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ABSTRACT

Al is now heavily involved in the healthcare industry, and the industry's distinctive analytical
capabilities have increased the ability to extract previously undiscovered patterns and insights from the

massive volumes of data that are available. By using this strategy, we can increase the applicability and
obtain accurate information. By using this technology, we can link resources with patients for better
management, uncover previously undiscovered insights into medical decision-making, and benefit from
previously undiscovered data assets. Today's medical specialists find it challenging to work with high
resolution images from massive data sets like MRI, CAT scans, X-rays, or other testing components.
Extracting information from the medical industry is a challenging endeavor. Nowadays healthcare
professionals find it challenging to work with high resolution images from massive data sets like MRI,
CAT scans, X-rays, or other testing components. Extracting information from the medical industry is a
challenging endeavor. The potential of artificial intelligence (AI) in the diagnosis of cancer,
musculoskeletal issues, neurological illnesses, and bone fractures is investigated in this study. It also
demonstrates how an innovative Al technique is carefully examined from several angles, opening up
interesting new avenues for medical imaging study. Qualitative and statistical study of secondary data
has been useful in examining the details of Al's role in medical imaging. In this paper, the benefits of
implementing Al in healthcare are also discussed.
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INTRODUCTION

Artificial Intelligence (AI) refers to the simulation of human intelligence in machines that are designed to think and
act like humans. AI systems can learn from data, recognize patterns and make predictions or decisions. It
encompasses various technologies including machine learning, deep learning, natural language processing and
computer vision. Al has wide-ranging applications in fields such as medicine, finance, transportation, and customer
service. The term "artificial intelligence" (Al) refers to a technology that mimics human intellect but is computer-
generated rather than natural. From the business sector to education and health, it has established a recognizable
presence for itself everywhere. Because of its many advantages, artificial intelligence has established itself as an
integral part of clinical practice within the healthcare sector. This article provides an overview of five distinct uses for
Al in the medical imaging industry. Diagnostic imaging it includes a broad spectrum of ICT-based approaches to
medical imaging, from standard clinical practice to cutting-edge research in human physiology and
pathophysiology. Medical imaging data from X-rays, MRIs, CT scans, and other types of scans are managed, stored,
and processed using information and communication technology. By giving medical professionals access to precise
and timely medical imaging information, medical imaging informatics aims to enhance patient care[1]. It also strives
to improve healthcare organizations’ productivity and efficiency by optimizing operations and minimizing manual
effort. This article explores not just the current usage of Al in medicine, but also its possible future applications (Al)
technology. Al-powered medical imaging solutions are capable of improving the accuracy, speed, and efficiency of
diagnoses and treatments. Here are a few ways Al is being used in the medical imaging industry:

Image analysis
Al algorithms can analyze medical images and highlight areas of concern for physicians, such as tumors or other
anomalies.

Computer-aided diagnosis
Al systems can assist physicians in making a diagnosis by providing additional insights and recommendations based
on the analysis of medical images.

Image-guided surgery
Al can assist in planning and guiding surgical procedures by providing real-time information and analysis of
medical images during the operation.

Radiology workflow optimization

Al can help radiology departments to streamline their workflows and improve efficiency by automating routine
tasks and reducing the workload of radiologists. The field of diagnostic healthcare has undergone a revolution due
to artificial intelligence (AI) and computer vision technologies, which have provided fresh and creative approaches
to medical imaging. Artificial intelligence (AI) systems can examine medical images and extract pertinent data, such
as the presence of tumours or other irregularities, to help medical professionals make precise diagnosis. A patient's
anatomy and physiology can be learned a lot about via medical imaging technologies including X-rays, CT scans,
and MRI. This information can be processed and interpreted in fresh and creative ways to enhance patient care when
paired with[2] Al and computer vision technology. To identify patterns and anomalies in medical images, such as
cancers in X-ray or MRI scans, Al-powered computer vision algorithms can be developed, for instance. This data can
be utilized to assist medical professionals in diagnosing patients or to track a condition's development over time. In
summary, the use of AI and computer vision technologies in conjunction with medical imaging has the potential to
significantly raise the precision and effectiveness of diagnostic healthcare. These technologies can contribute to better
patient outcomes and more individualized and successful treatment options by giving healthcare providers more
information and insights. In conclusion, Al has the potential to transform the medical imaging industry by
enhancing the accuracy of diagnoses, reducing the workload of healthcare providers, and ultimately improving
patient outcomes. The major objective of this paper is to explore future Al-related medical imaging applications.
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Additionally, in this paper, we propose a method for researching Al's potential to revolutionize the healthcare
industry. Al contains a wide potential to examine the many components of clinical research, and researchers are not
too terrified of it; rather, they express the thoughts to embrace it[3]. The research presented in this article has
uncovered a novel method using Al and discusses the upcoming possibilities for the field of medicine including the
implementation of such a method with possible personnel.(Fromherz & Makary, 2022)

BACKGROUND

Medical imaging is an essential part of healthcare because it gives doctors precise visual data about a patient's
anatomy and physiology. Among other things, medical imaging technologies include ultrasound, MRI, PET, CT
scans, and X-rays. These technologies are essential for the identification, management, and treatment of a variety of
medical diseases. Medical imaging supports healthcare professionals’ decision-making regarding patient care, from
early disease detection and diagnosis through the planning of surgical procedures. Additionally, it is crucial for
tracking the effectiveness of drugs and gauging the success of medical procedures. M Medical physics, nuclear
medicine, and radiology are three specialist professions that concentrate on the creation, analysis, and application of
medical images. This wide-spread usage of medical imaging in healthcare has sparked the growth of these fields.
Further enhancing the precision and effectiveness of diagnosis and treatments are technological developments and
the incorporation of Artificial Intelligence (AlI) in medical imaging.Artificial intelligence (Al) algorithms are applied
to medical imaging data in order to enhance patient care and healthcare procedures.

Objective

The research aimed to fulfill the following objectives:

e  To study the Role of artificial intelligence in medical imaging
o potential applications of Al in diagnostic imaging in the future
o The use of artificial intelligence in medical imaging

METHODOLOGY

Many other disciplines rely heavily on image processing, such as image mining, medical imaging, scientific
visualization, web mining, etc. Because they facilitate rapid searching and retrieval of medical pictures, Content-
Based Mir Image Retrieval (CBMIR) technologies are crucial to the functioning of medical databases. This article
provides in-depth details on the possibilities of deep learning algorithms for picture segmentation. This article is
meant to serve as a primer on the many potential uses of deep learning in medical imaging, including picture
mining. Methods for content-based picture retrieval and defect identification in medical images are also presented.
The aforementioned methods are all examples of de-generative models; additional models, such as pattern-based
methods, future-oriented methods, in-depth methodologies, and model-based approaches, are also highlighted in
the literature[4]. However, success is often credited to model-based methods or generative approaches since, in such
circumstances, analysis is dependent on an estimate of the parameters and the complete analysis is conditional on
these estimates. New discoveries in machine learning have led to the development of additional methods, such as
deep learning processes. This methodology has the potential to improve the analysis of therapeutic tissues in
particular. In this research, we report the results of a comprehensive investigation of the subset of image-processing
jobs that are amenable to deep learning techniques.

Role of artificial intelligence in medical imaging

It is utilized in medical imaging to diagnose a wide range of different illnesses; artificial intelligence may be of use to
radiologists and pathologists. There have been many indications that Al tools and components are capable of
performing the task of recognizing the characteristics in medical images in a more accurate and expedient manner.
The following is a list of the five applications of artificial intelligence that can be found in the field of medical
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imaging, as well as how Al is affecting the labor force by enhancing its ability to identify potentially deadly
disorders.(Brag, 2020)

Recognizing cardiovascular abnormalities

The risk of developing cardiovascular illness and the presence of conditions requiring surgical or pharmacological
intervention may be ascertained through measurements of cardiac architecture. Monitoring and controlling the
process of identifying various problems utilising basic ordered image detection technologies, such as X-rays, may
allow for more rapid treatment decisions. If an example doesn't make it clear, nothing will. After a patient arrives at
the ER complaining of breathlessness, a chest x-ray may be the first image observation made[5]. As cardiomegaly is a
potential indicator of serious heart disease, it may be utilised as a part of a preliminary screening process. Inaccurate
diagnoses might be made by the radiologist if they relied too much on a short visual inspection. Artificial intelligence
may help doctors spot bigger pulmonary nodules on chest x-rays, which might indicate other, more serious
pulmonary or cardiac problems that need to be ruled out. In a similar vein, artificial intelligence might be beneficial
in automating measuring activities such as the identification of the aortic valve, the carina angle, and the diameter of
the pulmonary artery.(Sureka, 2021)

Identifying other fractures and musculoskeletal injuries

Musculoskeletal injuries and fractures, if not treated promptly, may lead to chronic pain and disability. Also on the
list of problems that need to be resolved as soon as feasible are issues like hip fractures in the elderly. It is
particularly advantageous to employ Al to identify the tiny but most significant fractures, which may be difficult to
locate[6]. The use of artificial intelligence by surgeons makes it possible to treat soft tissue injuries and dislocations
with more certainty. Following the accident, this particular sort of fracture is considered to be of minor significance
and requires a quicker recovery. The findings are not easily discernible from the x-ray;thus, a comparison must be
made with the results of the many previous tests in order to determine the abnormality's evolution over time. The
medical experts discover the finest applications for Al in this setting, which assists them in making timely decisions
about procurement.

Diagnosing neurological illnesses

Patients having degenerative neurological disorders like amyotrophic lateral sclerosis may get a devastating
diagnosis (ALS). Artificial intelligence has a large and vital role in ALS diagnosis. Differentiating amongst primary
lateral sclerosis (PLS) but also amyotrophic lateral sclerosis (ALS) and identifying each ailment independently calls
for imaging examinations. Recent studies on the identification of ALS and the use of Al to it demonstrate how
important speed and accuracy are in this process.

Determining the Presence of Thoracic Complications

Al algorithms have access to pictures and x-rays, which enables them to provide evidence of opacities that suggest
pneumonia and offer alerts for possible diagnoses. Al makes it possible to observe and treat patients more quickly. In
this regard, artificial intelligence may seem capable of prioritizing both the nature of the problem and the severity of
it, which may assist in making decisions in accordance with the sense of urgency.(Subasi, 2023)

Cancer screening and prevention

Imaging procedures performed in a hospital setting are often used to screen patients for common cancers. For
example, it might be challenging to locate defects in the breast tissue, such as micro calcification, that are associated
with breast cancer. Incorrect diagnosis, often known as a false positive, might result in needless deadly diseases,
which is the worst possible consequence. Artificial intelligence (AI) may aid in providing the accuracy and optimal
use of imaging features to detect micro calcifications on the basis of suspicion for "ductal carcinoma in situ" (DCIS),
which may reduce the likelihood of unnecessary benign biopsies being conducted. In a similar vein, AI may also be
beneficial for identifying cancers of the head and neck, colorectal cancer, prostate cancer, or cervical cancer.
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potential applications of Al in diagnostic imaging in the future

human eyes can easily spot issues because they have been educated and have prior experience, where the system for
machine learning cannot detect issues with medical picture annotation except if the symptoms or concerns are
mentioned[7]. Only by using that is it possible to diagnose the problem and provide an informed prediction based on
the observable pattern. While there is consensus among experts that the Al application's accuracy much exceeds that
of human sight, there are also many who disagree, but on the other hand, many academics believe that the Al
application is less beneficial.

Training of AI models for use in medical imaging

The incorporation of key methods into MI is a kind of image marking used by experts to indicate the location of an
issue and to draw a picture of it using computer vision. Image annotation is also known as image labeling. Image
labeling is also known as image annotation. After the MI has been annotated with the problem, the training of the Al
model may take place on a massive scale. Big data is fueled by Al and machine learning, which helps in providing
acceptable data for evaluating medical pictures and making predictions about what sort of illness may arise probably
in patients. This helps in producing relevant data for analyzing medical images. When it comes to diagnosing illness,
artificial intelligence could prove to be more efficient than traditional methods.(Ayache, 2020)

Accurate automated management information

It has been suggested in a number of papers that once a good Al framework has been established, it would be able to
detect a number of different diseases in a shorter amount of time than a radiologist can, while also being more
accurate and effective. An article on Al in medical imaging was written after extensive secondary data analysis (both
quantitative and qualitative). The numerous areas Al may be put to use in have been categorised via the use of
statistics and an analysis of secondary data. Conversely, qualitative research on Al's advancements focuses on their
accuracy and potential. Table diagrams have drawn attention to the basic analysis's skewed use of statistical
measurement. In this qualitative follow-up, we discuss the potential further development of Al Incorporating
articles by other researchers has allowed for a deeper dive into the issue at hand. The growing use of AI to medical
imaging is driven mostly by a desire to enhance the effectiveness and efficiency of diagnostics and therapy. This is
because Al can help diagnose and treat medical conditions faster and more accurately. Imaging by radioactivity is
seeing tremendous expansion.

The effectiveness and efficiency of Al over the course of several years

The phrase "artificial intelligence" comes from the concept of a machine that simulates human cognitive processes,
such as the ability to solve problems or acquire new skills[8]. To speak in more broad terms, we might say that it is
the process of learning systematically by carrying out activities that depend on a certain algorithm or pattern in order
to comprehend and recognize the conceptions. There are several automated methods, some of which even need
human intellect in order to be useful in some fields [14]. Artificial intelligence, machine learning, and deep learning
are all interrelated and have been used for some time now; they each stand for a different kind of learning
methodology. This article discusses the use of Al to medical imaging, and it is noted that the use of these
instructional material may be tracked over the course of several years. There has been much investigation concerning
the use of Al in clinical diagnostic imaging. Over the course of several years, it has shown remarkable precision in
the medical field. On the other hand, the increased sensitivity has arisen as a significant downside with the tiny
changes in detecting techniques.(Wolterink&Mukhopadhyay, 2022)

Application of Al in the medical business

By the year 2024, it is anticipated that the global healthcare business for Al based on clinical applications would have
reached almost $1.5 billion. Following the rise in its use, artificial intelligence is expected, according to market
research and consulting, to take on a prominent role in the world's medical business. The expansion of the market is
expected to quicken as a result of covid pan-demic subsidies in AIU-based medical treatment with high annual
growth that is expected to rise by 44% by the year 2022. The use of artificial intelligence is developing noticeably,
particularly in the diagnosis of different illnesses. It has assumed a prominent position in the treatment of illnesses
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such as lung cancer, breast cancer, neurological disorders, and cardiovascular diseases since it has approved the
opportunity. With its dynamic characteristic, artificial intelligence has a wide range of potential applications in the
healthcare fields of the future.

The Use of Artificial Intelligence In Medical Imaging

Enhanced health checks

Al-enhanced medical imaging helps physicians diagnose and treat faster.

AT has been shown by researchers at Tulane University to be as effective as human pathologists in spotting colorectal
cancer in tissue scans. In order to determine whether artificial intelligence might assist pathologists in keeping up
with demand, this research was conducted. According to the study's authors, a cancer diagnosis requires the analysis
and interpretation of hundreds of histopathological pictures. Doctors who are overworked could make more
blunders. Professor as well as Director of the Center for Biomedical Engineering and Genomics at Tulane University,
Hong-Wen Deng, Ph.D., announced recent findings in a press release[9]., claimed that pathologists are kept occupied
despite their repetitious labor. Deng noted that pathologists are few worldwide, particularly in poor nations. "This
study is innovative since we efficiently exploited artificial intelligence to identify and diagnose colorectal cancer in a
cost-effective method, which may someday lower the load of pathologists," the scientists said.(Nadkarni & Merchant,
2022)

e  Almay also assess cardiovascular issues.

J Several cardiac structures may determine a patient's cardiovascular disease risk. Automating imaging test
anomaly detection may improve diagnostic accuracy and speed[10].

J Artificial intelligence can identify left atrial enlargement on chest x-rays, enabling cliniciansto rule out cardiac
or pulmonary concerns and improve patient care.

o Similar Al systems can automate aortic valve analysis, carina angle measurement, and pulmonary artery
diameter assessment, among others.

e Al can determine muscle thickness and monitor heart and artery blood flow by analyzing imaging data. Al
detects skin cancer[11].

e  Medical imaging using Al may identify fractures, neurological abnormalities, and thoracic issues.

Precision medicine improvements

Al in medical imaging leads to more accurate treatment. Researchers from Stanford University discovered that
computer science could distinguish between two forms of lung cancer. The machine learning aided pathologists in
tumour staging and grading, which improved patient survival forecasting. Michael Snyder, Ph.D., head of the
genetics department and a professor there, made this allegation in a news release[12]. In this case, the opinions of
two seasoned pathologists are in agreement. In 60% of cases. This technique, which replaces subjectivity with
sophisticated quantitative data, should improve patient outcomes. Al removes judgment. Precision medicine
advances by identifying the patient's cancer kind and the best treatment option. Precision medicine lets physicians
treat patients individually.

Signaling and assessing danger

AI with medical imaging can identify and predict health issues. Al imaging combined with clinical data may help
physicians predict heart attacks. Complementary and strong predictors of heart attack risk in persons with
established coronary artery disease were found to include 18F-NaF uptake on PET as well as quantitative coronary
plaque features on CT angiography in an artificial intelligence model. Both methods have the potential to improve
clinical data's capacity to predict heart attacks. This study investigated if AI may improve heart attack prediction
using 18F-NaF PET and CT angiography data[12]. The research team found that Al techniques may accurately
predict heart attacks by integrating multimodality imaging and clinical data. AI and machine learning may enhance
health screenings, precision medicine, risk assessment, and doctor workloads.(Subasi & Qureshi, 2023)
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CONCLUSION

After considering all that has been said about Al in the medical profession, one may get the conclusion that the
potential range of applications for Al in the future is going to be quite large. Imaging in medicine is an essential
procedure in the clinical sector that assists medical practitioners in making accurate diagnoses of a wide variety of
diseases. The most significant medical pictures to have in order to diagnose an ailment are an X-ray, an MRI, a CT
scan, and an ultrasound diagnostic. Because artificial intelligence makes it possible for technologies to exist and plays
a more significant part in providing a correct analysis of these photos. In all honesty, the computerized vision
software uses these photographs to train the machine, and then the artificial intelligence machine detection software
assists in the analysis of these images. A standard machine will not be able to identify the sickness as well as other
testing methods would. As a direct consequence of this, a vast quantity of medical pictures isutilized to train artificial
intelligence models.
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ABSTRACT

The present article overviews the one of the innovative and prompt drug delivery system in the field of
pharmaceuticals that is Gastroretentive drug delivery systems. These systems are designed to prolong

the residence time of drugs in the stomach, providing a host of benefits for both patients and
pharmaceutical companies. This innovative approach capitalizes on the unique properties of Class II
drugs, which exhibit high permeability but low solubility, making them ideal candidates for addressing
the challenges associated with prolonged drug retention in the stomach. By leveraging their inherent
high permeability and combining them with innovative drug delivery strategies like mucoadhesion,
floating systems, and swelling formulations, pharmaceutical researchers have the potential to transform
these drugs into effective treatments for a wide range of conditions. As this field of research continues to
advance, we can anticipate the development of more sophisticated and patient-friendly gastroretentive
systems that utilize BCS Class II drugs to improve therapeutic outcomes and patient compliance.

Keywords: Gastroretentive drug delivery systems, BCS Class II drugs, prolong, permeability and
solubility
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INTRODUCTION

The field of pharmaceuticals has witnessed remarkable advancements over the years, leading to the development of
innovative drug delivery systems that offer increased efficacy and improved patient compliance[l, 2, 3].
Gastroretentive drug delivery systems (GRDDS) are one such innovation that has revolutionized the way drugs are
administered and absorbed by the body. These systems are designed to prolong the residence time of drugs in the
stomach, providing a host of benefits for both patients and pharmaceutical companies[4, 5]. Gastroretentive drug
delivery systems have garnered significant attention in the pharmaceutical industry due to their ability to enhance
the bioavailability and therapeutic efficacy of drugs([6, 7, 8]. One intriguing development in this field is the utilization
of BCS Class II drugs as gastroretentive drug delivery systems. This innovative approach capitalizes on the unique
properties of Class II drugs, which exhibit high permeability but low solubility, making them ideal candidates for
addressing the challenges associated with prolonged drug retention in the stomach[9, 10]. This article explores the
concept of using BCS Class II drugs as gastroretentive systems and the advantages they offer for improving drug
delivery[11].

UNDERSTANDING GASTRORETENTIVE DRUG DELIVERY SYSTEMS:[12, 13, 14]

Gastroretentive drug delivery systems are specialized formulations designed to increase the retention of drugs
within the stomach for an extended period. The stomach's natural ability to quickly empty its contents into the small
intestine can limit the absorption and efficacy of some drugs. By employing GRDDS, the release of the drug can be
sustained, ensuring a more controlled and prolonged drug release profile'®. This technology is particularly valuable
for drugs with a narrow absorption window, low solubility, and those that undergo significant degradation in the
gastrointestinal environment[16, 17].

ADVANTAGES OF GASTRORETENTIVE DRUG DELIVERY SYSTEMS

Enhanced Bioavailability

GRDDS allows for increased drug absorption in the stomach, where the drug's solubility is typically higher[18, 19].
This results in improved bioavailability, which can reduce the required dose and minimize side effects.

Prolonged Drug Action
By maintaining the drug within the stomach, GRDDS extends the duration of therapeutic action?” 2!. This is
especially beneficial for drugs used to treat chronic conditions[22].

Improved Patient Compliance
Extended-release drug formulations reduce the frequency of dosing, leading to better patient compliance and
improved quality of life for individuals with chronic diseases[23, 24].

Reduced Variability
Gastroretentive systems can help minimize interpatient variability in drug absorption, leading to more predictable
therapeutic outcomes[25,26].

CHALLENGES IN GASTRORETENTIVE DRUG DELIVERY

While the potential advantages of GRDDS are evident, developing and implementing these systems present several
challenges:

Gastric Emptying Variability

Individual differences in gastric emptying time can affect the performance of GRDDS, requiring careful
consideration of patient-specific factors[27, 28].
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Formulation Complexity
Designing  GRDDS formulations often involves complex drug-carrier interactions and specific formulation
techniques, making the development process more challenging[29, 30, 31].

Gastrointestinal Tolerability
Some patients may experience gastrointestinal discomfort or adverse effects due to prolonged drug residence in the
stomach[32].

BCS Class II Drugs: Challenges and Opportunities in Drug Development

The Biopharmaceutics Classification System (BCS) is a vital tool in pharmaceutical sciences that classifies drugs
based on their solubility and permeability properties. Among the four BCS classes, Class II drugs pose unique
challenges and opportunities in drug development. In this article review, we delve into the characteristics of BCS
Class II drugs, the issues they present in formulation and bioavailability, and innovative strategies employed to
address these challenges[33].

CHARACTERISTICS OF BCS CLASS II DRUGS

BCS Class II drugs are characterized by high permeability but low solubility. These drugs have excellent potential for
absorption across the intestinal membrane, but their low solubility can hinder their dissolution in the gastrointestinal
tract[34, 35]. This unique combination of properties often leads to poor and variable bioavailability, making their
formulation and development a complex endeavor[36].

CHALLENGES IN FORMULATION AND BIOAVAILABILITY

Limited Solubility

The low solubility of BCS Class II drugs can result in incomplete dissolution and reduced bioavailability.
Formulating these drugs to enhance solubility while maintaining stability is a key challenge.

Inconsistent Bioavailability
Variability in drug absorption due to differences in food intake, pH, or gastrointestinal transit times can further
complicate the predictability of drug efficacy.

Dose Escalation
To achieve therapeutic levels, higher doses of BCS Class II drugs are often required, increasing the risk of side effects
and patient non-compliance.

INNOVATIVE STRATEGIES TO ADDRESS BCS CLASS II CHALLENGES

Amorphous Solid Dispersions (ASDs): ASDs involve the conversion of crystalline drug particles into amorphous
forms, significantly improving solubility. Polymers, surfactants, and other excipients are often used to stabilize
amorphous drugs in formulations[37].

Nanoformulations
Nanosizing BCS Class II drugs into nanoparticles enhances surface area, improving solubility and dissolution rates.
Nanocrystals, liposomes, and micelles are popular choices.

Co-Crystals
Co-crystals are novel drug delivery platforms where the active pharmaceutical ingredient is combined with a
coformer to enhance solubility and stability.

Prodrug Approaches
Prodrugs are chemically modified forms of the active compound, designed to improve solubility or stability. They
are metabolically converted into the active drug once inside the body.
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Complexation with Cyclodextrins
Cyclodextrins are cyclic oligosaccharides that can form inclusion complexes with BCS Class II drugs, increasing
solubility and bioavailability[38].

Lipid-Based Formulations
Lipid-based drug delivery systems, such as lipid nanoparticles and lipid-based emulsions, can improve solubility
and protect BCS Class II drugs from degradation.

pH-Dependent Release Systems
Some formulations are designed to release BCS Class II drugs in specific regions of the gastrointestinal tract,
optimizing drug absorption.

ADVANTAGES OF BCS CLASS II DRUGS AS GASTRORETENTIVE SYSTEMS:[39, 40]

Utilization of Inherent Properties

BCS Class Il drugs are inherently suited for gastroretentive systems because of their high permeability, which
enables efficient absorption, and their low solubility, which can be utilized to prolong drug release in the stomach.

Enhanced Bioavailability

One of the primary goals of gastroretentive systems is to improve the bioavailability of drugs with absorption
challenges. BCS Class II drugs, with their inherent high permeability, can benefit greatly from extended residence
time in the stomach, leading to increased absorption®.

Reduced Variability
Prolonged gastric retention helps minimize interpatient variability in drug absorption, making the therapeutic effects
of BCS Class II drugs more predictable.

Lower Dosing Frequency
Gastroretentive systems can reduce dosing frequency by ensuring that the drug remains in the stomach for an
extended period, thus improving patient compliance and convenience.

STRATEGIES FOR UTILIZING BCS CLASS II DRUGS AS GASTRORETENTIVE SYSTEMS:

Several strategies can be employed to transform BCS Class II drugs into effective gastroretentive systems:
Mucoadhesive Formulations

Mucoadhesive polymers can be incorporated into drug formulations to improve adhesion to the gastric mucosa,
prolonging drug retention.

Floating Drug Delivery Systems
These systems are designed to float on the stomach's contents, ensuring extended gastric residence time. BCS Class II
drugs can be combined with appropriate excipients to create such formulations[42].

Swelling and Expanding Systems
Formulations that swell or expand upon contact with gastric fluid can effectively prolong drug release in the
stomach, enhancing the bioavailability of BCS Class II drugs.

Gastroretentive Devices

Innovative drug delivery devices, such as gastric balloons or other implantable systems, can be employed to retain
BCS Class II drugs in the stomach for controlled drug release[44, 45]. Several gastroretentive drug formulations that
were marketed or under development. Keep in mind that the availability of these formulations may have changed
since then, and it's essential to consult the most recent sources for up-to-date information.
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Here is a list of some of the marketed gastroretentive formulations[46]

Gleevec Gastrointestinal Stromal Tumor Kit (GIST Kit)

Gleevec is used for the treatment of gastrointestinal stromal tumors. It is available as a gastroretentive kit for
improved drug delivery in the stomach.

Sular (nisoldipine extended-release tablets)
Sular is used to treat high blood pressure. It is a calcium channel blocker formulated to have gastroretentive
properties for sustained release[47, 48].

Glumetza (metformin hydrochloride extended-release tablets)
Glumetza is an extended-release formulation of metformin, used to manage diabetes[49]. It is designed to have a
gastroretentive mechanism to improve drug absorption and reduce gastrointestinal side effects[50].

Toprol-XL (metoprolol succinate extended-release tablets)
Toprol-XL is an extended-release formulation of metoprolol, a beta-blocker used to treat various cardiovascular
conditions. It is designed for sustained release in the stomach.

Sinemet CR (carbidopa/levodopa extended-release tablets)
Sinemet CR is used in the treatment of Parkinson's disease. It is formulated to have a controlled-release mechanism
for prolonged gastric retention.

Protonix (pantoprazole sodium delayed-release tablets)
Protonix is a proton pump inhibitor (PPI) used to treat acid-related gastrointestinal conditions. While not strictly a
gastroretentive formulation, it's designed to release the active ingredient in the stomach for optimal efficacy[51].

Florastor (Saccharomyces boulardiilyo)
Florastor is a probiotic supplement used to support gastrointestinal health. It may be designed to release the active
ingredient in the stomach for targeted action.

Dexilant (dexlansoprazole)

Dexilant is a PPI used for acid-related conditions like gastroesophageal reflux disease (GERD). It is formulated for
dual delayed-release, which includes an immediate release and a second delayed-release component for optimized
acid suppression.

Renvela (sevelamer carbonate)
Renvela is a phosphate binder used in patients with chronic kidney disease. While not a gastroretentive formulation,
it's designed to bind phosphate in the gastrointestinal tract to reduce phosphorus absorption.

Verelan PM (verapamil hydrochloride)

Verelan PM is a calcium channel blocker used for heart conditions. It is formulated with a controlled-release
mechanism for prolonged gastric retention. Please note that the availability of these formulations may vary by region
and could have changed since my last update. Additionally, new gastroretentive formulations may have been
introduced to the market. Always consult with a healthcare professional or refer to the most recent pharmaceutical
references for the latest information on marketed gastroretentive formulations.

CONCLUSION

BCS Class II drugs have emerged as promising candidates for the development of gastroretentive drug delivery
systems, offering solutions to the challenges associated with low solubility and variable bioavailability. By leveraging
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their inherent high permeability and combining them with innovative drug delivery strategies like mucoadhesion,
floating systems, and swelling formulations, pharmaceutical researchers have the potential to transform these drugs
into effective treatments for a wide range of conditions. As this field of research continues to advance, we can
anticipate the development of more sophisticated and patient-friendly gastroretentive systems that utilize BCS Class
II drugs to improve therapeutic outcomes and patient compliance.
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Table 1: List of some BCS class —II drugs which are good candidates for the GRDDS

Drug Category Bioavailability %
Amiodarone Antiarrhythmics 35
Atorvastatin =~ HMG-coA reductase inhibitor 12

Azithromycin Macrolide antibiotic 37
Carvedilol Alpha and beta blocker 35
Erythromycin Macrolide antibiotic 42
Cisapride Gastroprokinetic agent 40
Rosuvastatin =~ HMG-coA reductase inhibitor 20
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Fig 1: Approaches of GRDDS
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ABSTRACT

Since the beginning of time, people have used a variety of plants, herbs to promote health and treat
illness. The great demand for herbal medicines and their potential health benefits offset the enormous
need for study. Research on the various popular herbs medicinal efficaciousness, safety, and molecular

effects is necessary. The aim of the study is to prepare Silver Nanoparticles using Nelumbo nucifera
Rhizomes Extract and to check the Antimicrobial potential of prepared Nanoparticles. The Nelumbo
nucifera Rhizomes Extract was prepared. Extraction was carried out by using various Solvents like Water,
Ethanol, Hydroalcolic and Chloroform Extract. Phytochemical Screening of Extract was done to check the
presence of secondary metabolite. Antimicrobial activity of the various extracts of Nelumbo nucifera
Rhizomes was checked against Gram- positive and Gram- negative bacteria.Silver nanoparticles of
Nelumbo nucifera Rhizomes extract was prepared by addition of Aqueous extract of Nelumbo nucifera
Rhizomes. The prepared silver nanoparticles were characterized using Visual Observation, UV-Visible
Spectroscopy, Percent Yield of Nanoparticles, Particle Size, Zeta Potential, XRD,FESEM, EDX, and TEM
studies. The color Change from yellow to brown shows the formation of Nanoparticles. The synthesized
yield was found 15.12%, 13.28%, 11.10%, 10.21%, respectively. Theaqueous extract shows
greaterAntimicrobial activity than other extract against E.coli and S.aureus. The particle size of
nanoparticles was found at 84.54 nm.Zeta potential of Nanoparticles was found at -11.6 Mv. The
synthesized nanoparticles found to be spherical and crystalline in nature. The EDX pattern shows the
presence of silver. The FESEM image shows the formation of nanoparticles. According to the antibacterial
results, the produced AgNPs were successful in preventing the growth of E. coli and S. aureus bacteria.
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INTRODUCTION

Traditional medicine, often known as indigenous medicine, is a kind of healthcare developed by local ethnic groups
using natural resources such minerals and herbs [1]. Green synthesis is the advancement in nanoparticles which uses
plants, microorganisms as its reducing agents. Green synthesis method is the method which is eco-friendly, cost
effective and high purification. The creation of nanoparticles has often been accomplished by one of three methods
such as physical, chemical, or biological. A wound might arise from an accident or purposeful cause, or it can be part
of a disease that compromises the integrity of the skin. Due to the fact that silver has antibacterial and anti-
inflammatory qualities that aid in the healing of chronic wounds. AgNPs can also be utilized as an intrinsic
therapeutic strategy. Every region of the world has a unique history of traditional medicine, such as ayurvedic
Southeast Asian-born medical practitioners practice unani medicine [2]. Acupuncture, which has its roots in the
Middle East and Arab nations and TCM, or traditional Chinese medicine, was first practiced in China [3]. Secondary
metabolites found in herbal plants include alkaloids, glycosides, terpenes, steroids, flavonoids, tannins, and others.
While some chemicals may contain Nitrogen or Sulphur, others may be phenols or their oxygen-substituted
derivatives, such as tannins, which are biologically active and helpful for the treatment of illness and the prevention
of health in both humans and animals. Antimicrobial activity of Tannins results in a variety of positive health effects
[4]. Water lily, sacred lotus Rhizomes are other names for the lotus Rhizomes (Nelumbo nucifera G.). It is a perennial
aquatic plant in the genus Nelumbo, which includes both farmed and wild species of Nelumbo nucifera. Family of
Nelumbo nucifera is Nelumbonaceae. The genus can be found all throughout Asia (including China, India, and
Russia), as well as in northern Australia and North America. Lotus has been grown for 7000 years in Asia for its
nutrient-rich Rhizomes, leaves, and seeds. It is one of the most significant economic crops in China due to its
significant nutritional qualities, generating 45,000 tonnes of lotus seed and 9 million tonnes of fresh Rhizomes [5].
AgNPs-treated wounds showed no signs of microbiological contamination, bleeding, or pus development after
therapy. The biological features of silver nanoparticles, including their antibacterial activity, anti-inflammatory
effects, and ability to promote wound healing, are drawing interest for possible therapeutic applications.

MATERIALS AND METHODS

Nelumbo nucifera Rhizomes plant was selected for study (Figurel). The Nelumbo nucifera Rhizomes was collected from
Shreenath Agro Pvt. Ltd. Pune, Maharashtra, India. The plant was authenticated as Nelumbo nucifera (Family:
Nelumbonaceae) from Botanical Survey of India, Western Regional Centre.

Drying and Pulverizing

After obtaining the Nelumbo nucifera rhizomes, they were dried for two weeks in the shade. To prevent
microbiological contamination, ongoing monitoring was done. To create a fine powder, the dried plant materials
were extracted and processed. To get even smaller particles, the powder was passed through a 2 mm sieve once
more. Until they were required for the investigation, the powdered samples were kept in a clean glass container at a
low temperature [6-7].

Extraction of Plant Material

Aqueous extract

Nelumbo nucifera Rhizomes were dried, ground, and placed in a 250 gram sample container. The sample was
macerated in water for seven days. Following that, mark was removed by filtering, and then the marc was pressed.
The solvent is evaporated using a rotating solvent evaporator. In the end the extract was weighed and its proportion
of the plant material's air-dried weight was determined.
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Hydro alcoholic extract

Nelumbo nucifera Rhizomes were dried, ground, and placed in a 250 gram sample container. The sample was
macerated in water: ethanol (6:4) for seven days. Following that, mark was removed by filtering, and then the marc
was pressed. The solvent is evaporated using a rotating solvent evaporator. In the end the extract was weighed and
its proportion of the plant material's air-dried weight was determined [8-10].

Chloroform extract

Nelumbo nucifera Rhizomes were dried, ground, and placed in a 250 gram sample container. The sample was
macerated in Chloroform for seven days. Following that, mark was removed by filtering, and then the marc was
pressed. The solvent is evaporated using a rotating solvent evaporator. In the end the extract was weighed and its
proportion of the plant material's air-dried weight was determined.

Ethanol extract

Nelumbo nucifera Rhizomes were dried, ground, and placed in a 250 gram sample container. The sample was
macerated in ethanol for seven days. Following that, mark was removed by filtering, and then the marc was pressed.
The solvent is evaporated using a rotating solvent evaporator. In the end the extract was weighed and its proportion
of the plant material's air-dried weight was determined [11].

Phytochemical Screening of Extract
The Nelumbo nucifera Rhizomes extract was observed for the identification of various phytoconstituents by carrying
out Phytochemical Tests.

Preparation of Stock Solution
The filtered extracts utilized as a test sample for primary identification of phytochemical constituents (Table 1).

Screening of Antimicrobial Activity of Extracts for Synthesis of Nanoparticles

The antimicrobial activity of Nelumbo nucifera Rhizomes Aqueous, Hydro alcoholic, Chloroform & Ethanol extracts
was tested using bacterial strains as E. coil and S. aureus. Pour plate assay was used. By autoclaving it at 120 °C (15
psi) the medium was made sterile. The extract which having greater antimicrobial activity that was taken for the
formulation of nanoparticles [12].

Determination of Tannin Contents

The Folin-Ciocalteu method was used to measure the tannins. A volumetric flask (10 ml) was filled with 0.5 ml of
Folin-Ciocalteu phenol reagent, 1 ml of 35% sodium carbonate solution, and approximately 0.1 ml of each sample
extract. The flask was then diluted to a level of 10 ml using distilled water. Following a thorough shaking of the
combination and a 30-minute room temperature period, a series of reference standard tannic acid solutions (20, 40,
60, 80, and 100 pg/ml) were made using the previously mentioned technique. A UV/visible spectrophotometer was
used to measure the absorbance of the test and standard solutions at 700 nm in relation to the blank. Three separate
three readings were performed to estimate the tannin content [13].

Synthesis of Nelumbo nucifera RhizomeMediated Green Silver Nanoparticles

Nelumbo nucifera Rhizome extracts were taken into a beaker and placed on Magnetic stirrer. Silver Nitrate solution
further drop wise pored with continuous stirring. The concentration of extract, concentration of AgNO3, pH and
reaction times were the variables for synthesis. The produced Silver NPs separated by centrifugation by means of
REMI centrifuge at 5000 rpm for period of 15 minutes. The supernatant liquid thrown away and the pellets were
collected and stored [14-15].

Characterization of Green Silver Nanoparticles
Characterization of Green Silver Nanoparticles was done by following techniques.
Visual Observation
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Visual examination of color change from yellowish brown to dark brown after addition of AgNO3 to extract was
observed indicating the biosynthesis of Silver nanoparticles by reducing Ag+ ions with the extract as capping agents.

UV-Visible Spectroscopy

The synthesis and completeness of silver nanoparticles were assessed using UV-visible spectral analysis. By
monitoring the reaction medium's UV-VIS spectra between 200 and 800 nm and using distilled water as a blank, the
reduction of silver ions was tracked. A recurrent sampling was done at intervals of 0 minutes, 30 minutes, 60
minutes, 90 minutes, and 120 minutes. The UV-VIS spectra of these samples measured on a UV-2450s (Shimadzu)
spectrophotometer operated at a resolution of 1 nm [16].

Percent Yield of Nanoparticles
The weight of dried nanoparticles recovered (W1) plus the total initial weight of starting material (W2) yields the
percentage yield of nanoparticles [17].

Particle Size Analysis
The Particle Size of NPs evaluated on Nano Particle Size Analyzer (NANOPHO) Sympatec, Germany, DS-33 [18-19].

Zeta Potential
The sample placed in transparent polystyrene corvette (path length =1cm) which placed in the thermostatic sample
chamber maintained at 25 °C. Zeta potential was measured automatically by the software [20].

X-Ray Diffraction (XRD)

To ensure a smooth upper surface, the sample was weighed, put on the sample holder, and evenly spread onto a
glass slide. The XRD patterns were recorded with a BRUKER as-D8 ADVANCE x-ray diffractometer. Test samples of
the nanoparticles aqueous solution made by centrifugation for 30 minutes at 10,000 rpm [21-22].

Field Emission Scanning Electron Microscopy (FESEM) and Energy Dispersive X-Ray Analysis (EDX)
FESEM was done to check the surface morphology of prepared nanoparticles. Samples underwent EDX analysis to
determine whether silver loaded was present [23].

Transmission Electron Microscopy (TEM)
An electronic transmission microscope (PHILIPS CM-200; London; functioning voltages: 20-200 kV) was used to
analyze the morphology of the nanoparticles [24].

RESULTS AND DISCUSSION

UV-VIS Spectroscopy

Analysis of UV-visible spectrums assessed the creation and performance of AgNPs. Using distilled water as a blank,
the UV-Vis spectra of the reaction medium from 200 to 800 nm was measured in order to track the reduction of silver
ions. Ag+ to Ag0 decrease in the Nelumbo nucifera Rhizomes extract is verified by a shift in color from yellowish
brown to dark brown when active biomolecules are present. Silver nanoparticles and extract from Nelumbo nucifera
Rhizomes were found to have highest absorption peaks between 420 and 430 nm.

Preliminary Phytochemical Screening

Carbohydrates, Proteins, Alkaloids, Flavonoids, Terpenoids, Phenols and Tannins are all present in Aqueous Extract
of Nelumbo nucifera Rhizomes, according to the preliminary phytochemical screening (Table 3). Glycosides, Amino
acids and Saponins are absent in Aqueous Extract of Nelumbo nucifera Rhizhomes. Amino Acids, Flavonoids,
Alkaloids and tannins are present in hydro alcoholic extract of Nelumbo nucifera Rhizhomes. Carbohydrates and
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Alkaloids are present in Chloroform Extract of Nelumbo nucifera Rhizhomes. Carbohydrates, Amino Acids and
Saponins are present in ethanol extract of Nelumbo nucifera Rhizhomes.

Preliminary Antimicrobial Activity

The antimicrobial activity of Nelumbo nucifera Rhizomes was done. The different extracts of Nelumbo nucifera
Rhizomes were evaluated for antimicrobial activity by pour plate method. The diameter of the zone of inhibition
against various Gram-positive and Gram-negative bacteria was found at 24 mm and 18 mm for E.coli and S. aureus
respectively. The results indicate all the extract of Nelumbo nucifera Rhizomes have antimicrobial property. The
Aqueous extract of Nelumbo nucifera Rhizomes shows better antimicrobial activityas compare to different extract of
Nelumbo nucifera Rhizomes thus it was used for further formulation of nanoparticles (Table 4).

Determination of Tannin Contents

Plants include a huge number of phytochemicals that can reduce the risk of a number of diseases. Based on the
calibration curve (R2 = 0.9873), the total phenolic content of the Nelumbo nucifera Rhizomes Extract sample (1 mg/mL)
was determined. It was found that 41.42 pug/mL (Table 4), which is equivalents/g to Tannic acid(Table 5).

