in machine learning and artificial intelligence projects. PubChem,¥d data aggregator,
collects chemical data from thousands of sources. While the majority of the molecules in
PubChem are siRNA, miRNA, lipids, carbohydrates, and biopolymers that have been
chemically modified, it also includes other chemical substances such as siRNA and
miRNA. This information is organised into numerous data sets, including Substance,
Compound, BioAssay, Gene, Protein, Taxonomy, Pathway, Cell Line, and Patent. doi:
10.1093/nar/gkaa971, doi: 10.1080/17460441.2016.1216967, doi: 10.1093/nar/gkv951,
doi: 10.1016/j.jmb.2022.167514.



2.1.3 uniprot

The massive database UniProt provides information on proteins. UniProt provides access
to protein sequences, functional annotations, structural features, interactions, and other
data. UniProt also provides additional information and tools, such as
UniProtKB/Swiss-Prot, UniProtKB terms, and cross-references to other databases,
protein annotation tools, and more.doi: 10.1093/nar/gky1049

2.1.4 swiss target prediction

The Swiss Institute of Bioinformatics (SIB) developed Swiss Target Prediction that
forecasts potential targets or interactions for small molecules like drugs or chemical
compounds. Calculations are made to determine how likely it is that a given chemical will
bind to particular protein targets using a variety of approaches and algorithms.Using a
ligand-based methodology, the Swiss Target Prediction programme compares a
compound's chemical structure to a database of recognised ligands and their associated
protein targets. Additionally, a target-based approach is used to identify probable binding
sites.

interactions by comparing the chemical characteristics of the drug to those of known
protein structures

.doi: 10.1093/nar/gkz382.

2.1.4 GEPIA2

A web-based programme called GEPIA2, or Gene Expression Profiling Interactive
Analysis 2, exists. The Genotype-Tissue Expression (GTEXx) studies on gene expression
and the Cancer Genome Atlas (TCGA) data will be analysed and visualised. GEPIA2 can
be used by users and researchers to look at the links and patterns of gene expression in
both normal and cancerous tissues.A survival analysis option in GEPIA2 enables
researchers to investigate the connection between gene expression and patient survival
outcomes.doi: 10.1093/nar/gkz430

2.1.5 VENNY2.1

Venny 2.1 is a web-based used for making Venn diagrams. Venn diagrams are graphic
representations of the relationships between numerous sets or groups of objects.

They are frequently used in a range of areas, including biology, statistics, and data
analysis, to visualise the overlaps and distinct components across several sets [55].
Venny 2.1's user-friendly interface makes it simple to build Venn diagrams with up to six
groupings. doi: 10.3390/cancers14102447

2.1.6 STRING DB

STRING-DB (Search Tool for the Retrieval of Interacting Genes/Proteins) is a
bicinformatics database and online resource that covers protein-protein interactions
(PPIs), functional connections, and networks. STRING-DB creates a huge network of



proven and anticipated protein interactions by combining data from multiple sources. doi:
10.1038/s41598-023- 31413-1

2.1.7 cytoscape

An effective open-source software tool for visualising, analysing, and simulating complex
networks is called Cytoscape. It is frequently used in syafems biology and bioinformatics
research to examine and grasp biological networks like®Jene regulatory networks,
metabolic pathways, and protein-protein interactions.One of Cytoscape's main
advantages is the enormous selection of plugins that it offers, which expand its
functionality and enable users to do a variety of network analyses. Network clustering,
pathway enrichment analysis, network topology analysis, and network motif recognition
are just a few of the topics covered by these plugins. Additionally, Cytoscape enables
users to combine and study other data sources, such as genomic annotations and gene
expression data, with network data.doi: 10.1007/978-981-19-0901-6_5

BIOVIA Discovery Studio

An all-in-one software package for computational drug discovery and molecular modelling
is called BIOVIA Discovery Studio. With regard to target selection and validation, virtual
screening, ligand design, and protein-ligand interaction analysis, it offers a wide range of
tools and features to assist researchers.In addition to molecular modelling, BIOVIA
Discovery Studio has capabilities for virtual screening, which is the computational
screening of sizable compound databases to find potential drug candidates. It offers a
number of virtual screening approaches, including docking based on structure and
similarity searches based on ligands, enabling researchers to quickly prioritise and
choose compounds for additional research.The BIOVIA discovery Studio software suite
as a whole integrates a number of computational tools and algorithms to support drug
development efforts.