Particle Size Analysis

Particle Size Analysis was performed for Nelumbo nucifera Rhizomes nanoparticles. The particles size of Nelumbo
nucifera rhizomes nanoparticle was found at 84.54 nm. The size of nanoparticles confirms the formation of
nanoparticles.

Energy Dispersive X-Ray Analysis (EDX)

Energy Dispersive X-Ray Analysis (EDX) was performed for Nelumbo nucifera Rhizomes extract and its nanoparticles.
Nelumbo nucifera Rhizomes Extract shows the presence of C, O, S, K, N, Na, Si, P, S nanoparticles shows presence of
Ag, S, K, O, C and N Elements. With the use of EDX, the presence of silver was verified. The AgNPs produced by
reducing silver ions with Nelumbo nucifera Rhizomes nanoparticles are depicted in Figure 7 EDX pattern. The
presence of metallic silver was confirmed by the peak at 3 KeV in the EDX pattern of Nelumbo nucifera Rhizomes
nanoparticles. Certain elements that may have been contributed by plant extracts were observed, including C, O, N,
S, and K. Hence EDX showed predominating quantity of Silver as evidence of nanoparticles formation. As shown in
Figure.8, the Nelumbo nucifera Rhizomes AgNPs diffraction pattern showed sharp peaks indicating highly
crystallized AgNPs. Findings demonstrate that there is no peak for contaminants, indicating that the produced
AgNPs were made entirely of silver metal.

Morphology of Nelumbo nucifera Rhizomes Nanoparticles by Field Emission Scanning Electron Microscopy
(FESEM)

Field Emission Scanning Electron Microscopy (FE-SEM) provided the morphology and size details of Nelumbo
nucifera Rhizomes Nanoparticles. Based on the obtained results, it was determined that the shape was spherical and
the average diameter was 40.38 nm (Figure 9)

Transmission Electron Microscopy (TEM)

Using HR-TEM analysis, the morphology and particle size of the nanoparticles were determined. It demonstrates
that the AgNPs produced using the extract from Nelumbo nucifera rhizomes, as depicted in Figure 10, were primarily
spherical and nanosized, with a diameter ranging from 25 to 60 nm. The images clearly show how the bio
components from the extract of Nelumbo nucifera thizomes cap the silver nanoparticles.

Zeta Potential

Zeta potential is an important parameter to analyse the long term stability of the nanofibers. Zeta potential for
Nelumbo nucifera Rhizomes nanoparticles was found to -11.6 mV (Figure.11) it means nanoparticles are moderately
stable.
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CONCLUSION

Compared to synthetically based medications, herbal pharmaceuticals have better therapeutic qualities and fewer
adverse effects. Nelumbo nucifera is well-known for a variety of qualities, including antibacterial and antioxidant
activity. To discover novel antibacterial medications given the rise of human resistance to existing ones, we have
used a green chemistry technique in this work to synthesize silver nanoparticles utilizing extract from the rhizomes
of Nelumbo nucifera. Thus, Nelumbo nucifera rhizomes inherent antibacterial qualities are strengthened by the addition
of silver nanoparticles, which are known to have strong antibacterial capabilities. The produced AgNPs were
successful in preventing the growth of both S. aureus and E. coli bacteria, according to the antibacterial results, and
this suggests that they may find use in related fields.
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Table 1: Phytochemical Screening Test For various extracts of Nelumbo nucifera Rhizomes

Sr. | Test Procedure of Test Inferences
No.

1. | Tests for | 2-3 drops of a-naphthol + 1 ml of conc. | The presence of carbohydrates was
Carbohydrate Sulphuric acid (Conc. H2SOs) +2 ml of test | verified in a test tube by the formation of
Molish’s Test sample from the sides of the test tube to | a violet-colored ring at the junction of

form two layers. two liquids. .

2. | Test for Proteins 2 ml of Sodium hydroxide (NaOH) (4 %) + | The presence of proteins is indicated by

Biuret Test few drops of Copper Sulphate (CuSOs)(1 | the presence of violet or pink color.
%) + 3 ml test sample.

3. | Test for Amino Acid | 3 ml test sample + 3 drops of Ninhydrin | Absence of Purple or bluish color
Ninhydrin Test solution (5 %) + Boiling specifies the absence of amino acids.

4. | Test for Flavonoids | 3 drops of hydrochloric acid (HCI) + 5ml | Pink color formation indicated the
Shinoda Test ethanol (95%), + magnesium turnings (0.5 | flavonoids presence

g) + dry extract.
5. | Test for Alkaloids Evaporated extract+, 2ml dilute | The Occurrence of alkaloid designated
Mayer’s Test hydrochloric acid (Dil. HCl) + Shaking + | by the development of precipitate
Filtration + Mayer’s reagent
6. | Wagner’s Test Evaporated extract + 2ml dilute | Incidence of alkaloids specified by the
hydrochloric acid (Dil. HCl) + Shaking | formation = of a  reddish-brown
+Filtration+ Wagner’s reagent precipitate.

7. | Test for Terpenoids | 0.5 mg Extract + 2 ml of 0.1% anhydrous | Noticed a deep purple color that turns
Knoller's Test stannic chloride in pure thionyl chloride red, signifying the presence of

terpenoids.

8. | Test for Saponins Distilled water + extract up to 20 ml + | No formation of stable foam suggested
Foam Test Shaking the absence of saponins.

9. | Test for Tannins | 2-3 ml of hydro alcoholic extract + Ferric | Showed deep blue-black color.
and Phenolic | Chloride (FeCls) 5 % solution Showed white precipitation.
Compounds 2-3 ml of hydro alcoholic extract+ Lead

Acetate Solution
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Table 2: Macroscopic observation of Nelumbo nucifera Rhizomes

Sr.No. | Parameter | Observation
1 Color light brownish
2 Odour Characteristic
3 Taste Characteristic

Table 3. Preliminary Phytochemical Screening of various Extracts of Nelumbo nucifera Rhizomes

ISSN: 0976 — 0997

Sr. | Phytochemicals Inference
No | (Secondary Aqueous Hydroalcoholic Chloroform Extract Ethanolic Extract of
Metabolites) Extract of Nelumbo Extract of Nelumbo of Nelumbo nucifera Nelumbo nucifera
nucifera Rhizhomes | nucifera Rhizhomes Rhizhomes Rhizhomes

1. | Carbohydrates - + +

2. | Proteins + - - -

3. | Amino Acids - + - +

4. | Flavonoids + + - -

5. | Alkaloids + + + -

6. | Terpenoids + - - -

7. | Saponins - - +

8. | Tannins + + - -

+ Positive, -Negative

Table 4. Preliminary Antimicrobial Activity of Aqueous, Hydroalcoholic, Chloroform and Ethanolic Extract

of Nelumbo nucifera Rhizomes

Zone of inhibition in mm
Nelumbo Nelumbo
Nelumbo Nelumbo nucifera nucifera nucifera
Microorganisms nucifera ] . Standard | Nelumbo nucifera
Hydroalcoholic Chloroform | Ethanolic .
Aqueous extract 200 pg/Iml Nanoparticles
extract 200ug/ml extract extract
200pg/ml
200pg/ml 200pg/ml
Escherichia coli 24 17 19 8 21 27
S.aureus 18 20 17 18 19 29
Table 5: Total tannin Content of different extracts of Nelumbo nucifera Rhizomes Extract
Sample (1mg/ml) Absorbance Calculated Concentration
(ug/ml)
Hydroalcoholic Extract 0.11 16.93
Chloroform extract 0.19 33.26
Ethanolic Extract 0.21 37.34
Aqueous extract 0.23 4142
Table 6: Percentage Yield of Nelumbo nucifera Rhizomes Extract
Initial
Sr. . Final weight Weight of Crude
Part of plant lvent ht of
No. artotplan Solven weight o of powder | Crude Extract | Extract %
powder
1. Water 100 gm 86.12 gm 15.12 gm 15.12%
2. EtOH 100 gm 82.5 gm 13.28 gm 13.28%
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Rhi - EtOH
3. 1zomes Watz. 4)to 100 gm 817 gm 11.10 gm 11.10%
4. CHCl: 100 gm 795 gm 1021 gm 1021%

Figure 1: Nelumbo nucifera Rhizomes Figure 2: Colour change of extract from yellowish
brown to Dark Brown

Figure 3: UV- Visible absorption spectra of Nelumbo nucifera Rhizomes extract

(A) Antimicrobial Activity of Various extracts of Nelumbo (B)Antimicrobial Activity of Various extracts of
nucifera Rhizomes on E.coli Nelumbo nucifera Rhizomes on S. aureus

Figure 4: Antimicrobial Activity of Various extracts of Nelumbo nucifera Rhizomes Extract (A) E. Coli (B) S. aureus

(A) Antimicrobial Activity of Aqueous extract and Silver (B) Antimicrobial Activity of Aqueous extract and
nanoparticles of Nelumbo nucifera Rhizomes on E.coli Silver nanoparticles of Nelumbo nucifera Rhizomes on
S. aureus

Figure 5:Antimicrobial Activity of Aqueous extract and Silver nanoparticles of Nelumbo nucifera Rhizomes on
E.coli and S.aureus
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Figure 8: XRD of Nelumbo nucifera Rhizomes Nanoparticles

74587




Indian Journal of Natural Sciences % www.tnsroindia.org.in ©OIJONS
Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Archana Shantaram Gadakh and Abhijeet D. Kulkarni

Figure 10: TEM of Nelumbo nucifera Rhizomes Nanoparticles
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Figure 11: Zeta Potential of Nelumbo nucifera Rhizomes Graph 1: Standard Graph of Tannic Acid
Nanoparticles
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ABSTRACT

The increasing demand for the energy storage devices necessities the development of novel energy
storage materials with high performance. Molybdenum disulfide (MoS2) is a transition metal sulfide, has

been looked intothe electro-catalysis and energy storage applications due to its unique layered structure
and electronic property. MoS: nano materials were synthesized using hydrothermal process using
ammonium heptamolybdate tetrahydrate as molybdenum source and thiourea as Sulfur source. The
prepared sample structure and morphology was characterised by using XRD, UV, FTIR, SEM, EDAX.
The electrochemical behaviour was studied by using Cyclic Voltammetry (CV).

Keywords: heptamolybdate tetrahydrate, hydrothermal, Voltammetry, storage.

INTRODUCTION

Two-dimensional (2D) materials have unique electrical and optical properties which make them suitable for a variety
of practical applications in photonics and optoelectronics [1]. The inspection of bulk and thin layers of TMDs can be
traced back decades but starting with the exposure of graphene, many additional techniques for producing,
characterizing, and manipulating atomically thin flakes were developed. This led to express progress in the study of
monolayers of other van der Waals systems like the TMDs[2].These materials have already been successfully
implemented in solar cells[3,4] ultrasensitive photo detectors[5], sensors[6,7], optical modulators, light emitters and
lasers[8,9,10],demonstrating even better performance than that of the devices based on graphene[l1l].Among
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different transition metal sulphides, MoS: having a layered structure of covalently bonded S-Mo-S units is mostly
discussed compound because of exceptional chemical, physical and optical properties and it is a promising agent for
novel diverse applications in the areas of electronics, optoelectronics, sensors and energy storage devices[12,13].
Various methods have been exploited to design and construct the frameworks of MoS: and MoS:-based
heterostructures such as chemical vapour deposition method (CVD)[14], hydrothermal method[15], intercalation
method[16] and solid-phase-pyrolysis[17].

MATERIALS

Ammonium molybdate((NHs)eMo070244H20) and thiourea (CH4N2S) were obtained from Merck life Science private
Ltd. All the chemical reagents were of analytical purity and used without any purification.

Synthesis of MoS:2

In a typical process,2.06g of ammonium molybdate and 3.8g of thiourea were dissolved in 60ml of deionized water
and stirred until the solution was clear and transparent. The solution was transferred into 100ml PTFE lined stainless
steel autoclave and heated at 200°C for different periods (12h,16h). The obtained MoSz:was fleshed with water and
ethanol for several times and then dried at 70°C for 12h. The MoS: nanoparticles were denoted MoS: -12 and MoS2-16
according to the hydrothermal treatment time.

Material Characterization

The crystalline size of the samples was characterized by x-ray diffraction on a BRUKER binary-V4 diffractometer (X-
Pert Pro PAnalaytic, Karaikudi) with Cu Ko radiation (A=1.5418A) operating at 40kv, 30mA. The morphology and
microstructure of the samples were characterized by field emission scanning electron microscope (SEM-EVO-18).
UV-Vis spectral data were recorded on a JascoV-770 spectrophotometer. The Fourier Transform Infrared
Spectroscopy (FTIR) spectral data were recorded on a IRAffinity-1 spectrometer with KBr Beam Splitter. The
elements in the prepared samples were identified by using Energy Dispersive X-ray Spectroscopy on a Bruker nano
Gmbh Berlin, Germany.

Electrode preparation and electrochemical characterization

The electrochemical behaviour of MoS: nanoparticles were investigated in 2M Na2So04 solution using three electrode
system in an electrochemical workstation (CHI660C, Pollachi). The electrochemical analysis was carried out in three
electrode configurations with MoS2 on graphite sheet as working electrode, platinum as counter electrode and
Ag/AgCl as reference electrode. The working electrode was prepared by taking active material MoS2, carbon black,
and PVDF mixed together (weight ratio of 85:10:5) with ethanol as solvent. The resulting mixture was coated onto
the graphite sheet and allowed to dry at 80°C in an oven for 4 hrs. Cyclic Voltammetry (CV) in the range -0.8 to 0.8V
was performed at different scan rates. Galvanostatic charge-discharge curve was recorded in the potential range -0.8
to 0.8V at different constant current density. The Specific capacitance was calculated according to the following
equations:

[1At

"™ T mx k x Av
Where Cn is the specific capacitance, I is the current of the charge discharge, At(s) is the discharge time, Av is the

voltage window, k is the scan rate, and m is the mass of the active materials.
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RESULTS AND DISCUSSION

Reaction Mechanism and Structure

X-ray Diffraction Measurement

X-ray diffraction data were collected from powder samples of MoS: nano particles by using X-ray powder
diffractometer with monochromatic CuKa radiation. The prepared nano particles was scanned in steps of 0.0486629
°/min over a 20 range of 5- 90°.The diffractometer traces of two samples are shown in figure

From figure 1, the prepared molybdenum sulphide nanoparticles XRD results matched with JCPDS File NO:75-1539
and observed structure is hexagonal[18]and the crystallite size was calculated as 19.39nm and 20.38nm by using
Debye Scherrer formula.

FTIR spectral studies:

Every compound has its own characteristics infrared spectrum and the infrared spectrometry involves examination
of twisting, bending, and rotation and Vibrational modes of atoms in a molecule. Infrared spectra of the sample were
recorded using a Fourier transform mathematical formulated spectrophotometer (Model: Cavy 630-FTIR, Brand
name: Agilent) for the MoS2-12, Mo52-16 nanoparticles in the infrared region 4000-500cm™ and they are presented in
the figure.

The FTIR spectra for prepared sample was shown in fig. There are absorption bands at 478.35 cm, 594.08cm-
1 659.66cm™,815.89cm1,889.18cm™,925.83cm™,1026.13cm™?, 1087.85cm?,1165.cm™, 1408.04 cm’, 1602.85 cm?! and
2978.09 cm for MoS2-12. The bands at 594.08cm? and 659.66cm™ corresponding to Mo-S vibration and 815.89 &
889.18cm! band corresponds to S-S vibrations. The peaks formed at 1026.13cm™,1087.85cm™ and 1602.85cm-
lcorresponded to hydroxyl stretching vibration resulting from water molecules absorbed. The peak at 1408.04cm™
corresponded to C-C stretching. The peak at 2978.09 cm™ corresponded to C-H stretching. For MoS2-16, there are
absorption bands at 466.77 cm’, 609.51cm™,682.80cm,891.11cm™,937.40cm™,1080.14cm™,1406.11cm™, 1597.06cm-
1,2058.05cm, 3147.83 cm™. The bands at 609.51cm and 682.80 cm™ corresponding to Mo-S vibration and 891.11cm-!
band corresponds to S-S vibrations. The peaks formed at 1080.14 c¢m-,1597.06cm™, 2058.05cm-'and 3147.83 cm.
corresponded to hydroxyl stretching vibration resulting from water molecules absorbed. The peak at 1406.11cm
corresponded to C-C stretching[19].

UV-Vis Studies

UV visible absorbance spectra of M0S212 and MoSz-16 nanoparticles in the wavelength region 100-900nm are shown
in figure.3. The absorption peaks are at 21Inm and 259nm for MoS:-12 nanoparticles and 212nm and 260nm for
MoS2-16 nanoparticles. The direct bandgap value of the prepared MoSz nanoparticles were calculated by the tauc plot
which is shown in Fig.4. The direct bandgap value of M0S2-12 nanoparticle was 2.37eV and MoS2-16 nanoparticle
was 2.023eV. The direct bandgap value reveals that the prepared samples had semiconductive nature[20].

SEM

It can be clearly observed from the fig. as prepared molybdenum disulphide materials has a nanoflower-like
structure assembled from clear nanoflakes. Different hydrothermal treatment times had a great influence on the size
of the molybdenum sulphide nanoflakes and the size of the three-dimensional pore structure. Fig.5. shows the SEM
microstructures of the MoS:>-12 at low and high magnifications respectively. It can be seen the nanosheets are
partially adhered together and contained a small amount of block like structures, resulting in inconspicuous pore
structure.Fig.6. possesses an evenly distributed larger size of nanoflakes, and forms highly open and relatively deep
porous nanostructures, making optical use of grain surface readily accessible to the liquid electrolyte and providing
efficient channels for electron transport. [21,22]
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Energy Dispersive X-ray Analysis:

The elemental composition of as synthesized MoS: samples were analysed by EDAX as shown in figure 7. The
weight percentage of Mo is 30.45 and S is 69.55 in M0Sz-12 nanoparticles and the atomic weight percentage of Mo
18.14 is and S 81.86 is in theMo0S2-16 nanoparticles. The recorded EDAX energy spectrum (fig.8) of the as synthesized
MoS: exhibits two highest peaks which correspond to Mo (Ka) andS(Ka)elements that reflecting the main chemical
composition of the samples. Furthermore, the quantification of the peaks indicates that the atomic ratio between Mo
and S is about 1:2.28, which is close to the stoichiometric of MoSz. These results confirm no impurities of as
synthesized MoSz nanoparticles and the success of our hydrothermal synthesis approach.[23]

Electrochemical and energy storage performance

The electrical double layer capacitance (EDLC) has been analysed from the CV graph. The obtained nearly
rectangular CV graph determines the good reversibility of the material. Fig3(a) shows the Cyclic Voltammetry (CV)
curves of MoSz in 2M Na250s solution, obtained over the potential range -0.8V and 0.8V for different scan rates such
as 5mVS71,10mVS?, 20mVS140mVS1,60mVS?, 80mVS',100mVS". On increasing the scan rate, the shape of CV curve
does not change significantly, denoting that MoS: gave better rate performance and small polarization[24]. CV graph
is used to calculate the specific capacitance of the prepared nanoparticles for different scan rates which is Shown in
fig.8. The specific capacitance value decreases with the scan rate increases. The specific capacitance of MoS2-12
nanoparticle was calculated as 1080Fg,952Fg,783Fg,672Fg,662Fg",626Fg"1,596Fg"! was obtained at the scan rates
5mVS1,10mVS1,20mVS1,40mVS1,50mVS-1,80mVS7,100mVS-.The specific capacitance of MoS2-16 nanoparticle was
calculated as 622Fg1,505Fg,370Fg",362Fg1,368Fg1,367Fg1,357Fg"' was obtained at the scan rates 5mVS?',10mVS
1,30mVS1,40mVS1,50mVS1,60mVS1,100mVS1[25].

CONCLUSION

In this work molybdenum disulphide nanoparticles were synthesized by hydrothermal method for two different
reaction time 12h and 16h. the prepared nanomaterials were investigated by various instruments such as, XRD, FTIR,
UV-Vis, SEM and EDAX.The XRD confirms the molybdenum disulphide nanoparticles formation and. The FTIR
spectrum of molybdenum disulphide nanoparticles were recorded to find the functional groups.The bands at
594.08cm! and 659.66cm! corresponding to Mo-S vibration for MoS2-12 and the bands at 609.51cm! and 682.80 cm™
corresponding to Mo-S vibration for MoS2-16 nanoparticles visible absorbance and reflectance spectra of MoS212 and
MoS2-16 nanoparticles in the wavelength region 300-900nm. The direct bandgap value was calculated as 2.37eV for
MoS2-12 nanoparticles and 2.032eV for MoS2-16 nanoparticles. SEM microstructures of the MoS2-12 at low and high
magnifications respectively. It can be seen the nanosheets are partially adhered together and contained a small
amount of block like structures, resulting in inconspicuous pore structure. MoS2-16 possesses an evenly distributed
larger size of nanoflakes, and forms highly open and relatively deep porous nanostructures, making optical use of
grain surface readily accessible to the liquid electrolyte and providing efficient channels for electron transport. The
recorded EDAX energy spectrum of the as synthesized MoS: exhibits two highest peaks which correspond to Mo
(Ka) and S (Ka) elements that reflecting the main chemical composition of the samples. These results confirm no
impurities of as synthesized MoSz nanoparticles and the success of our hydrothermal synthesis approach. From the
cyclic Voltammetry, the specific capacitance value of the prepared nanoparticles calculated. MoSz-12 nanoparticles
have high specific capacitance of compared with MoSz-16 nanoparticle for the scan rate 5mVS-. The double layer
behaviour of the nanoparticles shows the energy storage performance.
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Fig.2. FTIR spectrum of M0S2-12 and Mo0S2-16 nanoparticles.
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ABSTRACT

Earthworms play a crucial role in soil health and fertility maintenance, making understanding their
distribution essential for sustainable land management practices. The research employs a comprehensive

survey approach, analysing soil samples collected from agricultural and residential sites representing
different land use types. Edaphic factors including pH, electrical conductivity, moisture, organic carbon,
NPK, heavy metals like Chromium, Copper, Nickel, Lead and Zinc are assessed to characterize the soil
properties. Concurrently, the abundance of earthworm species is determined through field sampling and
taxonomic identification. Statistical analyses are employed to identify correlations between soil
properties and earthworm distribution patterns. The findings offer valuable insights into the intricate
relationship between soil characteristics and earthworm habitat preferences, highlighting the importance
of soil management practices in promoting earthworm diversity and ecosystem functioning in both
agricultural and residential landscapes. Such knowledge is imperative for informing sustainable land use
strategies aimed at enhancing soil health and productivity in the study area and beyond.

Keywords: Abundance, Agricultural, Earthworm, Edaphic factors, Heavy metals.

74597



mailto:maadhuycm@gmail.com

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997
Shashank et al.,

INTRODUCTION

In most soils, earthworms are a major part of the invertebrate community owing to their influence on soil ecological
processes and their involvement in gross biomass[1].Earthworms as ecosystem engineers, they make up the largest
portion of all living biomass in soil biological elements [2]. In many soil habitats earthworms are regarded as the
most noticeable soil animal. They are taken into account because of their high density and significant impact on both
beneficial to soil ecosystem. Further, the earthworms play an important role in the association of soil particles and in
the transfer of decaying matter, which alters the physical and chemical aspects of the soil [3]. In order to create a
productive and sustainable soil ecosystem across a range of habitats, it is much needed to taxonomically identify
those species that can endure tropical agricultural farming systems and have a major impact on soil processes
through substantial activity [4]. Numerous studies conducted worldwide and examined the connection among
earthworm action with soil variables and factors related to the environment[5]. Several ecological studies have
documented the strong correlation between the diversity of earthworm species existing and the patterns of land used
[6]. Earthworms are typically found in a wide range of locations, and their density varies according to both abiotic
variables and soil habits [7]. Earthworm distribution is typically diverse, and numbers fluctuate in response to
changes in the abiotic factors of the soil [8,9]. The spatial distribution of earthworms is also influenced by
environmental variables such as temperature, pH, Moisture, Electrical conductivity, NPK Content and Organic
matter in soil [10]. The regional biodiversity and species dispersal pattern of earthworms are impacted by a
combination of biotic and abiotic variables [11].

About 89% of the diversity of earthworms in India are native species [12]. Numerous land use systems, soil water
content, soil organic matter, rainfall patterns, etc., all have an impact on the distribution of earthworm populations
[13]. However, the distribution of earthworm species in various pedoecosystems is indicated by the existence or lack
of a species, especially in one habitat and its non-appearance in other ecological systems[14].

Earthworm biomass and activity can be impacted by agricultural practices like crop rotation, irrigation, tillage, using
lime, employing pesticides, drainage, and so on [15]. The use of solid materials and organic fertilisers derived from
plants and animals, has been reported to boost earthworm populations[16]. Anthropogenic activities such as the
addition of pesticides and toxic metals are the main causes of soil pollution and the primary causes of heavy metal
pollution are mining and industrialization [17,18]. Soil contaminated with heavy metals will alter soil ecosystems by
upsetting the activities of soil flora and faunal communities [19]. Among the soil fauna, the earthworms are highly
susceptible to pesticide and heavy metal contamination[20].

Based on literature review, very little research work has been done on the earthworm populations in residential soil
types. The activities of local human population in and around the residential areas will bring about changes in the
soil physico-chemical characteristics in turn interfere with the concentration of earthworms within the vicinity [21].
Study of agricultural and residential soil habitats in this investigation is crucial to investigate and to determine the
undiscovered earthworm fauna, to generate some important information about their diversity and distribution
patterns across various soil habitats selected. Further, this investigation is the inaugural attempt to document how
particular abiotic soil components affect the density and distribution of earthworm species in different soil habitats
of Pandavapura taluk. Hence, this investigation has been undertaken to share the knowledge about the species
composition and density of earthworm communities in different ecological regions of both residential and
agricultural environments of Pandavapura taluk, Mandya district of Karnataka, India.
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MATERIALS AND METHODS

Study site and sampling

Pandavapura Taluk is situated in Mandya district of state Karnataka (12°29'22"N and 76°40'40"E),which consist of
differentagro-climatic zones. We have chosen two different land use types such as agriculture and residentialarea for
analysis of soil parameters and earthworm population. Soil samples were collected from the study sites, and the
earthworms were collected by the hand sorting method [22]. Morphological identification of earthworms has done
using the standard protocols[22-23]. The collected earthworm samples with appropriate mass of soil were placed in
polythene bags labelled with place name, date of collection, surrounding soil biota, etc. and brought to the lab for
further study. The soil samples were transferred to enamelled tray, and were air-dried, grounded, and passed
through 0.2 mm-mesh sieve for chemical analysis. Species identification of earthworms has been carried out under
stereo-zoom binocular microscope.

Physico-chemical parameters of soil

Composite soil samples collected from each study site at the time of earthworm sampling. The soil temperature was
recorded by using a standard soil thermometer at 0—10 cm soil depth. Soil moisture was analysed by the gravimetric
method[24]. The soil pH has examined by using “Labman” pH meter LMPH-10 [25]. Electrical conductivity was
tested using “Labman” Conductivity meter LMCM-20, [26].Organic carbon was carried out by the Walkley and Black
method [27]. The available nitrogen was evaluated by the Kjeldahl method [26]. The available phosphorus was
determined by Oleson’s and Bray's method [28,29]. The available potassium was conducted by using a flame
photometer [30]. Heavy metal are investigated using atomic absorption spectrophotometer [31].

Statistical analysis

Descriptive statistics for all soil parameters such as mean (X) and standard deviation (S.D.) were calculated using
Microsoft Excel. The PAST 4.03 software was used to calculate diversity indices like Dominance, Shannon, Simpson
and Evenness. The Pearson correlation coefficient analysis between different soil physico-chemical variables and the
density of earthworm species was performed using IBM SPSS 21 software.

RESULTS AND DISCUSSION

Earthworm samples collected from agricultural and residential habitatsof Pandavapura taluk of Mandya
district,areidentified and the list of earthworm species are shown in Table.1 for agriculture area andresidential area
in Table.2. The important earthworm species reported in this investigation, includesDrawida modesta; Drawida
nepalensis [Moniligastridae]; Pontoscolex corethrurus [Rhinodrilidae]; Eudrilus eugeniae [Eudrilidae]; Eutyphoeus
orientalis [Acanthodrilidae]; Eisenia fetida [Lumbricidae]; Perionyx anandalei; Perionyx excavates; Perionyx pulvinatus;
Perionyx macintoshi; Metaphire anomala; Metaphire posthuma; Lampito mauritii; Amynthas alexandri [Megascolecidae]. The
morphological features suchas,colour, length, width, number ofsegments,prostomium,setae, type and position of
clitellum,and location of male and female genital poresof different species of earthworm were examined andreported
in Table.3.

In the present investigation, thePerionyx macintoshi was found to be the longest (150-320 mm) species, and Pontoscolex
corethrurus was the smallest (50-85mm) in body length both were represented in agricultural area. The Eutyphoeus
orientalis had comparatively greater number of segments (250-300)than Eisenia fetidawhich showed fewer number of
segments (120). Further, the four earthworm species i.e., Pontoscolex corethrurus, Eisenia fetida, Perionyx excavates,
Perionyx macintoshi were found to be most abundant in agricultural lands, while the Drawida modesta, Eudrilus
eugeniae,Perionyx excavates,Lampito mauritiioccurs abundantly in residential land. The populations of Perionyx
excavates was found abundantly in both agricultural and residential lands (Table.3).
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There are many investigative evidences in support of the present study on earthworm population and soil physico-
chemical parameters. For instance; changes in the structure and properties of the soil, kind of vegetation, and other
abiotic variables might have affected directly the population of earthworm species of various ecological categories
[32]. Further, the decreased diversity and abundance of earthworm populations and other invertebrate communities
in residential and agricultural environments were directly linked to soil damage [33,34-35]. Similar to the present
finding high species richness of earthworms in agricultural lands is documented. Any variations in the populations
of earthworms could be caused by the kinds of soil and farming methods used in various areas [13,36]. Similarly, the
distribution and abundance of earthworms can be impacted by vegetation changes due to alterations in soil
properties and litter quality [37]. The occurrence of earthworms within different soil ecosystems is indicated by the
absence of a species in one habitat and its presence in another has been reported [38].The earthworm population's
abundance and composition are being modulated by changes in the physical and chemical structure of the soil
environment caused by modern agricultural practices [39].

The ecological diversity indices were calculated for the observed earthworm species (Table.4). Species richness,
evenness and dominance were analysed using Shanon-Shimpson diversity index (Shannon H" Log Base 10) and
Simpson diversity index (1/D). Present study indicated fourteen species of earthworm, with highest abundance has
reported (0.127) in Agriculture habitat, whereas, lowest abundance (0.117) was noticed in residential habitat. The
Shannon diversity index value and Simpson’s diversity index value showed the highest in the Agricultural areas
(2.217) and low in residential sites(2.168). Generally, the increased diversity index in agriculture soil may be due to
high moisture content. because, theagricultural area selected in this study is located near the water bodies like River
Kaveri, Visvesvaraya canal, Lakes, Ponds and Bore well, hence agriculture area has considered favourable for the
growth of earthworms. Whereas, in residential area anthropogenic interference might be the reason for less
abundance of earthworm in this habitat.

The presence of a species in one particular habitat and its absence in other habitats showed the species-specific
distribution of earthworms. The significant correlation (P < 0.01) between earthworm abundance and the soil edaphic
factors (P < 0.01) between agriculture and residential area analysed is given in Table 6. Since, in this investigation, the
earthworm abundance was showed significant correlation with the pH, Moisture, Electrical conductivity, OC, N, P,
K and Heavy metals (Cr, Cu, Ni, Pb and Zn). whereas, the temperature has negatively correlated with the earthworm
density in both agriculture and residential habitats.

The temperature of the soil on an average of 26° C was documented in study area, earthworms need a temperature
between 10°C and 210°C for growth and development [40]. In current study themeanpH is from 6.79and 6.73 in
agricultural and residential site. These values fell within the typical range for earthworm activity [41]. Earthworm
biomass was impacted by soil acidity[42].However, many earthworm species generally did not do well in
environments with low or high pH levels, which led to population declines [43].An adequate amount of soil
moisture determines the earthworm activity, population, and biomass [44,45]. In present investigation the soil
moisture is Agricultural site (39.48) and Residential site (35.82) in mean. The percent and level of organic matter in
the soil influenced the density and biomass of earthworms [46].Similarly, in the current investigation the soil organic
carbon varied between 5.56% and 5.97%,and is significantly correlated with the earthworm density and biomassin
both sites. Numerous studies revealed a positive relationship between the percentage of soil organic carbon and the
density of earthworms [47,48]. Because poor soils do not hold much water, earthworms did not prefer habitats with
low organic matter [15, 49].

Available nitrogen was 0.55% in agricultural site and 0.87% in residential site, which was considered to be an
important edaphic parameter that played a significant role in determining the abundance and distribution of
earthworms [50,51]. The populations of earthworms were also impacted by the availability of phosphorus. In current
research the mean phosphorous 19.40 mg/Kg of in agricultural land and 19.89 in residential land. A positive
relationship between the density of earthworms and available phosphorus was noted [13, 52]. Earthworm casting
increases the phosphorus availability in soil dynamic which enhance plant growth and soil quality. Negative
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correlation in density of earthworms and phosphorus was recorded [53]. However, in various pedoeco systems of
the Cauvery delta in south India, both positive and negative correlations between phosphorus and earthworm
biomass [54]. In current work the average potassium 143.84 mg/Kg (agriculture) and 155.94 mg/Kg (residential)was
documented. Similar to the present investigation, positive and negative correlationof earthworm density and
biomass were reported with available potassium [13, 54].On the other hand, it was found that, there is no connection
between earthworm biomass and density with soil potassium [52].Heavy metals are very harmful because of their
non-biodegradable nature, long biological half lives and their potential to accumulate in soil [55]. In this study the
amount of Chromium in agriculture area is 87.20 mg/Kg and 79.47 mg/Kg in residential area was observed. Copper
is essential element in soil, The mean Copper in agricultural site was 72.24 mg/Kg and 57.60 in residential site. The
average quantity of Nickel is 67.78 mg/Kg and 65.91 mg/Kg in the study site was recorded and the mean lead was
73.81 mg/Kg (agriculture) and 44.84 mg/Kg (residential) also average zinc was 37.05 mg/Kg in agricultural site and
28.57mg/Kg was documented in residential area. (Table. 5) The amount of heavy metals recorded in present study do
not exceed the permissible limit in soil [56].Potential bio-indicators of heavy metal pollution are earthworms.
Because the growth, number of hatchlings per cocoon, survivability, and cocoon production of earthworms all
showed declining trends with increasing concentrations of heavy metals, earthworms can serve as bio-indicators for
heavy metal pollution in soil[57].

CONCLUSION

In conclusion, our study provides significant insights into the relationship between soil edaphic properties and the
distribution of earthworm species in both agricultural and residential habitats within Pandavapura Taluk of Mandya
District, Karnataka, India. Through comprehensive soil sampling and analysis, coupled with field surveys to identify
earthworm species abundance, we have elucidated the intricate connections between soil characteristics and
earthworm habitat preferences. Our findings reveal notable correlations between certain soil parameters such as pH,
Organic carbon, moisture, Nitrogen, Phosphorous, Potassium and Heavy metals. These relationships underscore the
importance of soil quality in shaping earthworm distribution patterns. Furthermore, our study highlights the
significance of sustainable land management practices in promoting earthworm diversity and ecosystem resilience.
By understanding the preferences of different earthworm species and their responses to soil conditions, land
managers and farmers can implement targeted strategies to enhance the fertility, structure, and overall health of the
soil. Moving forward, continued monitoring and research efforts are warranted to further explore the dynamic
interactions between soil properties and earthworm communities, particularly in the context of changing land use
patterns and environmental conditions. Such attempt will be essential for guiding effective soil conservation and
management strategies aimed at ensuring agricultural sustainability and ecosystem resilience in the study area and
beyond.

ACKNOWLEDGEMENTS

Authors are thankful to the Principal of Yuvaraja’s College, University of Mysore, Mysuru for providing laboratory
facilities and Dr. C. K. Mandal, Scientist-C, Zoological survey of India, who helped in identification and
authentication of earthworm species. In addition, the researchers want to appreciate the help of Mrs. Hema K and
Mr.Madhu for their assistance during the field work.

Funding

The author(s) received no financial support for the research, authorship, and/or publication of this article.
Conflict of Interest

The author(s) declares no conflict of interest.

74601




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Shashank et al.,

REFERENCES

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24

Bohlen PJ, Parmelee RW, McCartney DA and Edwards CA. Earthworm effects on OC and nitrogen dynamics of
surface litter in corn agroecosystems. EcoAppl,1997; 7: 1341-1349.

Blouin M, Hodson ME, Delgado EA, Baker G, Brussaard L, Butt KR and Brun JJ. A review of earthworm impact
on soil function and ecosystem services. Europ Jourl of Soil Scie, 2013; 64: 161-182.

Butenschoen O, Ji R, Schaeffer A, and Scheu S. The fate of catechol in soil as affected by earthworms and clay. Soil
Bio and Biochem, 2009; 41: 330— 339.

Lavelle P. Earthworm activities and the soil system. Biol and Fertil of Soils, 1988; 6: 237-251.

Tao Y, Gu W, Chen ], Tao J, Xu YJ and Zhang H. The influence of land use practices on earthworm communities
insaline agriculture soils of the west coast region of China ’s Bohai Bay. Plant, Soil and Environ, 2013; 59(1): 8 —13.
Nunes DH, Pasini A, Benito NP and Brown GG. Earthworm diversity in four land use systems in the region of
Jaguapita, Parana state, Brazil. Caribbean | of Sci, 2006; 42: 331-338.

Satchell JE. Some aspects of earthworm ecology. In D. K. Kevan, & M. E. Butterworths (Eds.), Soil Zoology,
Academic Press, New York, London, 1955;180 —201.

Evans AC, Guild WJML. Studies on the relationship between earthworm and soil fertility I biological studies in
the field. The Annu of Appl Bio, 1947; 34(3): 307-330.

Guild WJML. Variation in earthworm number within field population. The Jof Animal Eco, 1952; 21: 169-181.
Reinecke AJ, Albertus RMC, Reinecke SA and Larink O. The effects of organic and conventional management
practices on feeding activity of soil organisms in vineyards. African Zoology, 2008; 43(1): 66 ~74.

Bhadauria T, Ramakrishnan PS. Earthworm population dynamics and contribution to nutrient cycling during
cropping and fallow phases of shifting agriculture in north east India. | of Appl Eco, 1989; 26: 505-520.

Julka JM, Paliwal R. Distribution of earthworms in different agroclimatic region of India. In PS. Ramakrishnan,
KG Saxena, KG Swift, & RK RauksMaikhuri (Eds.), Soil biodiversity, ecological processes and landscape, 2005
(pp. 3-13). Oxford and New Delhi: ABH Publication Co. and Pvt. Ltd.

Lalthanzara H, Ramanujam SN and Jha LK. Population dynamics of earthworm in relation to soil physico-
chemical parameters in agroforestry systems if Mizoram, India. ] of Environ Bio, 2011; 32: 599-605.

Tripathi G, Bhardwaj P. Comparative studies on biomass production, life cycles and composting efficiency of
Eisenia fetida (Savigny) and Lampito mauritii (Kinberg). Bioresou Techn, 2004; 92: 275 -278.

Edwards CA, Bohlen P]. Earthworm ecology and biology, 1996; pp. 196— 212, London: Chapman & Hall.

Leroy BLM, Schmidt O, Van den Bossche, A Reheul and Moens M. Earthworm population dynamics as
influenced by the quality of exogenous organic matter. Pedobiologia, 2008; 52(2): 139-150.

Aktar MW, Sengupta D and Chowdhury A. Impact of pesticides use in agriculture: Their benefits and hazards.
Interdisciplinary Toxicol, 2009; 2(1): 1-12.

Wuana RA, Okieimen FE. Heavy metals in contaminated soils: A review of sources, chemistry, risks and best
available strategies for remediation. InterScholarly Research Network. 2011; 21 p.

Cortet ], Vauflery AGD, Balaguer NP, Gomot L, Texier C and Cluzeau D. The use of invertebrate soil fauna in
monitoring pollutant effects. European | of Soil Bio 1999; 35: 115-134.

Huang X, Hu J, Qin F, Quan W, Cao R, Fan M. and Wu X. Heavy metal pollution and ecological assessment
around the Jinsha coal-fired power plant (China). Inter | of Environ Research and Public Health, 2017; 14(12): 1589.
Sankar AS, Patnaik A. Impact of soil physico-chemical properties on distribution of earthworm populations
across different land use patterns in southern India.] of Basic and Appli Z00,2018; 79: 50.

Julka JM. The fauna of India and adjacent countries. Megadrile Oligochaeta (Earthworms). Haplotaxida:
Lumbricina: Megascolecoidea: Octochaetidae. ZSI, Calcutta, 1988;400.

Gates GE. Burmese earthworms, an introduction to the systematic and biology of the megadrile oligochaetes with
special reference to Southeast Asia. Transactions of the American Philosophical Society.1972; 62(7): 1-326.

. Santhanam R, Velaycitham P, Jegatheesam. A manual of Fresh water Ecology. Delhi: Daya Publishing House

1989; 134 p.

74602




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

Shashank et al.,

Anderson JM, Ingram JSI. Tropical soil biology and fertility: A handbook of methods. Wallingford: CAB
International; 1993.

Jackson ML. Soil chemical analysis. Asia Publishing House, Bombay; 1962.

Walkley A, Black IA. Determination of Organic carbon in Soil. Soil Sci, 1934; 37:29-31.

Olsen SR, Cole CV, Watanabe FS, Dean LA. Estimation of available phosphorus in soils by extraction with
sodium bicarbonate. USDA Circular 939. U.S. Government Printing Office, Washington D.C. 1954.

Bray RH, Kurtz LT. Determination of total, organic and available forms of phosphate in soils. Soil Sci, 1945; 59:39-
45.

Stanford S, English L. Use of flame photometer in rapid soil test of K and Caribian. | of Agronomy, 1949; 41:446-
447.

AOAC. AOAC official methods of analysis. 15th edition. Association of Official Analytical Chemists, Arlington,
Virginia, 1990; pp. 84-85.

Lavelle P, Spain A. Soil ecology. Dordrecht: Kluwer Academic Publishers, 2001.

Lavelle P. Faunal activities and soil processes: adaptive strategies that determine ecosystem function. Adva in
Ecolog Research, 1997; 27: 93-132.

Lee KE, Foster RC. Soil fauna and soil structure. Australian Journal of Soil Research, 1991; 29(6): 745-775.

Tripathi G, Bhardwaj P. Comparative studies on biomass production, life cycles and composting efficiency of
Eisenia fetida (Savigny) and Lampito mauritii (Kinberg). Bioresource Tech, 2004; 92: 275 -278.

Rajkhowa DJ, Bhattacharyya PN, Sarma AK, Mahanta K. Diversity and distribution of earthworms in different
soil habitats of Assam, north-east India, an Indo-Burma biodiversity hotspots. Proceedings of the National
Academy of Sciences, India Section B: Biological Sci, 2014; 85(2): 389 —396.

Muys B, Granval P. Earthworms as bio-indicators of forest site quality. | of Soil Bio and Biochem, 1997; 29: 323-328.
Singh ]. Habitat preferences of selected Indian earthworms’ species and their efficiency in reduction of organic
materials. Soil Bio and Biochem, 1997; 29: 585 —588.

Curry JP, Byrne D, Schmidt O. Intensive cultivation can drastically reduce earthworm populations in arable land.
European ] of Soil Bio, 2002; 38: 127-130.

Pankaj KY, Nongmaithem SS. Role of earthworms in soil health and variables influencing their population
dynamic: A review. The Pharma Innovation Journal. 2023; 12(4): 1961-1965.

Edwards CA, Bohlen PJ. Earthworm ecology and biology, 1996; pp. 196—212. London: Chapman & Hall.
Reynolds JW. Earthworm (Annelida, Oligochaeta) ecology and systematics. Pp 95-120, IN: Dindal, D. L. (ed.):
Proc. 1st Soil Microcommunities Conf. Springfield, VA: United State Atomic Energy Comm., Natl. Tech. Inform.
Serv., United States Dept. Commerce 1973; 285 p.

Chauhan RP. Role of Earthworms in soil fertility and factors affecting their population dynamics: A review. Inter
J of Research, 2014; 1(6):642-649.

Olson AR, Lewis GN. Natural reactivity and the origin of species. Nature. 1928;121(3052):673-674.

Wood TG. The distribution of earthworms (Megascolecidae) in relation to soils, vegetation and altitude on the
slopes of Mt Kosciusko, Australia. | of Animal Ecology; c1974: 87-106.

Gonzalez G, Zou X, Sabat A, Fetcher N. Earthworm abundance and distribution pattern in contrasting plant
communities within tropical wet forest in Puerto Rico. Caribbean ] of Sci, 1999; 35:93-100.

Tian G, Olimah JA, Adeoye GO, Kang BT. Regeneration of earthworm population in a degenerated soil by
natural and planted fallows under humid tropical conditions. Soil Sci Society of American J, 2000; 64:222- 228.
Brown GG, Benito NP, Pasini A, Sautter KD, de F Guimaraes M, Torres E. No-tillage greatly increases earthworm
populations in Parana state, Brazil: The 7th International Symposium on Earthworm Ecology- Cardiff- Wales:
2002. Pedobiologia, 2003; 47:764-771.

Lee KE. Earthworms their Ecology and Relationships with Soils and Land Use. Academic press, 1985; 389 p.
Sharma RK, Bhardwaj P. Earthworm diversity in the trans-gangetic habitats of Haryana India. Research | of Agri
and Forest Sci, 2014; 2(2):1-7.

Gachimbi LN, Maitima, J. Soil fertility analysis associated to land use in eastern Uganda. Farming in tsets
controlled area. Environmental monitoring and management component. Publisher. ILR1 and National
Resources Institute, Uganda. EU project; 2004.

74603




Indian Journal of Natural Sciences

Vol.15 / Issue 84 / Jun / 2024

>

International Bimonthly (Print) — Open Access

Shashank et al.,

www.tnsroindia.org.in ©OIJONS

ISSN: 0976 — 0997

52. Bisht R, Pandey H, Bharti D, Kaushal BR. Population dynamics of earthworms (Oligochaeta) in cultivated soil of
central Himalayan Tarai region. Tropical Ecology, 2003; 44(2):227-232.
53. Iordache M, Borza I. Relation between chemical indices of soil and earthworm abundance under chemical

fertilization.

Plant, Soil and Enviro, 2010; 56(9):401-407.

54. Parthasarathi, Jayanthi L, Basha SA. Population dynamics of earthworms in Cauvery delta areas in relation to soil
properties. Indian Streams Research Journal, 2013; 3:1-8.
55. Rolli NM. Heavy Metal Accumuation in Vegetables Cultivated in Agricultural Soil Irrigated with Sewage and its
Impact on Health. Int ] Recent Sci Res. 2020; 11(04): 38144-38150
56. Deuel LE, Holliday GH. Soil remediation for the petroleum extraction industry, Pennwell Publishing Company,
Tulsa Okla, 1994; 287 p.
57. Jyoti Y, Gupta RK, Deepak K. Heavy metals toxicity on growth and reproduction of Eisenia fetida. Res. Environ.

Life Sci. 2017

+10(6): 565-568.

Table 1: Earthworm species documented in Agricultural area of Pandavapura taluk, Mandya District, Karnataka,

India
Family Species
Moniligastridae | Drawida nepalensis (Michaelsen, 1907)
Rhinodrilidae Pontoscolex corethrurus (Muller,1856)
Eudrilidae Eudrilus eugeniae (Kinberg, 1867)
Acanthodrilidae | Eutyphoeus orientalis (Beddard, 1833).
Lumbricidae Eisenia fetida (Savigny, 1826)
Perionyx anandalei (Michaelsen, 1907).
Perionyx excavates (Perrier, 1872)
Megascolecidae Perionyx pulvinatus (Stephenson, 1916)
Perionyx macintoshi (Beddard, 1883)
Metaphire posthuma (Vaillant, 1868)

Table 2: Earthworm species documented in Residential area of Pandavapura taluk, Mandya District, Karnataka,

India
Family Species
Moniligastridae Drawida modesta (Rao,1921)
Drawida nepalensis (Michaelsen, 1907)
Eudrilidae Eudrilus eugeniae (Kinberg, 1867)
Lumbricidae Eisenia fetida (Savigny, 1826)
Perionyx anandalei (Michaelsen, 1907).
Perionyx excavates (Perrier, 1872)
Megascolecidae Perionyx pulvinatus (Stephenson, 1916)

Metaphire anomala (Michaelsen, 1907)

Lampito mauritii (Kinberg, 1867)

Amynthas alexandri (Beddard, 1900)

Table 3: Morphological characteristics of earthworm populations collected at Pandavapura taluk, Mandya district,

Karnataka
Sl. _ Length | Width | No. Of , Clitellum | e
Species Colour Prostomium Setae type Female pore
No. (mm) (mm) | Segments .. pore
&position
op | Drowide Reddish | 75131 | 354 | 142172 | Prolobous | Lumbricine | “nmwiar | Fairedl ) Paired,
nepalensis 9-14 0/11 atorposterior
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to
intersegment
furrow11/12
Drawida Annul 10-
r
02 | ¥ de;m Creamy grey | 75-100 | 4-5 | 207-230 | Epilobous | Lumbricine ] 1_‘11 4a 11With | Singlein 14
setae
. Saddle o
o3 | Fontoscolex | Unpigmented | 5 o0 | 55 | 305120 | Prolobous | Lumbricine | shape, | LM | paired in 14
corethrurus Yellowish 17
15-22
Paired -
Eudrilus Reddish Saddle f;:/ffil;n Cozi?ed
04 " brown to 90-185 5-8 145-196 Epilobous Lumbricine shaped, .
eugeniae . penialSe | spermatheca
dark violet 14-18 .
tae Ipores, in 14
Paired in
Eutyphoeus Reddish 100- . . . Annular 27 With Paired
7- 250- Epil Perich
05 | orientatis brown 250 8 50-300 pilobous | Perichaetine | 5 ¢ penial | Minute in 24
Setae
Eisenia Saddle flqslﬁatgoirrll Paired
06 . Reddish 35-130 4-5 100 -120 Epilobous Lumbricine shaped, . .
fetida 09 -11 15th Minute in 14
segment
Paired in
Perionyx Reddish 160 Annular 18
7 ) -1 170-21 P ilobi Perichaeti ith ingle in 14
0 anandalei brown 280 6-10 0-215 roepilobic erichaetine 1204 Wit f)ut Single in
penial
Setae
Paired in
Perionyx Bluish red t Annular 18
08 Y © | 4062 | 12 | 124130 | Epilobous | Perichaetine Without | Single in 14
excavates brown 14-17 .
penial
Setae
Paired in
Peri Annul 18
09 | ™Y Brownish | 5790 | 3-4 | 121128 | Epilobous | Perichaetine | ‘o' | Without | Singlein 14
pulvinatus 11 .
penial
Setae
Paired in
Perionyx Light blue to 150 Annular 19
1 - 7 | 1781 Epil Perichaeti ith, ingle in 14
0 macintoshi reddish 00 5 8-199 pilobous erichaetine 13 Wit .out Single in
penial
Setae
Paired in
Lampito Annular 18
11 e Greyish black | 47-82 2-3 142-160 Epilobous Perichaetine Without | Singlein 14
mauritii 13-17 .
penial
Setae
Paired in
Metaphire Grey black 120 Annular 18 upto
12 P ey 45-5 | 130257 | Epilobous | Perichaetine ten Single in 14
posthuma with pink 200 14-16 .
penial
Setae
13 | Amynthas Dark red 130- 4-6 115-137 | Rudimentary | Perichaetine | Annular | Pairedin | Singlein 14
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Table 4: Ecological Diversity Indices of Earthworm species recorded at Pandavapura taluk, Mandya district,

Karnataka

SI. No. Indices Agricultural | Residential
01 Dominance_D 0.127 0.117
02 Simpson_1-D 0.883 0.872
03 Shannon_H 2.217 2.168
04 Evenness_e"H/S 0.917 0.873

Table 5: Summary of Physico-chemical variables of Agricultural and Residential land use systems during the
study period (July 2021 — June 2022)

Physico-chemical Agricultural Residential

Parameters of Soil (M‘::::“‘SID) Range (MIZ:::aSID) Range
Temperature (°C) 26.25+2.74 8.50 26.18 +2.85 9.10
Moisture (%) 39.48 +5.58 19.50 35.82 £4.06 11.80

pH 6.79 £ 0.50 2.00 6.73 £0.97 2.87

Electrical conductivity (dS/m) 0.56 £0.16 0.62 0.50 £0.20 0.66
Organic carbon (%) 5.56 +0.51 1.64 5.97 +0.43 1.48
Nitrogen (%) 0.55+0.14 0.38 0.87 +0.36 1.26
Phosphorous(mg/Kg) 19.40 £2.10 8.03 19.89+1.14 4.34
Potassium (mg/Kg) 143.84 +10.23 28.90 15594 +13.44 36.13
Chromium (Cr) (mg/Kg) 81.20+3.97 15.18 79.47 +4.60 17.31
Copper (Cu) (mg/Kg) 7224 £ 6.41 19.68 57.60 + 6.88 22.04
Nickel (Ni) (mg/Kg) 67.78 £2.91 8.11 65.91 +5.87 18.64
Lead (Pb) (mg/Kg) 73.81+7.93 24.09 4484 +4.75 13.27
Zinc (Zn) (mg/Kg) 37.05+4.34 13.47 28.57 +£5.77 20.17

Table 6: Correlation coefficient (r) of earthworm density with soil parameters in agricultural and residential land

use systems

Physico-chemical properties Agriculture land Residential land
Temperature (°C) -.689" -.661
Moisture (%) 871" -.852"
pH 721" 817"
Electrical conductivity (dS/m) -.215 .160
Organic carbon (%) 621 .738"
Nitrogen (%) 871" -.599"
Phosphorous(mg/Kg) 674 -.599°
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Potassium (mg/Kg) -.339 .789™
Chromium (Cr) (mg/Kg) -.689" .563
Copper (Cu) (mg/Kg) -.654" .814™
Nickel (Ni) (mg/Kg) 741" 817"
Lead (Pb) (mg/Kg) 721" 8417
Zinc (Zn) (mg/Kg) 723" -.852"

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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Figure 01: Map depicting Study area

Figure 02: A. Agricultural study site; B. Residential study

74607




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

RESEARCH ARTICLE

U-Net Architecture for Segmentation of Nucleus from Cell Image

Sangeeta Sharma', Neeraj Shrivastava?*, Prateek Gupta® and Megha Shrivastava*

1Assistant Professor, Department of Computer Science Engineering, National Institute of Technology,
Hamirpur, Himachal Pradesh, India.

2Associate Professor, Department of Computer Science Engineering, IPS Academy, Institute of
Engineering and Science, Indore, (Affiliated to Rajiv Gandhi Proudyogiki Vishwavidyalaya) Madhya
Pradesh, India.

Research Scholar, Department of Computer Science Engineering, National Institute of Technology,
Hamirpur, Himachal Pradesh, India.

*Assistant Professor, Department of Mathematics Medicaps University Indore, Madhya Pradesh, India.

Received: 22 Jan 2024 Revised: 09 Feb 2024 Accepted: 27 Apr 2024

*Address for Correspondence

Neeraj Shrivastava

Associate Professor,

Department of Computer Science Engineering,

IPS Academy, Institute of Engineering and Science,

Indore, (Affiliated to Rajiv Gandhi Proudyogiki Vishwavidyalaya)
Madhya Pradesh, India.

Email: neeraj0209@gmail.com

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
7 NG (CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

Segmentation of the image is important step in image analysis process. The instance segmentation
method based on initially locates the area of the instance by applying the object detection technique. By
using this, mask is predicted in the identified zone. This method shares a special bond with object

detection. The swift growth of object detection technology endorses the development of this variant of
instance segmentation technique directly. The nucleus segmentation from the cell is complex due to small
size. The nucleus size and shape can help to identify the diseases. In this research work, U-Net approach
is proposed which can segment the nucleus from the cell. Python is used for implementing the proposed
model using google Colab on the Kaggle data set which contains approx. 30000 images. Accuracy and
model loss is calculated for analysis of proposed model. The accuracy for the training is achieved up to
81.39 percentages and Model loss is reduced to below 1 percent for the segmentation.

Keywords: Cell Segmentation; U-Net; Nucleus; Model Loss;
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INTRODUCTION

Neural cell instance segmentation in microscopy imagery is a basic function in pathology work-flows which helps in
extracting the nuclear morphology along with appearing attributes such as standard size, density and
polymorphism. It also performs several genetic based analyses for example: classification of phenotypes and
profiling remediation [1]. The cellular instrument engaged in the heredity pathway from one neural stem cell
remains secretive in neuroscience. The development of real-world microscopy imaging frameworks has made it easy
to record the description of neurons, atrocities and oligodendrocytes from one neural stem cell in the form of a time-
lapse video. Being a crucial mechanism to discover the relationships between the cells and the neural cell instance
segmentation algorithm has drawn considerable interest from the research community as it detects and fragments
cells together [2]. Above all, a swift and accurate instance segmentation tool plays an important role in the analysis of
large-scale video datasets. Nevertheless, many factors like cell mitosis, cell deformation, cell adhesion, indistinct cell
shape and background inaccuracies increase the complexity of neural cell instance segmentation. In addition, small
and thin configurations like filopodia and lamellipodia present in cell motion make the challenge yet more tough[3].
Deep neural network (DNN) techniques have led to significant improvements in object detection and segmentation
in recent years. There are three types of solutions in the present object instance segmentation technique in the context
of processing considerations. The task of Instance segmentation can be described as an assortment of object detection
and semantic segmentation therefore two approaches occur for these two perceptions [4].

The first is the detection-based technique, which is equivalent to object detection process. This method first traverses
the area of each instance and then splits the instance mask into each region. The second is a pixel clustering-based
approach. This approach firstly predicts the class label assigned to every pixel and then produces instance
segmentation outcomes by applying the clustering method to arrange them in a cluster. The above two schemes are
two-stage segmentation techniques which are in big demand. Moreover, in current years, a single-stage instance
segmentation method has been developed, which provides better results in terms of processing speed than the above
two segmentation techniques[5]. Figure 1 exhibits the taxonomy of deep learning-based instance segmentation
methods. The use of convolutional neural networks (CNN) in the object detection domain has considerably
encouraged the development of object detection. The RCNN framework developed by Girshik in 2014 applies
selective search strategy to construct a region proposal box on the photograph and then extracts features by using
CNN. Lastly, a Support Vector Machine (SVM) classifier is trained for predicting the output. The advent of this
algorithmic approach has significantly indorsed the emergence of object detection technology [6]. After this, the
improved versions of RCNN called Fast RCNN and Faster RCNN came into existence. They not only provide
solution of different problems such as iterated convolution computations but also improves the efficiency of object
detection technology. The instance segmentation method based on detection initially locates the area of the instance
by applying the object detection technique, and then predicts mask in the detection zone. Finally, each prediction
result is outputted as a separate example. This method shares a special bond with object detection. The swift growth
of object detection technology can directly endorse the development of this variant of instance segmentation
technique. In the context of algorithmic research, it has substantial benefits over other variants of instance
segmentation methods.

LITERATURE REVIEW

J. Yi, et.al (2019) suggested an attentive instance segmentation technique in order to predict the bounding box of
every cell and its segmentation mask at the same time [7]. Generally, the suggested technique was developed on a
joint network in which a SSD (single shot multi-box detector) was integrated with a U-net. Moreover, an attention
mechanism was deployed on modules utilized to detect and segment the cells considering significant attributes. A
dataset consisted of neural cell microscopic images was executed to evaluate the suggested technique. The
experimental outcomes depicted that the suggested technique was effective for detecting and segmenting the neural
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cell instances quickly and at higher accuracy as compared to the traditional techniques. S. Kaya, et.al (2019)
introduced an MIL (multiple instance learning) mechanism for segmenting the cell [8]. To achieve this, SVM (support
vector machine) was employed to model the classification. Afterward, the testing stage was executed to scan and
classify the test images at pixel level, individual level and acquire the pre-segmentation images. The phase to post-
process the data deployed a MRA (Markov random fields) technique for enhancing the outcomes of process in which
the images were pre-segmented. At last, the introduced mechanism was compared with the traditional technique
and proved effective. J. Yi, et.al (2019) discussed that the process to segment the neural cell instance was useful for
analyzing the behaviors of neural cell [9]. Hence, a context-refined model of segmenting the neural cell instance was
developed for learning the way of suppressing the background information. Particularly, the deep attributes were
recalibrated using a light-weight context refinement module. The fundamental objective of this model was to
consider the target cell within each cropped ROI (region of interest). These attributes illustrated the adaptability of
the developed model in the study of neural cells. The experimental results indicated the efficacy and accuracy of the
developed model and this model outperformed the existing techniques.

N. Khalid, et.al (2021) described that the individual cell behavior was analyzed effectively by segmenting the cell in
microscopic images accurately which assisted in diagnosing the human diseases [10]. DeepCIS algorithm was
established for detecting, segmenting, and classifying the culture of the cells and nucleus in the microscopic images.
The established algorithm was quantified on the EVICANG60 dataset in which microscopic images generated through
various microscopes with numerous cell cultures were involved. The experimental results revealed that the
established algorithm offered the mAP (mean average precision) up to 24.37% while segmenting the cell and nucleus
over 30 classes.T. Prangemeier, et.al (2020) projected an innovative attention-based CellDETR (cell detection
transformer) to perform direct end-to-end instance segmentation [11]. This system was effective to segment the cell
in micro-structured environments. The projected system performed better over the existing methods to segment the
cells and predicting the individual object instances. The projected system performed 30% quicker to match the
efficacy of segmenting the cell instances. The results confirmed the robustness of the projected system for detecting
every cell instance and directly offering instance-wise segmentation maps which were adaptable for cell morphology
and fluorescence measurements. Y. Chen, et.al (2021) designed a new approach in which process of segmenting the
cell was integrated with process of tracking the cell into a unified E2E (end-to-end)-DL (deep learning) technique
[12]. This technique was implemented to detect and segment the cell. The SN (Siamese Network) was combined with
the pipeline to track the cell [12]. Moreover, the spatial information was utilized in the network and the spatial and
visual prediction was fused to enhance the efficacy of tracking. DeepCell dataset was applied for the quantification
of the designed approach. The efficiency and simplicity of the designed approach was proved over the traditional
systems for segmenting and tracking the cell with regard to accuracy.

A. Chamanzar, et.al (2020) investigated an E2E (end-to-end)-DL (deep learning) algorithm with the objective of
detecting and segmenting the single cell with the help of only point labels [13]. Various task orientated point label
encoding techniques were put together with a multi-task scheduler to train the investigated algorithm. The PMS2
stained colon rectal cancer and tonsil tissue images were exploited to implement and validate the investigated
algorithm. The investigated algorithm led to enhance the efficacy to detect and segment the cell as compared to the
traditional algorithms. The results revealed the applicability of the investigated algorithm for cells with
distinguishable nuclei. L. Zhu, et.al (2021) recommended a technique to segment the cell segmentation in which the
boundary for each cell was tracked on the basis of result of the semantic segmentation [14]. This technique
concentrated on discovering the radius of cell contour in each angle. The image pixels were partitioned into cell
nucleus, cytoplasm, background, and overlapping regions using enhanced U-net network so that the cells were
segmented. Additionally, every cell nucleus was employed as center for tracking the boundary point in diverse angle
which provided the cell contour. The experimental results proved the effectiveness of the recommended technique
for segmenting the overlapping cervical cells. M. F. Jamaluddin, et.al (2020) intended a methodology in order to
detect and segment the cells in ER-IHC (estrogen receptor immune histochemistry)-stained breast carcinoma images
[15]. The intended methodology assisted the physicians in deciding whether the patient was treated with hormonal
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therapy or other treatments. This methodology was planned on the basis of DCNN (deep convolutional neural
network). The watershed-based technique was applied to post-process the data. A comparative analysis was
conducted on the results to compute the intended methodology. The intended methodology offered the precision
around 95% and recall of 91% while detecting the cell automatically. S. Lin, et.al (2021) devised a DL (deep learning)
technique in which a Mask-RCNN (Region based Convolutional Neural Network) was integrated with Shape-Aware
Loss for segmenting the cell instance [16]. This technique was effective for computing the cell instance segmentation
masks taken from different microscopy images for which no additional post-processing was carried out. the devised
technique yielded and IOU around 91.91% and 94.93% on the DIC-C2DH-HeLa and PhC-C2DH-U373 datasets
respectively. The devised technique had potential for segmenting the cell instance with accuracy. The results
obtained in segmenting the cell instance were useful to analyze the cell behavior and to track the cell. N. O. Loewke,
et.al (2018) formulated a fully automated algorithm which assisted in iteratively segmenting the cells on the basis of
observed distribution of optical cell volumes [17]. The quantitative phase microscopy had evaluated theses volumes
[17]. The verification of every threshold was done from the observed data, thus, there was not any necessity to take
them virtually from the user. The sex kinds of cell illustrating a range of morphologies were utilized to exhibit that
the formulated algorithm was effective and several confluences were taken into consideration for evaluating these
cultures. The accuracy obtained from the formulated algorithm was calculated 91.5% for detecting and segmenting
the cells.

RESEARCH METHODOLOGY

U-Net

For semantic segmentation of biomedical image is planned by authors. The primary focus is to further develop the
sliding window approach by simplifying it and more compelling. They build a robust network thatincludes the
entire context of the imagefor calculation and straightforwardly creates the segmentation masks.

Network Architecture

The network has the SegNet design with a few upgrades. Figure 2 shows the design. In theencoder part, there are
four down-sampling steps. At each step, there are two convolution layers with 3 x 3 kernels, ReLu activation, trailed
by 2 x 2 max-pooling layers. The quantity of feature maps in the first layer is 64, andit pairs after each down-
sampling step. The decoder topology is balanced to the encoder. There are four up-testing steps, each contains two
convolutional layers. After each up-sampling step, the quantity of feature maps is split. There are likewise the
skipping associations between relating encoder and decoder steps. The out- put layer utilizes I x I convolution, which
for each pixel decreases data from all the component maps into a two-component vector.

Image Pre-processing

The U-Net is feasible to train likewise on the datasets with a couple of accessible training samples. In the firstarticle,
the authors depict some augmentation strategies on the best way to expand the dataset size. New images are created
by movements and revolutions. They likewise utilized elastic deformation of unique samples to simulate the shape
variability of biomedical objects. The deformity was made by arandom displacement of vectors in 3 x 3 grid sampled
from a Gaussian circulation with standard deviation of ten pixels. They likewise notice the issue of grey value
variations of the input images.

Training
The cost function is pixel-wise soft-max function combined with the cross-entropy loss function. To get to the next
level the network performance, authors guessed that pixels have various weights as per their significance in the final
segmentation. Equation (1) signifies the formula of cost function:

(0) = —Lw(x)log(11 — Pt(x; 0)1) (1)
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Where w(x) is a weight of the pixel x, tis the expected class of the pixel x and p(x; 0) is the probability given by the
model that x belongs to the class 1. The weight of every pixel was pre-computed by the accompanying equation 2:

@)

Where di and d;mean the distance of the pixel x to the first and second nearest object, separately. The factors wo and
a are constants. The original network was executed in Caffe programming. Every one of the calculations was finished
on a graphical card. Because of the large size of the image sample and hardware constraints, it was unrealistic to
train a mini-batch of size higher than one. As a learning algorithm, they utilized stochastic gradient descent with a
momentum. U-Net is fruitful in the division of different biomedical images. It actually occupies the main spots in the
ranking of the cell Tracking Challenge. The strategy is clear to comprehend. In late last years, a few another
approaches inspired by the U-Net topology was published. Therefore, it is chosen to base GH£-research with respect
to this network. The nucleus is the present in all type of cells and also in the human cells. The abnormal shape of the
nucleus can help us to identify various diseases like cancer. To quantitative assessment of the cells is required so that
it can identify the size and shape of the nucleus. The deep learning methods are best which can identify and also
segment the nucleus from the image of cells. In this research work U-Net model is proposed which can segment the

_ (d1<x)+d2(x))2)

() = wq (x) + wy exp (- (02

nucleus from the image. As shown in figure3, Segmentation models depend on a variety of the U-Net model, which
employs a descending circular segment (contracting way) to increment feature information followed by a climbing
curve (development way) to join feature and spatial data.

The model utilized here was made out of a conventional ResNet34 architecture for the descending arc path and a
custom rising circular segment that pre-owned pixel rearranging during up sampling to reduce checkerboard
artifacts. The network design has many similarities to that of a convolutional auto encoder, which consists of a
contracting trail ("encoder"”) and an expansive trail ("decoder"). The skip connection between the encoder and the
decoder is the basic characteristic of U-Net that differentiates it from a typical auto encoder. Skip connections are
responsible for recovering the spatial information lost in down-sampling, which is important for segmentation
operations. A typical U-Net architecture consists of three units: encoding, bridge, and decoding. The encoding unit
involves converting the input into a compact representation through hierarchical learning. In contrast, the decoding
process applies up-sampling and convolution operations in order to recover the pixel-wise output representation
with the input of similar size. Bridge is important to form a bridge between encoding and decoding. Furthermore,
the low-level description features in the encoding part are combined with the equivalent high-level semantic
characteristics in the decoding unit, it forming a route for information dissemination and have been verified to be
efficient for semantic labeling.

RESULT AND DISCUSSION

This research work is based on the image segmentation of nucleus from the human cell. The proposed architecture of
segmentation is based on the U-Net. The dataset of cells is collected from the Kaggle which contains approx. 30000
images for the training. The training sample contains the image and also the number of mask images. The dataset
also contains the true values of the training image. The approach of Gaussian filter is used for the pre-processing
which can remove noise from the image. The pre-processing can help to identify nucleus more clearly and
accurately. As shown in figure 4 (a), the original image is taken as input which is processed for the filtering and
segmentation. As shown in figure 4 (b), the image which is taken as input is processed and noise is removed using
Gaussian filter which can remove unwanted pixels from the image. As shown in figure 5, the training and test
images are shown in the picture. The X-train images are images which are in the training dataset. The X test images
are images which are in the test set. The predicted images are masked images after the segmentation.

Evaluation Metrics
Using the model's predictions, gathered the bounding box, the confidence score and the segmentation mask for each
prediction. Repetitive predictions are suppressed using NMS, or non-maximum suppression. In order to ensure that
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the predictions with the highest confidence scores are considered first then sort them in descending order. A
maximum loU between a segmentation mask and all of its ground truth masks is calculated for each prediction.
Xny.

[oU = maxi (ﬁ) 3)
Where x€RWHthe anticipated segmentation mask is y;cgwxnis the it* ground truth mask, W and H is the image width
and height. A prediction is considered as a true positive instance if the maximum IoU is greater than a threshold «,
the concurring ground truth is set apart as recognized. False-positive detections are those that occur over and over
again. This is summarized by the AP metric, which provides an evaluation of both the detection accuracy and
segmentation accuracy of an algorithm. In addition to average precision also measure the average loU at
thresholds «.To be clear, define it using equation 4;

AloU@ o= - (5% (10U);) 4)

WhereN, is the total number of predictions that satisfy loU >x. The detection evaluation metric is the box-level
average predicted bounding box and the ground-truth bounding box.
Where IoUc is the IoU for class ¢ and C is the number of classes, while TP, FP, and FN respectively denote the

number of 'true positive', 'false positive', and 'false negative'.
ToUp=—— G)
CTP+FP+FN,

AloU = 2% IoU; )
As shown in figure 6, the accuracy and model loss of the proposed model is shown. The accuracy for the training is
achieved up to 81.39 percent and test accuracy is achieved up to 86.17 percent for the segmentation. The model loss is
reduced to below 1 percent for the segmentation. In this work, effectively constructed a neural network that settles
the given task. The prerequisite for this work was a profound investigation of the task as well as the strategies
utilized. During the work, likewise created calculations that assist us with preparing and test various organizations
effectively. It is important to familiar with various methodologies how to manage with an insufficient size of the
dataset. In this, several pre-processing and post-handling strategies are utilized, which assisted us to reach great
outcomes. The proposed work is evaluated using model on public datasets and also gets official results from the
Kaggle competition. The picked technique was strong in the given task. All the customary image processing methods
on the given dataset are outperformed. Here one of the most troublesome datasets for challenge is utilized. So, it is
expected that this technique would have great outcomes additionally in the other datasets. The strategy has a several
downsides. It is difficult to ensure the expected performance on the unknown information. i.e., trained a network
that was effective in both training and validation datasets. Unfortunately, the execution was a lot of more regrettable
on the test dataset. The explanation was that light states of these successions were unique. Tackled this issue
productively by histogram leveling of input images, yet it is difficult to predict these circumstances.

Different downsides are computational costs and requirement of adequate dataset. In the field of machine learning
and neural network looking at changed models is difficult. The execution isn't given just by network architecture, it
is impacted by a training dataset quality and the process of training as well. Thus, incorporated no more extensive
examination between various methodologies. The correctness of such a comparison wouldn't be ensured on the
grounds that models can be prepared in various circumstances, the as it were applicable measure with the exception
of rehashing every one of the trials without help from anyone else is the CTC contest. During the research, trained
and tried various models. They fluctuate in topology, in hyper parameter setting either in the learning algorithm
utilized. It is likewise attempted multiple ways how to set up the dataset. This work experienced us; however, it isn't
included in the final text. Not all of these experiments were done or assessed appropriately. Because of the wide
assortment of potential settings, concluding any broad knowledge would be hard. Proposed model was fruitful in
the Data Science Bowl 2018 challenge. It was not the essential objective of this work however it inspires us for future
research. There are several possibilities, how the model can be gotten to the next level. First and foremost, trains a
greater network is conceivable. It is attempted to hold model somewhat little because of the effectiveness of all tests.
It is demonstrated the way that more mind-boggling model could work on the exhibition and on the equivalent
dataset. It is too conceivable to essentially change the organization design more. Furthermore, there are numerous
variations, that how to pre-process preparing images. We can utilize other expansion techniques to give a bigger
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dataset. There are likewise a few choices, how to characterize preparing veils weight covers and can likewise zero in
on post-handling. Thirdly, can tune all the hyper boundaries more exactly or attempt an alternate learning
calculation. According to our perspective, the promising way is additionally to associate Al techniques with
customary picture handling strategies. The two methodologies vary in their benefits and by appropriate blend can
accompany new strategies.

CONCLUSION

In this paper, it is concluded that neural cell instance segmentation algorithm has drawn considerable interest from
the research community as it detects and fragments cells together. A swift and accurate instance segmentation tool
plays an important role in the analysis of large-scale datasets. The approach of U-Net is proposed for the
segmentation of nucleus from the cell images. The U-Net architecture is proposed for the segmentation of nucleus.
The proposed model is implemented in python and results are achieved up t086.17 percent for the segmentation.
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ABSTRACT

Phytosomes are herbal formulations that are more easily absorbed and hence provide more
bioavailability and activity than typical phyto particles or natural extracts. Phytosomes are a protected
innovation created by a major manufacturer of medications nutraceuticals to consolidate normalised
plant concentrates or water dissolvable phytoconstituents into phospholipids to create lipid viable atomic
building called "phytosome" and thus work on their ingestion and bioavailability. The phytosome
formula proved successful in delivering cytotoxic agents components such as quercetin, diosgenin,
icariin, tocopherol, and others throughout its development. Some of these recipes have also been
patented and commercialised. There are several uses for phytosomal products such as silymarin
phytosome, grape seed phytosome, green tea leaf phytosome, and curcumin phytosome. This review
describes the over view of phytosomes as therapeutic agent, preparation, properties, characteristics, and
application of phytosome.

Keywords: Phytosome, Phytoconstituent, Bioavaiability, Cytotoxic, Herbal formulation.
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INTRODUCTION

Herbs are among the oldest treatments known to humans. According to history, India is widely regarded for having
the oldest, richest, and folk knowledge of medicinal plant usage. Research discovered that people in different parts of
the world tended to use the same or similar plant for the same purpose, which has increased scientific interest in
medicinal plants and it appears that plant derived products will continue to play an important role in human healt
[1]. Traditional medicine and phytomedicine have been used therapeutically for health maintenance purposes since
ancient times?. The advantage in this sector of herbal medicine delivery began lately with the goal of effectively
managing human illness. Every country seeks health treatment outside of modern medicine's usual bounds Turning
to natural medicines for self-medication[2,3]. The bioactive constituents of phytomedicine are water-soluble
compounds (e.g., phenolic, glycosides, flavonoids), and they are useful since they are poorly absorbed when taken
orally or applied topically, and a technique to increase bioavailability is being developed [4].

Phytosomes are a form of enhanced delivery technology that improves plant-based drug bioavailability and
effectiveness. Phytosomes are created by mixing a plant extract with a phospholipid, which creates a complex that
enhances the solubility and absorption of the extract's active compounds[5].As a result, phytosomes have been
studied as possible therapeutic agents for a variety of diseases such as liver disease, diabetes, cardiovascular disease,
and cancer. Phytosomes have been found to boost the delivery and effectiveness of chemicals including silymarin
(from milk thistle) for liver health, curcumin (from turmeric) for inflammation and joint pain, and green tea catechins
for weight reduction and metabolism [6]. Phytosomes are also used in cosmetics and skincare products because they
promote the absorption and distribution of plant-based substances for better skin health and appearance[7].

Phytosome is a protected innovation developed by a major manufacturer of medications and nutraceuticals to fuse
normalised plant concentrates or water dissolvable phytoconstituents into phospholipids to create lipid viable
atomic structures known as phytosomes, which inexplicably work on their ingestion and bioavailability[8].The
improvement in the area of home-grown mediation conveyance started recently with the goal of effectively
managing human diseases. Each culture seeks medical treatment beyond the conventional bounds of existing
pharmaceuticals, resorting to self-medication as natural therapies. The majority of phytoactive ingredients are water
solvent atoms (for example, phenolics, glycosides, flavonoids, and so on). In any event, the survivability of water-
soluble phyto components is limited because they are insufficiently digested when taken orally or applied
topically[9].Many methodologies have been developed to work on oral bioavailability, such as the incorporation of
dissolvability additionally, bio accessibility enhancers, transporters, and thus extensive research in the field of
natural medication conveyance framework as a method for working on medication restorative files is unavoidable.
The use of detailing innovation to convey natural items and medicine through improved retention and, as a result,
offer superior outcomes than conventional natural concentrates. Phytosomes are not the same as liposomes; the two
are unmistakably distinct.

The phytosome is made up of two particles that are reinforced together, while the liposome is made up of several
phospholipid particles that surround other photodynamic atoms but do not expectionally bind to them. Phytosome
innovation is an advancement model for confirmed improvement of bioavailability, basically more significant
therapeutic benefit, ensured delivery to the tissue, and supplementation without compromising[9,10].The word
"phyto" refers to a plant, while "a few" refers to cells. Phytosomes are innovative drug delivery frameworks that
incorporate hydrophilic bioactive phyto-constituents of spices that are encased and confined by phospholipids.
Because of the gastro-defensive quality of phosphatidylcholine, the phytosome invention generates a little tiny circle
or small cell that protects the plant concentrate or its dynamic element from annihilation by stomach discharge and
gut microscopic organisms. This phyto-phospholipid complex is modelled after a small cell, which has a superior
pharmacokinetic and pharmacodynamic profile than the standard home-grown concentrate, resulting in higher
bioavailability [11].
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The different vesicular phytosomes, composition and their applications are given in the following table.
DIFFERENT TYPES OF VESICULAR PHYTOSOMES[12]

STRUCTURE OF PHYTOSOME

Phyto-phospholipid complexes are formed when active components interact with the polar head of phospholipids.
Interactions between active substances and phospholipids lead for the creation of phospholipid complexes, to which
the phospholipid head group is connected but the two long fatty acid chains do not participate[13]. The two long
fatty acid chains may move and surround the polar component of complexes to form a lipophilic surface. When
phyto-phospholipid complexes are diluted in water, they form agglomerates that resemble a small cell and have
some similarities to liposom

PROPERTIES OF PHYTOSOMES

Phytosomes are a complex combination of cutting-edge phytoconstituents and common phospholipids, such as soy
phospholipids, which are mostly phosphatidylcholine. These confusing results derive from the stoichiometric
reaction of phospholipids with phytoconstituents in an aprotic solvent[20,21,22]

1) Phytosomes may obey the dynamic rule that is fastened to the polar top of the phospholipids, which eventually
develops into an important part of the film.

2) Phytosomes are an advanced sort of natural drug that is better kept, utilised, and results in better outcomes than
increased bioavailability has been shown by pharmacokinetic experiments in experimental animals and human
subjects.

3) Phytosomes are a lipophilic material with a characteristic softening point that is freely soluble in non-polar
solvents and reasonably soluble in fats.

When handled with water, phytosomes develop a micellar shape, frame structure that resembles liposomes with

central differentiation

ADVANTAGESJ19, 51, 54, 55, 56, 57]

1) Phytosomes are little cells that protect the key components of herbal extracts from obliteration by stomach
associated emission and intestinal microbes.

2) It ensures authentic pharmaceutical coverage to the specific tissue.

3) The supplement security of herbal extracts should not be jeopardised by using the herbal medication as a
technique for phytosomes.

4) Portion needs have been reduced due to the highest retention of key elements.

5) Capture efficacy is great and furthermore predictable since the medicine is in formulation with lipids in the
formation of vesicles.

6) Significant improvement in medicine bioavailability occurs.

7) Drug entanglement is not a concern when discussing phytosomes.

8) Because of the configuration of synthetic bonds between phosphatidylcholine atoms and phytoconstituents,
phytosomes have a higher strength profile.

9) Phosphatidylcholine, which is used in phytosome measurement in addition to functioning as a transporter, also
helps to nourish the skin since it is a component of a cell film.

10) Phytosomes are also superior than liposomes in healthy skin products.

11) Phytosomes end up being of far greater clinical benefit.

12) Phosphatidylcholine, which is used in the formation of phytosomes, in addition to acting as a transporter, also
acts as a hepatoprotective, so it has a synergistic effect when other hepatoprotective substances are used.

13) The vesicular system is passive, non-invasive, and ready for commercialization right now[11]

14) Phosphatidylcholine, a key component of the cell membrane employed in phytosome technology, functions as a
transporter as well as a skin nutrient.
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15) Because of enhanced absorption of the major ingredient, the dosage need is lowered. They may also be

administered in lesser doses to obtain the desired outcomes.
DISADVANTAGES[51]

Phytosomes, despite their obvious benefits as a medication delivery mechanism, are not widely used. According to
Yamila B. Gandola et al. (2014), phospholipids (lecithin) may stimulate proliferation in the MCEF-7 breast cancer cell
line. The leaching of phytoconstituents from the 'some’, which diminishes the target medication concentration, might
be a significant disadvantage of phytosomes, suggesting their fragile nature.

COMMERCIALLY AVAILABLE PHYTOSOME PRODUCTSANDTHEIRAPPLICATIONS[12, 14]

LIST OF SOME PATENTED TECHNOLOGIES WHICH ARE RELATED TO PHYTOSOME][12, 15]

METHOD OF PREPARATION

Phytosomes are vesicular-like structures formed by several methods such as anti-solvent precipitation, cosolvent,

salting out, thin layer hydration, and solvent evaporation.

Anti- solvent precipitation method [25,26]

Phosphatidylcholine and extract with a molar ratio

s

Organic solvent, such as 20 ml dichloromethane and acetone

I

Concentrated

[

An anti-solvent like n-hexane

JL

Precipitate was dried (using vacuum desiccator). ‘
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Cosolvent method [27]

Extract and phosphatidylcholine

ﬂ Dissolved

In organic solvent like methanol

u Using a magnetic stirrer

Mixed well

!

Mixing is done by stirring for around 1 hour

Solvent evaporation method[29]

Extract and phosphatidvicholine

J Do ]

In organic solvent like ethanol

Using a vacuum rotary evaporater at 30°C
for 2 hours at 120 rpm

Refluxed

J

Hydrated with aquadest

1

Suspension of phytosome Obtained
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Thin layer hydration method [29]

Fraction and
phosphatidylcholine

0 ] |

Methanol Dichloromethane

Cholesterol

Mixture

J

Rotated in evaporator at 45°C until the solvent is completely evaporated

|}

Thin dry film is formed on the bottom

| I Overnight

Thin laver of lipid which is formed is flowed with nittogen gas and stored at 25°C

| I Next day

Rotated in evaporator at 45°C until the solvent is completely evaporated

ﬂ Treated for hvdration

Hydrated with aquabidest on rotary evaporator at 45°C.

Using homogenizer and sonification

Optimization of the method to determine particle size was also carried out.