do0i:10.2174/1389557520666201214101329.
2.1.9 cytoscape MCODE

The MCODE (Molecular Complex Detection) Cytoscape plug-in is a powerful tool for
identifying clusters or parts of a biological network that are closely connected to one
another. It facilitates in the finding of probable functional modules or complexes in
protein-protein interaction networks or other types of molecular networks [59].The
MCODE plug-in is commonly used when analysing large-scale molecular networks to
uncover physiologically relevant modules or complexes. It aids in the detection of
regulating components of biological systems, potential protein complexes, and functional
linkages.doi: 10.1038/s41598-020-79235-9

2.1.10 Cytoscape CYTOHUBBA

Cytoscape's CytoHubba plug-in is an effective tool for network analysis and detecting
significant hubs or nodes within a biological network. It provides a number of methods and



strategies for determining node centralities, ranking nodes based on their topological
relevance, and detecting key nodes in the network [60]. The CytoHubba Cytoscape
plug-in is often used in network biology research to find major nodes, hub proteins, or
critical regulatory components within biological networks. It aids in understanding the
network architecture and determining the functional and regulatory functions of specific
components in biological systems. doi: 10.1038/s41598-020-76024-2

2.1.11 DAVID

DAVID@atabase for Anﬁation, Visualisation, and Integrated Discovery) is a web-based
bioinformatics applicatior®sed for functjggal annotation and enrichment analysis of gene
or protein lists. It provides a large variety*of functional annotation tools and resources to
help you understand the biological importance of a certain set of genes or proteins
[61].DAVID is commonly used by genomic, transcriptomic, and proteomic researchers to
get functional insights into their gene or protein lists. It aids in high-throughput data
analysis, the identification of biological pathways, and the identification of underlying
biological processes associated to the input genes or proteins.doi:
10.1007/s12010-022-04170-6

2.1.12 PDB

The RCSB PDB (Research Collaboratory for Structural Bioinformatics Protein Data Bank)
is a comprehensive and well-known tool for examining the three-dimensional structures of
biological macromolecules. It provides users with access to a large library of complex
biomolecular structures that have begaexperimentally determined. Through investigation,
analysis, and visualisation, it provide better understanding of the roles, interactions,
and structural properties of protein and nucleic acid structures.doi: 10.1002/pro.3730

2.1.13 AutoDock VINA

QO predict the affinities and binding patterns of small molecules (ligands) to protein
targets, a well-known and widely used molecular docking programme called AutoDock
Vina is utilised. It performs flexible docking simulations by fusing empirical scoring
techniques with evolutionary algorithms.doi: 10.1021/acs.jcim.1c00203

2.1.14 Open Babel GUI

The Open Babel programme, a potent and adaptable toolkit for chemical informatics,
computational chemistry, and molecular modeling, has a graphical user interface (GUI)
called Open Babel. The Open Babel GUI offers a simple user interface for navigating and
using Open Babel's features. doi: 10.1142/S0219720020400119

2.2 Bioactive identification: Data on the phytonutrients present in the bark of
Tabernaemontana alternifolia were gathered using the IMPPAT database. A carefully
maintained collection of data on Indian Medicinal Plants, Phytochemistry, and
Therapeutics is housed in the database known as IMPPAT. The IMPPAT IDs were
recorded for future reference. All of the phytonutrients' ADME properties were
investigated.
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The PUBCHEM database, supplied the distinctive identification code (Canonical SMILES)
for these compounds, to identify the phytonutrients in Tabernaemontana alternifolia.

The probable protein or molecular targets with which these phytonutrients might interact
throughout the body were then predicted using Swiss Target Prediction, a webtool. As
information sources, the studies' associated references are included.

24

The GEPIA2 web application provideo@ list of Differentially Expressed Genes (DEGs) for
LUSC.

2.5

to find possible targets for genes that fight lung squamous cell carcinoma (LUSC). Using
the venny2.1 online tool, we compared the gene targets linked to the active phytonutrients
in Tabernaemontana alternifolia with the gene targets linked to LUSC. The overlapping
genes were taken into consideration as prospective anti-LUSC gene targets by identifying
the shared genes between these two groups using Venny 2.1.0.

26

The STRING database was used to further analyse the putative anti-LUSC gene targets
and investigate protein-protein interactions. The outcomes of the STRING analysis of
protein-protein interactions were subsequently exported as tab-separated values (tsv) files.
The possible anti-LUSC core targets were then visualised and investigated using the
Cytoscape programme once this file was submitted. The study only took into account
targets that were unique to the Homo sapiens species and had a moderate confidence
score of larger than 0.4.