CHARACTERIZATION OF PHYTOSOME
Factors such as real size, film porousness, rate captured solutes, synthetic piece, quantity, and virtue of the starting
material describe the behaviour of phytosomes in both physical and organic frameworks. As a result, the
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phytosomes are defined in terms of their real properties such as form, size, dispersion, rate of drug capture captured
volume, rate of drug delivery, and compound organization[19]. Complexation and atomic bonding between
phytoconstituents and phosphatidylcholine in arrangement have been studied using 1H-NMR, 13C-NMR, and IR
spectroscopy[20,21]. Thermal gravimetric analysis is used to locate and estimate thermal effects such as combination,
strong alterations, glass advances, loss of dissolvable, and disintegration in order to characterise a strong
phytosome[22,23]. Further NMR data available on the promoting phytosomes likewise show that the fatty chain
signals are almost unchanged. The two long aliphatic chains are folded over the dynamic standards, resulting in a
lipophilic envelope that envelopes the polar top of the phospholipids and the natural herbal extract[24]. Physical
parameters of phytosomes, such as shape, size, dispersion, percentage of drug gathered, volume of entrapped drug,
percentage of drug released, and chemical content[33], may be used to classify them. Another approach utilised for
phytosome characterisation is visualisation by transmission electron microscopy (TEM) and scanning electron
microscopy (SEM)[34]. The ultracentrifugation technique may be used to test how efficiently phytosomes catch
medicines. Using photon correlation spectroscopy (PCS), dynamic light scattering (DLS), and differential scanning
calorimetry, the transition temperature of vesicular lipid systems may be measured. DLS and TEM may be used to
assess particle size and zeta potential. The product's stability may be determined by evaluating the size and form of
the vesicle over time. The drug's surface tension activity in aqueous solution can be determined using the ring
method and a Du Nouy ring tensiometer. The amount of material may be evaluated using a modified high
performance liquid chromatographic technology or a suitable spectroscopic technique[40]. Spectroscopic techniques
such as TH NMR, 13C-NMR, and FTIR are used to validate the development of a complex or to investigate the
reciprocal relationship between the phytoconstituent and the phospholipids, and models of in vitro and in vivo
assessments are chosen based on the anticipated therapeutic efficacy of the physiologically active phytoconstituents
included in the phytosomes[41].

PHYTOSOME AS A CYTOTOXIC AGENT

Phytosomes are being developed as a delivery mechanism for cytotoxic chemicals derived from herbs and spices. An
investigation revealed that the ICso value of Terminalia arjuna bark concentrate and quercetin positive control had a
significant decrease after being designed using phytosome. The ICs of the concentrate decreased from 25 to 15
ug/ml, whereas the ICs of quercetin decreased from 2 to 0.7 ug/ml. This suggests that using phytosomes as
medication conveyance experts may increase bioavailability, allowing for MCF-7 disease cell line restraint at low
doses[30]. Phytosome as a cytotoxic agent was investigated by combining it with a diosgenin subordinate (Di) and
screening FU-0021-194 (P2) as one of its subordinates. P2 was then prepared using phytosomes (P2Ps) to develop
P2's water solvency, exactly as Di was. It exerted its cytotoxic restraint activity on human non-small cellular
breakdown in A549 and PC9 cells from the lungs. The results shown that P2Ps may prevent cellular disintegration in
lungs cells more effectively than Di-phytosome after 72 hours of hatching by enlisting cell cycle capture and
apoptosis [31].

When scientists separated a phytosome from Carica papaya. Carica papaya extract was combined with a phytosome
complex, and its cytotoxic effect on human leukaemia cell line K-562 was investigated using Sulforhodamine B (SRB).
The IG50 of the fluid concentrate and recipe were 75.2 ug/ml and 48.4 ug/ml, respectively. These findings indicate
that the phytosome equation is superior as an anticancer agent than Carica papaya water concentrate[32]. In an
experiment with mitomycin C-phytosome. Mitomycin C (MMC) is defined with complex phosphatidylcholine to
form an MMC-stacked phytosome that is then expanded with a surface-useful kind of folate-Stake (FA-Stake). FA-
Stake MMC-stacked phytosomes have been shown to increase cell take-up in HeLa cells and high accumulation in
H22 cancer-bearing animals. This demonstrates an increase in anti-cytotoxic movement in vitro and in vivo as
compared to MMC infusion[33].

After it was focused more on root details of Clerodendronpaniculatum Linn separate using phytosome and after it
was completed and evaluations of its cytotoxic movement was noticed utilising Dalton's lymphoma ascites cell in
vivo. The results indicated that phytosome detailing inhibited malignant development cells more strongly than
extract[34].
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It was discovered that phytosome characterised methanolic concentration of Allium sativa, which includes diallyl
disulfide and other phenolic chemicals. Its equation yielded IC90 and IC50 values against the MCF-7 cell line of 108,5
ug/ml and 25,76 ug/ml, respectively. The diallyl disulfide was confirmed by HPLC and GC-MS analysis, and the
phytosome complex was discovered by FTIR and SEM [35]. When phytosome investigated Icariin (flavonol
glycoside), it was formed to work on its potential as a cytotoxic specialist. ICA- Phytosomal demonstrated
completely disrupted mitochondrial film potential and caspase 3 cell. Aside from that, its definition improved the
sensitive oxygen species and apoptosis. OVCAR-3 cells ovarian cancer cells were used in this review[36]. When it
came to Thymoquinone (TQ, a kind of polyphenol). It was defined using phytosome and phospholipon® 90 H. TEM
examination corroborated the size enhancement. Furthermore, cytotoxic activity (ICso value) was found in A549
human cellular breakdown in the lungs cells at 4,31 2,21 Um. Caspase 3 activation increased apoptosis and
putrefaction while increasing the sensitive oxygen species in A549 cells[29]. They investigated and demonstrated the
effect of Silipide (Sylibine complex) on human ovarian disease (HOC) in vivo. Downregulating and upregulating
Facto Vascular Endothelial Development Factor (VEGF) and Angiopoietin-2 has been demonstrated to have
antiangiogenic activity. After Silipide medication, there was an expected decrease in VGEF focus in the cancer
scenario. It has been established that Silipideis a fantastic prospect for recurrent ovarian disease[37].

When focusing on the ESR statement on breast cancer following treatment with Sylibin (regular cytotoxic experts)
and its phytosome. The research found that sylibin-phosphatidylcholine structures are 2.5-3 times more effective at
suppressing cell growth on the T7D cell line, and ESR was reduced[38]. They evaluated Luteolin phytosome to
improve Doxorubicin for suppressed MDA-MB 231cells (Human breast cancer cell line) by downregulated Nrf2
articulation. The presence of luteolin-phytosome may suffocate Nrf2 articulation, making cells more vulnerable to
the drug (Doxorubicin)[39].

ENHANCING BIOAVAILABILITY

According to the study, evodiamine phytosomes exhibited a greater in vitro dissolution rate, better absorption, a
longer action duration, and improved bioavailability. The drug's extended release from the phytosome resulted in a
longer action period and higher bioavailability. Furthermore, by preventing direct contact between the medication
and the liver's metabolic enzymes, these phytosomes may reduce evodiamine's first-pass metabolism. The T1/2 of
evodiamine was 1.33 hours, and the bioavailability was 1772.35 g h-1 L-1. Furthermore, the enhanced bioavailability
and T1/2 with phytosome were 3787.24 g h-1 L -1 and 2.07 hours, respectively[40]. The Oleaselect phytosomes were
established due to the rich phytochemical profile of the purified olive fruit extract, which includes anti-hypertensive,
diuretic, anti-atherosclerotic, anti-oxidant, and hypoglycemic properties. When compared to the uncomplexed
extract group, the Oleaselect phytosomes group had a larger percentage of HT (hydroxytyrosol) and HVAlc
(homovanillyl alcohol), suggesting an improvement in oral bioavailability[41].

ANTIOXIDANT PROPERTIES

A physically stable phytosomal formulation of quercetin with improved encapsulation efficiency and physical
stability was developed to improve quercetin's efficacy in intestinal absorption and preservation from oxidation in
meals [42]. One of the most recent studies, published in 2014 by B. Demir et al., examines the anti-oxidative
characteristics of metal phytosomes formed by encapsulating Calendula officinalis extract. An in vitro anti-oxidant
assay was used to analyse reactive oxygen species in Vero cell lines. According to the findings of this study, the cell
viability of plant extract and Au-loaded phytosome was roughly 35% and 81%, respectively[43]

HEPATO-PROTECTIVE

The phytosomes of Ginkgo biloba (200 mg/kg) significantly decreased the myocardial necrosis caused by
isoproterenol in a research on Ginkgo biloba leaf extracts (family: Ginkgoaceae). A histological study of the heart
confirmed the cardioprotective advantages of phytosomes. Its cardioprotective effects are ascribed to reduced
myocardial necrosis (as seen by lower AST, LDH, and CPK release as well as histoarchitectural changes) and
enhanced endogenous antioxidants[44].
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According to the literature, clinical hepatitis develops in 1.1% of people undergoing Rifampicin therapy. S.R. Naik et
al. (2008) evaluated the protective effects of Ginkgoselect Phytosome® on Rifampicin (RMP)-induced hepatotoxicity
in rats, as well as the likely mechanism(s) involved in this protection. The current data imply that Ginkgo select
Phytosome®'s hepatoprotective impact on RMP-induced oxidative damage is related to its antioxidant and free
radical scavenging activity[45]. Mangiferin (MF) demonstrated strong DPPH radical scavenging action, stimulating
liver regeneration in a variety of liver lesions. An ex vivo investigation revealed that MF herbosomes significantly
enhanced MF absorption as compared to ordinary MF. In vivo evaluation of the hepatoprotective potential of MF
herbosomes revealed significantly lower levels of serum glutamate oxaloacetate transminase (SGOT), serum
glutamate pyruvate transminase (SGPT), total bilirubin, and alkaline phosphatase (ALP) in MF herbosomes
compared to plain MF. When compared to ordinary MF, MF herbosomes revealed considerably lower levels of
malonyl dehydrogenase and higher levels of reduced glutathione, superoxide dismutase (SOD), and catalase, which
was similarly equivalent to the reference medication, Silymarin (SL) [46.]

Traditional applications of Andrographolide (AN) derived from Andrographis paniculata Linn include fever,
inflammation, common cold, tonsillitis, pharyngitis, laryngitis, pneumonia, tuberculosis, pyelonephritis, and hepatic
impairment, among others. When compared to the phytosome dosage, the equimolar dose of medication showed
reduced absorption and higher levels of SGOT and SGPT in blood, showing its hepatoprotective nature[47].

TRANSDERMAL APPLICATION

Malay K Das et al. 2104 investigated Rutin, a common flavonoid (Ruta graveolens) used to treat capillary fragility,
hypertension, ultraviolet radiation-induced cutaneous oxidative stress, hepatic and blood cholesterol, cataract, and
cardiovascular disease, and it has antioxidant, anti-inflammatory, antithrombotic, antineoplastic, and antiplatelet
activity. Rutin phytosomes were shown to be more capable of penetrating the impenetrable stratum corneum than
the free form. The skin absorption of Rutin phytosomes was 33 1.33%, whereas Rutin was 13 0.87%[48]. The
phytosomal combination of saponins and plant extracts from Panax ginseng M. was shown to be more active in vasal
protection, capillary permeability, and UV radiation protection. Also useful in the development of dermatological
and cosmetic pharmaceutical formulations, as it has a moisturising effect on the cutis, making it more elastic as a
result of dermal fibroblastic stimulation, with an increase in proteoglycan and collagen synthesis. The above-
mentioned compositions can be used for oral administration in the form of tablets, capsules, syrups, granules,
solutions (containing 1-500 mg dose of the complex) for treating conditions of inflammation, altered capillary
fragility and permeability, and, in general, in all fields where saponin activity is currently recognized[49]

WOUND HEALING

A. Mazumder et al. 2016 investigated the wound healing potential of Sinigrin, one of the primary glucosinolates
found in Brassicaceae plants, both alone and as a phytosome complex on HaCaT cells. The sinigrin-phytosome
combination results in total wound healing (100%) but the phytoconstituent alone results in only 71% healing.
Furthermore, sinigrin phytosomes have improved anti-cancer action on A-375 melanoma cells[50]. S. Lakshmi Devi
and colleagues (2012) investigated the comparative effects of ethanolic extracts of Wrightia arborea leaves and
phytosomes. The phytosomes displayed around 90.40% wound healing, but the ethanolic extract alone could only
cure 65.63% of the lesion.29 As previously stated, the formed vesicles displayed improved wound healing activity
(568.7%) and penetration in the cells, collecting near the nucleus in the research of Demir et al. 2014[51].

APPLICATIONIS5S, 59, 60, 611

1) Silymarin phytosome: The majority of phytosomes are concentrated in silybum marianum, which includes liver
protection. Flavonoids found in the fruit of the milk thistle plant [S. marianum family-straceae] have
hepatoprotective properties. Silymarin has been demonstrated to have good benefits in treating several types of liver
illness, including hepatitis, cirrhosis, fatty infiltration of the liver, and bile duct inflammation. 2) Grape seed
phytosomes: Grape seed phytosomes are made up of oligomeric polyphenols with various molecular sizes that are
complexed with phospholipids. The major features of grape seed procyanidin flavonoids are a rise in overall
antioxidant capacity and a stimulator of plasma physiological defence
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3) Green tea phytosome: Green tea leaves are distinguished by the presence of the polyphenolic compound
epigallocatechin-3-0-gallate as the primary component. These are plant modulators of numerous biochemical
processes connected to homeostasis breakdown in major chronic degenerative diseases such as cancer and
atherosclerosis. It has also provided us with a variety of bifunctional activities, including antioxidant, anticancer,
antimutagenic, hypocholesterolemic, and cardioprotective effects

4) Curcumin phytosomes: Maiti et al created the phytosome curcumin (flavonoid derived from turmeric, Curcuma
longa linn) and naringenin (flavonoid derived from grape, Vitisvinifera). With a longer duration of action, the
phytosome of naringenin demonstrated stronger antioxidant activity than the free molecule.

BENEFITS OF PHYTOSOME]J62, 63]

1. Herbal concentrates' bioavailability is dramatically increased due to complexation with phospholipids and
improved retention in the intestinal plot.

2. They permeate the non-lipophilic plant concentrate to allow better intake through the intestinal lumen, which is
difficult in any case.

3. The Phytosome plan is protected, and all of the pieces have been approved for medication and remedial usage.

4. They have been used to deliver liver-protective flavonoids because phytosomes can efficiently make them
accessible. Furthermore, since phosphatidylcholine is hepatoprotective, it has a synergistic effect on liver protection.
5. This innovation provides cost-effective conveyance of phytoconstituents and synergistic benefits when used as
utilitarian beauty care goods to safeguard the skin from exogenous or endogenous hazards in normal as well as
unpleasant environmental situations.

6. They may also be used to improve medicine saturation via the skin for transdermal and dermal conveyance.

7. These are platforms for the administration of a wide range of medications (peptides, protein molecules).

8. The vesicular system is passive, non-invasive, and ready for commercialization right now

9. Phosphatidylcholine, a key component of the cell film used in phytosome invention, functions as a transporter
while also sustaining the skin.

10. Drug capture is not a problem during definition planning. Similarly, the entanglement productivity is great and
also predictable, since the real drug constructs vesicles after creation with lipid.

CONCLUSION

This review is an attempt to present a concise profile of phytosomes as a transport system. Phytosomes are
innovative features that have improved the bioavailability of water-soluble herbal ingredients through the skin and
gastrointestinal tract. numerous studies have shown that phytosomes are an effective delivery route for cytotoxic
drugs and can be blocked by numerous ell lines more than pure cytotoxic chemicals. Its capacity to absorb natural
substances while also being readily manufactured makes it an attractive commercial product. Phytosomes have a
bright future in plan innovation, as well as the application of hydrophilic plant chemicals and the acceptance of
cytotoxic products. Overall, phytosomes have shown medicinal potential, notably in terms of increasing the
bioavailability and effectiveness of plant-based drugs. However, more research is needed to fully understand their
potential benefits and limitations, as well as their safety and long-term effects.
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Table 1: Vesicular Systems And Their Applications :
Diff Vesicul
S1. No itferent estewiar Composition Application
Phytosomes
f f a lipi icl i
Surface coat. of a lipid vesicle Constltuted. by Ligand mediated
1. | Cryptosomes PC and a suitable phosphatidyl ethanolamine, .
o drug delivery.
a polyoxyethylene derivative.
Arch 1 lipid- icles havi
2. | Aracheosomes reneae glycero lPld based vesicles having Less adjuvant action
potent adjuvant action.
Hollow, elastic shells with precisely
llabl ili h
3. | Colloidosomes controllable pe.rmeabl le that are Drug targeting
composed by colloidal particles, self-assemble
at the interface of emulsion droplets.
Noncrystalline calcium phosphate (ceramic o
. . . . molecular shielding,
4. | Aquasomes diamond) particle core is encased in a . .
. . . precise targeting.
polyhydroxyl oligomeric coating.
Long-chain fatty acids were produced by
mechanically agitating the evaporated film in | Drug targeting
5. | Ufasomes . L - .
the presence of a buffer solution, resulting in | mediated by ligands
vesicles with fatty acids around them.
Liposomal system in which a lipid bilayer is
. . macromolecular drug
6. | Erythrosomes covered using the cytoskeletons of chemically .
. targeting.
cross-linked human erythrocytes.
Vesosomes with
Nested bilayer made up of several bilayers | many compartments
7. | Vesosomes around an aqueous core with a unilamellar | offer serum's internal
vesicle. components  better
protection..
Immobilising haemoglobin with
8. | Hemosomes polymt'erlzable phosp.hohplds results 1r} 'the large-scale  oxygen
formation of liposomes containing | transport system.
haemoglobin.
Catalytic activity
9. | Protostomes Catal.ytlcall.y active high molecular weight | turnover is improved
multisubmit enzyme complexes compared to non-
associated enzyme.
Retrovirus-derived lipids serve as the . .
. . . . adjuvant used in
10. | Virosomes foundation for liposomal bilayers that are | .
s . immunology
loaded with virus glycoproteins.
Artificial ~macromolecular complex for | Cell-specific gene
11. | Genosomes .
functional gene transfer transfer
The contents of photolyase-encapsulated
12. | Photosomes hposomes. are r.eleased by photo—trlggejr.ed A photodynamic
charges in their membrane permeability | treatment
properties.
13. | Enzymosomes The. liposF)mes' surface was covalently | sent specifically to a
confined with the enzyme. cancer cell
Poorl ter-solubl
A polar group and a lipid assembly made oor'y W ater-soluble
14. | Emulsosomes . L . medication
comprised the nanoscale lipid particles. L .
distribution via the
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parenteral route.

non-ionic surfactants in combination with | medication

Poorly water-soluble

15. | Discosomes .
niosomes. parenteral
administration.
Two distinct, continuous, but not crossing
hydrophyllic zones are split by a lipid layer
16. | Cubosomes that has been bent into a periodic minimum | Drug targeting.

surface with zero average curvature in
bicontinuous cubic phases.

Table 2: Commercially Available Phytosome Products And Their Applications [12, 14]

L Phyto- i
S Trade Name yto-constituent Applications
No Complex
1 Silybin Silybin fr(?m Silibium Hepatoprotective, Antioxidant
phytosome marianum
Ginseng Ginsenosides from Panax
2 . Immunomodulator
phytosome ginseng
A icoside f Torminali
3 Sericoside Sericoside Tom erminalia Skin Improver, Anti-Wrinkles
phytosome sericea
4 Hawthorn Flavonoids frqm Crataegus Antihypertensive, Cardio Protective
phytosome species
5 Ginko select Flavonoids from Ginko Anti-Aging, Protects Brain And
phytosome biloba Vascular Lining
6 Olea select Polyphenols from Olea Anti-Hyperlipidemia, Anti-
phytosome europea Inflammatory
1 Epigall hin f T
7 Green select piga ocatgc 1r.1 rom Thea Anti-Cancer, Antioxidant
phytosome sinensis
. Echinacosides from
Echinacea . .
8 Echinacea Immunomodulatory, Nutraceuticals
phytosome o
angustifolia
Centella . . . R
9 Centella phytosome Brain Tonic, Vein And Skin Disorder
phytosome
. 18-B glycyrrhetinic acid
1 h
10 Glycyrrhiza from Glycyrrhiza Anti-Inflammatory, Soothing
phytosome
glabra
Mertoselect Polyphenols, A‘nt.cmosmle o
11 from Vaccinium Antioxidant
phytosome .
myrtilus
Proanthocyanidin A2 from
12 PA2 phytosome horse Chestnut Anti-Wrinkles, UV Protectant
bark
13 Ruscogenin Steroid saponins from Anti-Inflammatory, Improve Skin
phytosome Ruscus aculeatus Circulation
1 Curbilene Curbilene from Curcurbita Skin Care, Matting Agent
phytosome pepo seeds
Zanthal Zanthalene f
15 anhatene anthatene rom Soothing, Anti-Irritant, Anti-Itching
phytosome Zanthoxylum
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bungeanum
16 Leucoselect® Procyanidolic oligomers Antioxidant, lungs, diabetes, varicose veins,
phytosome (PCOs) from grape seeds and protection against heart disease.
17 S,lhphOSTM milk Silybin from silymarin Good choice for liver or skin support
thistle phytosome
18 Panax ginseng 37.5% ginsenosid'es from As a Food Product
phytosome roots of Panax ginseng
These improve capillary tone, reduce
abnormal blood vessel permeability & are
19 Mirtoselect® Anthocyanosides from an potent antioxidants. They hold great
phytosome extract of Bilberry potential for the management of retinal
blood vessel problems and venous
insufficiency
An extract of saw palmet
20 Sabalselect® to berries through beneficial for non-cancerous prostate
phytosome supercritical CO2 (carbon enlargement.
dioxide) extraction
1 Polinacea™ Polysaccharide from It enhances immune function in response to
phytosome Echinacea angustifolia. a toxic challenge.
™ . Indicated for venous disorders, including
22 Lymphaselect A stan'd archzed. e'xtra.ct of chronic venous insufficiency of the lower
phytosome melilotus officinalis. limbs

Table 3: List Of Some Patented Technologies Which Are Related To Phytosome [12, 15]

Sl.no Title of Patent Innovation Patent Number Reference
Phospholipids complexes Phospholipids complexes of olive
1 of olive frt'uts 'or leaves fruits c?r'leaves ext.ra'cts c.)r the.lr EP/1844785 27]
extract having improved compositions containing it which
bioavailability imparts improved bioavailability
Compositions  containing
Compositions comprising fractions
EP/181 2
2 Ginkgo biloba derivatives derived from Ginkgo biloba useful for /1813280 (28]
treating asthma
Fatty acid monoesters of sorbityl
. furfural selected from two
Fatty acids monoesters of . . .
sorbitv furfural and different series of compounds in
3 2/ ‘ i which side chain is a linear or EP1690862 [29]
COMPOSILIONS “OT COSEAC branched C3-C19 alkyl radical
and dermatological use . e
optionally containing at
least one ethylenic unsaturation
Treatment of skin and Complexation of thymosin 4 along
4 wound repair with phospholipids for treatment of US/2007 0015698 [30]
with thymosin 34 skin disorder
Isoflavone compositions exhibiting
5 Soluble Isoflavone improved solubility, taste, color and | WO/2004/045541 [31]
compositions -
texture characteristics
An antioxidant Preparations based on plant
6 preparation based on extracts which have an antioxidant EP/12114084 [32]
plant extracts for the effect and is particularly useful in
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treatment of circulation
and adiposity problems
varicose veins,
arteriosclerosis, high
blood
pressure and hemorrhoids

the treatment of circulation
problems such as phlebitis

Cosmetic and

Composition for topical treatment
of the skin comprises a substance
that stimulates collagen synthesis

dermatological
. and a substance that enhances the
7 composition for the . . EP1640041 [56]
. interaction between extracellular
treatment of aging or . . .
. matrix and fibroblasts Cosmetic or
photodamaged skin . ..
dermatological composition for
topical treatment
Treatment of skin, and Compositions and methods for US/2007/
8 wound repair, with treatment of skin utilizing [57]
. . 0015698
thymosin beta 4 thymosin (34
Complexes of saponins with
Complexes of saponins natural or synthetic phospholipids
with phospholipids and have high lipophilia and improved
9 pharmaceutical and bioavailability and are suitable for EP0283713 [60]
cosmetic compositions use as active principle in
containing the pharmaceutical, dermatologic and
cosmetic compositions
/ In vitro and ..'\ (B S5uati=tion
PHYTOSOME | mvive |
evaliations | ‘.
— N / Entrapment
- Spectroscopic “‘: Tree. effmenq J
evaluations \ 7_/
a) |l HNMR /
\ b) PC-NMR "‘--‘ Characterization r. Pransiing
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Figure 1. Phytosome and liposome

Figure 2: Technique for the characterization of
phytosome
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ABSTRACT

In this study, data visualization and machine learning-based feature selection techniques have been used
to examine the distribution and significance of certain COVID 19 influencing factors. The data
distribution has been specifically determined by A/B testing, Anova F Test, Chi Square, Correlation
Coefficient, and Extra Tree classifier are just a few of the feature selection methods that have been used to
identify the most crucial features in the COVID 19 classification. Furthermore, several feature sets
selected with different feature selection techniques have been examined for their effects in classification
utilizing the Gradient Boosting Mechanism. The most important features on COVID 19 dataset used in
the work have been demonstrated to be obesity, diabetes, hypertension, pneumonia, and age where as
Extra Tree Classifier has been found to be the most competent feature selection mechanism for classifying
the diseases.

Keywords: A/B Test, Anova F Test, Chi Square, Correlation Coefficient, COVID-19, Extra Tree classifier,
feature selection, Mutual Information.
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INTRODUCTION

The area of computer science known as machine learning is where computers can develop artificial intelligence. For
large-scale data processing and decision-making, intelligent machines are indeed very effective. Disease prediction
and the analysis of medical data are important applications of machine learning that can help to address the problem
of the shortage of high-quality medical treatment. Early detection, which is crucial for saving lives, is not always
possible due to poor healthcare support, especially in remote areas. This issue can be resolved by applying machine
learning to predict diseases early. The proposed work aims to investigate the impacts and affects of various COVID
19-related factors as well as the efficacy of various feature selection approaches when applied to a COVID19 dataset.
In the phase 1 of the proposed work each feature has been subjected to an A/B test, and the distribution of each
feature with regard to the determination of COVID 19 have been observed. In phase 2 Mutual Information Anova F
Test, Chi Square, Correlation Coefficient, and Extra Tree classifier have applied over the collected dataset from
kaggle to observe feature importance. Then, in phase 3, a model was developed using Gradient Boosting on each
feature set chosen using the methods previously outlined. Section 2 has examined and analysed the research that is
currently available on this subject. Details are provided in the model description in section 3. The outcomes of this
work are reviewed in Section 4 and supported by the results; the conclusion and the work's future scope are then
offered in Section5.

LITERATURE REVIEW

The use of diverse feature selection processes for disease categorization and prediction has already been the subject
of numerous studies in the field of healthcare applications. A model to predict cardiac disease using a feature
selection process has been presented by Saba Bashir at el. Rapid miner is the tool employed, and feature selection
techniques such as Decision Tree, Logistic Regression, SVM, Naive Bayes, and Random Forest are applied. [1]. In [2]
Lasso and Ridge Regression based model and importance of feature selection have analyzed. The accuracy of a novel
feature selection method for heart disease prediction using a genetically based crow search algorithm is 94%[3]. A
model to forecast cardiac disease utilizing an embedded feature selection method has been put forth by Dengqing
Zhang et al. The model's accuracy score is 98.56%[4]. In [5], authors suggested a model to anticipate cardiac disease
that included incorporated feature selection. In [6], authors chose features to predict heart disease using Fisher
filtering (FF), reliefF algorithms, and stepwise regression models. The proposed model by Ebrahime Mohammed
Senan et al. for the diagnosis of chronic renal disease also incorporates feature selection.

The most competent feature has been chosen using Recursive Feature Elimination (RFE) [7]. Sequential feature
selection mechanism has been applied in the model proposed by R. Aggrawal and S. Pal to predict heart disease [8].
Principal component analysis, Chi square testing, ReliefF, and symmetrical uncertainty have all been utilized in [9] to
help choose the features that will go into the model for the prediction of heart disease. Using feature selection, Rasha
H. Ali and WisalHashim Abdulsalam have suggested a model to forecast COVID 19. The Extra Tree Classifier (ETC)
and Recursive Feature Elimination (RFE) have been used [10]. Using a convolutional neural network and bi-stage
feature selection, authors have developed a model in [11] for COVID 19 prediction. Jaishri Wankhede et al has
proposed a model for heart disease prediction by applying decision function-based chaotic salp swarm (DFCSS)
algorithm for selecting optimal feature selection achieved accuracy 98.7%.[12]. Another effective cardiac disease
prediction model utilising recurrent neural network (RNN) and long short term memory (LSTM) has been proposed
in [13]. For feature selection in the suggested model, Genetic Algorithm (GA) and Particle Swarm Optimization
(PSO) have been applied. A fish swarm optimization technique and a hybrid kernel support vector machine classifier
were employed in the heart disease prediction model that Keerthika and K. Premalatha suggested. [14]. The
proposed model of heart disease prediction utilising ensemble methods has been implemented in [15] and employed
a Heuristic Based Feature Selection (HBFS) strategy.
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PROPOSED WORK

Utilizing feature selection approaches and A/B testing, the suggested work has investigated at the distribution and
relevance of a number of COVID19-related factors. A/B testing has been conducted on several features to observe the
distribution of the various independent features in relation to the dependent feature. The Tableau data analytics tool
has been used to conduct an A/B test for feature set visualization. A collection of key traits have been identified using
Mutual Information, ANOVA F Test, Pearson Correlation coefficient, Chi Square, and Extra Tree Classifier. Then,
after selecting each set of characteristics using the aforementioned techniques, Gradient Boosting has been applied
on them and assessed the outcomes.

Dataset Description
In total, thirteen characteristics —sex, pneumonia, age, diabetes, copd, asthma, inmsupr, hypertension, other diseases,
cardiovascular, obesity, renal chronic, and COVID res—have been taken into account where COVID res is the
dependent variable.

a. Sex: This is a categorical variable .1 represents female and 2 represents male. From the figure 2 it has been
observed that most of the patients tested positive are male.

b. Age : This a continuous variable and distribution of which is shown in the figure 3.

C. Pneumonia: This is also a categorical variable where 1 represents presence of this disease and 2 represents
absence of this disease. From figure 4 it is clear that most of the positive cases having pneumonia.

d. Inmsupr: This categorical variable identifies immune suppression of patients with 1 means patients have
immune suppression and 2 means no immune suppression. Distribution of the field is shown in figure 5

e. Diabetes: This is another categorical variable with 1 identifies patients have diabetes and 2 identifies patients

is not diabetic. From the distribution of diabetic shown in figure 6 it is observed that most of the COVID
positive patients have diabetes.

f. Copd: Chronic obstructive pulmonary disease is chronic inflammatory lung disease by obstructed airflow
from the lungs. Here 1 represents presence of the disease and 2 represents absence of the disease and
distribution of which is shown in figure 7.

g. Asthma :Indicators 1 and 2 are for patients with and without asthma, respectively. Figure 8 displays the
distribution of features.

h. Hypertension: In this categorical field 1 represents having the problem of hypertension where 2 represents
normal. This is also clear from figure 9 that most of COVID positive patients have hypertension.

i Presence of Other disease: 1 represents presence of other diseases and 2 represents no other diseases have
identified. This distribution is shown in figure 10.

j- Cardiovascular: This categorical feature is also representing in same manner , 1 for Yes and 2 for No and the
distribution is shown in figure 11.

k. Obesity: In this field 1 for having obesity issue and 2 for no obesity problem and distribution of which in
figure 12 indicates that most of positive cases have the issue of obesity.

L Renal_Chronic: 1 represents patients having chronic renal problem and 2 represents patients with with renal

problem and the distribution is shown in figure 13.
m. Covid_res: This is the dependent variable where 1 identifies patients identified COVID and 2 represent
negative result of COVID.

Phase I Data Visualization with A/B Testing

A/B testing is an effective and straightforward experiment to examine the influence that various values of a feature
play in decision-making. Not all features are equally important when making decisions. The objective of the study is
to determine the distribution of various independent feature values in relation to the dependent variable, which is a
patient's COVID status.
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Phase II Observation through different feature selection methods
In this phase different feature selection methods have applied to observe feature importance.

Observation through Mutual Information

Mutual information is used to determine the interdependence of two variables. Claude E. Shannon first put out the
idea in [16]. Robert Fano coined the phrase "mutual information". Considering two random variable M and N mutual
information can be calculated as

MI(M,N)=MI(M; N) = DKL(P(M,N)||P(M) @ P(N)) 1)
Where DKL=Kullback-Leibler divergence

P(MA)and P(N) are marginal distribution and P(M,N) is the joint distribution.

Mutual Information is a single-variable feature selection process used in machine learning that was applied to the
COVID 19 dataset to determine the relative relevance of the features. The Python Sklearn library has been used to
implement Mutual Information.

Observation through ANOVA F Test
ANOVA F Test is another feature selection technique that has been used in the proposed work. The F Test, named
after Sir Ronald Fisher, uses F statistics to evaluate the variance ratio of two variables [17]. A prominent feature

selection model based on F statistics is the Anova F Test. Anova is an acronym for analysis variance and is defined as
variationbetweensamplesmean
F= . 2

variationwit hinsample

Observation through Chi Square Test
Chi Square Test is another feature selection mechanism applied for this investigation for identifying significant
features. Chi square test is used to find dependencies of two events. This is a statistical hypothesis test which can be
represented by the equation no. 3.

(0i—Ei)

x =30t ®)

Ei

Where Oi=Observed value and Ei= Expected value.A higher Chi Square value indicates that the independent variable
is more strongly influencing the strongly influencing decision-making.

Observations through Correlation Coefficient
Karl Pearson from a related idea by Francis Galton has introduced a method to measure linear correlation of

variables is known as Pearson correlation coefficient. It is described by following equation number 4:

__ COV(AB)
= ToAoB 4)

Where COV=covariance
oA=Standard Deviation of A and oB=Standard Deviation of B
If the value is 1 and near to 1 it indicates the high correlation.

Observations applying Extra Tree Classifier

Extra Tree, also known as an excessively randomised tree, is another technique employed in the proposed study. It
produces a big collection of unpruned decision trees. At every split point of a decision tree, it randomly samples the
features [18].

Phase III Applying Gradient Boosting to observe feature set performance

In the phase Gradient boosting over the new datasets selected through aforementioned feature selection mechanisms
has been applied. Gradient boosting is an ensemble of weak classifier that can be used for classification and
regression both [19]. Gradient boosting uses loss function, weak learners for prediction and adaptive model to add
weak learners

Loss function: Y.7—; L(yi, 6) (5)
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SL(y,Mm—1(x) .
W For alli=1 ton (6)

After adding m-1 weighted base learner Mm-1 model will be obtained.

The Mm can be determined by using following equation

Mm(x) = Mm — 1(x) + Shm(x) (7)
61.2%, 61.8%. 61.8% and 61.9% accuracy has been achieved applying Gradient boosting in this solution process on
the dataset selected through Mutual Information, ANOVA, Chi Square, and Extra Tree Classifier, respectively

rmi =

RESULT ALANYSIS AND DISCUSSION

Observation through A/B Testing

Through the A/B Test, it was discovered that 40.47% of female respondents and 47.66% of male respondents gave
positive COVID response. In figure 2, the distribution of sexes is depicted. Age field has been grouped in beans of
size 5. The main finding is that, up to a certain point, the COVID positive response rate increases proportionally with
age. For example, only 24.26% of beans of a age bean 35 are COVID positive, while 43% of beans of a age bean 65 are
COVID positive and the rest are COVID negative. The results of the A/B test are given in figure 3. One of the main
indicators of a COVID patient is pneumonia. Using an A/B test on the dataset, it has been discovered that only
39.75% of those without pneumonia are COVID positive, compared to 67.42% of those with pneumonia. Figure 4
displays the response. It has been noted that patients with immune suppression exhibit a COVID positive response
in 37.43% of cases, compared to patients without immune suppression who exhibit a COVID negative response in
44.22 % of cases. Distribution is displayed in figure 4. Applying an A/B test to diabetes patients revealed that 58.02%
of diabetic patients has a COVID positive result, compared to 42.13% of non-diabetic patients. The result is given in
Figure 6. It suggests diabetic patients are more vulnerable to COVID. A/B test has also been conducted on the copd
population, and has observed that 46.85% of copd patients has COVID positivity, compared to 44.06% of non-copd
patients. Figure 6 displays the results of the A/B test. Using an A/B test, Astham feature distributions has also been
discovered. In contrast to the 44.33% of the population without asthma, 37.37% of those with asthma has a COVID
positive report. In the instance of hypertension, 54.54% of patients who have the condition have been identified as
having COVID, compared to 42.10% of those who do not have the condition. In figure 9, the results of the A/B test on
hypertension is displayed. The main finding from the A/B test for other diseases is that 44.21% of the population
without other diseases and 40.79% of the population with other diseases are COVID positive. Figure 10 depicts the
distribution of this. In the case of cardiovascular disease, it has been noted that 45.19% of patients with
cardiovascular disease and 44.80% of patients without cardiovascular disease are COVID positive. Figure 11 displays
the feature distribution. The A/B test has also been used for obesity. Figure 12 shows that in the case of obesity,
52.75% of the obese and 42.41% of the non-obese are COVID positive. Figure 13 depicts the prevalence of renal
chronic disease, showing that 44.03% of patients without renal chronic disease and 47.81% of patients with renal
chronic disease have COVID positive results.

Observation through Feature selection methods
Different feature selection methods have applied to identify their significance in decision making of COVID 19
classification.

Result Analysis through Mutual Information

Applying Mutual Information feature importance has been identified which is depicted in the figure 14. Making Use
of Mutual Information the five most significant traits that have chosen are: copd, chronic renal disease, pneumonia,
and asthma. Figure 15 displays the selected feature distributions.

Result Analysis using ANOVA F Test

Using the Python Sklearn module, the ANOVA F Test has been implemented in the proposed model. It has been
observed that pneumonia is also the most important factor identified by ANOVA like Mutual Information. Figure 16
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displays the top features discovered using the ANOVA FTest are pneumonia, age, hypertension, obesity, and
diabetes. Figure 17 displays the characteristics histogram.

Result Analysis through Chi Square Test
By using this approach, the top 5 features determined are age, pneumonia, sex, diabetes, and hypertension. Figure 18
illustrates the key characteristics through the Chi Square Test. Feature distribution is shown the figure 19.

Result Analysis through Correlation Coefficient

The associations between the qualities have been seen using this methodology. A high correlation score indicates that
the features' effects on decision-making are almost identical; therefore some of these features can be ignored. Figure
20 displays the observation through correlation coefficient. Diabetes and pneumonia have been found to be closely
connected. The association between diabetes and hypertension is likewise very high, while the correlation between
age and hypertension is the least significant, as illustrated in figure 20.

Result Analysis through Extra Tree Classifier

Age has the greatest impact, followed by pneumonia, diabetes, sex, obesity, and hypertension, according to the Extra
Tree classifier. Figure 21 illustrates feature importance as determined by the Extra Tree classifier. In the figure 22
distributions of sex, pneumonia, age, obesity, and diabetes are depicted. The significant outcome of the observations
leads to Pneumonia, Age, diabetes, hypertension are being identified to be very relevant in decision making of
whether a person has COVID or not .

Phase III Result Analysis through Gradient Boosting

Gradient boosting has been applied to the new feature sets, and it has discovered that the feature set chosen by the
Extra Tree classifier, with a 62.9% accuracy rate, provided the best performance. The achieved accuracy of the model
applied over the dataset selected through Mutual Information, is 61.2%. In figure 23, the attained accuracy is
depicted. The accuracy of the model applied over the dataset selected through ANOVA F Test is 61.8 which is shown
in figure 24. The model performance applying Chi Square has shown the below mentioned figures. The accuracy
achieved was 61.8% which is shown in figure 25. The model applying Extra Tree classifier has achieved 61.9%
accuracy which is shown in figure 26. The performances of the model on feature subset selected through Mutual
Information, ANOVA F Test, Chi Square Test and Extra Tree Classifier have shown in the figure 27.

MAJOR OBSERVATION

Through A/B testing and various feature selection techniques, the feature relevance of a COVID 19 dataset obtained
from Kaggle has been determined in this study. Furthermore, by developing a model using gradient boosting, the
effectiveness of various feature selection methodologies in decision making has been evaluated. The top 5 pertinent
traits, chosen using various feature selection techniques, are described in Table 1. Gradient boosting has been used as
the final sub-component of our research on each feature subsets those have been chosen, along with Mutual
Information, ANOVA F Test, Chi Square Test, and Extra Tree Classifier. Table 2 displays the model's achieved
accuracies for each feature subsets.

CONCLUSION

The COVID 19 dataset, which was obtained from Kaggle, has been examined in this study to see how different
factors affect the ability to recognise this disease. To track the distribution of each feature in terms of decision-
making, an A/B test has been conducted. The analysis made use of Mutual Information, F Test, Chi Square Test,
Correlation Coefficient, and Extra Tree classifier. Pneumonia, age, hypertension, and diabetes are important factors
that influence decision-making, according to the research. On the dataset chosen by Extra Tree Classifier, the best
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performance has obtained after applying gradient boosting. The COVID 19 disease prediction will be improved as a
result of this observation. We plan to gather some local data in the future and use hybrid feature selection techniques
for further in-depth observation.
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Table 1: Observations of different feature impact applying feature selection methods

Methods Used Observation(Top 5 features )
Mutual Information Pneumonia, Age, diabetes, hypertension, Obesity
F Test Pneumonia, asthma, renal Chronic, Cardiovascular
Chi Square Age, Pneumonia, sex, diabetes, hypertension

Correlation coefficient Diabetes and Hypertension is also highly correlated.

Diabetes and pneumonia are highly correlated

Hypertension and age has the smallest value for correlation.

Extra Tree Classifier Age, Pneumonia, diabetes, sex, obesity

Table 2: Observations of outcome of different feature selection methodologies in decision making

Perf ith Gradient
Methods Used Observation(Top 5 features ) ertormances “{1 radien
boosting
Mutual Information Pneumonia, Age, diabetes, hypertension, Obesity Accuracy : 61.2%
P i h 1 Chroni
F Test neumonia, ast. ma, renal Chronic, Accuracy: 61.8%.
Cardiovascular
Chi Square Age, Pneumonia, sex, diabetes, hypertension Accuracy : 61.8%
Extra Tree Classifier Age, Pneumonia, diabetes, sex, obesity Accuracy : 61.9%
. Diabetes and pneumonia are highly correlated
Correlation . .. .
. Diabetes and Hypertension is also highly correlated.
coefficient

Hypertension and age has the smallest value for correlation.
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ABSTRACT

Microencapsulation is defined as a process in which tiny particles or droplets are surrounded by a

coating to give a small capsule with useful properties. The material enclosed in the microcapsule is
known as core and the wall is called shell or coat. Materials generally used for coating are Ethyl cellulose,
polyvinyl alcohol and gelatin. Microencapsulation may be achieved by a wide variety of techniques.
Different factors like concentration of the polymer, solubility of polymer in solvent, rate of solvent
removal, solubility of organic solvent in water, effect the encapsulation efficiency of microspheres or
microcapsules. A medicinal ingredient is delivered to the target site in a prolonged, controlled release
manner by using microspheres as drug carriers. This technology has been employed in a number of
industries, including textile, printing, cosmetics, food, pharmaceutical, and agricultural. The methods of
microencapsulation, variables that affect microencapsulation, the drug release mechanism, applications
of microencapsulation, and microcapsule evaluation parameters are all covered in this article.