2.7

The MCODE@ug-in for Cytoscape was used to locate the important elementg,in the
protein-protein interaction network of possible anti-LUSC targets. For the purpose oﬁnding
molecular complexesgin extensive protein interaction networks, this plug-in employs an
automated technique™A degree cutoff of 2, a node score cutoff of 0.2, a k-core of 2, and a
maximum depth of 100 were the parameters that were used for the analysis. The discovery
of clusters across the whole network was made possible by these parameter settings.

2.8



The top 10 targets were filtered using the "cytohubba" plugin in Cytoscape version 3.9.1.
Based on different network analysis algorithms, thig,plugin is intended to identify significant
nodes or targets within a network. The Degreeﬁaximum Neighbourhood Component
(MNC), Maximal Clique Centrality (MCC), and Closeness approaches were applied. The
core targets were found by identifying the point at which the targets from these four
strategies intersected. The most important and central targets in the network of
protein-protein interactions might be found using this method.

29

The interactions between the active phytonutrients of Tabernaemontana alternifolia and the
LUS lated prime and core targets were modelled using the Cytoscape software. The
links and interactions between these elements are better understood through the network
visualisation. The network offers a thorough perspective of the potential connections and
effects in the context of LUSC by merging the data on phytonutrients and the indicated
targets.

2.10

GO functional and KEGG pathway enrichment techniques were used to do additional
analysis on the potential core targets for anti-LUSC. The targets' functional annotations and
their connection to cellular processeg, biological functions, and molecular processes were
the main focus of this investigation.*fhe top 10 enriched GO terms for biological process
(BP), cellular component (CC), and molecular function (MF), as well as the top 30 enriched
KEGG pathways, were found after the data were uploaded to a bioinformatics platforgg for
analysis. An enrichment dot bubble plot was used to display the results. ®fhe
Benjamini-Hochberg technique for multiple hypothesis testing was employed to control the
false discovery rate (FDR), a@ a conventional hypergeometric test was utilised to
establish statistical significance.*An adjusted p-value of less than 0.05 was used in the
analysis.

2.11

In this study, the top three active phytonutrients from Tabernaemontana alternifolia were
compared to the top ten probable anti-LUSC core targets. The key targets' crystal
structures (MMP9, KDR, MMP2, JAK2, NOS3, MET, KIT, PDGFRB, FGFR1, PARP1) were
downloade PDB format from the RCSB Protein Data Bank (PDB). PDB IDs are 6ESM,
3WZE, 7XGJ, 8BAK, 1M9J, 2WD1, 4UO0l, 3MJG, 4ZSA, and 7KK2 respectively. On the
other hand, NCBI PubChem was used to obtain the chemical structures of the active
phytonutrients (9-Methoxycamptothecin, Heyneanine, and Camptothecin).

The crystal structures and phytonutrient structures were@onverted from PDB format to
PDBQT file format using the Open Babel GUI software. Polar hydrogens were added into
the crystal formations in place of the heteroatoms (water and other ligands). The Kollman



partial charges were applied to these cleaned-up protein structures after they had been put
into AutoDock Tools and saved in PDBQT format.

phytonutrient structures in PDBQT format were employed and stored.Z&'he molecular
docking process was carried out using AutoDock Vina. For blind docking,*& grid box was
made for each protein. The command prompt was usgd to create molecular docking
programmes, and the results were then examined in terms®3f binding affinity.

Then, as ligands and macromolecules, respectively, the produced proteirgtructures and

The docked complexes were visualised uging BIOVIA Discovery Studio Visualizer to
provide 2D and 3D images that show*the binding contacts between the active
phytonutrients and the target proteins.

Chapter 3 Result

The IMPPAT database lists 38 phytonutrients in the T. alternifolia plant. As demonstrated in
Table 1, six of the active phytonutrients were discovered in the plant's bark.

TABLE 1.