Keywords: sustained control release, encapsulation efficiency, microspheres, microencapsulation, and
microcapsules
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INTRODUCTION

One method that is employed in a variety of sectors, including food, cosmetics, pharmaceuticals, and agriculture, is
microencapsulation. The process entails encapsulating minute particles or droplets of an active chemical in the
protective shell of another material. The active component, which is encased in a second substance that serves as a
barrier between it and the environment, can be a solid, liquid, or gas. Microparticles are particles with a dimension of
3-800 micrometers. Macroparticles are defined as particles bigger than 1000 micrometers. The end products of this
procedure are microspheres, microcapsules, and microparticles. Microcapsules are made up of a coat or shell
substance and a core material. An active element is present in the core material, which is covered by the coat or shell
material. [1, 3, 12].

REASONS

The purpose of microencapsulation material is to prevent environmental degradation of the material once it reaches

its site of action. There are several arguments in favor of microencapsulation. The problem could be as simple as

hiding the flavor and smell of the core, or it could be more complex and involve increasing the extraction or

adsorption process' selectivity. One of the main justifications for encapsulation is: -

e  Dividing components that are incompatible

. Transformation of free-flowing solids into liquids;

*  Enhanced stability (protecting the materials from oxidation or deactivation due to environmental reactions)

e It guarantees that the medication is supplied safely with sustainable release.

. It permits the sustained or controlled release of the drug's active ingredients, which should be released over an
extended period of time. [2,3,9].

IMPORTANCE

Microcapsules' biggest benefit is their minuscule size, which enables them to have a huge surface area. For example,
a hollow microcapsule with a diameter of 1mm has a total surface area of Imm.The diameter and total surface area
have an inverse relationship. Light scattering, adsorption, and desorption sites can be located on this greater surface
area.[2]

TECHNIQUES OF MICROENCAPSULATION
Although a variety of techniques have been reported for microencapsulation and they are broadly classified into
following:

CHEMICAL TECHNIQUES

POLYMERIZATION INTERFACIAL

By polymerizing the reactive monomers at or on the droplet or particle surface, this method will produce the capsule
shell. Substances that are multifunctional monomers are employed. The most often used compounds are
multifunctional acid chlorides and multifunctional isocyanates. This multipurpose monomer will be spread in an
aqueous solution comprising dispersion agents after dissolving in liquid core material. As a co-reactant, a
multifunctional amine will be added to the mixture. Saihiet al., for instance, encapsulated DAHP (di-ammonium
hydrogen phosphate) by polyurethane-urea membrane utilizing the interfacial polymerization method.[1]

IN-SITU POLYMERISATION

This process produces the capsule shell by adding polymerization monomers to the encapsulation reactor, much as
IFP. Polymerization only occurs in the continuous phase and the side of the continuous phase formed by the
distributed core material and ongoing phase; no reactive compounds are added to the main substance during this
process. Initially, a prepolymer with a low molecular weight will form; when it expands over time, it deposits on the
dispersed surface.[1]
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METHODS PHYSICO-CHEMICAL

PHASE SEPARATION AND COACERVATION

Phase separation, commonly known as the coagulation technique, is a widely used process for producing gelatin and
gelatin-acacia microcapsules, as well as a wide range of products based on synthetic polymers and cellulose
derivatives. Phase separation involves the use of both straightforward and complex coacervation techniques.
Whereas complex coacervation involves two polymeric materials with opposing charges, such as gelatin and acacia,
both of which are water-soluble media, simple coacervation involves the use of just one type of polymer, such as
gelatin or ethyl cellulose in an organic or aqueous medium, respectively. Coacervation is caused in both situations by
the fully solvated polymer molecules gradually desolving.[2,8,13].

POLYMERENCAPSULATION BY RAPID EXPANSION OF SUPERCRITICAL FLUIDS

Supercritical fluids, which are substantially compressed gases, have a number of benefits. They combine the
properties of gases and liquids. Generally speaking, supercritical carbon dioxide, nitrous oxide, and alkenes (C2 to
C4) are the most often utilized supercritical liquids. The density of supercritical fluids close to the critical point varies
greatly with even small changes in pressure or temperature. Supercritical carbon dioxide is commonly utilized due
to its low critical temperature value, non-flammable and poisonous qualities, high purity, affordability, and ease of
availability.

POLYMERISATION OF EMULSIONS

This process involves gently adding the monomer (alkyl acrylates) to a stirred water-based polymerization mixture
that also includes an appropriate emulsifier and the material to be encapsulated (core material). Primary nuclei are
created when polymerization commences and the first polymer molecules are precipitated in the water-based
mixture. These nuclei progressively enlarge while concurrently enclosing the core material to form the final
microcapsules as the polymerization process proceeds. This method of encapsulating works best with lipophilic
compounds, which are either insoluble or have a poor solubility in water. Using this method, poly (alkyl
cyanoacrylate) nanocapsules containing insulin have been created.[2]

INTERFACIAL POLYCONDENSATION

The condensation polymerization of two complimentary monomers at the interface of a two-phase system is the
process known as "interfacial’ polymerization. This two-phase system is combined under precisely regulated
conditions to produce tiny droplets of one phase (dispersed phase) within the other (continuous phase/suspension
medium) in order to make microcapsules. The substance to be encapsulated needs to be chosen such that it may exist
(be dissolved or distributed) inside the droplets. Using this method, polyurea microcapsules containing osmium
tetroxide have been synthesized.[2]

PROCESS OF PHYSICO-MECHANICS

Drying by spraying

Perfumes, oils, and tastes are often encapsulated using a low-cost commercial method called microencapsulation.
The resulting chitosan microspheres exhibited a majority particle size of 4.1-4.7 mm and an encapsulation
effectiveness of 95.12-99.17%, respectively. The particles of the core are dispersed using a polymer solution and then
sprayed into a heated chamber. Polynuclear or matrix microcapsules are created when the solvent evaporates and
the shell material hardens on top of the core particles. Three distinct cross-linking agents were used to cross-link
chitosan microspheres: Formaldehyde (FA), gluteraldehyde (GA), and tripolyphosphate (TPP) were produced by
spray-drying. The hot mixture is sprayed into a stream of cool air to accomplish this. Polymers like alcohols, fatty
acids, and waxes are solid at room temperature but melt at higher temperatures.
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Hydrostatic Bed Heater

The liquid coating is sprayed onto the particles, assisting them in the formation of an outer layer as it quickly
evaporates. Any thickness and formulation can be used to create the coating. There are three types of fluid-bed
coaters: tangential, bottom, and top spray. Above the tangential nozzle is the rotating disc that allows the coating
material to be released. Even though the multilayer coating method takes time, it lowers particle defects. Once the
particles enter the spraying zone and pass through the opening, they get encapsulated. Because they cover less
ground, the yield of encapsulated particles is higher. [1, 9, 11, 15,]

Evaporation of a solvent

The process of solvent evaporation is divided into three stages. They are core, coat material, and liquid
manufacturing vehicle (LMV). The initially costly material will be dissolved using a volatile solvent that is not
soluble in the LMV phase. Phase of manufacturing that is agitated. Here, the coat material compresses to enclose the
center. The drug content of the microspheres decreased with increasing stirring time, pH of the continuous phase,
and volume of the internal and external aqueous phases, and increased with amounts of organic solvent, polymer,
and polymeric stabilizer, according to Rainer and Bodmeier (1990). [1, 2, 13]

Pan coating

An atomized spray is used to apply the coating solution to the solid core material in the coating pan. To remove the
coating solvent, the coated item is blasted with hot air. Larger-sized particles will be effectively covered by this
technique. For the coating to be effective, the solid particles' size needs to be larger than 600 micrometers. Candy is
usually coated with sugar using this technique. [1, 12, 16]

RELEASE SYSTEM

There are several ways to release core material in a targeted, controlled, or sustained manner. The core material of a
microcapsule can usually be extracted in one of three ways: either by mechanically rupturing the capsule wall, by the
wall dissolving or melting, or by the core material.

Degradation

The encapsulation efficiency of microspheres or microcapsules is affected by a number of parameters, including the
polymer concentration, solvent removal rate, solvent solubility in water, and solvent solubility in solvent.A
medicinal ingredient is delivered to the target The technique of enclosing microscopic particles or droplets in a
covering to create a tiny capsulewith beneficial qualities is known as microencapsulation.The wall of the microcapsul
e is referred to as the shell or coat, while the substance inside is known as the core.Gelatin, polyvinyl alcohol, and eth
yl cellulose are frequently utilized as coating materials.Numerous methods can be used to achieve microencapsulatio
n.The effectiveness of encapsulating microspheres or microcapsules is affected by a number of factors, including the
concentration of the polymer, the polymer's solubility in solvent, the pace at which the solvent is removed, and the s
olubility of ora. Degradation: The medication dissolves and disperses evenly throughout the matrix. The drug and
matrix have a strong relationship, but when the matrix degrades, the drug is freed. Compared to the deterioration
process, the diffusion process requires more time. [6,10,5]

Diffusion
A dissolving fluid that comes into touch with a shell penetrates it, dissolves the core, and causes the medicine to
release or seep out. Diffusion obeys Higuchi’s equation,
Q=[D/J] 2A-eCS)CSt] Y
Whereas,
Q is the amount of drug released per unit area of an exposed surface in time t;
D is the diffusion coefficient of the solute in the solution;
A is the total amount of a drug per unit volume; CS is the solubility of drug in permeating dissolution fluid;
¢ is the porosity of the wall of the microcapsule;
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] is the tortuosity of the capillary system in the wall.
The above equation can be simplified to Q = VT where, v is the apparent release rate. [5,6,10,16]

Disintegration

The polymer coat dissolves when it solubilizes in the dissolving fluid. The polymer coat's rate of dissolution controls
the drug's release rate. The release rate is influenced by the coat's thickness and solubility in the dissolving solvent.
[6,16, 5].

Osmosis

The drug solution is forced out of the microcapsule through tiny pores by the polymer coat, which functions as a
semipermeable membrane in the capsule and produces an osmotic pressure differential between its interior and
exterior. [6,16, 5]

MICROENCAPSULATION EVALUATION

Sieve Analysis

A mechanical sieve shaker can be used to separate microspheres into different size fractions. On top of the topmost
sieve are five conventional stainless-steel sieves with mesh sizes of 20, 30, 45, 60, and 80. After shaking the sieves for
roughly ten minutes, the particles on the screen are weighed.[14]

Microsphere Morphology

A scanning electron microscope (XL 30 SEM Philips, Eindhoven, The Netherlands) is used to study the surface
morphologies of microspheres. Using double-sided sticky tape, the microspheres are adhered to a copper cylinder
with a diameter and height of 10 mm. Using an ion sputtering equipment, the specimens are coated for 4 minutes at
a current of 10 mA.[14]

Atomic Force Microscopy (AFM)

A Multimode Atomic Force Microscope from Digital Instrument is used to study the surface morphology of the
microspheres. The samples are mounted on metal slabs using double-sided adhesive tapes and observed under
microscope that is maintained in a constant-temperature and vibration-free environment. (14

Particle size

Particle size has been determined approximately 30 mg microparticles is redispersed in 2-3 ml distilled water, which
containing 0.1% (m /m) Tween O20 for 3 min, through using ultrasound and then that transferred into the small
volume by recirculating unit, operating at 60 ml/s. The microparticle sizes can be determined by laser diffractometry
using a Mastersizer X (Malvern Instruments, UK) [14]

Polymer Solubility in the Solvents
Solution turbidity provides a significant indication of solvent power. The cloud point can be used to determine the
polymer's solubility in various organic solvents.[14]

Viscosity of the Polymer Solutions

A U-tube viscometer (viscometer constant at 40°C is 0.0038 mm?2/s /s) at 25 + 0.1°C in a thermostatic bath may
measure the absolute viscosity, kinematic viscosity, and the intrinsic viscosity of the polymer solutions in various
solvents. To guarantee full polymer dissolution, the polymer solutions are left to stand for a full day before
measurement.[14]
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CONCLUSION

Microencapsulation is one of the topics that the pharmaceutical industry is now researching the most. There are
several different microencapsulation methods in use today, and more are always being investigated. Many products
that are microencapsulated are offered for sale. The active ingredient can be shielded and hidden by the
microencapsulation technology, which also slows down the rate of disintegration and facilitates handling.
Microencapsulation allows for lower medication concentrations at sites other than the target organ or tissue. By

combining a number of different technologies, the microencapsulation approach will eventually play a significant

role in cutting-edge medication delivery systems.
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ABSTRACT

Rosemary oil is a natural essential oil rich in various compounds, including acids, alkaloids,
carbohydrates, flavonoids, phenols, proteins, and terpenoids. Qualitative phytochemical analysis and gas
chromatography-mass spectrometry (GC-MS) analysis revealed the presence of therapeutic compounds
in rosemary oil. Two main compounds identified were ethyl phosphonic acid and ergot-22-en-one, which
are used in pharmaceutical production and skincare, respectively. The oil is known for its anti-

inflammatory, analgesic, and antimicrobial properties, making it a popular choice in traditional medicine
and aromatherapy. In particular, rosemary oil exhibits significant antifungal activity against various
fungi, potentially due to its disruption of fungal cell membranes and inhibition of essential nutrient
uptake. Additionally, rosemary oil contains antioxidant compounds that further contribute to its
antifungal effects. The diffusion method demonstrated the inhibitory effect of rosemary oil on Candida
species growth. This study suggests that rosemary oil is an effective antimicrobial agent and
recommends its use in traditional herbal practices and as a component in dressing materials or ointments
for its antifungal properties.
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INTRODUCTION

Phytochemical profiling is the process of analyzing the chemical composition of plants to identify the presence of
specific compounds [1]. It is used to determine the therapeutic potential of plants and to identify active compounds
that can be used in the development of new drugs [2]. This paper will discuss the phytochemical profiling of
rosemary oil. Rosemary is a species of flowering plant native to the Mediterranean region. It is widely used in
traditional medicine for its anti-inflammatory, antiseptic, and analgesic properties [3]. Phytochemical profiling of
rosemary reveals the presence of several active compounds, including flavonoids, tannins, terpenes, and essential
oils. These compounds are believed to be responsible for the plant’s therapeutic effects. In conclusion, phytochemical
profiling is a valuable tool for identifying the active compounds in plants and determining their therapeutic
potential. The seven plants discussed in this essay, eucalyptus, geranium, Indian geranium, peppermint, cinnamon,
palmarosa, and rosemary, all contain active compounds that are believed to be responsible for their therapeutic
effects. The three species of Candida fungi, Candida albicans, Candida tropicalis, and Candida keyfr, were chosen because
they are among the most common causes of fungal infections in humans [4]. These species are often found in the
human body, and they can cause a variety of infections, including oral thrush, vaginal yeast infections, and systemic
candidiasis. They are also resistant to many antifungal drugs, making them difficult to treat. Additionally, these
species have been studied extensively, providing researchers with a wealth of information about their biology and
genetics.Additionally, these species are known to be resistant to many antifungal drugs, making them ideal
candidates for testing the antifungal properties of essential oils.To investigate the antifungal properties of rosemary
oil through qualitative phytochemical analysis and Minimum Inhibitory Concentration (MIC) study of Candida
albicans, Candida tropicalis, and Candida keyfr.

MATERIALS AND METHODS

All the chemicals, solvents, and essential oils used in investigations were obtained from standard chemical suppliers.

Qualitative Phytochemical Analysis

Phytochemical screening of rosemary oils was carried out as described by Rathore et al. (2012) [5].

Test for Acids

Million's Test: To 1.0 ml oil, five drops Millon's reagent was added, heated on a water bath for 5 min. and allowed to
cool, followed by addition of 1% sodium nitrite solution. Formation of red colour indicates the presence of acids.

Test for Alkaloids
Mayer’s Test: To 2.0 ml oil, 2.0 ml concentrated hydrochloric acid followed by few drops Mayer’s reagent were
added. Presence of green colour or white precipitate indicates the presence of alkaloids.

Test for Anthocyanin and Betacyanin

Sodium Hydroxide Test: To 2.0 ml oil, 1.0 ml 2N sodium hydroxide was added and heated for 5 min. at 100°C.
Formation of bluish green colour indicates the presence of anthocyanin and yellow colour shows the presence of
betacyanin.

Test for Carbohydrates

Molisch’s Test: To 2.0 ml oil, 1.0 ml Molisch’s and few drops of concentrated sulphuric acid were added. Formation
of purple or reddish ring indicates the presence of carbohydrates.
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Test for Cardiac Glycosides

Ferric Chloride Test: To 0.5 ml oil, 2.0 ml glacial acetic acid and few drops 5% ferric chloride were added. This was
under layered with 1.0 ml concentrated sodium hydroxide. Formation of the brown ring at the interface indicates
presence of cardiac glycosides.

Test for Coumarins
Sodium Hydroxide Test: To 1.0 ml oil, 1.0 ml 10% sodium hydroxide was added. Formation of yellow colour
indicates presence of coumarins.

Test for Flavonoids
Sulphuric Acid Test: 1.0 ml oil was treated with few drops of concentrated sulphuric acid and observed for the
formation of orange colour, which indicates the presence of flavonoids.

Test for Glycosides
Sulphuric Acid Test: To 2.0 ml oil, 1.0 ml glacial acetic acid, 5% ferric chloride and few drops concentrated sulphuric
acid were added. Presence of greenish blue colour indicates the presence of glycosides.

Test for Phenols
Ferric Chloride Test: To 1.0 ml oil, 2.0 ml distilled water, followed by few drops 10% ferric chloride were added.
Formation of blue or green colour indicates presence of phenols.

Test for Proteins
Ninhydrin Test: To 2.0 ml oil, few drops 0.2% ninhydrin was added and heated for 5 min. Formation of blue colour
indicates the presence of proteins.

Test for Quinones
Sulphuric Acid Test: To 1.0 ml oil, 1.0 ml concentrated sodium hydroxide was added. Formation of red colour
indicates the presence of quinones.

Test for Saponins
Foam Test: To 1.0 ml oil, 5.0 ml distilled water was added and shaken well in a graduated cylinder for 15 min
lengthwise. Formation of 1.0 cm layer of foam indicates the presence of saponins.

Test for Starch
Iodine Test: To 2.0 ml oil, few drops iodine solution was added. Formation of blue-purple colour indicates the
formation of starch.

Test for Steroids
Salkowski Test: To 5.0 ml oil, 2.0 ml chloroform and few drops concentrated sulphuric acid were added. Formation
of red colour indicates the presence of steroids.

Test for Tannins
Ferric Chloride Test: To 1.0 ml oil, 2.0 ml 5% ferric chloride was added. Formation of dark blue or greenish black
indicates the presence of tannins.

Test for Terpenoids

Sulphuric Acid Test: To 0.5 ml oil, 2.0 ml chloroform was added and to this, concentrated sodium hydroxide was
added carefully. Formation of red brown colour at the interface indicates presence of terpenoids.
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Test for Triterpenoids
Liebermann - Burchard's test (LB test): To 1.5 ml oil, few drops Liebermann - Burchard's reagent (acetic anhydride
and concentrated sodium hydroxide) was added. Formation of blue green colour indicates presence of triterpenoids.

GC-MS Spectral Analysis

GC-MS spectral analysis was carried out to determine the presence of aromatic compounds in the essential oil
samples. The model of the GC-MS used for mass spectral identification was an Agilent 7890 interfaced with a 240-
mass selective detector and an ion trap. Interpretation of GC-MS was conducted using the database of the National
Institute of Standard and Technology (NIST) having more than 62,000 patterns. The spectrum of the unknown
component was compared with the spectrum of the known components stored in the NIST library. The name,
molecular weight, and structure of the components of the test materials were ascertained.

Antifungal activity
The antifungal activity was measured using a dilution technique in agar, as described by Gongalveset al. (1992) [5].
The minimum inhibitory concentration (MIC) was determined as the lowest dilution that completely inhibited the
visible growth in the tubes. The presence and absence of growth over agar media was also tested by plating samples
from the MIC tubes.

Statistical analysis
The results were expressed in mean * Standard Deviation. The statistical analysis was performed using Graph Pad
Prism. All the assays were performed in triplicate.

RESULTS AND DISCUSSION

Rosemary oil contains acids, alkaloids, carbohydrates, cardiac glycosides, coumarins, flavonoids, glycosides,
phenols, proteins, quinones, saponins, steroids, tannins, terpenoids, and triterpenoids (Table 1). Rosemary oil is a
natural essential oil derived from the leaves of the rosemary plant (Rosmarinus officinalis). It is known for its distinct
aroma and has been used for centuries in various traditional and alternative medicine practices. The composition of
rosemary oil is quite complex, and it contains a wide range of bioactive compounds that contribute to its therapeutic
properties. Here is a detailed explanation of the components present in rosemary oil: Rosemary oil boasts a diverse
array of acids, including rosmarinic acid, caffeic acid, and ursolic acid, each possessing antioxidant properties that
aid in shielding the body from oxidative stress. Despite their presence in small amounts, alkaloids such as
rosmaricine and betonicine contribute significantly to the overall chemical profile of the oil, bringing forth diverse
biological activities. Carbohydrates, organic compounds consisting of carbon, hydrogen, and oxygen, contribute to
the chemical structure and stability of rosemary oil, albeit with varying types. Within the oil, the presence of cardiac
glycosides, a class of compounds positively affecting the heart, facilitates the regulation of heart rhythm and proves
beneficial in specific cardiovascular conditions. Coumarins, aromatic compounds sourced from various plants,
including rosemary, exhibit antioxidant and anti-inflammatory properties, potentially enhancing the overall health
benefits of the oil. Moreover, flavonoids, a group of plant pigments like apigenin, luteolin, and quercetin, enrich
rosemary oil with antioxidant and anti-inflammatory effects, amplifying its therapeutic potential. Flavonoids, a
category of plant pigments, possess antioxidant and anti-inflammatory effects. In the case of rosemary oil, the
inclusion of flavonoids like apigenin, luteolin, and quercetin enhances its therapeutic potential. Glycosides,
characterized by a sugar molecule bound to another, may influence both the aroma and flavour of rosemary oil,
while also contributing to its overall medicinal properties. Phenols, aromatic compounds with antioxidant and
antimicrobial properties, are present in rosemary oil, featuring various phenolic compounds, including rosmarinic
acid, renowned for its potent antioxidant effects. While essential oils typically lack abundant proteins, trace amounts
may be found, and proteins, being essential macromolecules, play diverse biological roles in the body. Quinones,
organic compounds integral to various physiological processes, may contribute to the antioxidant and antimicrobial
properties of rosemary oil. Saponins, natural compounds endowed with surfactant properties, can generate foam or
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lather upon contact with water. With diverse biological activities, saponins may play a role in shaping the overall
properties of rosemary oil. Present in trace amounts, steroids within rosemary oil belong to a class of compounds
with various physiological effects, potentially influencing its overall chemical composition. Tannins, a type of
polyphenolic compound found in numerous plants, including rosemary, possess astringent properties and are
recognized for their capacity to bind to proteins, rendering them beneficial in diverse applications. Terpenoids, a vast
and diverse class of compounds prevalent in many essential oils, contribute to the characteristic aroma of rosemary
oil. Notable terpenoids in rosemary oil, such as camphene, limonene, and pinene, may also impart various
therapeutic effects. Triterpenoids, a specific subgroup of terpenoids with distinct chemical structures, have been the
subject of studies for potential anticancer, anti-inflammatory, and antioxidant properties. The collective presence of
these compounds in rosemary oil contributes to its varied therapeutic effects, encompassing antioxidant,
antimicrobial, anti-inflammatory, and cardiovascular benefits. It is crucial to highlight that the efficacy and safety of
using rosemary oil for specific purposes may vary, and it is always advisable to consult a healthcare professional
before incorporating any herbal remedies. GC-MS analysis of essential oil can help us to identify the active
compounds in the oil that is responsible for its antimicrobial activity. By analyzing the chemical composition of the
oil, it can be determined which compounds are most likely to be responsible for the antimicrobial activity.

This information can then be used to develop more effective antimicrobial treatments. Additionally, GC-MS analysis
can be used to determine the concentration of the active compounds in the oil, which can help to determine the
optimal dose for the treatment. Rosemary oil showed eleven compounds (figure 1) among them two compounds are
main compounds namely ethyl phosphonic acid (37.614 min) and ergot-22-en-one (43.235 min). Ethyl phosphonic
acid is used as a catalyst in the production of pharmaceuticals [6] and ergot-22-en-one is used as a skincare
ingredient to help reduce wrinkles and improve skin elasticity [7]. Rosemary oil is rich in 1,8-cineole, camphor, and
alpha-pinene, which give it its characteristic herbal aroma. Rosemary oil is known for its anti-inflammatory,
analgesic, and antimicrobial properties. It is often used in aromatherapy to promote mental clarity and relieve stress.
In summary, the qualitative phytochemical analysis and GC-MS analysis of these oils indicate the presence of
compounds that have therapeutic properties. These oils have been used for centuries in traditional medicine and
aromatherapy due to their effectiveness in promoting relaxation, relieving stress, and providing relief from various
health issues. The results of the study indicate that the rosemary oil have varying levels of antifungal activity (Fig. 2).

Rosemary oil had an MIC of 62.5 ul or higher. This suggests that Rosemary oil is the most effective against the tested
fungi, as it was able to inhibit their growth at the lowest concentration. The mechanism of action of Rosemary oil is
likely due to its antimicrobial properties, which are thought to work by disrupting the cell membranes of the fungi,
leading to cell death. Additionally, Rosemary oil contains a variety of compounds, including terpenes and phenolic
compounds such as rosmarinic acid and carnosic acid, which have been shown to possess antifungal activity. These
compounds are thought to inhibit the growth of fungal cells by disrupting the cell membrane, thereby preventing the
uptake of essential nutrients, as well as inhibiting the activity of enzymes involved in the synthesis of fungal cell wall
components, such as chitin. Furthermore, Rosemary oil has also been shown to have antioxidant properties, which
may help to reduce the growth of fungi. The results of the study suggest that Rosemary oil is the most effective
essential oil against the tested fungi, with an MIC of 62.5 ul or higher. This is in line with other studies that have
found Rosemary oil to be effective against a variety of fungi, including Candida albicans, Aspergillusniger, Iternaria
alternate, Fusarium oxysporium and Trichophyto nmentagrophytes [8-15]. Additionally, the mechanism of action of
Rosemary oil is likely due to its antimicrobial properties, which are thought to work by disrupting the cell
membranes of the fungi, leading to cell death. Furthermore, Rosemary oil contains a variety of compounds,
including terpenes and phenolic compounds such as rosmarinic acid and carnosic acid, which have been shown to
possess antifungal activity. These compounds are thought to inhibit the growth of fungal cells by disrupting the cell
membrane, thereby preventing the uptake of essential nutrients, as well as inhibiting the activity of enzymes
involved in the synthesis of fungal cell wall components, such as chitin. Finally, Rosemary oil has also been shown to
have antioxidant properties, which may help to reduce the growth of fungi. These results are similar to other studies
that have found Rosemary oil to be effective against a variety of fungi.
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Given its effectiveness at the lowest concentration, Rosemary oil can be taken well using the diffusion method. This
method involves the use of an essential oil diffuser to disperse the oil into the air. The diffuser works by releasing a
fine mist of the oil into the air, which is then inhaled by the user. This method is particularly effective for Rosemary
oil, as it can be used to quickly and effectively disperse the oil into the air. Additionally, the diffusion method is also
beneficial as it allows the user to control the amount of oil that is dispersed into the air, allowing them to adjust the
concentration of the oil depending on the desired effect. The diffusion method is employed for assessing the
antimicrobial activity of a substance, with rosemary oil being the substance under investigation in this instance.
According to the results obtained from the diffusion method, rosemary oil exhibits an inhibitory impact on the
growth of Candida albicans, Candida tropicalis, and Candida keyfr. Specifically, at 25 ul, the zone of inhibition for
Candida albicans measured 16.33+1.15, for Candida tropicalis it was 15.33+2.01, and for Candida keyfr it was 15.66+1.33.
Increasing the concentration to 50 pl, the zone of inhibition for Candida albicans remained at 16.33+1.15, for Candida
tropicalis it increased to 17.33+2.07, and for Candida keyfr it rose to 17.66+2.82. Further, at 75 pl, the zone of inhibition
for Candida albicans expanded to 19.66+0.55, for Candida tropicalis it reached 18.33+2.62, and for Candida keyfr it was
19.33+0.22. These findings suggest that rosemary oil effectively inhibits the growth of Candida species, as illustrated in
Table 2 and Figure 3. Additionally, the results indicate a positive correlation between the concentration of rosemary
oil and the extent of inhibition, revealing an increase in the zone of inhibition with higher concentrations. These
findings indicate that rosemary oil serves as an effective antimicrobial agent against Candida species.

In light of these results, it is recommended that traditional herbal plant practitioners and botanists consider
incorporating rosemary oil for its antifungal properties in their practices. It is crucial for them to be mindful of the
diverse compounds present in rosemary oil, including terpenes and phenolic compounds, which may contribute to
its antifungal activity. Additionally, acknowledging the antioxidant properties of rosemary oil is essential, as they
may play a role in limiting fungal growth. Furthermore, practitioners should be well-informed about the various
essential oils examined in the study and their respective Minimum Inhibitory Concentrations (MICs), aiding them in
selecting the most suitable essential oil for their specific requirements. Based on the study results, there is potential to
formulate a dressing material or ointment utilizing rosemary oil due to its demonstrated antifungal properties. The
ointment should contain Rosemary oil as the active ingredient, as well as other compounds found in Rosemary oil,
such as terpenes and phenolic compounds, which may also contribute to its antifungal activity. Additionally, the
ointment should contain other essential oils tested in the study, and their respective Minimum Inhibitory
Concentrations (MICs), as this may help to determine which essential oil is best suited for the particular needs.
Furthermore, the ointment should also contain antioxidant properties, which may help to reduce the growth of
fungi.

CONCLUSION

In summary, the outcomes of this study suggest that Rosemary oil stands out as the most potent essential oil against
the fungi under examination, displaying an MIC of 62.5 ul or higher. This aligns with findings from other research
highlighting Rosemary oil's efficacy against various fungi, including Candida albicans, Candida tropicalis, and Candida
keyfr. The presumed mechanism of action for Rosemary oil involves its antimicrobial properties, believed to disrupt
fungal cell membranes and induce cell death. Moreover, Rosemary oil comprises diverse compounds, including
terpenes and phenolic compounds like rosmarinic acid and carnosic acid, known for their antifungal activity. These
compounds are theorized to impede fungal cell growth by disrupting cell membranes, hindering nutrient uptake,
and inhibiting enzymes crucial for synthesizing fungal cell wall components such as chitin. Additionally, the
antioxidant properties of Rosemary oil may contribute to limiting fungal growth. Consequently, Rosemary oil
emerges as a valuable and effective antifungal agent, warranting consideration in the treatment of fungal infections.
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RECOMMENDATION

Based on the results of the study, it is recommended that Rosemary oil be used as an antifungal agent due to its high
Minimum Inhibitory Concentration (MIC) of 62.5 pl or higher. The mechanism of action of Rosemary oil is likely due
to its antimicrobial properties, which are thought to work by disrupting the cell membranes of the fungi, leading to
cell death. Additionally, Rosemary oil contains a variety of compounds, including terpenes and phenolic compounds
such as rosmarinic acid and carnosic acid, which have been shown to possess antifungal activity. These compounds
are thought to inhibit the growth of fungal cells by disrupting the cell membrane, thereby preventing the uptake of
essential nutrients, as well as inhibiting the activity of enzymes involved in the synthesis of fungal cell wall
components, such as chitin. Furthermore, Rosemary oil has also been shown to have antioxidant properties, which
may help to reduce the growth of fungi. Therefore, it is recommended that Rosemary oil be used as an antifungal
agent due to its high MIC and its potential to disrupt the cell membranes of fungi, inhibit the uptake of essential
nutrients, and reduce the growth of fungi.

FUTURE STUDY

Future studies should focus on determining the exact mechanism of action of Rosemary oil against fungal cells, as
well as investigating the effects of other essential oils on fungal growth. Additionally, further research should be
conducted to determine the most effective concentrations of essential oils for inhibiting the growth of fungal cells.
Furthermore, studies should be conducted to assess the safety and efficacy of essential oils in the treatment of fungal
infections in humans. Finally, studies should be conducted to investigate the potential synergistic effects of
combining different essential oils to enhance their antifungal activity.

ACKNOWLEDGEMENTS

The authors would like to thank the Director of Microlabs at the Institute of Research and Technology in Vellore,
Tamil Nadu, India, for generously providing the necessary facilities for conducting this research. Additionally, their
assistance in evaluating antimicrobial activity is greatly appreciated.

DECLARATIONS

Ethics approval Not applicable.
Consent to Participate Yes. All authors agreed to participate in this research.
Consent for publication Yes. All authors have approved the last version of the manuscript for its submission.

Author Contribution

D.N: Conducted GC-Ms analysis and formal analysis. M.S.: Performed computational analysis and visualization.
S.P.: Collected and processed plant material and assessed antimicrobial activity. B.G.: Contributed to experimental
design, provided guidance, and executed the experiment. B.C.: Took responsibility for writing the original draft, as
well as reviewing and editing.

Funding No funding and worked with online and freely available software’s.
Conflict of interests The authors declare that they have no conflict of interests.

Availability of data and materials All the data generated or analyzed during this study are included in this article.

74654




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Balasubramanian et al.,

REFERENCES

10.

11.

12.

13.

14.

15.

Murthy, H. N., Yadav, G. G., Kadapatti, S. S., &Sandhya, M. (2023). Phytochemical Analysis, GC-MS
Identification of Bioactive Compounds, and In Vitro Antioxidant Activities of Resin of Garciniaindica
(Thouars) Choisy. Applied Biochemistry and Biotechnology, 1-13.

Thakur, R. K., Singh, M., Patra, S., Biswas, P. K., &Bhowmik, A. (2023). Phytochemicals Identification Using
GC-MS in Four Extracts of Fruit Peels and Enactment of Extracts Against Pseudomonas Aeruginosa
MZ269380. Waste and Biomass Valorization, 1-15.

Kakaraparthi, P. S., Srinivas, K. V. N. S,, Kumar, J. K., Kumar, A. N., Rajput, D. K., &Anubala, S. (2015).
Changes in the essential oil content and composition of palmarosa (Cymbopogon martini) harvested at
different stages and short intervals in two different seasons. Industrial Crops and Products, 69, 348-354.
Alyousef, A. A. (2021). Antifungal Activity and Mechanism of Action of Different Parts of Myrtuscommunis
Growing in Saudi Arabia against Candida Spp. Journal of Nanomaterials, 2021, 1-10.

Rathore, S. K., Bhatt, S. H. A. S. H. A. N. K,, Dhyani, S., & Jain, A. (2012). Preliminary phytochemical screening
of medicinal plant Ziziphus mauritiana Lam. fruits. International Journal of Current Pharmaceutical Research,
4(3), 160-162.

Yokomatsu, T., Murano, T., Umesue, I, Soeda, S., Shimeno, H., & Shibuya, S. (1999). Synthesis and biological
evaluation of «a, a-difluorobenzylphosphonic acid derivatives as small molecular inhibitors of protein-
tyrosine phosphatase 1B. Bioorganic & medicinal chemistry letters, 9(4), 529-532.

Budziarek, R., & Spring, F. S. (1953). 199. Steroids. Part VIIL 22: 23-Dibromo-9&: 11a-dihydroxyergostan-33-yl
acetate and related compounds. Journal of the Chemical Society (Resumed), 956-959.

Gongalves, H. C,, Jorge, W., &Cury, P. R. (1992). Distribution of a Robertsonian translocation in goats. Small
ruminant research, 8(4), 345-352.

Suhr, K. I., & Nielsen, P. V. (2003). Antifungal activity of essential oils evaluated by two different application
techniques against rye bread spoilage fungi. Journal of Applied Microbiology, 94(4), 665-674.

Angioni, A., Barra, A., Cereti, E., Barile, D., Coisson, J. D., Arlorio, M., ...&Cabras, P. (2004). Chemical
composition, plant genetic differences, antimicrobial and antifungal activity investigation of the essential oil
of Rosmarinusofficinalis L. Journal of agricultural and food chemistry, 52(11), 3530-3535.

Ozcan, M. M., &Chalchat, J. C. (2008). Chemical composition and antifungal activity of rosemary
(Rosmarinusofficinalis L.) oil from Turkey. International journal of food sciences and nutrition, 59(7-8), 691-
698.

Cosié, J., Vrandeci¢, K., Posti¢, J., Jurkovi¢, D., &Ravli¢, M. (2010). In vitro antifungal activity of essential oils
on growth of phytopathogenic fungi.Poljoprivreda, 16(2), 25-28.

Matsuzaki, Y., Tsujisawa, T., Nishihara, T., Nakamura, M., &Kakinoki, Y. (2013). Antifungal activity of
chemotype essential oils from rosemary against Candida albicans.

da Silva Bomfim, N., Nakassugi, L. P., Oliveira, J. F. P., Kohiyama, C. Y., Mossini, S. A. G., Grespan, R,, ...
&Machinski]r, M. (2015). Antifungal activity and inhibition of fumonisin production by Rosmarinusofficinalis
L. essential oil in Fusariumverticillioides (Sacc.) Nirenberg. Food chemistry, 166, 330-336.

Liu, Q., Meng, X,, Li, Y., Zhao, C. N,, Tang, G. Y., & Li, H. B. (2017). Antibacterial and antifungal activities of
spices. International journal of molecular sciences, 18(6), 1283.

Table 1: Qualitative phytochemical analysis of rosemary oil

Phytocompounds Rosemary oil

Acids

Alkaloids

Anthocyanins and Betacyanins -

Carbohydrates

Cardiac Glycosides
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Coumarins

Flavonoids

Glycosides

Phenols

Proteins

Quinones

o IR IR IR IR I I

Saponins

Starch -

Steroids

Tannins

+ |+ |+

Terpenoids

Triterpenoids +

Whereas, + denotes presence of phytocompounds and — denotes absence of phytocompounds

Table 2: Zone of inhibition of rosemary oil against selected fungi

Fungal culture Zone of inhibition (mm)
25 ul 50 ul 75 ul
Candida albicans | 16.33+1.15 | 16.33£1.15 19.66+0.55
Candida tropicalis | 15.33+2.01 | 17.33+2.07 18.33+2.62
Candida keyfr 15.66+1.33 | 17.66+2.82 19.33+0.22

Values are mean + S.E. of three individual observations.
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Fig. 1: GC-MS Chromatogram of Rosemary oil

Fig. 2: Minimum Inhibitory Concentration (MIC)
of rosemary oil against selected fungi (A- Candida
albicans, B-Candida tropicalis, and C-Candida

keyfr)
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Fig. 3: Antifungal activity of rosemary oil against A- Candida albicans, B-Candida tropicalis and C-Candida keyfr
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ABSTRACT

Self-medication is a global phenomenon and potential contributor to human pathogen resistance to antibiotics.

Self-medication is the selection and use of non-prescription medicines by individuals’ own initiatives to treat
self-recognized illnesses or symptoms. It is practiced significantly worldwide even though its type, extent and
reasons for its practice may vary from person to person. While its prevalence varies among individuals and
regions, it poses significant challenges, particularly among young adults. Self-medication with allopathic
drugs can lead to severe health complications, including antibiotic resistance, skin problems, hypersensitivity
reactions, and allergies. Overuse and misuse of antibiotics, in particular, contribute to the global challenge of
antibiotic resistance, making infections harder to treat. This study examines the reasons for the usage,
symptoms, causes, and potential solutions related to self-medication involving allopathic drugs. The primary
data were collected through a structured tested questionnaire. This Descriptive study was conducted on 160
College students in chengelpet district. Secondary data were collected from a number of journal article, books
and websites. The research used under probability, simple random sampling method. The statistical tools for
analysing the data are, analysis of variance, chi-square. Results of the analysis and findings have been stated
along with suggestions and conclusions.In conclusion, self-medication involving allopathic drugs is a global
concern with potentially severe health consequences. Raising awareness, promoting responsible drug use, and
advocating for professional medical advice are key steps to mitigate these issues. Exploring herbal remedies as
responsible self-care alternatives is also essential.
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INTRODUCTION

Self-medication is a common practice where individuals diagnose and treat their own health issues without
consulting a healthcare professional. While it may seem convenient and cost-effective, self-medication carries
inherent risks and potential complications that can be detrimental to one's health. In this discussion, we will explore
the concept of self-medication, the associated risks, and some remedies to mitigate those risks. Self-medication refers
to the practice of treating one's own health condition without consulting a healthcare professional. While it may
seem convenient and cost-effective, self-medication carries several risks that can have detrimental effects on one's
health. This article will explore the risks associated with self-medication and discuss potential remedies to mitigate
these risks. One of the main risks of self-medication is misdiagnosis. Without proper medical knowledge and
expertise, individuals may incorrectly identify their health condition or mistake the symptoms for a different illness.
This can lead to the wrong choice of medication or even worsen the underlying problem. Misdiagnosis can have
serious consequences, especially in cases where the condition requires immediate medical attention. Another risk is
the misuse or abuse of medications. Some individuals may resort to self-medication for non-medical purposes, such
as getting high or relieving stress. This can lead to a reliance on certain drugs, potentially resulting in addiction or
severe side effects. Additionally, self-medication often involves incorrect dosages and incorrect usage of medications,
which can lead to adverse reactions or complications. Furthermore, self-medication can delay the appropriate
treatment for certain health conditions. Some ailments may require a specific course of treatment that can only be
determined by a healthcare professional. Self-medication may temporarily relieve symptoms but ultimately mask the
underlying problem, delaying or preventing proper diagnosis and treatment. To mitigate the risks associated with
self-medication, there are several remedies that individuals can adopt. Firstly, it is essential to seek professional
medical advice before initiating any self-treatment. A healthcare professional can accurately diagnose the condition,
prescribe appropriate medications, and provide guidance on proper dosage and usage. Moreover, individuals
should educate themselves about the potential side effects and interactions of medications. Reading the package
inserts and informational brochures is crucial to understanding the risks associated with specific drugs. Additionally,
one should strictly adhere to recommended dosages and usage instructions to prevent the misuse or abuse of
medications. Developing a responsible attitude towards self-care is also vital. If symptoms persist or worsen despite
self-medication, seeking medical attention becomes imperative. Recognizing the limits of self-medication and
understanding when professional help is needed can prevent furthercomplications and ensure proper treatment.

METHODS AND MATERIALS

v" Research approach : Survey method.

v Type of research : Descriptive

v" Source of data : Primary and Secondary data.

v’ Sample size : 160 Respondents.

v" Mode of data collection : Google forms

v' Data collection instrument : Questionnaire.

v Sampling method : Convenience sampling

v TargetAudience : Students of Arts, Science and Engineering
v Statistical tools used : T-test, Mann-whitney,Kruskal Wallis Test
v’ Statistical software : Statistics Kingdom
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RESULTS AND DISCUSSION

The Main purpose of this study is to investigate the reasons, symptoms, causes, and potential solutions related to
self-medication practices involving allopathic drugs among young adults.

Risk of using self-medication
1. Misdiagnosis 2. Incorrect dosage 3.Drug interactions 4.Masking of symptoms 5.Addiction and dependence
6.Allergic reactions?.Ineffective Treatment 8. Adverse Reactions 9. Delayed or missed medical intervention

Objectives of the study:

Primary Objective:

The main purpose of this study is to find out the risk incurred in consuming allopathy drugs without the
consultation of physicians and measures to avoid self-medication practice among college students.