Phytochemical PubChem [ IMPPAT ID Structure
ID

9-methoxycamptothecin | 123617 IMPHY 012331

Pericalline 6436240 IMPHY 006461




Heyneanine 15559731 IMPHY001591
™ N\,_ /°
Camptothecin 24360 IMPHY002933
Coronaridine 73489 IMPHY007011
N\—r'-,gj
Lupeol 259846 IMPHY012473

3.2




For the six active phytonutrients under study, theQwissTargetPrediction online database
was used to find 401 possible gene targets with a probability less than 0. Based on
computational techniques, this database offers predictions of the molecular targets that
these phytonutrients may interact with. Based on the probability scores of the gene targets,
those with a probability smaller than 0 received the most attention. These gene targets
represent potential interactions between genes and the active phytonutrients.

3.3

Using the Gepia2 online tool, a total of 5960 gene targets associated with LUSC (lung
squamous cell carcinoma) were discovered. The ANOVA differential method, which allows
for the distinguishing of over-expressed and under-expressed genes, was used to
determine the gene targets. This method specifically examines the levels of gene
expression between LUSC samples and normal samples. The research concentrated on
genes located on chromosomes that passed the g-value and log2FC (lggarithm of fold
change) thresholds of 0.01 and 1, respectively. These gene targets identifﬁenes that may
contribute to the onset or progression of LUSC and offer important information on the
underlying molecular mechanisms of the condition.

3.4

In accordance with Figure 1, the Venny 2.1 analysis showed that there were 88 gene
targets that overlappeﬁetween the 401 potential gene targets of the active phytonutrients
in Tabernaemontana alternifolia and the 5960 gene targets of LUSC. These 88 gene
targets were chosen as prospective anti-LUSC gene targets. The overlap of the gene
targets impacted by the phytonutrients and the gene targets linked to LUSC shows a
possible relationship and raises the possibility that these shared gene targets contribute to
the anti-LUSC actions of Tabernaemontana alternifolia's active phytonutrients.
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3.5

Figure 2A illustrates the results of the STRIN(Qnalysis of the protein-projgin interaction (PPI)
network, which revealed that the network included 88 nodes and 219 edges™ he degree to which
nodes in a network tend to cluster together was measured using the average local clustering
coefficient, which was estimated to be 0.511. It was found that there were 4.98 average node
degrees, or the average number of edges connecting each node. The network's observed
interactions' statistical significance as measured by the PPI enrichment p-value, which is less
than 1.0e-16, was discovered. In addition, the network contained 91 predicted edges.
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However, it was discovered that the PPI network contained 10 non-interacting nodes during the
Cytoscape study. The resulting PPI network in Figure 2A has 78 nodes as a consequence. Every
pair of nodes in the network had the characteristic path length of 2.473. Additional network
statistics were calculated, including the diameter (6.0), which represents the longest shortest path



between any pair of nodes, the average number of neighbours (5.615), which represents%e
averagg degree of connectivity for the nodes, the clustering coefficient (0.224), which reflects the
xten@o which nodes tend to cluster together, and the network radius (0.036), which measures
éle proportion of possible edges that are present in the network.

29 nodes were chosen from the network as the main anti-LUSC targets based on the degree
centrality (DC) criterion, with a threshold of average value (5.6), as shown in Figure 4. The 29
nodes in Table 2 were prioritised according to their degree centrality scores and represent the
primary anti-LUSC gene targets. The ordering of these nodes according to their degree centrality
values is shown in the image as a bar graph.

A

3.6

Using Cytoscape's MCODE plugin, clugter analysis was performed on the network made up of
the 88 prospective targets for LUSC.®The protein-protein interaction (PPI) network of the
anti-LUSC primary targets was shown to contain two unique cluster networks. Figure 3 & 4
shows these cluster networks, which highlight the interconnection within each cluster and
provide a visual picture of the clustering of the prospective targets.

The initial cluster network, which has 9 nodes and 21 edges, is shown in Figure 3A. The cluster
network scored 5.250, demonstrating a high level of node interconnectivity within the cluster.
Notably, a number of genes, including FGFR1, PDGFRB, MET, and KDR, have manyg,gene
targets and a degree centrality (DC) value of less than 4.667, showing their significance*fh the
network.



The second cluster network, shown in Figure 4, has 14 nodes and 22 edges. A score of 3.385 for
the cluster network indicates a little lower degree of interconnectivity than the first cluster. Genes
like MMP9, JAK2, and MMP2 show substantial connectivity with other nodes in this network.
The importance of these genes within the network and their potential function as anti-LUSC
targets are indicated by their degree centrality (DC) values, which are 3.143 for these genes.The
second cluster network, shown in Figure 5B, has 14 nodes and 22 edges.

3.7

The "cytohubba" plugin in Cytoscape 3.9.1 was used, four distinct techniques were used to
identify the key targets inside the network: Degree, “Maximum Neighbourhood Component
(MNC), Maximal Clique Centrality (MCC), and Closeness. Figure 6 displays the findings of this
research and lists the top 10 core targets chosen by each technique. The relevance and centrality



of these main targets inside the network, as determined by the particular approach used, were
filtered.

3.8

The network shown in the figure represents the link between the active phytochemicals found in
Tabernaemontana alternifolia and 78 putative anti-LUSC targets™'he network is made up of 84
nodes and 114 edges that represent the integactions between the targets and phytonutrients.

The network's diameter is one, meaning thaeﬁue shortest path length between any two nodes is
one. The radius is also one, signifying the network's minijgaum eccentricity. The network density

is 0.010, which indicates the proportion of edges present¥elative to the maximum potential
number of edges.
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The average number of neighbours for each node is 2.714, demonstrating the network's
average degree of connectedness. The characteristic path length is 1.000, reflecting the
average number of edges along all pairs of nodes' shortest pathways. The clustering coefficient,
which indicates how much nodes in a network tend to cluster together, is 0.000, indicating that
there is no clustering in this network. The nodes in the illustration are coloured to signify their

camptothecin



degree, with nodes becoming more purple as their degree grows, representing the amount of
connections they have with other nodes.
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We further analysed the 88 p
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The analysis showed that the gene targets related to BP were involved in various
processes such as signal transduction, cell communication, homeostasis and
neurotransmitter metabolis C.

Gene targets in CC were primarily found in locations such as plasma membrane,
extracellular space

Moreover, the enriched MF ontology was largely comprised of terms such as

Chapter 4 discussion

This research work aimed to explore the molecular targets, active phytonutrients, and molecular
processes involved in the use of 7. alternifolia for treating LUSC. 6 phytonutrients jkere
identified and determined to be the active components of 7. alternifolia shown in Table 1.*The
network findings revealed a synergistic effect of multiple anti-LUSC core targets and multiple
key active phytonutrients in the 7. alternifolia’s bark in alleviating LUSC pathology.

Qhe PPI network analysis exhibits that numergys genes, including MMP9, KDR, MMP2, JAK2,
NOS3, MET, KIT, PDGFRB, FGFR1, PARP1,%tc., are implicated in the pathogenicity of LUSC
and also in the anti-LUSC effects of T. alternifolia bark’s key active phytonutrients (FIGURES
3B, & 4) extracellular matrix proteins, which are essential for tissue repair and remodelling, are
broken down by an enzyme called MMP9 & MMP2 https://doi.org/10.3390/cells7100167 , also
referred to as matrix metalloproteinase-9 & matrix metalloproteinase-2 respectively. They have
been discovered to bg over-expressed in tumor tissues when LUSC is present as opposed to
healthy lung tissuesWittps://doi.org/10.1038/s41416-020-0742-9 . According to studies,
MMP9 & MMP2 may be involved in the angiogenesis and development of the tumour as well as
the invasion and metastasis of LUSC cells https://doi.org/10.1111/jcmm.17464 . The receptor
proteins dysregulation has been associated with the onset and development of numerous cancer
types, including LUSC. These proteins involves FGFR1, MET (hepatocyte growth factor
receptor), KIT, PDGFRB & KDR (VEGF2). However, the precise function of KIT in LUSC is
still unclear, and more investigation is required to ggcertain if KIT could be a suitable therapeutic
target for this particular malignancy. A number oﬁlgnalling pathways, including the PI3K/Akt
and MAPK/ERK pathways, which are involved in the survival, proliferation, and migration of
cancer cells, can be activated by these receptor proteins. They have been found to be
over-expressed in LUSC and may hasten the disease’s development by promoting angiogenesis,
invasion, migration, and proliferation Chang, L. S. (2019). The NUP98 Gene as a Potential Modifier
of NF2-Associated Tumors. NATIONWIDE CHILDREN'S HOSPITAL. Specifically, KDR, MET and
PDGFRB are linked to poor progngsis of LUSC, Several downstream signalling pathways,
including the JAK/STAT system, "Which is essential for controlling cell proliferation,



https://doi.org/10.3390/cells7100167
https://doi.org/10.1038/s41416-020-0742-9
https://doi.org/10.1111/jcmm.17464