Secondary objective:

1. To study the demographic profile of the respondents

2. To find out the factors that influences the students to take self-medication

3. To find out the various reasons for preferring the self-medication among students.

4. To identify the symptoms and side effects faced by the respondents after taking the self-medicine.
5. To suggest the measures to avoid self-medication

Limitations of the study:

1. Since this research is carried out with the college students in chengelpet district, the results may not be generalised
to other districts.

2. This study has not done any Clinical, Laboratory test and experiments.

3. Medical, Dental and Paramedical college students are not considered for this study.

4. No comparative study has done.

LITERATURE REVIEW

The COVID-19 pandemic led to an increased reliance on Google searches for medications, fostering a growing
tendency towards self-medication among the public [1].The research indicates that there is a significant level of self-
medication among healthcare students, with about half of them showing a good understanding and perception of
self-medication practices. The main motivation for self-medication seems to be the belief that it can effectively
address minor health issues. This highlights the importance of promoting responsible self-medication practices
through formal training for these future healthcare professionals, aiming to prevent potential widespread negative
consequences[2].Self-medication can be cost-effective, easing the financial strain on both the government and the
healthcare system while also alleviating the pressure on insurance companies when it comes to settling
claims[3].Self-medication was practiced by over two-thirds of the study participants, with factors such as residing in
urban areas, having access to private pharmacies, and being in advanced study years showing a positive correlation
with this practice [4].A widespread effort is needed to inform the public about both the advantages and
disadvantages of self-medication, which can help better regulate this practice[5].

Mann-Whitney

Two sample mann-whitney u, using Normal distribution (two-tailed) (validation)the value is 0.000 it is less than 0.05
at the 5% level of significance so the null hypothesis (HO) is rejected and the alternative hypothesis (H1) is accepted.
There is a significant difference between male and female usage of self-assisted medicines.
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Kruskal Wallis Test ANOVA for Non Parametric

Two sample kruskal wallis test, using Normal distribution the value is 0.000 it is less than 0.05 at the 5% level of
significance so the null hypothesis (HO) is rejected and the alternative hypothesis(H1) is accepted. There is a
significant difference between age group, preference for self-medication and risk awareness regarding self-
medication practices

Major findings
1. Itis observed that around (71.7%) of the respondents are in less than 20 years of age group and 28.3% are above
20 years.

2. Itis noted that most of the respondents (55%) are male and (45%) are female.

3. The study reveals that 67.2% of the respondents Arts Stream, 12.2% are engineering students, and 11.7%of the
respondents are from science .

4. TItis observed that 53.9% of the respondents are UG students and 46.1% are PG Course.

5. Result reveals that as far as the residence of the respondents 58.3% are from City, 27.2% are from town and 14.4%
are from villages.

6. Itis found from the result of taking self-medicines 37.8% of students takes cough syrup,28.9% use Antibiotics and
22.2% of respondents consume pain killers

7. Itis found from the result that as far as the reasons for self-medication 41.1% says for Cough and cold, 27.2% of
respondents says for fever and 18.3% of respondents takes self-medicine for head ache.

8. Regarding the influencers of self-medication 35.6% of respondents say previous prescription, 31.1% respondents
says by family members and 17.2% respondents are fear of going to hospital.

9. Regarding the problems faced after self-medication 67.2% of respondents feels very tired, and 21.7% says
Drowsy.

10. Considering the awareness about the Various Consequences of taking self-medication 36.1% says they are aware,
24.4% are somewhat aware 22.8%are fully aware.

Suggestions and alternative remedies

The practice of self-medication, characterized by individuals treating self-recognized illnesses or symptoms with
non-prescription medicines, poses significant challenges globally. However, exploring alternative remedies offers
promising solutions to mitigate the risks associated with self-medication, particularly with allopathic drugs. The
three prominent alternative remedies: herbal medicine, homeopathy, and Traditional Chinese Medicine (TCM),
provide natural and holistic approaches to health that may complement or even replace allopathic treatments. Herbal
medicine, deeply rooted in traditional practices, utilizes natural plant extracts for therapeutic purposes. Three
notable examples include ginger, echinacea, and turmeric. Ginger is renowned for its anti-inflammatory and
digestive properties, effectively alleviating nausea and indigestion[6]. Echinacea is commonly used to boost the
immune system and fight infections, reducing the severity and duration of cold symptoms[7].Turmeric, with its
potent anti-inflammatory and antioxidant properties, is employed to manage various conditions such as arthritis and
digestive issues[8]. Homeopathy, operating on the principle of "like cures like," employs highly diluted substances to
stimulate the body's innate healing mechanisms. Key aspects of homeopathy include individualized treatment
tailored to match the patient's specific symptoms and constitution and minimal side effects due to the highly diluted
nature of remedies. While the scientific evidence supporting homeopathy remains controversial, some studies
suggest its potential efficacy[9]. A systematic review published in the British Homeopathic Journal found positive
outcomes for homeopathic treatment in respiratory conditions [10].Traditional Chinese Medicine (TCM) adopts a
holistic approach to health and well-being, incorporating various modalities such as acupuncture, herbal medicine,
and qgigong. Key features of TCM include balancing the flow of gi within the body to promote health and prevent
illness and prescribing complex herbal formulations tailored to individual patterns of disharmony. Research
supports the efficacy of TCM in managing various conditions. For instance, a meta-analysis published in the Journal
of Pain and Symptom Management found acupuncture to be effective in reducing chemotherapy-induced nausea
and vomiting[11].
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The present study is concerned; exploring alternative remedies for responsible self-medication presents viable
solutions to the global challenge of self-medication with allopathic drugs. Herbal medicine, homeopathy, and
Traditional Chinese Medicine offer natural, holistic approaches to health that may complement or even replace
allopathic treatments. While each remedy has its unique principles and practices, they share common themes of
individualized treatment and minimal side effects. However, it is essential to approach alternative remedies with
caution, seeking professional guidance when necessary and considering individual circumstances and preferences.
By promoting awareness of alternative remedies and advocating for responsible self-care practices,to safe guard
young students from various diseases and dangers and also we can mitigate the risks associated with self-medication
and foster a healthier society.
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ABSTRACT

Enteric viruses are the major contaminants of water and their prevalence in environmental water is seen throughout
the world. Adenoviruses, along with Rotaviruses, are among the most prevalent viruses that cause gastroenteritis in
children. Infants and young children are more likely to be infected by adenovirus than teenagers. Correlating the
virus shedding patterns in stools and the presence of Adenovirus in sewage makes them a potential candidate to be a
direct viral indicator for faecal pollution. 22% of the 361 stool samples randomly collected were positive for the
Adenovirus, regardless of whether treated or untreated adenovirus was observed in most of the samples processed
from the Chennai city's 5 major sewage treatment plants.Since most of the enteric viruses escape the treatment
procedures and chlorination they may be present in the potable water which increases the risk of viral infection.
Apart from other enteric virus indicators, Adenovirus clears all the aspects to be an indicator and it is the only DNA
virus in the group so it can be diagnosed easily making them the potential viral indicator for faecal pollution.

Keywords: Adenovirus, Viral Indicator, Virus shedding in stool, Sewage treatment, Adenovirus F subgroup,
Serotype 40 and 41, gastroenteritis, Stool sample

INTRODUCTION

Having access to clean drinking water was one of the challenges of public health in the 20th century. We have more
experience completing risk assessments for microbiological diseases than for chemicals, despite the fact that methods
for evaluating chemical risks have been used extensively for over 40 years. Novel methods for quantitative risk
assessment are necessary due to the distinctions in the environmental fate, transport, and pathogen city of chemicals
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and pathogens [1].Waterborne infections are becoming a global problem in drinking water due to their capacity to
cause significant morbidity and mortality. The spread of diseases is facilitated, particularly in developing countries,
by inadequate sanitation, safe drinking water, and funding for water treatment. Viruses are a major cause of water-
related disease; over 100 types of pathogenic viruses are excreted in human and animal wastes. In addition to their
virulence and strong resistance to inactivation, viruses are particularly concerning as water pathogens due to the
paucity of current information. The most common inhabitants of aquatic environments are enteric viruses which
may be introduced through contamination from human and animal excreta [2]. Enteric viruses pose more danger as
they are difficult to be eliminated by the routine treatment methods and they have been isolated in the contaminated
drinking water source linked to outbreaks [3, 4].

Adenovirus is one of the most studied enteric viral infections in environmental fluids, and it is resistant to many
drinking and wastewater treatment techniques. Diarrhoea causes 1.58 million deaths worldwide each year due to
inadequate water supply, sanitation, and poor hygiene, with viruses accounting for a significant portion of these [5].
Their prevalence has been reported in environmental waters including Seawater, Swimming Pools, Rivers and
Drinking water [6, 7, 8, 9].Adenoviruses can be excreted in the stool for months or years after an acute infection,
indicating that they can cause chronic infections [10]. The adenoviruses most frequently associated with
gastroenteritis are those of subgroups A (12, 18 and 31) and F (40 and 41) and these strains of subgroup A and F are
referred to as enteric adenoviruses (Eads) [11]. Many parts of the world have documented cases of acute diarrheal
disease in young infants linked to enteric adenoviruses, particularly those in subgroup F [12, 13].

Most of the countries still rely solely on the bacterial indicators such as faecal coliforms and total coliforms to assess
the quality of water and it fails to reflect the risk of viral pathogens. The prevalence of enteric viruses are in
compliance with the other bacterial indicators in the regions of outbreaks. These enteric viruses overcome the
drawback of using coliforms as they cannot multiply in the environmental water and also they are host-specific
unlike the present indicators shed from both animal and human faeces [14,15,16]. Human adenovirus is one of the
current contaminant candidate list and due to their resistance to UV than any other enteric virus family members.
The challenges in using viral indicators are direct identification by molecular methods such as PCR and the
adenovirus are the only members of the enteric virus family to have DNA is an added advantage to use them as
indicators. The PCR method previously studied are all targeting the hexon region of the viral genome [17,18,19]
which has been considered a highly conservative region for the reliable detection of adenovirus. Our results
evidenced by the data of virus shedding in stool samples and the sewage treatment plants from the Chennai area
suggests that HAdvs can be considered as a potential viral indicator for faecal contamination in any region.

MATERIALS AND METHODS

Materials

All chemicals used for the buffer preparations were of analytical grade and applied without further
purification.Primers hexldeg (5"-GCCSCARTGGKCWTACATGCACATC-3") and hex2deg (5™
CAGCACSCCICGRATGTCAAA-3"), were used to amplify 301 bp product [20]. Primers AdF1 (5'-
ACTTAATGCTGACACGGGCAC-3’) and AdF2 (5-TAATGTTTGTGTTACTCCGCTC-3), were used to amplify 541-
586 fiber gene product for AdF subgroup [21].

Concentration of samples for virus

Sewage: UAPB GAC method [22]was used for the concentration of Sewage. The samples were collected by passing a
minimum of 10 litres of seawater or 1 litre of Sewage through GAC (Granular Activated Charcoal Carbon). The pH
of the sewage samples was reduced to 3.0 with 1IN HCI, and 0.0005 M AICI3 was added before passing the samples
through a 0.45um pore size Millipore HA type cellulose nitrate membrane filter. 50 ml of UAPB buffer (pH 9.0) is
used to elute the samples followed by re-concentration using 1M MgClz (5ml) in stirring condition. The precipitate
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was collected through centrifugation at 5000xg for 30 min and the resulting pellet was suspended in 4ml of
Mcllvaines buffer (pH 4.0). Again the suspension was further concentrated using a syringe filter containing 0.45um
membrane filter. 5 ml of UAPB was used to elute the adsorbed viruses and 50 pl of 1 M MgCI2 was added to the
eluate to precipitate it. Again centrifuged for 30 min at 7000 rpm and the resultant pellet was suspended in 500 pl of
Mcllvaines buffer

Stool: 10% preparations of stool samples in PBS were vortexed and centrifuged for 15 min at 5000 rpm to get a
clarified sample.

Extraction of DNA

500ul of CTAB buffer was added to clarified samples along with the one-tenth volume of PCI (Phenol Chloroform
Isoamyl alcohol), Vortexed well and centrifuged at 6000xg for 20 minutes. Twice the volume of absolute Ethanol was
added to the clear supernatant which was transferred to another tube and incubated overnight at -20°C. The samples
were then centrifuged at 12000xg for 30 min under 4°C in a cooling centrifuge. The pellet was washed with 70%
ethanol twice and dried. The pellet was re-suspended in 50 to 100ul of TBS buffer and stored at -20°C [22].

PCR Amplification conditions

A PCR reaction mixture of 25 pl containing 2 ul of DNA from the sample, 12.5 pl of 2X red dye PCR master, and 0.5
UM each of the primers. In a Lark Gradient Thermal cycler, PCR reactions were run at 94°C for 5 minutes, then 40
cycles of 94°C for 45 seconds, 57°C for 1 minute, and 72°C for 1 minute, with a final 72°C for 7 minutes. Agilent 2100
Bio-analyzer (DNA 1000 chip) and gel electrophoresis were used to confirm the 301 bp PCR product

RESULTS AND DISCUSSION

Adenovirus shedding in stool samples

Shedding of Adenovirus (Figure I and Table I) in 22% of the 361 stool samples were observed and nearly half of them
(11%) belong to the F subgroup. Even though the diarrheal cases were found to be more positive for the shedding (52
out of 217) normal persons also sheds viral particles in their stool samples (28 out of 114) but the occurrence of the F
subgroup varies in diarrheal stool positives and healthy stool positives for adenovirus. Only 32% of the positive stool
samples from healthy members were found to have an F subgroup whereas 61.5% of the positive samples from
diarrheal patients were diagnosed to have an F subgroup adenovirus (Figure II). The shedding of Ad40 and 41 was
more in diarrheal cases predicting their potential ability to cause gastroenteritis. Earlier Allard [23] reported
adenovirus in children's diarrheal stools, suggesting that adenovirus particles are frequently excreted in stools
without being recognized as the illness's primary cause. This type of ignorance results from the fact that
opportunistic pathogens are thought to be the cause of gastroenteritis, which is rarely lethal.

Distribution of Adenovirus in different age groups

The importance for enteric adenoviruses acquired their present state is due to the fact that they are the second most
common viral agents to cause acute gastroenteritis in children next to Rotaviruses. Among the samples collected
from the age group below 5 years 26% were diagnosed to have adenoviral particles and also the samples collected
from elder people above 50 years showed 30% positive for the presence of enteric adenoviruses. In the elders
occurrence of the F subgroup among positive samples was about 25% only but 65% of the positive samples were
having the F subgroup in children below 5 years (Figure III).

Statistical analysis

As there were very less influential factors only two factors were considered for the statistical analysis, the diarrheal
factor and the age factor. The 11 variables were identified to run the correlation for the diarrheal factor. In Table II
diarrheal positives were correlating with the total positives in both Total Adenovirus and Subgroup F cases. This
predicts that diarrhea has a major influence on the shedding of viral particles. The dendrogram (Figure IV) distance
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cluster also predicts the same where diarrheal samples were very near to the total positives. The distant analysis was
made to relate the age factor. In the total adenoviruses, the age group below 5 years is placed in a single cluster along
with 5 to 15 and above 50 years whereas in the subgroup F case, only below 5 years and 5-15 years are placed in a
single cluster and the age group above 50 is placed farther. From these dendrograms, (Figures V and VI) it was
understood under the age of 15 shedding of subgroup F is more or they are more prone to infection by the
adenovirus F subgroup. Individuals above 50 were also at risk of getting infected by Eads other than the F group.

Sewage:

Optimisation of pH for the concentration of Adenovirus

The role of pH is very important in adhering of viral particles to the Granular activated charcoal carbon (GAC). The
yield of the virus particle is more at pH 3.0 when compared to others (Figure VII, VIII). When the water pH was 4.0
or higher, the recovery was extremely poor, possibly due to the virion's insufficient positive charge to allow
adsorption. Favier [24] projected that the isoelectric points (pl values) of the key virion surface proteins hexon,
penton base, long fiber (head), and short fiber (head) would be 5.49, 5.75, 7.51, and 9.31, respectively.Wu [25] also
achieved a greater yield of Adenovirus at pH 3.5 in the Membrane filtration method. In this study, the recovery of
viruses were poor above pH 4.0 complementing his studies where he recorded the same above pH 4.5 in membrane
filtration technique. The present study has the advantage of processing large-scale samples which cannot be possible
by membrane filtration also the GAC can be used for turbid samples like sewage which is practically not possible on
membrane filters.

Detection of Adenovirus by PCR

Sampling was done at the same place twice in 4-month intervals. In the first sampling, only Nesapakkam
station’s treated sample and in the second sampling Villivakkam station's treated samples were negative. Only 2 of
the total samples collected were negative for adenovirus (Table III). The result shows the inability of the treatment
procedure to remove viral particles and predicts the risk of contaminating the surface water where the treated
sewage was reused. This study's report of adenoviruses in final effluent complements prior research that has shown
the prevalence of adenoviruses in treated sewage[26, 27]. Human adenoviruses (HAdVs) are more prevalent in
sewage than other enteric viruses [28], and they are discharged in high amounts by infected people [29].The presence
of adenovirus indicates a link between environmental and clinical viral isolates in a given year in certain geographic
locations [30].

Nucleotide sequence analysis

The accession numbers for the adenovirus 40 and 41 sequence submitted to Gen Bank were KR001864 and
KR001865.The phylogenetic trees (Figure XI)predict the relation between the sequences from the study with the
respective serotypes fiber region. The phylogenetic tree of this study, 41 isolate is closely related to the strains
isolated in New York. Sequences of serotype 40 showed some close relationship with 41 fiber region also but
clustered separately. This answers the difficulty of differentiating the two serotypes.

CONCLUSION

The report on the stool sample analysis showed that many asymptomatic individuals also shed the viral particles in
their feces along with the diarrheal patients but they were not diagnosed or treated for viral agents. Also, occurrence
of F subgenera was also observed which has not been reported to date in southern parts of India.Regardless of
whether treated or untreated adenovirus was observed in most of the samples processed from Chennai city's 5 major
sewage treatment plants correlates with viralshedding. Also, the present treatment protocols were ineffective in
removing the viral pathogens although they successfully removed the bacterial pathogens and this makes us rethink
about the water quality based only on the fecal indicator bacteria and Bacteriophages.
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Table 1. Stools sample Results for Adenovirus and its subgroup F
Age Diarrheal Positive for Positive for F Healthy Positive for Positive for F
group samples Adenoviruses subgroup Samples Adenoviruses subgroup
Oto5 78 24 18 32 5 1
5to 15 43 11 8 45 10 6
16 to 30 52 7 3 18 2 0
31 to 50 16 0 37 7 2
>50 28 8 3 12 4 0

Table 2. Correlation table between stool samples

Total Total F | Diar Adeno | Diar F | Norm_Adeno | Norm_F

Pearson Correlation 1 .592 929" 641 .761 .072

Total Sig. (2-tailed) 293 .023 244 136 908
N 5 5 5 5 5 5

Pearson Correlation .592 1 .799 968" .027 .519

Total_F Sig. (2-tailed) 293 .105 .007 .966 371
N 5 5 5 5 5 5

Pearson Correlation .929° .799 1 .869 496 .105

Diar_Adeno Sig. (2-tailed) .023 .105 .055 .396 .866
N 5 5 5 5 5 5

Pearson Correlation .641 968" .869 1 .057 320

Diar_F Sig. (2-tailed) 244 .007 .055 928 .600
N 5 5 5 5 5 5

Pearson Correlation .761 .027 496 .057 1 .026

Norm_Adeno Sig. (2-tailed) 136 .966 .396 928 967
N 5 5 5 5 5 5
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Pearson Correlation .072 .519 105 .320 .026 1
Norm_F Sig. (2-tailed) .908 371 .866 .600 .967
N 5 5 5 5 5 5
*. Correlation is significant at the 0.05 level (2-tailed).
Table 3. Adenovirus presence in Sewage Treatment Plants
S.No | Sewage Treatment Plant Raw se'wage (Influent). Treated .sewage (Efﬂuertt)
1st Sampling | 2" Sampling | 1st Sampling | 2" Sampling
1 Kodungaiyur + + + +
2 Villivakkam + + + -
3 Koyambedu + + + +
4 Nesapakkam + + - +
5 Perungudi + + + -
Total Stool Diarrheal Non Diarrheal
Samples Samples Samples

A

——F =1 i \
80
5
40
’° 7
o

Total Adenc  FSubgroup Total Adeno  FSubgroup  Total Adeno  F Subgroup

®<5 E5-15 B16-30 W31-50 m>50

Figure I Graphical representation of Adenovirus
positive and Negative from the collected stool samples

Figure II Comparison of Diarrheal samples and Non
diarrheal samples

€2

Mo, ofsamplas

O Negrtive B Positive FSubigrp

Dendrogram using Averages Linkage [Between Groups|
) DM ERster Comne
: i ® # 7

0

|

Figure III Distribution of Adenovirus in Different Age

Group

Figure IV Dendrogram for Adenovirus in relation to
Age factor
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Figure V Dendrogram for Adenovirus F subgroup in
relation to Age factor

Figure VI Dendrogram to relate healthy individuals
and diarrheal patient for the incidence of adenovirus
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Figure VII (a) Granular Activated Charcoal carbon
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ABSTRACT

The present study provides an analysis on the stem barks of selected species of the genus Terminalia L.,
growing in their natural habitats of Chittoor district of Andhra Pradesh, India. Bark morpho-anatomical
characteristic features are observed with authentified Botanical standardization techniques. The study
revealed that the anatomical structures and morphological features of barks are distinct to each species,
hence these characters can also be considered to support taxonomical classification of genus Terminalia L.,
up to species level and to distinguish adulterants of Terminalia barks in the market.

Keywords: Terminalia, Bark, Morpho-anatomy, Taxonomic key, Adulteration, Species identification.

INTRODUCTION

The genus Terminalia L comprises perennial, deciduous trees; belonging to the family Combretaceae distributed in
tropical and subtropical areas with about 250 species throughout the world. In India 24 species are recorded
(Srivastav, 2003). In Andhra Pradesh 8 species are recorded; in Chittoor district namely T.arjuna, T. bellarica, T.
cattapa, T. chebula, T. pallida, T. paniculata, T. tomentosa are recorded (Madhava Chetty et al., 2015). The bark of T.
arjuna and the fruits of T. chebula, T. bellarica, T. pallida are widely used in ayurvedic medical system since thousands
of years in India to alleviate cardiac and gastrointestinal problems(Amalraj and Gopi, 2017; Das et al., 2020; Thakur,
2021; Gupta et al., 2021; Bulbul et al.,2022). The famous ayurvedic drug “Triphala” contains the dried fruit powder of
T. bellarica, T. chebula and amla (Baliga et al., 2012; Peterson et al., 2017). The bark of T. arjuna has been used to cure
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ulcers and its ash is advised to treat snake bite and scorpion sting (Jain et al., 2009; Hebbani et al, 2021).The wood of
Terminalia is widely used for various purposes such as construction of houses, agricultural implements, furniture,
ship building, and manufacture of plywood. Anatomical characters along with morphological features might be used
in taxonomic delimitation of species where there is difficulty in species identification with morphological features
alone (Waly et al., 2020; Dmitry et al., 2021; Rahimi et al., 2022). The available literature reveals that many researchers
worked on wood anatomy of Terminalia (Gamble 1922; Ramesh Rao and Purkayastha 1972; Singh et al., 2013).
Guptha and Singh, (2005) prepared a key on the basis of microscopic characters of wood. Leaf anatomy of Terminalia
studied for delimitation of species (Akinsulire et al., 2018). Bark anatomy could be used as a tool for developing key
for species identification (Archer et al., 1993; Quilh¢ et al., 2020; Caccianiga et al., 2021). We hypothesize that bark
characters could be used for identification of some Terminalia species. The present work deals with the morphological
and anatomical characters of selected seven Terminalia species available in Chittoor district to prepare microscopic
characters based key using barks of Terminalia for their standardization.

MATERIALS AND METHODS

Plant materials are collected from their natural habitats in various parts of chittoor district. Terminalia arjuna, T.
bellirica, T. catappa (Botanical garden —1, 5.V.U. Campus) were collected from S.V. University Tirupati, T. pallida, was
collected from Talakona reserve forest, T. chebula, was collected from Horsley Hills, T. paniculata, was collected from
Tirumala forest, T. tomentosa was collected from Malayakonda of Thamballapalle village. The barks are collected
from the trees with trunk diameter more than 30 cm. about the age of 15 to 20 years. Barks are collected from normal
healthy plants in the size of 12cm X 6 cm wide from the trees at breast height (1.5 m from base). (Table: 1), The
collected samples are fixed in FAA (Formalin-5ml+ Acetic acid -5ml+ 70% Ethyl alcohol- 90ml) immediately. After 24
hrs of fixing, the specimens were dehydrated with grading series of tertiary- Butyl alcohol (Sass, 1958). Infiltration of
the specimens was carried by gradual addition of paraffin wax until TBA solution attained super saturation; then the
specimens were cast into blocks; next with the help of rotary Microtome (WESWOX-OPTIK, MT — 1090A) specimens
were sectioned in 50-500 microns to 1 mm thickness. Dewaxing of the sections was carried out according to Johansen,
1940. The sections were stained with Toluidine blue as per the method of O” Brien et al. (1964) along with safranin,
fast-green and IKI. Microphotographs were taken with Nikon labphoto 2 microscopic unit with the different
magnifications. Descriptive terms of the anatomical features are given according to Esau (1964).

RESULTS AND DISCUSSION

The external morphology of the barks of Terminalia is varied. Except T. arjuna, remaining all other species are
fissured with unequal surface; blaze of the barks are also considerably different before and after drying (Table- 1).
The external surface of the bark of the T. arjuna is smooth. Anatomically there are few common features in the barks
of Terminalia genus even though they are distinctly different from each other. In general the anatomy of the bark
consists of two distinguished zones like periderm/outer bark and inner bark. The outer bark comprises Phellem and
Phelloderm, inner bark consists of outer collapsed phloem and inner non-collapsed or secondary phloem. The
phellem is diverse in all the seven species of Terminalia’s studied. In T. arjuna, the bark exfoliates as layers due to
thin membranous phellem and also separation on tangential walls at particular region of the phellem (Fig.1 A).
Phelloderm is evident in T. Catappa, T. chebula, T. pallida, the cells are narrow and less prominent in T. catappa. The
phelloderm is absent in T. arjuna, T. bellirica, T. paniculata, T. tomentosa. The periderm of T. bellirica comprises
successive periderm cylinders which enclose some of the cortex held in between the periderm zones. It consists of
several successive layers of tubular cells that are arranged in compact parallel lines. The periderm is homocellular
and cell walls are suberized (Fig. 1 B, C). The periderm of T. cattappa is superficial and uniform in thickness with
wide and deep, boat shaped fissures (Fig. 1 D, E). The outer bark of T. pallida is compound structure comprising
outer first formed periderm and inner later formed periderm; in between these two periderm zones of cortical tissue
is present. The outer part of the bark consists of disintegrated, unorganized zone followed by well defined cell
layers. A group of cortical cells are included in the outer periderm at regular intervals, at the centre of the ridges of
the shell bark. The portion of the outer periderm where a mass of cortical cells are included is called shell bark (Fig.
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1F, G). The bark of T. paniculata at certain places the periderm splits horizontally and the lower part of the split
periderm grows further and encloses non-peridermous tissue; which becomes dead tissue after included in between
outer and inner periderm zone (Fig. 2 H, I). Three types of phloem rays viz., uni-seriate, bi-seriate and multi seriate
are present in T. catappa and T. arjuna. (Fig. 2 ], K). In T. pallida phloem rays are uni- and bi-seriate. T. bellirica, T.
chebula, T. tomentosa, and T. paniculata only uni-seriate type of phloem rays are present. Phloem rays are homocellular
in T. catappa and T. tomentosa. Sieve plates are simple and oblique except in T. catappa where they are compound,
oblique and appear as compound structure of 6 horizontal bars with wide pores in between the bars (Fig. 2 L).
Tannin bodies are present in non-collapsed phloem parenchyma of T. paniculata and collapsed phloem of T. chebula.
Calcium oxalate druses of different sizes are present in the barks of all plants in all regions (Table: 2). In T. tomentosa,
calcium oxalate druses are mixed with circular concentric bilum starch grains in the phloem parenchyma cells (Fig. 2
M). P- protein bodies are present in all the Terminalia species.

Bark anatomical key:
Phloem Sclerenchyma: Fibres
Crystal druses are prismatic type: Periderm single
Phloem rays Uni or multiseriate, Phloem fibres are libriform or gelatinous type;
Periderm single; Phellem tangential walls lignified; Sieve plate compound and oblique------------------- catappa
Phellem heterogenous:
Bark 15-18 mm thick. phellem comprises alternating layers of phelloid and phellem cells. Phloem

parenchyma cells contains tannin bodies; Phloem sclerenchyma- libriform fibres paniculata

Bark 15-20 mm thick. Collapsed phloem contains tannin bodies; Phellem comprises alternate layers of
narrow tubular cells and radially ablong rectangular cells, sclerenchyma consists- g-fibres chebula
Periderm single; Phellem homogeneous or heterogenous
Phloem rays are uniseriate, biseriate or multiseriate; phloem rays long tailed; ray cells filled with tannin;

macro druses sparse; Phloem sclerenchyma libriform arjuna

Phloem rays uniseriate, tail less. Tannin in the ray cells scanty; phellem heterogenous comprising alternate
layers of lignified phelloids and suberized phellem, Presence of starch in parenchyma cells; fibres-g fibres---------------
tomentosa

Periderm multiple; rhytidome; phellem heterogenous or homogenous; phellem rays Uniseriate;
Crystals druses smaller in size spherical reddish bodies, often seen in the phloem parenchyma; rays very
tall homogenous; fibres libriform bellirica

Druses abundant, large in size; spherical reddish bodies absent; ray cells short, heterocellular, fibres
libriform type, phelloderm well developed, presence of shell bark pallida

CONCLUSION

We conclude that the Morpho-anatomical findings done on barks of selected Terminalia species available in Chittoor
district revealed the significant distinction between the tissue differentiation, phloem of collapsed and non-
collapsed, periderm, crystal distribution, starch granules, tannin bodies, sieve plates position and structure and type
of phloem rays. These bark characters provided the taxonomical value for identifying and classifying the selected
phyto taxon based on their morpho and microscopic features. The above mentioned bark features in the key are
found to be diagnostic for their standardization and also detecting the adulteration of selected Terminalia species
available in Chittoor district of Andhra Pradesh.
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Table 1.Morphology of the barks of Terminalia

Name of the .. | Thickness Blaze
S,No Habit - - Surface texture
Plant (mm) Before drying After drying
Slightly yellowish
Pinkish grey grey Grey to whitish grey,
smooth
g | Terminalia | 0| 15220
arjuna
) Brownish- black grey / Ash
Yellow Yellowish brown colour, with longitudinal
Terminalia 08-10 flssures .
2 .. Tree
bellirica
Greyish red Reddish brown Greyish brown, wide and
deep, boat shaped fissures
g | Terminalia | o | 1518 = s
catappa 2,
Brownish ack, very thick
Slightly/Pale and shows deep narrow
yellowish brown fissures and irregular outer
T surface
4 Terminalia Tree 15-20 »
chebula

74676




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©OIJONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Manipalet al.,
o Brownish red Black, irregular wide,
Pinkish red deeply fissured, like
Terminali crocodile skin
5 CTImATA | Tree | 25-28 i A
tomentosa
Blackish grey, bark is rough
due to deep and wide
red . .
L ) irregular fissures
o | Terminalia | r oo | 1823
pallida
. Greyish black/Dark
Reddish grey Pale brown browndeeply fissured with
Terminali uneven surface
7 | Cemmalit e | 158 .
paniculata E

Table-2. Anatomical comparison of barks of Terminalia
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Fig: 2. A: TS of bark showing outer periderm and inner collapsed phloem (Pe : Periderm, PhSC :
Phloem sclerenchyma, SPh : Secondary phloem, TC : Tannin cell); B, C : Periderm zones enlarged (
Pe : Periderm, SC : Sclerenchyma); D, E : Periderm showing boat shaped fissures (CO : Cortex, Fi :
Fissure, Pe : Periderm, PhR : Phloem ray). F, G: showing outer bark of periderm (Forming shell bark),
outer bark exhibiting crushed outer periderm cells and inner intact phellem and phelloderm zones
(CO: Cortex, Pe : Periderm, Pd : Phelloderm, Pm : Phellem).
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Fig: 3. H, I: Outer part of the bark exhibiting fissured surface and deep seated periderm zone, Two periderm
zones closing non-periderm tissue in between (IPe : Inner periderm, Ope : Outer periderm, Pe : Periderm); J, K:
phloem exhibiting uniseriate, biseriate and multiseriate rays (PhP : Phloem parenchyma, PhR : Phloem ray, SE :
Sieve element, BR : Biseriate ray, MC : Multiseriate ray, UC : Upright cell, PC : Procumbent cell, UR : Uniseriate
ray); L: Compound sieve plate of the sieve tube (CSP: Compound sieve plate); M: Starch grains in the phloem
parenchyma cells under polarized light (SG: Starch grains)

74682




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

RESEARCH ARTICLE

Exploring the Evolution of Mobile Heath Across Diverse Healthcare
Domains: A Comprehensive Narrative Analysis

Kunika Jaiswal™* and AmalKumar Bhattacharya?

1Ph.D. Scholar, Department of Physiotherapy, Parul University, Gujarat, India.
?HOD, Department of Medicine, Parul University, Gujarat, India.

Received: 13 Feb 2024 Revised: 12 Apr 2024 Accepted: 22 May 2024

*Address for Correspondence
Kunika Jaiswal

Ph.D. Scholar,

Department of Physiotherapy,
Parul University, Gujarat, India.
Email: kunikanitro@gmail.com

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
7 NG (CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

In this growing world, the recent years have seen an increased usage of smartphones by healthcare
professionals as well as the general public. The developing technology has increased the smartphone in a
new technology that combines mobile communication and computation in a handheld-sized device,

facilitating mobile computing at the point of care. There is a growing body of evidence that demonstrates
the potential of mobile communications to radically improve healthcare services—even in some of the
most remote and resource-poor environments. This report examines at the heart of the rapidly evolving
intersection of mobile phones and healthcare. It helps the reader to understand latest trend of mHealth’s
scope and implementation across developing regions, the health needs to which mHealth can be applied,
and the mHealth applications that promise the greatest impact on heath care initiatives. It also examines
building blocks required to make mHealth more widely available through sustainable implementations
and requirement. Finally, it calls for concerted action to help realize mHealth’s full potential. This
narrative analysis is based on the extensive review of literature spanning diverse healthcare sectors. It
encompasses studies, reports and advancement related to Mhealth, sourced from reputable database and
journals. A computer-based literature search was done using the PUBMED, PUBMED CENTRAL, and
GOOGLE SCHOLAR. Relevant articles with a full text published in English between the years 2011 to
2021 were screened and included. Editorials, Commentaries, Discussion papers, Conference abstracts,
and Duplicates were excluded. We included primary studies that focuses on the topic, peer reviewed
publications (journals) with full-text articles. After the screening through 80 articles 19 relevant articles
were included in the review. The analysis reveals a dynamic landscape of Mhealth evolution,
showcasing its adaptability and transformative potential across the diverse healthcare domains. All the
literature reviewed suggested that in every field of medicine and health sectors there are usage of the
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mobile application. mHealth is increasing in every minute need of the person suffering from any of the
disease

Keywords: mobile apps (mHealth), healthcare

INTRODUCTION

According to WHO, mHealth is a component of eHealth. To date, no standardized definition of mHealth has been
established. The Global Observatory for eHealth (GOe) defines mHealth, or mobile health, for the purposes of the
study as medical and public health practices supported by mobile devices, such as PDAs, cell phones, patient
monitoring devices, and other wireless devices. The term "mHealth" refers to the utilization and monetization of a
mobile phone's basic features, such as voice and short messaging service (SMS), in addition to more sophisticated
features and applications, such as global positioning system (GPS), third- and fourth-generation mobile
telecommunications (3G and 4G systems), general packet radio service (GPRS), and Bluetooth technology [1]. There
are several types of mHealth apps developed for health purposes ranging from general health apps such as decision,
support, vitals, and reproductive health apps; through fitness apps for an activity tracker, nutrition tracker and
mindfulness [2] A distinct area of e-Health known as Mobile Health (m-Health) has arisen as a result of the
development of mobile communications and sophisticated networking technology. One of the m-Health services for
measuring and analyzing a mobile patient's biosignals on a continuous or periodic basis is mobile patient
monitoring. Biosignals are physiological signals that may be detected and seen from living things on a regular or
continuous basis. Galvanic Skin Response (GSR), Magneto Encephalo Gram (MEG), ElectroEncephaloGram (EEG),
and Electro Cardio Gram (ECG) are a few of the biosignals that are frequently measured. Measured biosignals may
be used to compute and deduce many additional metrics, including Heart Rate Variability (HRV) [3].

MATERIALS AND METHODS

A computer-based literature search was done using the PUBMED, PUBMED CENTRAL, and GOOGLE SCHOLAR.
Relevant

Inclusion criteria

1. Primary studies that focus on the topic

2. Peer reviewed publication (journals)

3. Studies which were written or published from 2011 to 2021

Exclusion criteria

1. Studies which were not in English.

2. Studies that were very short (less than 4 pages) and remove duplication.

3. Studies which are old from that 2011 were excluded.

4. Studies that assess user experience with some type of mHealth apps or gathering requirement.

DISCUSSION

The present review suggested that how the mobile application has been growing in every sector and every field of
the medicines. It also describes that how the normal individual and healthy adults and older people are getting
aware about the apps and those too mobile health apps in their day to day life. Furthermore discussing the 100
articles were sorted from the various fields, 80 were included according to the inclusion criteria. Which review of 19
articles was done according to the inclusion criteria and excluded the other according to the exclusion criteria.
Various fields have been covered accordingly like stroke, diabetes, post operative conditions, mental illness,
traumatic brain injury, corona, cardiac rehabilitation, chronic pain, medical emergencies, aging, primary dementia
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,heart rate, weight management, urinary incontinence, neurorehabilitation, physical medicine and rehabilitation,
gastroenterology, chronic illness, fitness and disabilities.

UI self-management may be aided by mobile health (mHealth) applications, or apps for short. Although there is
growing interest in the development of mHealth technologies to support patients with Ul Effective collaboration
between industry and research is needed to develop new user-centered mHealth apps that can empower patients
with UI [4]. The study highlights the current emphasis on the development of self-testing, quarantine monitoring,
and contact tracing apps for COVID 19. The review of the app functionalities revealed that information
dissemination regarding the preventative measures was the primary function of the majority of the existing apps in
India. Thus it is suggestive that even in the advancement of the growing world and disease like COVID 19 there are
apps [5]. Chronic pain is one of the major causes of disability in the general population. Although there are therapies
that are useful in lowering symptoms, these therapies frequently don't have reliable, long-lasting results. The
literature on mobile application-based treatments for non-cancer chronic pain patients and the efficacy as well as the
quality of the utilized apps suggest that apps-based treatment can be helpful in reducing pain, especially in the long-
term [6].

Although there is no evidence to support the usefulness of mobile health applications, which are used to treat
hypertension, smart phones and their applications are currently evolving quickly. To assess the impact of m-Health
apps on blood pressure control, medication adherence. M-Health applications are useful for managing hypertension;
they help improve blood pressure control and drug adherence. Maybe m-Health applications may be advertised for
controlling blood pressure [7]. Mobile health apps (MHAs) and medical apps (MAs) are becoming increasingly
popular as digital interventions in a wide range of health-related applications in almost all sectors of healthcare.
They offer potential for diagnostic and treatment advances in the field of gastroenterology and the management of
chronic diseases in general. In particular, patients with chronic diseases and health care professionals will benefit
from these interventions in many different ways [8]. The search for mHealth solutions can contribute to the
development of modern, efficient, and sustainable health systems. Moreover, it is anticipated to lower the expense of
hospital stays, empower people to manage their own health and well-being, and advance preventive rather than
curative medicine. The literature review mentioned the relevant usage of mobile apps in the health emergency
domain. This report also highlighted the necessity to look at the feasibility of doing more research on prehospital
care. Thus taking into consideration the mobile application have reached to the various sectors and that too
emergency and also is helpful for the same [9].

The usability of mHealth apps is critical to their implementation and have significant potential during the
postoperative period for encouraging earlier discharge, improving patient engagement, and offering a safety net for
early identification of complications. They have focused on satisfaction, a narrow dimension of usability, with
simplistic self-created questionnaires [10]. Stroke emerging today for every age group can also be treated with the
help mHealth apps. Thus by using the mobile application for the video conferencing the treatment and assessment
can be done effectively by taking into consideration of the literature [11]. So, it could be suggestive that mHealth
apps have significant effect on the recovery.TBI can lead to significant motor, cognitive and emotional deficits. A
potential tool for diagnosing and treating TBI patients is mobile health, or mHealth. Examining and categorizing the
many TBI mobile applications (apps) that are available as well as critically evaluating the research supporting
mHealth for TBI management were the goals of the literature review [12].

The quality of life is strongly impacted by dementia in those who are afflicted with this chronic condition. Caregivers
who tend to individuals with dementia offer vital assistance to them; nonetheless, their health may suffer as a result
of stress and workload. When it comes to the therapeutic treatment of people with chronic illnesses, mobile health
(mHealth) intervention is a rapidly expanding assistive technology (AT). This extensive study aims to find, evaluate,
and compile the available data about the usage of mobile health applications (apps) as a healthcare tool for
individuals with dementia and those who support them. The extensive analysis came to the conclusion that, despite
the paucity of research, mobile health apps seem like a workable AT intervention for people with Parkinson's disease
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(PwD) and their caregivers. However, these apps also have the potential to offer new resources and approaches to
support this population [13]. To determine the available data about the effectiveness of mobile health technology in
supporting weight-management practices, such as eating a balanced diet and getting exercise. Patients often view
mobile health applications as satisfying, user-friendly, and beneficial while trying to reach their weight reduction
objectives. Through tactics like self-monitoring, mobile health applications have the potential to improve treatment
adherence and aid in weight reduction. These findings indicate that satisfactory treatment adherence and consequent
weight loss and maintenance are achieved in the presence of high levels of engagement with a mobile health app.
[14]. Smartphones are frequently linked to a mobile sensor or a medical device in order to assess vital signs.
However, a smartphone may be used to do photoplethysmography (PPG), which would allow the evaluation of vital
signs, by employing the phone camera as the photodetector and the white light-emitting diode as the light source.
This meta-analysis set out to assess the existing data about the use of PPG in smartphone apps to detect heart rate in
relation to a method that has been proven to work [15].

The implementation of medical mobile applications (apps) in contexts related to physical medicine and rehabilitation
will be better defined by the completion of a systematic study. When utilized as self-management platforms,
assessment instruments, or to provide exercise or gait training programs, several applications could be
advantageous. Studies also revealed patient-centered app designs that accommodate a variety of user impairments
and navigation, self-reporting, and education. When used as an intervention, they had positive effects on some
medical and functional outcomes [16]. Data from a national survey on the experiences, needs and potential solutions
for mHealth technology by people with physical, cognitive, sensory and emotional disabilities. Overall, few
respondents reported moderate-to-high levels of satisfaction with their existing mHealth apps, and even fewer
reported that finding effective mHealth apps was easy or very easy [17]. People with severe mental illnesses may
have easier access to care thanks to mHealth strategies that employ mobile devices to offer therapies. The mHealth
strategy was superior to a commonly used clinic-based group intervention for disease management in terms of
patient involvement, patient satisfaction, and clinical and recovery results [18].

An application is a specially designed software that is placed on a tiny mobile device, such as a tablet or smartphone,
and allows the user to engage through a touch-based interface. The app's goal is to make a task easier to finish or to
help with everyday tasks. Research indicates that some apps are safe and reliable when used in addition to
rehabilitation for neurological diseases. These apps are particularly useful for promoting a healthy lifestyle,
retraining balance, diagnosing disorders, and facilitating real-time communication between patients and their
therapists. Likewise, app selection criteria should be available to make it easier for healthcare professionals, patients,
and their families and caregivers to select the most suitable app for each case [19]. Ageing is often accompanied by
an increased risk of age-related diseases and decline in function. This deterioration may be linked to aging itself,
which involves structural and functional changes in the brain, heart, skeletal, and muscle systems. The literature on
mobile technology, in particular wearable technology, such as smartphones, smartwatches, and wristbands, presents
new ideas on how this technology can be used to encourage an active lifestyle, and discusses the way forward in
order further to advance development and practice in the field of mobile technology for active, healthy ageing [20].
Cardiac disorders are increasing day by day if we get the mobile apps for the same at home than it will be effective
and the rehabilitation by mobile will have the greater effect and less time consuming so the articles suggest new
strategies for promoting participation in cardiac rehabilitation are desperately needed while initial evidence supports
the feasibility and acceptability of using mobile technology for cardiac rehabilitation in patients with IHD [21].

Diabetes mellitus is a type of chronic illness that can only be successfully avoided and treated if the patient's blood
glucose level is continuously checked and if professional medical treatment and health education are completely
supported. The review demonstrated that a straightforward SMS system for sending the doctor a copy of the diabetic
patient's report can have positive effects for self-management [22].
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CONCLUSION

All the literature reviewed suggested that in every field of medicine and health sectors there are usage of the mobile
application. mHealth is increasing in every minute need of the person suffering from any of the disease. Thus, the
literature of the study suggested the positive and negative effect of the mobile application but the purpose is fulfilled
about the reviewing of the importance and usage mHealth is various healthcare sectors. Further study should be
conducted with specific importance in each field individually.
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TABLE 1- SUMMARY OF THE REVIEWED ARTICLE

AUTHOR/YE AIM/PURPOSE RESEARCH OUTCOME MEASURE  KEY FINDINGS
AR DESIGN
1 Alexis L. The Review literature . Address core New strategies for

Beatty et all existing literature components of cardiac promoting participation in

(2021) shows the wuse of rehabilitation: cardiac rehabilitation
mobile technology for e Patient assessment are desperately needed.
cardiac o Exercise training Initial evidence supports
rehabilitation and e Self management, may the
propose a framework include: eg-Physical feasibility and acceptability
for developing and activity of using mobile technology
evaluating mobile 2. Apply  behavior for
applications for change theory cardiac rehabilitation in
cardiac rehabilitation. 3. Enable individual patients with IHD.

tailoring of features

4. Demonstrate high
usability

5. Improve patient-
centered outcomes: eg-
Participation in cardiac
rehabilitation

events

6. Establish efficacy in a
randomized clinical trial

2 Ann-Christin ~ The aim of this Systematic  review Pain  intensity = and This study demonstrates
Pfeifer et all systematic review and and Meta analysis Mobile App Rating Scale emerging evidence that
(2021) meta-analysis was (MARS) mobile apps can be
therefore twofold: first, useful in reducing pain
to investigate among non-cancer pain
the efficacy of mobile patients.

application-based
treatments of chronic
non-cancer pain; and
second, to rate

the quality of the apps
in terms of content,
ease-of-use, and
functionality, from a
user point of view.

The meta-analytical
procedures were
applied to estimate the
quality of the studies

and the efficacy of
the utilized apps..
3 Abhinav This study was aimed Systematic Review of The  movements of The review of the app
Bassi et al to systematically the Literature quarantined individuals functionalities revealed
(2020) review COVID-19 was the function of 27 that
related mobile apps (54%) and 19 (32%) apps, information dissemination
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and highlight
gaps to
development of future
mHealth initiatives.

inform the

respectively.
Eight (16%) apps had a

contact
hotspot
function.

tracing

and

identification

regarding the preventative
measures was the primary
function of the majority of
the existing apps in India

Ke Gong et al
(2020)

The purpose was to
assess the impact of m-
Health apps on blood
pressure
medication adherence

control,

Randomized,
controlled trial

Blood pressure

M-Health apps are effective
for
management, it can favor
the medication adherence
and blood pressure

control. Perhaps m-Health
apps can be promoted in
the blood pressure control.

hypertension

Lucas Ogura
Dantas et al
(2020)

To perform a
systematic review of
mHealth
apps for Ul in Brazil.

available

Systematic review

MARS quality scale

Results suggested that an
ideal mHealth
app for patients with Ul

should provide content
thatis
grounded in  scientific

evidence, respect the laws
of privacy

and security of the country
in which it is being offered,
include symptom trackers,
keep individual records for
personalized

health goals, and allow for

collaboration between
users and healthcare
professionals to design
tailored pelvic

floor  muscle training
programs.

Sven
Kernebeck et
al (2020)

The aim of this article
is to provide

an overview of the
current status of MHA
and MA wuse in the
field of
gastroenterology,
describe the future
perspectives in  this
field and point out
some

of the challenges that
need to be addressed.

Review of literature

Patient education
Telemedicine
eHealth records

Digital biomarkers

Digital interventions, such
as MHAs and MAs, offer
potential for diagnostic and
treatment advances in the
field of gastroenterology
and the management of
chronic

diseases in general

Alejandro
Plaza
Roncero et al

The study aimed to
identify
common threads and

Systematic Review

The Preferred Reporting
Items for Systematic

Reviews

and

Meta-

We found that all apps in
the Google Play Store were
free, and 73 apps in the
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(2020) gaps to support new Analyses (PRISMA) Apple App Store were
challenging, methodology paid, with
interesting, and the price ranging from US
relevant research $0.89 to US  $5.99.
directions Moreover, 39% (11/28) of
the included studies were
related to warning systems
for emergency services and
21% (6/28) were associated
with disaster management
apps.
8 Li Li This study aimed to Pilot Randomized Validity and reliability =~ Video conference with high
(2020) et al evaluate the feasibility, ~Controlled videoconference follow- reliability and validity
validity, and reliability = Trial up and home visit
of functional assessments, as well as
assessments telephone follow-up and
administered through home visit assessments.
the  videoconference Feasibility was evaluated
function of a mobile by the levels of
phone-based app completion, satisfaction,
compared with comfort, and confidence
administration in the 2 groups.
through the telephone
function in
poststroke patients
after rehabilitation
hospitalization
9 Ben Patel et al This systematic review Systematic review mHealth App Of the 3 domains of
(2020) evaluates the (1) Usability Questionnaire usability, only satisfaction
methodology of (MAUQ). is regularly assessed. There
usability analyses, (2) is significant bias
domains of usability throughout
being assessed, the literature, particularly
and (3) results of with regards to conflicts of
usability analyses. interest.
10 Edward The aim of this study A Systematic Review Not applicable This study found only a
Christopher was to systematically of the Literature small number
et al (2019) examine and classify of mobile apps for TBI with
available TBI mobile limited uptake based on
applications (apps) download metrics.
and critically appraise
the literature
underpinning mHealth
for the
management of TBL
11 Kanwal The purpose of this Survey (1) cognitive training and  This
Yousaf et al comprehensive study daily living, review concluded that
(2019) is to identify, appraise, (2) screening, mHealth based assistive
and synthesize the (3) health and technology
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existing evidence on

safety monitoring,

has the potential to provide

the use of mHealth “4) leisure and efficient healthcare facility

applications (apps) as socialization, and to

a healthcare resource (5) navigation PwD and support

for  people with caregivers as this

dementia and their technology provides

caregivers. simple interactive features
and promotes
independence

12 Katerina The Systematic Literature ~Weight; BMI, physical Conclusion was mHealth
Dounavi et al present systematic Review activity; dietary intake applications seem  to
(2019) literature review mainly facilitate weight

aimed to identify focusing on fruit and management
existing evidence on vegetable consumption, across a wide range of
the efficacy of mobile take-out measured outcomes. There
health technology in meals, and sugar- is sufficient consensus
facilitating weight sweetened beverages; across studies that mHealth
management anthropometric apps
behaviors, such as data, such as waist are acceptable by patients
healthy food circumference, blood and effective in producing
consumption pressure, serum weight loss through
and physical activity. lipids, and  glucose lifestyle changes in eating

levels; psychological behaviors

factors, such as and  physical  activity

well-being, stress, patterns.

motivation, and positive

or negative

affect; alcohol and

cigarette  consumption;

engagement

with app; adherence to

self-monitoring; and app

acceptability.

13 Frank This report aims to Survey method Fitness The survey research data
DeRuyter et summarizes data from Diet presented here indicate
al (2018) a national survey on Lifestyle that people with disabilities

the experiences, needs others have

and potential solutions

for mHealth
technology by people
with physical,

cognitive, sensory and
emotional disabilities.

substantial unmet needs for
mHealth apps and related
technology. overall,
respondents
reported moderate-to-high
levels of satisfaction with
their existing mHealth
apps, and even fewer
reported  that finding
effective mHealth apps was
easy or very easy.

few
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14 Benjamin De The objective of this Meta-Analysis Critical Appraisal Smartphone apps
Ridder et al meta-analysis was to Skills Programme measuring heart rate by
(2018) evaluate the available (CASP) Diagnostic Test performing PPG appear to
evidence on the use of Study checklist agree with a validated
smartphone apps to method in an adult
measure population during resting
heart rate by sinus rhythm. In a pediatric
performing PPG in population
comparison with a
validated method.
15 Ryan To conduct systematic Systematic Review Not applicable Apps were shown to have
Nussbaum et review to better define good psychometric
al (2018) how medical mobile properties when being
applications (apps) used to replace some
have been used in paper-based data
environments relevant collection tools and to
to measure some physical
physical medicine and activity or gait
rehabilitation. parameters. When used as
an intervention,
they had positive effects on
some medical and
functional
outcomes.
16 Dror Ben- mHealth approaches Randomized smartphone-delivered Both interventions
Zeev et al thatuse mobile phones Controlled Trial intervention (FOCUS) produced significant gains
(2018) to versus a clinic-based among clients with serious
deliver interventions group intervention and  persistent mental
can  help improve (Wellness Recovery illnesses
access to care for Action Plan [WRAP] who were mostly from
people with serious racial minority groups.
mental illness. The
goal was to evaluate
how mHealth
performs against more
traditional treatment.
17 M.T. Sanchez The aim of this study Systematic Review ‘healthy lifestyle’, The evidence suggests that
Rodriguez et was to conduct a ‘information’, for some neurological
al (2016) systematic review of ‘assessment’ ‘treatment’  diseases,

published information
on apps directed at the
field of
neurorehabilitation, in
order to classify them
and describe their
main characteristics.

‘specific

certain apps are effective
and reliable when

used as complementary
treatment alongside
rehabilitation,

especially  those  apps
designed to promote a
healthy

lifestyle, retrain balance,

assess disorders, and let
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patients
and their therapists
communicate in real time.

18 Jorunn L. This paper Review of literature Daily physical activities =~ Thus trhey concluded that
Helbostad et reviews the literature by mobile technology by
al (2016) on mobile technology, wearable increases the

in particular wearable active lifestyle and it may
technology, such as be useful for the further
smartphones, usage in the active healthy
smartwatches, and lifestyle. Further need is
wristbands, presenting there for the old population
new ideas on how this for the wusage of such
technology can Dbe technology.

used to encourage

an active lifestyle, and

discusses the way

forward in  order

further to advance

development and

practice in the field of

mobile technology for

active, healthy ageing.

19 Osama The system is designed  Survey based SMS based analysis The system is very useful
Salameh to be a long term for long term type 1
(2012) health companion for diabetes self management

the  patients with

diabetes.

where the patient feel
connected to their
physicians at all times
which increases the sense

of security
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Total articles identified/reviewed from the
following database-

PUBMED
PUBMED CENTRAL
SCIENCE DIRECT
GOOGLE 5CHOLAR

N=88

Full text articles screened for
eligibility

N=22 {according to inclusion
criteria)

Inclusion criteria

1. Primary studies that
focus on the topic

2. Peerreviewed
publication {journals)

3. Studies which were
written or published from

2011102021

Exclusion criteria

1. Studies which were not in
English studies that were
very short (less than 4 pages)
and remove duplication

2. Studies which are old from
that 2011 where excluded

3. Studies that assess user

experience with some tvpe of

mHealth apps or gathering

requirement.

74695




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

REVIEW ARTICLE

Natural Polymers: use as Superdisintegrants in Mouth Dissolving
Tablets

Kiran Aphale', Sneha Patil?, Shashikant Dhole?, Nilesh Kulkarni*, Priyanka Soni! and Shivani Ghuge!,
Aditi Momale5

PG Student, Department of Pharmaceutics, PES Modern College of Pharmacy, Moshi (for Ladies),
(Affiliated to Savitribai Phule Pune University, Maharashtra), Pune, , Maharashtra India.

2Assistant Professor, Department of Pharmaceutics, PES Modern College of Pharmacy, Moshi (for
Ladies), (Affiliated to Savitribai Phule Pune University, Maharashtra), Pune, Maharashtra India.
SPrincipal, Department of Pharmaceutics, PES Modern College of Pharmacy, Moshi (for Ladies),
(Affiliated to Savitribai Phule Pune University, Maharashtra), Pune, Maharashtra India.

*Associate Professor, Department of Pharmaceutics, PES Modern College of Pharmacy, Moshi (for
Ladies), (Affiliated to Savitribai Phule Pune University, Maharashtra), Pune, Maharashtra, India.
5Sanjivani College of pharmaceutical Education and Research, Kopargaon, Ahmednagar Maharashtra
India.

Received: 22 Jan 2024 Revised: 09 Feb 2024 Accepted: 11 May 2024

*Address for Correspondence

Kiran Aphale

PG Student,

Department of Pharmaceutics,

PES Modern College of Pharmacy,

Moshi (for Ladies), (Affiliated to Savitribai Phule Pune University, Maharashtra),
Pune, Maharashtra, India.

Email: aphalekiran1312@gmail.com

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
= HG_ (CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

Oral administration of drugs is preferred because it is easier for patients to swallow, less likely to cause
discomfort, more flexible, and, most importantly, improves patient compliance. Many individuals stop
taking their prescriptions as prescribed because they have difficulty swallowing pills and capsules. This
problem is believed to affect 50% of the population, which eventually increases the likelihood of
noncompliance and subpar care. The desire for pills that dissolve in the mouth has increased significantly
as a result of these considerations. Nowadays, patients of all ages accept the new dose form called "fast
dissolving tablet," as it doesn't need water to be swallowed. The objective of this article is to examine the
natural polymers present in pills that dissolve fast. Natural polymers that can be employed as a

superdisintegrant, diluent, or binder to improve tablet characteristics. Natural polymers are low-cost,
non-toxic, biodegradable, safe for the environment, non-toxic, renewable, and a good source of extra
nutrients. From their natural origin, they are easily obtained. Research has confirmed this.
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INTRODUCTION

Researchers recently produced fast-disintegrating pills that improve patient compliance and convenience. Fast-
dissolving tablets are solid dose forms that don't require additional water or chewing to dissolve swiftly in saliva.
Fast dissolving tablets reduce the disadvantages of conventional dosage forms, especially for elderly and pediatric
patients who have dysphagia (difficulty swallowing). Because they are more readily available, nontoxic, chemically
inert, and biodegradable than synthetic materials, natural materials are preferable[1]. The word "European
Pharmacopoeia” refers to an orodispersible pill that dissolves in the mouth in three seconds and must be swallowed.
Orodispersible tablets, often known as "ODTs," dissolve swiftly in the mouth due to their porous and rapidly melting
structure. They also dissolve quickly in the mouth due to their fast response. Oral disintegrating tablet preparation
techniques include spray drying, mass extrusion, sublimation, freezing and drying, tablet molding, and direct
compression. The Food and Drug Administration (FDA) in the United States states that ODTs are a solid form
material with an active ingredient and a therapeutic substance that dissolve in a few seconds to a minute. ODTs also
have a very quick response time[2].

Advantages of Moth Dissolving Tablets

» They are a solid unit dosage form that allows for precise dosing and high drug loading; in addition, they are an
excellent substitute for conventional tablets and providean ideal dosage for elderly and pediatric patients.

> As soon as the patient takes it, it starts to melt when it comes into contact with saliva, absorbs quickly into the
oral cavity, melts quickly, and produces fast action.

»  Pregastric absorption modifies the drugs' bioavailability and reduces the need for doses, which modifies patient
compliance and clinical reports.

» Patient compliance is improved because fast-dissolving tablets don't require water to be swallowed, can be
taken anytime, and are a practical choice for patients on the go or conscientious people without easy access to
water.

»  Fast-dissolving tablets pose no risk of suffocation in the airways due to physical obstruction during swallowing,
making them easy to swallow and extremely safe.

» Fast-dissolving tablets have fewer leaves and dissolve completely in the mouth, leaving no trace, which
improves the tablet's mouthfeel and overall palatability[3,4].

THE SUPERDINTEGRATION MECHANISM

Tablet disintegration usually happens through four mechanisms

Swelling

According to the majority of researchers, tablet disintegration is primarily caused by the tablet's expansion. A tablet
with a high porosity may be challenging to dissolve if there is insufficient swelling force to fully fill its pores.
Conversely, the low-porosity tablet experiences an adequate amount of swelling force[5].

Porosity and capillary action

Capillary action is the first step in any disintegration process. When the tablet is submerged in an aqueous medium
that is suitable for it, the intermolecular bond is compromised and the tablet fragments into minute pieces. The
hydrophilicity of the medication or excipient and the tableting conditions have an impact on the tablet's capacity to
absorb water. The disintegrant accelerates the disintegration process by facilitating the formation of a hydrophilic
network around the drug particles through its porous structure and low interfacial tension towards aqueous
fluid[6].
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Dissolving particle

A different mechanism of disintegrant action explains the swelling of tablets formulated with nonswellable
disintegrants. Guyot-Hermann proposed the theory of particle repulsion, which is now known to be the primary
factor in tablet disintegration: the lack of a swelling particle. The disintegration process, which depends on the
electrostatic repulsion of particles, requires water. The authors of the study found that wicking is more important
than repulsion[7].

Owing to deformation

Particles undergo deformation when they are compressed into tablets, but they revert to their original form when
they come into contact with a wet substance, like water. In multiple experiments, the ability of starch to swell was
enhanced when the granules underwent significant deformation during compression. Particles in broken tablets
have gotten bigger as a result of deformation[8].

Natural superdisintegrant

These naturally occurring superdisintegranting agents are chosen over synthetic substances due to their abundance,
relative affordability, lack of irritation, and nontoxic nature. Gums and mucilages are examples of natural materials
that are widely used in the drug delivery field because they are easily obtainable, economical, environmentally
friendly, emollient and nonirritating by nature, non-toxic, capable of a wide range of chemical modifications,
potentially biodegradable, and compatible because of their natural origins. There are numerous mucilages and
gums with super-disintegrating properties available. Planttago ovata: Mucilages as Superdisintegrants Mucilage
from the seeds (Isapgula) Isapgula is made up of dried Plantago ovata seeds that have mucilage embedded in their
epidermis . Plantago ovata seeds were soaked in distilled water for 48 hours, and the mucilage was then completely
released into the water by boiling the seeds for a short while. The material was filtered and the marc was removed
by pressing it through muslin cloth. The mucilage was then precipitated by adding anequivalent volume of acetone
to the filtrate. The mucilage that had been separated was dried in an oven that was not heated above 60°C. When
compared to Crosspovidone, the mucilage of Plantago ovata is a recent innovation due to its superdisintegration
property. It disintegrates more quickly than Crosspovidone, a superdisintegrant[9].

Benefits of the Superdisintegrant

1. Less concentration is needed.

2. Suitable for a wide range of drugs and excipients.

3. Dises have no effect on flowability or compressibility[10].

Natural superdisintegrants

Chitosan and chitin

The naturally occurring polymer chitin ((3-(14)-N-acetyl-Dglucosamine) is present in the shells of crabs and shrimp.
Unlike chitosan, it has an amino group that is covalently bonded to an acetyl group[11]. According to E.O. Olunsola
et al., the crab shell produced 36.7 percent chitosan with a degree of deacetylation of 62.7 percent for use as a
superdisintegrant in metronidazole tablets. The researchers also found no indication of a negative interaction
between metronidazole and chitosan. Tablets with 2, 4, and 8% chitosan had disintegration times of 12.2, 10.4, and
9.3, respectively[12] .

Guar gum

The majority of guar gum is made up of galactomannans, which have a high molecular weight (about 50,000-
8,000,000). It is legal in almost every country and is used as a thickener, stabilizer, and emulsifier (for example, in
the EU, the United States, Japan, and Australia). It's a naturally occurring gum. It is a natural polymer made up of
sugar units that is free flowing and completely soluble, and it can be used in food. It is unaffected by pH, moisture
content, or the solubility of the tablet matrix. Alkaline tablets are not always pure white and can range in color from
offwhite to tan. It also tends to tarnish over time[13]. Using guar gum as a superdisintegrant, the pre- and post-
compression properties of a captopril tablet were investigated and found to be within regulatory bounds. After
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evaluating his formulations, Sunitha H S et al. discovered that the guar gum 10 mg formulation (F4) had the best
disintegration and dissolving profile, with a disintegration time of 50.16 seconds and a drug release rate of 99.86%
after 12 minutes[14].

Lepidium Sativum

Known as asaliyo,Lepidium sativum (family: Cruciferae) is a commonly used herbal remedy in India. It is
inexpensive and widely accessible in the market., parts used include leaves, roots, oil, seeds, and so forth. Higher
concentrations of mucilage, two new monomeric imidazole alkaloids called semilepidinoside A and B, and the
dimeric imidazole alkaloids lepidine B, C, D, E, and F are found in seeds. Lepidium sativum's mucilage exhibits a
number of characteristics, including binding, disintegrating, gelling, and so forth[15] .

Plantago ovata seeds mucilage

Psyllium, also spelled ispaghula, is the general term for several Plantago species whose seeds are used in the
production of mucilage for commercial purposes. The mucilage of Plantago ovata possesses a range of
functions,such as binding, dissolving, and sustaining qualities. A study produced fast-dissolving tablets containing
amlodipine besylate by using varying amounts of Plantago ovata mucilage as natural superdisintegrants .
Amlodipine Besylate quick disintegrating tablets were created using a direct compression process and varying
amounts of plantago ovata mucilage as a natural superdisintegrant. There was no physicochemical interaction
between amlodipine besylate and other excipients, according to FT-IR studies. Weight variation, hardness,
friability, disintegration time, drug content, and solubility were all evaluated for each formulation. Plantago ovata-
based formulations have a faster disintegration time of 11.69 seconds and a faster dissolving time of 16 minutes in
vitro. As a result, we determined that dried isabgol mucilage can be used in the formulation of rapid dissolving
tablets as a superdisintergrant[16].

Fenugreek seed mucilage

Fenugreek is a herbaceous plant derived from the leguminous plant Trigonella foenum. It is one of the most
developed plants and has discovered numerous applications as a food, a food additive, and a traditional medicine
in each area. Fenugreek seed contains a high concentration of adhesive mucilage, which can be used as a
disintegrant in mouth-dissolving tablets[17]. It is a creamy yellow powder that dissolves quickly in warm water to
form a colloidal solution. Fenugreek mucilage has unique properties such as quick onset of action (i.e., quick release
of the tablet), most limited wetting time, and decreases tablet disintegration time[18]. The apparent multitude of
plans' hardness, friability, and medication substance were discovered to be within the limits. Improved detailing
was subjected to ICH-required stability and its insignificant change in hardness, breaking downtime, and in vitro
drug discharge[19].

Mango Peel Pectin

Mango peel has been discovered to be an excellent source of highquality pectin that can be used to make film and
acceptable jelly, accounting for 20-25 percent of mango manufacturing waste. Pectin is a hydrophilic colloid
composed of complex heteropolysaccharides. Mango peel pectin, on the other hand, cannot be used to predict the
behavior of super disintegrants due to its high swelling index and high solubility in biological fluids, but it can be
used to make oral dispersible tablets[20]. M Rishabha et al. discovered mango peel pectin to be a good candidate for
acting as a superdisintegrant. Although it is not as effective as synthetic sodium starch glycolate, it can be used
because of its superior solubility and higher swelling index. It can also be used to make quick-dissolving tablets[21]

Locust bean gum

The vegetable gum extract called locust bean gum, or carob bean gum, is derived from the seeds of the
Mediterranean tree Ceretonia siliqua. It is a galactomannan product. In the food industry, it's frequently used as a
thickening and gelling ingredient. Reports state that it also possesses an adhesive and solubility-enhancing
property[22]. This study investigated locust bean gum's ability to super disintegrate. It was found that the
superdisintegrant action of the orodispersible tablet formulation was influenced by the natural material's extensive
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swelling, porosity, and wicking action. Instead of using cross carmellose sodium as a superdisintegrant, locust bean
gum was used, and this resulted in a faster and more consistent disintegration of the tablets. In the future, locust
bean gum and its modifications may be used as a high-functionality excipient and utilized in a range of tablet
dosage forms[23].

Rosasinesis hibiscus linn

Often referred to as the China rose, Hibiscus rosasinensis Linn is a potent medicinal plant in the Malvaceae family.
Leaf mucilage has been shown to have hypoglycemic, antioxidant, and antihypertensive properties in addition to
its anti-inflammatory properties. Additionally, it has been demonstrated that hibiscus extracts prevent the growth
of cancer[24]. Using imipramine as a model drug, the disintegrant property of Hibiscus rosasinensis mucilage was
studied. A natural disintegrant isolated from Hibiscus rosasinensis leaves was used to develop a fast-dissolving
tablet of imipramine, and its effectiveness was compared to that of synthetic superdisintegrants like crosspovidone.
A direct compression approach was used to produce fast-dissolving Imipramine tablets using Hibiscus rosasinensis
mucilage (2-8% w/w), Avicel pH 102 as a diluent, and mannitol to enhance mouth feel and compressibility in
addition to mannitol as a sweetener. Tablet hardness, thickness, percent friability, and wetting time were all
determined to be within acceptable ranges both before and after compression. It was discovered that the in vitro
disintegration times of tablet formulations with 6% mucilage and 4% crosspovidone, respectively, were 24 and 42
seconds, respectively.Based on in vitro disintegration time, in vitro drug release tests in phosphate buffer pH 6.8
revealed that the F3 formulation with 6% mucilage released 100% of the medication in 12 minutes. The stability
testing of the F3 formulation showed that the produced tablets stayed stable for ninety days and that the in vitro
drug release pattern did not change[25].

Dehydrated Bananas Powder

Plantain is another name for banana. The banana varieties Ethan and nenthran, which are members of the
Musaceae family (Nenthravazha), are the source of dehydrated banana powder. Its vitamin A content makes it
useful for treating diarrhea and stomach ulcers. Additionally included is vitamin B6, which helps to reduce anxiety
and stress. It has a lot of carbohydrates and potassium, which is necessary for increased brain activity. It is a reliable
energy source as well[26]. The objective is to create several batches of oral disintegrating tablets containing
Telmisartan by utilizing banana powder and SSG in different concentrations. Additionally, the tablets were
assessed for post-compression characteristics like hardness, weight variation, friability, disintegration time, and in-
vitro dissolution profiles, as well as pre-compression characteristics like bulk density, compressibility, angle of
repose, and hardness. Tablets with banana powder as a disintegrating agent distributed quickly —in 15 minutes,
92.09 percent of the drug was released. This occurred in just 15 seconds. Consequently, banana powder can be used
to make Fast dissolving tablets by using it as a natural disintegrant[27] .

Karaya Gum

Gum sterculia, also called Indian gum tragacanth, is a vegetable gum that is obtained from the exudate of
Astragalus gummier trees (Leguminosae). Galactose, rhamnose, and galacturonic acid are the sugars that make up
gum karaya chemically. Owing to its thick consistency, it serves as both a disintegrant and a binder in the creation
of traditional dosage forms. The potential of gum karaya as a tablet disintegrant has been studied. Various findings
indicated that the modified gum karaya causes the tablets to dissolve quickly. Due to its low cost, biocompatibility,
and easy availability, gum karaya can be used as a substitute for semisynthetic and synthetic super disintegrants
that are frequently found. When water is absorbed, it swells to 60-100 times their original volume[28].

Agar and treated agar

It is made up of dried gelatinous materials derived from several other red algae species, including Gracilaria and
Pterocladia, as well as delirium amansii (gelidanceae). Agar comes in the forms of coarse powder, sheet flakes, and
divests. It has a mucilaginous taste and is yellowish-gray or white in color. Agarose and agaropectins are the two
polysaccharides that make up agar. The viscosity of agar solutions is caused by agaropectin, while the strength of
gel is caused by agarose. Agar has a high gel strength, which makes it a viable option for the disintegrant in the
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ODTS formulation. Gums are utilized in ratios ranging from 1 to 10%. However, due to their relatively low capacity
development, these are not as effective disintegrating agents as others[28].

Soy Polysaccharide

It is a naturally occurring super-disintegrant free of sugar and starch. With results similar to cross-linked CMC, it
was used as a disintegrant in tablets made by direct compression using lactose and dicalcium phosphate dihydrate
as fillers. Corn starch and a cross-linked sodium carboxymethyl cellulose were employed as control
disintegrants[28].

Gellan Gum (Kicogel)

Pseudomonas elodea is the microbe that makes gellan gum. It is a biodegradable polymer with a linear
tetrasaccharide repeat structure that is anionic and linear, and it is utilized as a disintegrant for tablets. The rapid
swelling that gellan gum exhibits when it comes into contact with water and its high hydrophilicity may be the
cause of the disintegration of the tablets With a gellan gum concentration of 4% w/w, the tablet completely
dissolves in 4 minutes, and 90% of the drug dissolves in 23 minutes. Kollidone CL and Ac-di-sol exhibit remarkably
similar in vitro dissolution rates and disintegration patterns. For 90% of the drug release, the same concentration
tablet with exploited show 36 minutes, and with starch show 220 minutes. This outcome has demonstrated gellan
gum's superdisintegrant properties[29].

Aegle marmelos Gum (AMG)

It is derived from Aegle marmelos fruits, which disintegrated more quickly and reliably than croscarmellose
sodium. The ripened fruit pulp has an astringent and mucilaginous taste, and it is red in color. Carbohydrates,
proteins, vitamins C and A, Angeline, Marceline,Dicamen, Omethyl ordinal, and isopentyl halfordinol are all
present in the pulp. Heat treatment is the method used to prepare AMG. It makes drugs that aren't very soluble
more soluble. It raises blood sugar and glycosylated hemoglobin levels in diabetics, lowers liver glycogen and
plasma insulin levels in diabetics, reduces lipid peroxidation, activates macrophage function, and results in a
notable deviation in the concentration of glutathione (GSH) in the stomach, intestine, liver, and kidney. D-galactose
(71%), D-galacturonic acid (7%), L-Rhamnose (6.5%), and Larabinose (12.5%)' are the constituents of purified bael
gum polysaccharide[29].

Mangifera indica Gum (MIG)

Mangifera indica is the common name for this member of the Anacardiaceae family. It is harmless and found in
many formulations as an emulsifying, suspending, binding, and disintegrant agent. The gum powder has an off-
white to white color and is soluble in water but nearly insoluble in methanol, ethanol, acetone chloroform, and
ether. Gum is easily accessible, harmless, and contains pharmacological activity for treating a variety of conditions,
including diabetes, asthma, diarrhea, urethritis, scabies, and astringents[30].

Cassia fistula gum

Fabaceae is the family that includes Cassia fistula, also referred to as the golden rain tree. The gum derived from
Cassia fistula seeds has a mannose-to-galactose ratio of 3.0 and is composed of 3-(1,4) linked d-mannopyranose
units with a random distribution of a-(1,6) connected d-galactopyranose units as side chain. Compared to crude
gums, cassia fistula seed carboxymethylation demonstrated superior swelling properties. In the pharmaceutical
sector, it is also employed as a disintegrant, diluent, and drug release regulating agent Compared to native gum,
carboxymethylation and carbamoylethylation of Cassia gum have been shown to boost microbiological resistance,
increase viscosity, and improve cold-water solubility. Thus, in the formulation development of FDT', an attempt
was made to include calcium or sodium salts of carboxymethylated or carbamoylethylated C. fistula gum as super
disintegrant[31].
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Ocimumamericanum

Mucilage from seeds, Propranolol hydrochloride tablets were prepared by Patel et al. utilizing Ocimumamericanum
seed mucilage in a range of concentrations, including 2, 4, 6, 8, and 10%. The optimal mucilage concentration for
rapid dissolution is demonstrated at 10%. A similar concentration containing starch and propranolol hydrochloride
was prepared, demonstrating a disintegration time of 269 seconds, whereas Ocimum demonstrates a disintegration
in 154 seconds. There is a limit to the drug's hardness and friability content[31].

Xanthum gum

It is made by the USP-approved bacteria Xanthomonas campestris, which has a low gelling tendency and high
hydrophilicity. It disintegrates more quickly due to its large swelling properties and low water solubility. It is a
heteropolysaccharide made up of repeated pentasaccharide units made up of one glucuronic acid unit, two glucose
units, and two mannose units[32].

Ocimum sanctum seeds

Many therapeutic benefits are attributed to occimum sanctum. As anti-diabetic, anti-fertility, hepatoprotective,
hypotensive, hypolipidemic, expectorant, analgesic, anticancer, anti-asthmatic, antiemetic, diaphoretic, and stress
agents, the plant's leaves, flowers, stems, roots, and seeds have all been used in the past. Ocimum has been used to
treat convulsions, arthritis, fever, bronchitis, and other conditions. The swelling index was calculated to be 1600.
Friability and hardness of tablets are significantly influenced by the natural substance. The outcomes of the
disintegration in vitro and in vivo were identical. According to an analysis by M Karan et al. , the values of
Ocimum sanctum were 95.90 and 93.65, respectively, in contrast to Nimuslide (MD). The aim of this study was to
use Ocimum sanctum, a natural superdisintegrant, to create a fast-acting pill. In this formulation, paracetamol
served as the model medication.For people of all ages, paracetamol is a commonly prescribed antipyretic and
analgesic medicfation. Products containing paracetamol that are sold on the market include tablets, dispersible
tablets, syrups, suspensions, and FDTs.The tablet blend's good flow properties are demonstrated by its
preformulating qualities. After preparing six formulations, post compression properties showed that formulation
F2 was the most effective; it dissolved in 180.01 seconds and released 99.6% of the drug after 10 minutes. It was
subjected to accelerated stability tests at 400 C and 75% relative humidity for a month. Thus, it can be said that
ocimum sanctum can also be used to create fast-acting medications[33].

Abelmoschus Gum

The ability of mucilage to disintegrate was also assessed. Batches of tablets were prepared and tested for
dissolution, wetting time, and disintegration time using varying mucilage concentrations. According to the study,
mucilage powder from Abelmoschus esculentus worked well as a disintegrant at low concentrations (4 %) [34].
Abelmoschus esculentus gum is utilized as a polymer in the creation of a floating dosage form for the stomach.
Tablet batches were made for this study using various combinations of HPMC E15 and Abelmoschus esculentus
mucilage. Overall, it was observed that the formulation containing okra mucilage along with HPMC gave better
floating property as well as better sustained release of the drug[35]. It was observed that formulation containing
Abelmoschus esculentus mucilage had poor floating capacity but showed sustained release, whereas formulation
containing HPMC had better floating capacity but showed poor sustained release of the drug. Okra polysaccharide
as the carrier and microbially triggered ingredient in colon-targeted tablet formulation. Based on the observations,
it can be concluded that the polysaccharide found in okra under investigation has the ability to transport the drug
nearly intact to the target site —the colon—where anaerobic bacteria break it down[36] .

Moringa oleifera Gum

Gum is extracted from the stem exudates of Moringa oleifera, a member of the Moringaceae family. In the
preparation of 10:7:2, the gum is a polyuronide consisting of arabinose, galactose, and glucuronic acid, with traces
of thamnose[37]. Research has been done on this gum's ability to gel. It was discovered that the gum's gelling
concentration ranged from 7 to 8.5% w/v. The gels showed release retardant property , pseudoplastic flow and
viscosity, and were found to be optimal for topical application . Various tablet batches were made and their drug
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release assessed. It was found that when the excipient and gum proportions were increased and lowered,
respectively, the drug release increased. Fickian release mechanism was discovered[38]. The ability of gum to
disintegrate was also investigated. Various batches of tablets were created, with the amount of gum varying
between them. Wetting time was found to decrease as gum concentration increased in the formulation; as a result,
tablet formulation made with gum disintegrated more quickly than tablet formulation made with synthetic
disintegrants like starch, sodium glycolate (S5G), and croscarmellose sodium (CCS) [39].

Kondagogu Gum

Hupu gum, also known as kondagogu gum, is a naturally occurring polysaccharide that is obtained from the
exudate of the Cochlospermumreligiosum tree (Bixaceae family). Gum is composed of galactose, arabinose,
mannose, fructose, a-D-glucose, b-D galactopyranose, galacturonic acid, and glucuronic acid[40]. Research has been
conducted on the gastric floating property of kondagogu gum. As independent variables, the concentrations of
polymer, sodium bicarbonate, and pharmatose relative to the weights of the drug and polymer were chosen. The
dependent variable chosen was the cumulative percent of the drug released at 12 hours. As the amount of hupu
gum increased, the release rate dropped . The ability of hupu gum to form mucoadhesive microcapsules was also
assessed. In the in vitro wash test, every microsphere exhibited good mucoadhesive properties. Studies on the in
vitro release of drugs revealed that guar gum exhibited a greater capacity to delay drug release in comparison to
other gums and concentrations. It was discovered that the drug release from the microspheres was non-Fickian in
nature, with zero order release kinetics and slow release rates that depended on the technique used and the
coat:core ratio[41].

Cassia tora Mucilage

Mucilage from Cassia tora seeds (Caesalpiniaceae family) is used in the product. Cassia's principal chemical
components are gum, tannins, mannitol, coumarins, cinnamaldehyde, and essential oils (pinene, eugenol, and
aldehyde); additional components include sugars, resins, and mucilage[42] . The binding property of Cassia tora
mucilage has been studied. The hardness and disintegration time of tablets formulated with varying concentrations
of cassia tora gum were found to decrease with increasing mucilage concentration . Another evaluation of this
mucilage's suspending agent was conducted[43]. The ability of the mucilage of Cassia tora to suspend was
compared to that of gelatin, tragacanth, and acacia. All the materials were found to have the following order of
suspending ability: cassia tora> tragacanth gum > acacia gum. The high viscosity of the gum is thought to be the
cause of the mucilage's suspending action, according to gelatin results[44].

Mimosa scabrella Gum

Mimosa scabrella seeds (Mimosaceae family) are used to make gum. Gum, which has a mannose:galactose ratio of
1.1:1, is a highly hydrophilic galactomannan that accounts for 20-30% of galactomannan (G). Mimosa scabrella gum
was the subject of studies because of its ability to form a controlled release matrix. This study found that when
polymer concentration increased, drug release decreased, and 25% w/w of gum demonstrated an excessive
sustained release effect. Diffusion and relaxation were combined to create the release mechanism[45].

CONCLUSION

Naturally occurring superdisintegrants have higher bioavailability and faster drug dissolution, which improve
therapy efficacy and patient compliance. Consequently, it is possible to successfully use natural superdisintegrants
as disintegrants in tablet formulation.The article included summaries of the various types of superdisintegrants that
are now available on the market. The ability to create these tablets with a range of superdisintegrants in lesser doses
has been made possible by the invention of fast-dissolving tablet formulation. For about one-third of patients, the
drug must begin acting immediately. Fast-dissolving tablets contain superdisintegrants, which combine the
advantages of easy and convenient dosing, quicker release of medication, safe and effective drug administration,
better patient compliance, and higher therapeutic effects.
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ABSTRACT

High dilution (HD) of a homeopathic drug is thought to be specific water structure which produces
therapeutic effects on man. HDs also produce effects on animals, plants and even proteins in aqueous
solution. What is the primary target of HDs on organisms or on protein? The present study addresses this
question. Cantharis 30 cH, a homeopathic potency used for burn injuries, has been tested on bovine
serum albumin (BSA) in-vitro. The protein has been exposed to heat at 75°C for 10 mins, cooled down to
room temperature and then treated with Cantharis 30 cH. The treatment was done by two methods,
direct and indirect through water. The results from both the methods are almost similar. The treated and
untreated protein solutions were analysed by Fourier Transform Infra-Red (FT-IR) spectroscopy. The

treatment effect was evident on water molecules associated with BSA. The results indicate that Cantharis
30 cH interacts first with water molecules which in turn influence BSA. It is concluded that the
homeopathic potency converts first water structure which then affects the protein.

Keywords: High dilution, BSA, Homeopathic drug, Cantharis, Water
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INTRODUCTION

In a series of experiments we have demonstrated that high dilution of homeopathic drugs produces distinct effects
on plants and animals in-vivo through the medium of water (Sukul et al., 1990, 2000, 2001a, 2001b).High dilutions
(HDs) of a drug prepared by serial dilution with a solvent medium 1:100, followed by mechanical agitation in several
steps are called potencies. Potencies are denoted by a number representing the number of serial dilutions applied
such as 30 cH, 200 cH etc. In the present study we show the effect of high dilution of a homeopathic drug on a
protein, Bovine Serum Albumin (BSA)in-vitro through water. The drug selected here is Cantharis30cH which is
known to counter burn injury on humans(Boericke W.,1927; Boericke et. al., 1920). BSA has been exposed to heat at
75 C for 10 minutes and after cooling treated with Cantharis 30 cH. Water molecules play an important role on
protein structure and function(Bellissent-Funel et. al., 2016).We focused our observation on water molecules
associated with BSA. Treatment with Cantharis 30 was done by two methods, one direct and another indirect
through water. All the treatment effects were recorded by Fourier Transform Infra-Red (FT-IR) spectroscopy. The
results obtained by direct and indirect treatments are fairly comparable. This shows that high dilutions of
homeopathic drugs can produce distinct effect not only in-vivo but also in-vitro on a protein. This study further
shows that a homeopathic potency can convert water structure of the solvent medium of protein solution into a
different structure, which in turn influences the protein.