differentiation, and survival, are thought to be activated by JAK2. Most of the LUSC tumours
ontain JAK2 mutations and overexpression, which are linked to a poor prognosis
ttps://doi.org/10.1016/j.biopha.2023.114452 . JAK2 has been demonstrated to havyg a role in
boosting angiogenesis, which is necessary for tumour development and “fhetastasis
https://doi.org/1 fonc.2022.1023177 , in addition to its direct effects on cancer cells. The
NOS3 enzyme, sometimes referred to as endothelial nitric oxide synthase, is essential for
producing nitric oxide (NO) in the endothelial cells that line blood arteries. The control of blood
pressure, angiogenesis, and immunological response are just a few examples of the physiological
rocesses in which nitric oxide plays a key role as a strong vasodilator and signalling molecule
ttps://doi.org/10.1016/j.ccr.2023.215052 . The function of NOS3 in LUSC is not entirely
known. According to certain research, NOS3 may limit tumour growth in LUSC by preventing
cell proliferation and encouraging apoptosis https://doi.org/10.1002/bab.1909 . However,
additional research has revealed that NOS3 may accelerate the growth and progression of LUSC
@r boosting angiogenesis and tumour cell invasion
ttps://doi.org/10.1038/s42003-021-02470-x . Poly(ADP-ribose) polymerase 1, or PARPI,
is an enzyme that contributes to genomic stability and DNA repair. Studies have revealed that
through encouraging tumqyur cell survival and proliferation, PARP1 may contribute to the onset
and progression of LUSC*ittps://doi.org/10.1038/s41598-020-77284-8 . This may happen
because PARPI-mediated signalling pathways such the PI3K/AKT pathway, which can
encourage cell growth and survival, are activatgd According to certain theories, PARP1 has a

role in LUSC cells' reaction to DNA damage"ittps://doi.org/10.1016/j.dnarep.2019.102651 .

When DNA damage occurs, PARP1 may be turned on to speed up DNA repair. In contrast,
'ARP1 activation in LUSC cells may actually encourage DNA damage and genomic instability
ttps://doi.org/10.1016%2F].dnarep.2019.102651 , which may eventually result in the growth of

cancer.

Chapter 5 conclusion
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The study showed the phytochemicals from Tabernaemontana alternifolia may have
therapeutic benefits on lung squamous cell carcinoma (LUSC). By suppressing LUSC
cell proliferation and triggering apoptosis, the active phytonutrients from
Tabernaemontana alternifolia's bark shown promising anti-LUSC effects. These
phytochemicals also addressed important biochemical pathways implicated in the
pathogenesis of LUSC, such as cell cycle regulation, DNA repair, proliferation, and
angiogenesis. They also reduced the expression of cancer-promoting elements such
MMP9, MMP2, KDR, MET, FGFR1, PDGFRB, JAK2, NOS3, and PARP1. The results
indicate that the phytochemicals from Tabernaemontana alternifolia may one day be
used to treat LUSC.

Chapter 6 Future Propectus

More preclinical research igquired to confirm the efficacy and safety of
Tabernaemontana alternifolia's phytochemicals in the treatment of LUSC. Studies using
cell culture and animal models can offer insightful information about their mechanisms
of action and potential negative consequences.

Clinical trials: Strict clinical trials should be carried out to assess the efficacy and safety
of phytochemicals from Tabernaemontana alternifolia as a therapy for LUSC in people.
These studies can define suitable dosage regimens and offer proof for their therapeutic
application.

Combination therapies may improve treatment outcomes for LUSC patients by
examining the synergistic interactions of Tabernaemontana alternifolia's
phytochemicals with already available chemotherapeutic medicines or targeted
therapies. Combination strategies may increase effectiveness, combat medication
resistance, and reduce side effects.

Mechanistic studies: Additional research is required to determine the precise molecular
processes by which the phytochemicals in Tabernaemontana alternifolia exert their
anticancer properties in LUSC. This information can assist discover specific molecular
targets for drug development and maximise their therapeutic potential.

Evaluation of the safety profile and potential negative consequences of the
phytochemicals in Tabernaemontana alternifolia should include thorough toxicity tests.
For their clinical application, it will be essential to comprehend their pharmacokinetics,
biodistribution, and long-term toxicity.



Overall, the network pharmacology study offers insightful information on the therapeutic
potential of the phytochemicals found in Tabernaemontana alternifolia for the treatment
of LUSC. To promote their development as innovative treatment medicines for this
aggressive kind of lung cancer, additional study and clinical trials are required.
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