MATERIALS AND METHODS

BSA obtained from HIMEDIA MB083-5G, HIMedia Laboratories Pvt. Ltd. LBS Marg, Mumbai-400086, India. CAS
number 9048-46-8, EC number 232-936-2, was dissolved in deionised and distilled (DD) water at 0.05 mg/ml. The
protein solution, 5 ml in amount was kept in a standard Borosil test tube. The test tube was placed inside a constant
temperature oven and exposed to heat at 750C for 10 minutes. After exposure the tube was cooled down to room
temperature and treated with Cantharis 30 cH. Cantharis 30 cH obtained from Hahnemann Publishing Company
Private Ltd (Hapco, Batch number 7357), Kolkata. The drug in 90% ethanol was diluted with DD water 1:100. The
diluted drug was mixed with BSA solutions (5 ml) directly in the proportion 1 (drug solution):100 (BSA solution).In a
separate experiment the drug solution and BSA solution were kept in two separate Borosil test tubes which were
connected by a soft polythene tube 5 mm diameter (lumen). The tube was filled up with DD water (6 ml) and the two
ends were plugged by squeezed absorbent cotton balls in such a way that the solution in one tube would not pass to
another tube . In this way the solutions in the two test tubes were connected by DD water only. Water in the
connected tube was treated with Nin-hydrin to confirm the absence of BSA. The connected (C) treatment involves
further dilution of the potency by an additional amount of 11 ml water (5 ml in the test tube + 6 ml in the connected
tube). FT-IR spectra of all the test samples, both direct (D) and connected (C)treatments, were obtained with the help
of a Shimadzu IRAffinity-1S FT-IR spectrometer (Spectrum Two) on the attenuated total reflectance (ATR) technique
at energy resolution 4 cm-1. The base line was corrected for atmospheric humidity and CO2. One drop of each
sample was put into the sample groove and then the tip of a single reflection pure diamond crystal was brought in
contact with the sample drop. The entire spectrum was recorded in the wave number range 4000-500 cm-1. Each
spectrum represents an average of 45 scans. Temperature and humidity were maintained in the laboratory at 240C
and less than 50%, respectively. The frequencies of the peaks of OH-Stretching and OH-Bending bands are plotted
against the test samples in histograms in figures 4 and 5, respectively. The spectra were normalized.

RESULTS

Normalized OH-Stretching (3700-3000 cm-1), OH-Bending (1700-1580 c¢cm-1) and free OH-group-showing bands
(3700-3550 cm-1) are presented in figures-1, 2, and 3 respectively. The FT-IR spectra in the wave number region of
3700-3550 cm-1 shows free OH-groups present in the test samples (Mulliken et. al.,1955; Tamer et. al., 2014; Tamer et.
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al.,, 2017; Singh et. al., 2022).Each figure presents the bands of both direct and indirect treatments together. The
absorption bands of both direct (D) and indirect (C) treatments exactly overlap each other except the Catharsis 30
treatment with BSA (fig. 1-3). Figures 1-3 show the result of direct treatment for OH-Stretching, OH-Bending and free
OH group, respectively. Figures 4 and 5 show OH-Stretching, OH-Bending bands, respectively for indirect treatment
through water. The frequency shifts concerning OH-Stretching and OH-Bending bands of all the test samples for
direct and indirect treatments are fairly comparable with each other except the Cantharis treatment of BSA (figs. 4
and 5). Here the Cantharis treatment through connection (C) shows marked lower absorbance as compared to the
direct (D) treatment.

DISCUSSION

It is evident from the results that Cantharis 30 cH influences water structure of BSA solution (figs. 1-5). It is known
that heat treatment of BSA can change the structure of the protein (Abrosimova et. al.,, 2016; Dobson, 2001).
Homeopathic potencies are specific water structure induced by original drug molecules during the process of serial
dilution followed by succussion (Singh et. al.,, 2022). Water interacts with protein hydration in solution on the
microsecond time scale(Sukul et al., 2000; Persson et. al., 2008). Water is the universal solvent medium of bio
molecules. Water regulates conformational transition and helps in molecular recognition (Makarov et. al., 2002;
Raschke, 2006; Levy et. al., 2006; Ball, 2008). At 85C apo-calmodulin assumes a polymer chain conformation with
somel residual local structure. Apo-calmodulin when cooled down recovers a compact state having a secondary
structure similar to a native one. However, this new native form has higher radius of gyration and a different
tyrosine environment(Gibrat et. al., 2012). In our study BSA has been exposed to 75C for 10 minutes and then cooled
down to room temperature 24C. It is, therefore, possible that the BSA after cooling down from heat exposure is
different in structure from the original form. This difference in conformation is observed in the FT-IR spectra of BSA
(figs.1-3). Now the question arises as to why Cantharis treatment through connection (C) shows much lower
absorbance than Cantharis treatment direct (D). In case of the connected treatment the potency is further diluted
with an additional amount of 11 ml of DD water (5 ml in the test tube and 6 ml in the connecting polythene tube).

BSA is water soluble and anionic globular protein of molecular weight 65000 Da. It houses 11 distinct hydrophobic
binding domains. Hydrophobic interactions are responsible for the collapse of the protein chain in aqueous solution
(Aznauryan et. al., 2013). Treatment of heat exposed BSA with Canth-30cH shows a marked change in absorbance
intensity as compared to heat exposed BSA and BSA control (figs.1-3). But Canth-30 itself shows the lowest
absorbance intensity (Fig.1-3). It is evident from the results that Canth-30cH could bring about a change in
conformation of BSA possibly due to change in the water structure of BSA solution. Canth-30cH does not contain any
original drug molecules of the cantharis extract. But Cantharis induced water structure has the potential to convert
the water structure of BSA solvent (also water) into a different one. This idea is graphically presented in figs. 6a, b, c,
d.Canth-30cH has acquired this ability during the process of preparation of the potency. Thus a homeopathic
potency can control protein function vis-a-vis cell physiology not directly but by manipulating water medium in the
organism. We can draw an analogy from Cartesian diver principles in which the movement of floating bodies is
controlled by changing pressure of the fluid medium. Floating bodies are not individually forced to more. But their
movements are depending on the size and shape of the floating bodies. Similarly a change in water structure would
affect differentially the bio-molecules in the water medium according to their nature.

CONCLUSION

A homeopathic potency first transforms water structure of the solvent medium of the test protein. The transformed
water structure then interacts with the hydration shell of the protein. Dilution of a potency with water produces a
marked change in the OH stretching and banding vibration of water as evident from FT-IR spectra.

74709




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Raj Kumar Singh et al.,

REFERENCES

1. N.C. Sukul, A.De, A. Sarkar,A. Sukul,S.P. Sinhababu. Antifilarial effect of Artemisia nilagirica extract and its
ultra high dilutions against canine dirofilariasis. Jpn. J. Trop. Med. Hyg.1999, 27, 477-481.

2. N.C. Sukul, C.Taddei-Ferretti, S.P. Sinhababu,A. De,B. Nandi, A. Sukul, R.Dutta (Nag).Potentized Nux
vomicacounters ethanol induced loss of righting reflex in toads. Environ Ecol. 2000,18, 972-975.

3. N.C. Sukul, A. De, R. Dutta (Nag).A. Sukul, S. P. Sinhababu. Nux vomica 30 prepared with and without
succussion shows anti-alcoholic effect on toads and distinctive molecular association. Br Hom J. 2001a,90, 79-
85.

4. N. C.Sukul, S. Ghosh, S.P. Sinhababu, A. Sukul.StrychnosNux vomica extract and its ultra high dilution
reduce voluntary ethanol intake in rats. ] Alt Comp Med. 2001b, 7, 187-193.

5. W. Boericke. 1927. Pocket Manual of Homeopathic Materia Medica. Indian Edn. Calcutta: Sett Dey, 1976.

6. Boericke and Tafel. (1920) American Homeopathic Pharmacopeia. 9th ed. Philadelphia.

7. M.C. Bellissent-Funel, A. Hassanali, M. Havenith, R. Henchman, P. Pohl, F. Sterpone, D. Spoel, Y. Xu, A. E.
Garcia. Water determines the structure and dynamics of proteins. Chem Rev.2016, 116 (13), 7673-7697.

8. R. S. Mulliken.Electronic Population Analysis on LCAO-MO Molecular Wave Functions. I. Journal of
chemical physics.1955,23,1833-1840.

9. O. Tamer,D. Avci, Y. Ataly.Quantum chemical characterization of N-(2-hydroxybenzylidene) acetohydrazide
(HBAH): A detailed vibrational and NLO analysis. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy.2014 117(16), 78-86.

10. O. Tamer. A unique manganese (II) complex of 4-methoxy-pyridine-2- carboxyl ate: Synthesis, crystal
structure, FT-IR and UV-Vis spectra and DFT calculations. Journal of Molecular Structure. 2017, 1144, 370-378.

11. R.K. Singh, S.Ghosh,N.C. Sukul,N. Pande and A. Sukul .A Clathrate Hydrate Crystals and Charge Transfer
Interaction Characterize High Dilutions of Two Homeopathic Drugs Cannabis sativa and Colchicum
autumnale. Ind. J. Nat. Sci. 2022, 13 (74), 48208-48214.

12. K. V. Abrosimova,O. V. Shulenina, S.V. Paston. FT-IR study of secondary structure of bovine serum albumin
and ovalbumin. ] Physics: 2016, Conference Series 769 (2016) 012016. Doi:10.1088/1742-6596/769/1/012016.

13.  Ch M. Dobson(2001). Philos Trans R Soc Lond B. 2001; 356 133

14. E. Halle B. Persson. (2008). Cell water dynamics on multiple time scales. PNAS. 2008; 105 (17): 6266-6271.

15. V.Makarov, B.M. Pettitt, M. Feig. Solvation and hydration of proteins and nucleic acids: A theoretical view of
simulation and experiment. Acc Chem Res.2002, 35, 376-384.

16. T. M. Raschke. Water structure and interactions with protein surfaces. Curr Opin Struct Biol.2006, 16, 152-159.

17. Y. Levy, ].N. Onuchic. Water mediation in protein folding and molecular recognition. Annu Rev Biophys
Biomol Struct.2006, 35,389—415.

18. P. Ball. Water as an active constituent in cell biology. Chem Rev.2008, 108, 74-108.

19. G. Gibrat, L. Assairi, C.T. Craescu, G. Hui Bon Hoa, D. Loew, B. Lombard, L. Blouquit, M.C.
BellissentFunel.Use of SANS and Biophysical Techniques To Reveal Subtle Conformational Differences
Between Native Apo-Calmodulin and Its Unfolded States. Biochim Biophys Acta, Proteins Proteomics. 2012,
1824(10), 1097-1106.

20. M. Aznauryan, D. Nettels, A. Holla, H. Hofmann, B. Schuler.Single-Molecule Spectroscopy of Cold

Denaturation and the Temperature-Induced Collapse of Unfolded Proteins. ] Am Chem Soc. 2013, 135(38),
14040-14043. [PubMed: 24010673].

74710




Indian Journal of Natural Sciences

Vol.15 / Issue 84 / Jun / 2024

International Bimonthly (Print) — Open Access

w www.tnsroindia.org.in ©OIJONS

ISSN: 0976 — 0997

Raj Kumar Singh et al.,

D&c

sur;umvs'c,otc
0.65 - BSA hogt Canth 30 D
0604

0554

0.50 4
A

BSAControl, D&C

Normalized Abs

'
0.454 Canth 30,0 & C
BSA heat Canth 30C
0.40
0.35
0.30 T - - T T T
3000 3100 3200 3300 3400 3500 3600 3700

Wave number CM™!

0.70
056 BSA huxuz!‘c.ntc
on ‘/\
5 BSA heat Canth 30 D
2 oss s
<
§ 0804
= BSA Control, D& C
E oss
S
z
0.40 4 BSA heat Canth 30 C
{
0.35 1
Canth 30,0 & C
030 T T T T T
1580 1600 1620 1640 1660 1680 1700

Wave number cM™

Figure-1: OH-Stretching, Direct (D) and Connection
(©).

Figure-2: OH-Bending, Direct (D) and Connection (C).

o7

064 asA,"-‘u.ntc

= BSA, heat, Canth 30, D/
05

.
BSA Control, D& C

.
03_\

\J
Canth30, D& C

Normalized Abs

02

T T T i T T T
3560 3580 3600 3820 3840 3660 3880 3700

Wave number V™'

OH-Stretching, Direct (D) and Connection [C)

- 332161 3320.72
E 3320 3315
g 330786 330745
i 3310 3307 3302.82
3300
£
2 == 3261.33 3281.33
g 0
m 3170
= 3260
ESA Canth 30 BSA heat ESA heat Canth 30

Proteinand Drug

mD mc

Figure-3: Free water, Direct (D) and Connection (C).

Figure-4: OH-Stretching, Direct (D) and Connection (C).

OH-Bending, Direct (D) and Connection (C)
153z 1637.84 1637.52

18375

1837

18365

18385

1835.5

1635
BSA

1636.76 1636.76

Canth 30

1636.41
1636.181636.2 1636.31

BSA heat

Wave Numbercm-!

BS54 heat Canth 30
Protein and Drug

mD mC

Dynamic water structure
in intercellular spaces

‘aurg ‘4,
.’«r (

‘n

Figure-5: OH-Bending, Direct (D) and Connection (C).

Figure-6a: Large round balls represent cells. The colour
of the background stands for water structure in which a
few water molecules are magnified

74711




Indian Journal of Natural Sciences ” www.tnsroindia.org.in ©OIJONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Raj Kumar Singh et al.,

Water structure of a ‘|
homeopathic potency
falling on a tissue

Potency drop touching tissue

@ @

Figure-6b

Water structure of the potency
transforms water structure of

the tissue into its own structure,

change in colour represents
transformation & B

Figure-6d: The change in background colour indicates transformation of water structure induced by potency
drop.

74712




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

RESEARCH ARTICLE

Harnessing the Potential of Niosomal Therapy for Depression

Pratik Katare!* and Pallavi M. Chaudhari?

M.Pharm Student, Department of Pharmaceutics, Dr. D. Y. Patil College of Pharmacy, Akurdi,
(Affiliated to Savitribai Phule Pune University) Pune, Maharashtra, India.

2Associate Professor, Department of Pharmaceutics, Dr. D. Y. Patil College of Pharmacy, Akurdi,
(Affiliated to Savitribai Phule Pune University) Pune, Maharashtra, India.

Received: 22 Jan 2024 Revised: 10 Feb 2024 Accepted: 09 May 2024

*Address for Correspondence

Pratik Katare

M.Pharm Student,

Department of Pharmaceutics,

Dr. D. Y. Patil College of Pharmacy, Akurdi,
(Affiliated to Savitribai Phule Pune University)
Pune, Maharashtra, India.

Email: Pratikkatare2017@gmail.com

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
= HE (CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

Depression is the most common and neglected mental disorder. Nearly more than 300 million people
suffer due to depression. Out of which half of patients that receive treatment could not respond to
conventional first line antidepressant and fail to recover the disorder. This makes the therapeutic
management of depression quite challenging. The major drawback in management of mental disorders is

obstacles formed by blood brain barriers and other hurdles that separates brain from systemic
circulation. This becomes primary obstacle when it comes to drug delivery to brain. The reduced dose
transport of drug creates challenge in therapy of depression. Thus, alternative routes are considered for
drug delivery to brain. One such is intranasal route of administration. Nose to brain drug delivery is a
successful method for delivery of the drug molecules to the brain. Neuropeptides, natural active
ingredients and certain chemical agents are examples of antidepressant active ingredients whose
availability is limited by the blood brain barrier and first pass metabolism. Antidepressant drugs are
mostly targeted to the brain for treatment. Antidepressant are primarily introduced by the oral route/
traditional method. Antidepressant active ingredients such as neuropeptides, natural active ingredients
and some chemical agents are limited by factors such as blood brain barrier (BBB), first pass metabolism
and extensive adverse effects caused due to systemic administration. To avoid this and increase the
efficiency of the drugs we can use novel drug delivery technique such as liposomes, niosome,
nanoparticles, etc. Niosomes are vesicular nanoparticles made up of nonionic surfactant, which are
biodegradable and more stable than liposomes.
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INTRODUCTION

Depressive disorder also called as depression is a common mental disorder. Around 5% of global population suffer
from depression. The prevalence is seen more in female than male adults. Depressed person has suicidal behavior
and can lead to suicide if not treated in time.[1] Although number of antidepressant drugs are present in market, half
of the patients fail to respond to first line therapy. The reason behind the failure of this therapy is presence of blood
brain barrier. BBB affects brain drug development adversely. Blood brain barrier makes it harder to carry drug to the
brain, structure of brain, toxicity issues, hydrophilicity and lipophilicity criteria.[2]

Blood Brain Barrier
The blood vessels that carry blood to CNS possess some special properties termed as Blood Brain Barrier. Which
allows these vessels to govern the flow of ions, cells and molecules from the blood vessels to the brain.[1]

Components of BBB

Composition of blood brain barrier [2][3]
1.  Astrocytes

2. Pericytes (PCs)

3. Endothelial cells (ECs)

Endothelial cells
Endothelial cells regulate the paracellular transport of hydrophilic molecules across BBB. ™l

Astrocytes
Astrocytes covers the vessels wall plays a vital part in keeping the tight connection barrier intact. !

Pericytes
It is embedded in the capillary basement membrane, it plays an important function in the development of tight
junction, angiogenesis and the structural integrity, differentiation and micro vessel differentiation. !

Functions of blood brain barrier

1.  Maintain ionic homeostasis and brain nutrition.[7]

2. It protects the neural tissues from toxins.[®!

3. Concentration of hormones, amino acid, potassium undergoes frequent fluctuation/changes specifically after a
meal or breakfast.

4. BBB is also impermeable to antibodies as well as bio-chemical poisons due to their large size.!

5. In case of inflammation BBB becomes permeable allowing passage of macrophages.

Criterions to cross the BBB

Lipophilicity

Most commonly molecules with low molecular weight (Under 400 — 600 Da) easily pass.[4] Others require special
transfer mechanism such as,

J Absorptive mediated transport.

e  Carrier mediated transport

o Receptor mediated transport
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Complex biology of BBB
The high rejection of CNS drug includes a limited understanding of the drug permeability at the BBB and the
distribution of transfer of drug molecule to brain and target engagement in brain.

Current strategies to cross Blood Brain Barrier

90% of smaller drugs and nearly 100% of larger drugs cannot pass through BBB making it toughest barrier to
cross.[10]

Transport routes that allow movement across the barrier are

1. Diffusion: - It allows movement of electrolytes and water.

2. Membrane transport: - It permits the passage of medical compound such as ethanol, nicotine, caffein,
barbiturates and anesthetic as well as smaller lipophilic molecules.

Efflux pumps: - it allows movement of p-glycoprotein.

Receptor mediated transcytosis: - Insulin, peptin, IgG, transferrin and TNF-alpha are passed via this route.
Adsorptive mediated transcytosis: - It allows passage of albumin and histone.

SR

Carrier mediated transport: - glucose, pyruvate, creatine, lactate and large neutral amino acids are passed
through this route.[4]

Strategies and techniques for drug delivery across BBB
These techniques focus on effective delivery of therapeutics molecules across barriers and enhanced therapy. These
are mainly divided into following groups-

Invasivetechniques -
There are several techniques to achieve invasive approach of drug delivery: -

e Intra-cerebro-ventricular.

¢ Intra thecal infusion.

e Transient disruption of BBB [4]
There are several limitations to these techniques that's why we mostly prefer non-invasive techniques.

Non-invasive techniques
In comparison with invasive methods, non-invasive methods are less tedious hence get better patient compliance.

Following are the techniques incorporated in non-invasive methods

Intranasal delivery of drugs via neural pathways that are present in nasal mucosa that connects to the brain. It also
protects drug from metabolic pathways and enzymatic degradation enhancing absorption. Two main considerations
in intranasal drug delivery are anatomy of nasal cavity and transport mechanisms are discussed below.

Anatomy of nasal passage
It majorly divided in three parts- vestibule region, respiratory and olfactory part.
1. Vestibule region: - anterior external region opening to nasal cavity. It is not involved in absorption functions.
2. Respiratory region: - consists of basal cells, goblet cells that secrete mucus and columnar cells with and without
cilia. Its 160 cm? makes it crucial for drug absorption.
3. Olfactory part: - Includes basal and sustentacular cells, as well as olfactory receptor cells. Information is
transduced from the olfactory mucosa to the olfactory bulbar area by olfactory receptor neurons.[11]

The process by which active molecules travels from the nose to brain
It involves major three pathways that are olfactory pathway, tri-geminal nerve pathway and systemic pathway.
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Olfactory region

Following nasal administration of therapeutic modalities, the olfactory epithelium receives them directly. It is
olfactory neurons that are in charge of transduction.[12] The drug molecules move with the axons, transverse the
cribriform plate via the nerve bundle and arrive at the olfactory bulb, which is located on the brain surface. The
therapeutic moiety can enter the olfactory bulb and CNS from the olfactory bulb and CSF from the olfactory
neurons.[13]

Trigeminal nerve pathway

Drug transport which occurs through trigeminal pathway is done by intracellular pathway or by endocytosis. Two
branches of the trigeminal nerve, the ophthalmic and mandibular, are crucial in the transfer of medications from the
nose to brain. Rather than passing through the olfactory mucosa, the drug will directly activate the trigeminal nerve
terminals by interacting with the receptors of the trigeminal nerve terminals.[14]

Systemic pathway

The respiratory epithelium has more vasculature than olfactory. This allows systemic absorption of drug from the

respiratory epithelium. Respiratory segment is made up from fenestrated and continuous endothelium combined

allowing uptake of large and tiny substances enter the bloodstream. The medication then travels from the blood to

brain.[15]

a.  Transport mediated/ carrier systems can be used for enhanced drug therapy.

b.  Another novel method is use of nanoparticle-based technology. The smaller particulate system is capable of
passing BBB.[16]

Potential of Nano-formulations for Nose-to-Brain drug delivery

Nanocarriers unlike conventional drug delivery systems, have unique features rendering them as potential carriers
for Brain drug delivery. The efficacy of antidepressants is hampered by insufficient dose transport to brain when
administered by oral or parenteral route. The dose transport is affected by BBB. As of now, only some therapeutic
agents such as drug, siRNA and peptide can be able to pass through the Blood Brain Barrier due to their smaller
size.[17] Nose-to-brain drug delivery is generally used as non-invasive technique commonly used for transport of
drug by local or systemic route of administration. It carries many advantages contains simplicity in dosage, quick
onset of action and prevention of hepatic first pass metabolism.[18]By using mucoadhesive agents’ viscosity
modifiers in intranasal formulation, drug can be made to stay longer in the nasal cavity, which can improve
absorption.[19][20] There are some recent developments in terms of nanotechnology which led to the growth of
novel and incredibly effective medication delivery mechanism, which helps in transport of drug molecules across the
blood brain barrier.[21][22][23][24] Niosomesare two-layer in structure, cholesterol and non-ionic surfactant self-
assembled to produce nanovesicle. Niosomes are biodegradable, biocompatible and non-immunogenic
nanoparticles. Due to this reasons niosomes used in multiple drug delivery choices. The process of functionalizing
the niosomal surface with targeting moieties that have an affinity for particular surface protein expressed on target
sites may facilitate the formulation of targeted niosomes.[25][26] Niosomes have higher stability than polymeric and
lipid-based nanoparticles. Also, they are cost effective as well as they can encapsulate both hydrophilic and lipophilic
drugs. Thus, niosomes are used in enhancing bioavailability ?”! and permeability by improving the cellular uptake of
therapeutic molecules. Bromocriptine mesylate is a potent dopamine receptor antagonist with low oral
bioavailability. To overcome this drawback, niosomes have been used as drug carriers for nose-to-brain delivery of
bromocriptine mesylate. An atypical antipsychotic medication known as olanzapine is used to treat schizophrenia
and other psychotic disorders. But it is practically insoluble in water and shows poor bioavailability when
administered orally. To make up this drawback, bioadhesive niosomes are used for successful nose-to-brain delivery.
Niosomes also have been used in therapy of brain tumors. Targeted therapy of drug load is facilitated by using
niosome as carrier. Niosomes are flexible and can be incorporated in any dosage form. Another example is intranasal
in situ gel to improve bioavailability of flibanserin and better its brain drug delivery.

74716




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Pratik Katare and Pallavi M. Chaudhari

Structure of niosomes
Niosomes are bilayer non-ionic surfactant vesicles. The hydrophobic heads are oriented against organic solution,
whereas hydrophilic heads are oriented against the aqueous layer.[27]

Components of niosome

Drugs, cholesterol or its derivatives, non-ionic surfactants, and occasionally ionic amphiphiles make up
niosomes.Hydrophilic drugs are encapsulated in hydrophilic core whereas hydrophobic drugs are encapsulated in
hydrophobic region situated in bilayer. Adding optimum amount of cholesterol is the key to achieve most stable
formulation of niosome. Cholesterol plays important role in regulating the structure and flexibility of bilayer
membrane [28]. Just as phospholipids are main component in liposomes, non-ionic surfactants are primary
components in niosomes. Commonly used non-ionic surfactants are amphipathic, including terpenoids,
polysorbates, spans, alkyl oxyethylenes. Squalene belonging to terpenoid family, has advantage of enhancing the
rigidity and stability of niosomal structure.[29] Polysorbate is another important non-ionic surfactant used to prepare
niosomes. Polysorbate 80 offers excellent properties for gene delivery because of PEG (Poly Ethylene Glycol) chains
in its structure. Commonly used ionic amphiphiles are diacetylphosphate (DCP), phosphatidic acid, stearyl amine,
cetyl-pyridinium chloride. Amphiphiles are incorporated to following purposes- loading drugs, increasing the
efficacy and enhancing stability. For example, when cationic lipid is combined with non-ionic surfactant, cationic
niosomes are formed. The formed cationic niosomes interact with a negatively charged phosphate groups of the
DNA.[30] Also, they increase the drug encapsulation efficiency and skin permeation. This characteristics of niosomes
are beneficial when it comes to nose to brain drug delivery. They make promising agents in management of neuro-
degenerative diseases by controlled, site specific and enhanced drug delivery to the brain. Niosomes can be
incorporated to their utmost capability via nasal route where, particle size, residual time and effective transport into
brain and spinal cord can be of positive impact.

Applications of Niosomes

Niosomes first appeared in the cosmetic industry, are now gaining attention in medicines. Because niosomes can
encapsulate both hydrophilic and hydrophobic drug molecules they are frequently utilized in the administration of
medications such as doxorubicin, vaccines, insulin, siRNA and other substances. Their medicinal properties are
extensively employed in several therapeutic domains such as anti-alzimer, bactericidal, antidiabetic, anticancer and
antioxidant. They can be administered by various routes such as orally, parenteral route, intra-nasal or
transdermal.[31] Chitosan based niosomes for nose to brain delivery of clonazepam is innovative approach to
counter limited accessibility of clonazepam.

CONCLUSION

Depression being one of the most common mental disorders is challenging to treat. The first line pharmacological
therapy fails due to blood brain barrier and other barriers that protects b rain to invade into brain and neural tissues,
niosomes have been explored to carry therapeutic load. Also, their characteristics to entrap variety of drugs, enhance
bioavailability and reduce systemic side effects makes them potential drug delivery. Intranasal route as compared to
other have multiple benefits. The routes shall be explored more owing to its capacity. Nose to brain drug delivery
can invade into brain with efficient dose raising the bioavailability.
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ABSTRACT

In this paper, the study explores the tangent similarity measure for neutrosophic vague sets, serving as a
parallel instrument to the enhanced cosine similarity measure, and applies it to single valued
neutrosophic vague set with practical applications in educational stream selection and medical diagnosis.

The proposition and subsequent examination of the tangent similarity measure for neutrosophic vague
sets has been conducted. This concept serves as a parallel instrument to the enhanced cosine similarity
measure of neutrosophic vague sets. Ultimately, this tangent similarity measure is applied to single
valued neutrosophic vague set, with two practical applications being presented: the selection of
educational streams and medical diagnosis.

Keywords: Tangent Similarity Measure, Neutrosophic Vague Set, Cosine Similarity Measure, Medical
Diagnosis.

INTRODUCTION

Smarandache [11, 12] introduced the concept of neutrosophic set to deal with imprecise, indeterminate, and
inconsistent data. In the concept of neutrosophic set, indeterminacy is quantified explicitly and truth-membership,
indeterminacy-membership, and falsity-membership are independent. Indeterminacy plays an important role in
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many real world decision making problems. The concept of neutrosophic set [11,12,13,14] generalizes the Cantor
set discovered by Smith [15] in 1874 and introduced by German mathematician Cantor [3] in 1883, fuzzy set
introduced by Zadeh [18], interval valued fuzzy sets introduced independently by Zadeh [19], Grattan-Guiness [5],
Jahn [6], Sambuc [9], L-fuzzy sets proposed by Goguen [4], intuitionistic fuzzy set proposed by Atanassov [1],
interval valued intuitionistic fuzzy sets proposed by Atanassov and Gargov [2], vague sets proposed by Gau.

Zadeh [17] in 1965 introduced and defined the fuzzy set which deals with the degree of membership/truth. Topology
has become a powerful instrument of mathematical research. Topology is the modern version of geometry. It is
commonly defined as the study of shapes and topological spaces. The topology is an area of mathematics, which is
concerned with the properties of space that are preserved under continuous deformation including stretching and
bending, but not tearing and gluing which include properties such as connectedness, continuity and boundary. The
term topology was introduced by Johann Beredict Listing in the 19* century. Closed sets are fundamental objects in a
topological space. In 1970, Levine [9] initiated the study of generalized closed sets. The theory of fuzzy topology was
introduced by Chang [19] in 1967; several researches were conducted on the generalizations of the notions of fuzzy
sets and fuzzy topology. Atanassov [1] in1986 introduced the degree of non-membership/falsehood (F) and defined
the intuitionistic fuzzy set as a generalization of fuzzy sets.

In this paper we have extended the concept of tangent similarity measure [8] to neutrosophic environment. We have
defined a new similarity measure called “tangent similarity measure for neutrosophic vague sets'". The properties of
tangent similarity are established.

Neutrosophic Preliminaries

Neutrosophic Set:
Definition 2.1[11,12]
Let U be a universe of discourse. Then the neutrosophic set A can be presented of the form:
M = {< x:Ty(x),Iy(x),Fu(x) >, x € U}, where the functions T, I, F: U— ]- 0,1+ [ define respectively the degree of
membership, the degree of indeterminacy, and the degree of non-membership of the element x € U to the set M
satisfying the following the condition.

—0 < supTy ) + suply(x) + supFy(x) < 3* )
From philosophical point of view, the neutrosophic set assumes the value from real standard or non-standard
subsets of ]- 0, 1+ [. So instead of ]- 0, 1+ [ one needs to take the interval [0, 1] for technical applications, because ]- 0,
1 + [ will be difficult to apply in the real applications such as scientific and engineering problems. For two
netrosophic sets (NSs), Mys = {|x e X}and Nys = {< x, Ty(x),IN(x),Fn(x) > | x € X } the two relations are defined
as follows:

(1) Mys ©Nysif and only if Ty (x )<Ty (x), Iy (X )21y (x ), Fy (x )2Fy (%)
(2)Mys = Nys ifand only if Ty (x) = Ty(x), Im(x) = In(x), Fu(x) = Fy(x)

Neutrosophic Vague Set: [10]
A neutrosophic vague set Myy(NVS in short) on the wuniverse of discourse X written as
Mys = {(x; Tn,, (); T, (0); By, (0)); x € X}whose truth membership, indeterminacy membership and false
membership functions is defined as:

Ty, () = [T, T7],

Iy, ) = [I7,17],

Fyy, () = [F7,F*]

where,
1) Tt=1-F"
2) Ft=1-T"

3) =0T +I"+F <2%
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Tangent Similarity measures for neutrosophic set [7]:
Let A =< x(Ty () (x)F4(x)) > and B =< x(Tz(x)Iz(x)Fz(x)) > be two single valued neutrosophic numbers. Now
tangent similarity function which measures the similarity between two vectors based only on the direction, ignoring

the impact of the distance between them can be presented as follows:
Tns(A,B) =

1 Z" (1 - tan <7T(|TA(Xi) = Tp(x)| + 114 (x;) — Ig (x| + [Fa () — FB(xi)D))
i=1

n 12

Tangent similarity measure for neutrosophic vague set:
Let M =< (x; Ty C0); Iy (); By (x)) >and N =< (x; Ty (0); Iy (); FN(x)) > be two neutrosophic vague numbers. Now
tangent similarity function which measures the similarity between two vectors based only on the direction, ignoring
the impact of the distance between them can be presented as follows:
Tyy(M,N) =

7 (1T () = Ty Gl + 1Ty () = Ty el + Mg () = Iy el + 13 () = 1 (o) +>\
lz" (1 — tan| |Fig () = Fy Gl + 1Fif () — Fyf ()| l
i=1

n 12 /

Proposition 3.1 The defined tangent similarity measure Tyy (M, N) between NV M and N satisfies the following
properties:

1.0<Tyy (M, N) <1

2. Tyy(M,N) =1iff M=N

3. Tyy(M,N) = Typs(N, M)

4.If Oisa NV in X and McNcO then Tyy (M, 0) <Tyy (M, N) and Tyy (M, 0) <Tyy (N, 0)

Proofs:

1) As the membership, indeterminacy and non-membership functions of the NVs and the value of the tangent
function are within [0,1], the similarity measure based on tangent function also is within [ 0,1]. Hence 0 <Tyy (M,
N)<1

2) For any two NV M and N if M = N, this implies Ty; (x) = Ty (x), Tof (x) = Taf (%), Iy (x) = Iy (x), I} (x) =
I (x), Fy (x) = Fy(x),Fif(x) = F{(x). Hence
Ty Ce) = Ty (ed 1 = 0 Ty () — Ty (el = 0 1y (o) — Iy ()l = 0 113 () — I () = 0

sl 0, 040 — i (ol 2,15 — 1761 = 0,155 = )] =
X)) — Iy X)) = U, iy X)) — Iy X )= U, Uy X)) — Iy X)) =0, Hy ) — Iy X)) = U,
Ty (M, N) = 1 then |y () — Fy (el = 0. 15 (x) — Fit ()l = 0, Since tan(0) = 0.

Conversely, If

So we can write

T (@) = Ty (), Ti(0) = T (), 7 (0) = Iy @), 15 () = (0, F () = Fy (), Fif(x) = Fy (x) Hence M = N
3) This proof is obvious
4) If McNcO then Ty (%) <Ty (x)<Ty (x), Taf () <T3 () <T (x), I (x) 215 () 25 (x), 1 () 217 () 21 (%),

Fy (x) 2Fy () 2Fy (x), Fif (%) 2F3 (x) 2F§ (x) for x € X.

Now we have the following inequalities:
|Tu () = Ty ()| < [Ty () = To ()|
| T () = To ()| < [Ty () = Tp ()]
|7 () = Iy (0| < 1 () = I ()]
|iN(x) - io(x)| < Iy (x) = Tp ()]
| () = Ey ()] < [Fy () = Fp (%)
|Ey () = Fo ()| < |Fy (x) — Fo ()|
Thus Tnv(M, O) < Tanv(M, N) and Tav(M, O) < Tav(N, O). Since tangent function is increasing in the interval O,%

Neutrosophic vague decision making based on tangent similarity measure
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Let Ey,E,,..., E,, be a discrete set of candidates, Gy, G, ..., G, be the set of criteria of each candidate, and F;, F,,..., F;
are the alternatives of each candidates. The decision-maker provides the ranking of alternatives with respect to each
candidate. The ranking presents the performances of candidates E; (i = 1, 2,..., m) against the criteria G; (j=1, 2, ..., n).
The values associated with the alternatives for MADM problem can be presented in the following decision matrix
(see Table 1 and Table 2). The relation between candidates and attributes are given in the Table 1. The relation
between attributes and alternatives are given in the Table 2.

Table 1: The relation between candidates and attributes

G G, G
1 p
E d.. d, . o
1 11 12 in
E d_, d__ d
El di‘;l dl.‘;ﬁ ﬂ““

Here djj and 8jj are all neutrosophic vague numbers. The steps corresponding to neutrosophic vague number based
on tangent function are presented using the following steps.
Table 2: The relation between attributes and alternatives

1'_'_ ].'_: . E}c
G | 8, 8, ww B
e 5, 5. 5,
G | 8, I

Step 1: Determination of the relation between candidates and attributes
The relation between candidate Ei (i=1, 2, ..., m) and the attribute Gj (j =1, 2, ..., n) is presented in the Table 3.
Table 3: relation between candidates and attributes in terms of NVs

G, G, .. G,

El (TLLIMF;l} {T;:Il:Fu} {T;nIl::Flr:}
E,| (T, LF) (T F) . (@ILF)
E| @ I F ) (1 F ) ... (T IF)
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Step 2: Determination of the relation between attributes and alternatives
The relation between attribute Gi (i=1, 2, ..., n) and alternative Ft (t=1, 2, ..., k) is presented in the table 4.
Table 4: The relation between attributes and alternatives in terms of NVs

F Fr o Fe
G| T IF) T FD) e T L F
G| (I F) (TIF) (T.1 F. )
G| T IF) (T 1F)y .. (T1F.)

Step 3: Determination of the relation between attributes and alternatives
Determine the correlation measure between the table 3 and the table 4 using Tyy (M, N).

Step 4: Ranking the alternatives
Ranking the alternatives is prepared based on the descending order of correlation measures. Highest value reflects
the best alternative.

Step 5: End

Application Selection of educational stream for Higher Education

The process of selecting the right educational stream after completing higher secondary examination (XII) is a critical
decision that greatly influences a student's future career prospects. This period often proves to be challenging for
students as they face confusion and uncertainty in choosing the most suitable path. Making an informed choice at
this stage is crucial, as it can have a lasting impact on their professional journey. In this article, we will explore the
importance of selecting the right stream and profession, highlighting the potential consequences of making an
improper decision. It is crucial for students to carefully select from the various options available to them based on
their interests. Therefore, it is necessary to employ a suitable mathematical method for decision-making.

This text introduces a proposed similarity measure that aims to determine the appropriate educational stream for
students based on their attributes. The main feature of this method is its incorporation of truth membership,
indeterminate, and falsity membership functions simultaneously. By utilizing these functions, the proposed measure
seeks to provide an accurate and comprehensive evaluation of students' attributes in relation to different educational
streams. This introduction sets the tone for a discussion on the potential benefits and effectiveness of this innovative
approach in guiding students towards their optimal educational paths. Let E = {Ey, E5, E3} be a set of students, F =
{science (F;), humanities/arts (F,), commerce (F3), vocational course (F,)} be a set of educational streams and G = {
availability of courses (G;), facility of transportation (G;), cost (G3), staff and curriculums (G4), and placement
program (Gs)} be a set of attributes. Our solution is to examine the students and make decision to choose suitable
educational stream for them (see Table 5, 6, 7). The decision-making procedure is presented using the following
steps.

STEP 1: The relation between students and their attributes in the form NVs is presented in the table 5.

Rela:tltlon G G, Gy G, Gs
{[0.2,0.3]; {0.2,0.7); {[0.2,0.5); {[0.2,0.4]; {[0.3,0.8];
4 [0.2,0.6]; [0.4,0.5]; [0.2,0.5]; [0.1,0.5]; [0.2,0.5];
[0.7,0.8];} [0.3,0.8];} [0.5,0.8];} [0.6,0.8];} [0.2,0.7];}
{[0.3,0.5]; {[0.6,0.7]; {[0.3,0.6]; {[0.3,0.4]; {[0.6,0.7];
A, [0.2,0.5]; [0.2,0.4]; [0.4,0.4]; [0.1,0.3]; [0.1,0.3];
[0.5,0.7];} [0.3,0.4];} [0.4,0.7];} [0.6,0.7];} [0.3,0.4];}
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{10.4,0.5]; {10.3,0.2]; {[0.4,0.6]; {10.2,0.4]; {[0.4,0.6];
As [0.1,0.5]; [0.3,0.4]; [0.3,0.5]; [0.3,0.5]; [0.3,0.6];
[0.5,0.6];} [0.8,0.7];} [0.4,0.6];} [0.6,0.81;} [0.4,0.6];}

Table 5: The relation between students and attributes
STEP 2: The relation between student’s attributes and educational streams in the form NVs is presented in the table

6.
Table 6: The relation between attributes and educational streams
Relation 2 F F F3 Fy
Gy {[0.4,0.5]; | {[0.1,0.3]; | {[0.4,0.6]; | {[0.1,0.4];
[0.1,0.6]; | [0.2,04]; | [0.5,0.7]; | [0.5,0.6];
[0.5,0.6]} | [0.7,0.9]} | [0.4,0.6]} | [0.6,0.9]}
G, {[0.5,0.6]; | {[0.6,0.7]; | {[0.3,0.5]; | {[0.2,0.3];
[0.2,0.3]; | [0.3,0.5]; | [0.2,0.3]; | [0.1,0.2];
[0.4,0.5]} | [0.3,0.4]} | [0.5,0.7]} | [0.7,0.8]}
Gs {[0.6,0.8]; | [0.2,0.3]; | {[0.2,0.4]; | {[0.3,0.6];
[0.2,0.4]; | [0.2,0.4]; | [0.3,0.5]; | [0.1,0.2];
[0.2,04]} | [0.7,0.8]} | [0.6,0.8]} | [0.4,0.7]}
Gy {[0.2,0.8]; | {[0.1,0.6]; | {[0.4,0.5]; | {[0.2,0.5];
[0.1,0.5]; | [0.1,0.3]; | [0.1,0.2]; | [0.1, 0.6];
[0.2,0.8]} | [0.4,0.9]} | [0.50.6]} | [0.5,0.8]}
Gs [0.5,0.7]; | {[0.2,0.5]; | {[0.2,0.6]; | {[0.1,0.2];
[0.5,0.6]; | [0.1,0.6]; | [0.3,0.5]; | [0.5,0.6];
[0.3,0.5]} | [0.5,0.8]} | [0.4,0.8]} | [0.8,0.9]}

STEP 3: Determine the correlation measure between the table 5 and the table 6 using tangent similarity measures
(equation 1). The obtained measure values are presented in table 7.
Table 7: The correlation measure between Reationl(table 5) and Relation-2 (table 6)

Tangent similarity measure F F, F3 Fy
Eq 0.70806 | 0.80852 | 0.7688 | 0.70182
E; 0.77466 | 0.76256 | 0.7471 0.61432
E3 0.77914 | 0.67854 | 0.78686 | 0.72348

STEP 4: Highest correlation measure value of Ej, E, and E3 are 0.80852, 0.77466 and 0.78686 respectively. The highest
correlation measure from table 7 provides proper decision-making guidance for students in selecting their
educational streams. Therefore, it is recommended that student E; choose the arts stream, student E, choose the
science stream, and student E3 choose the commerce stream for their educational paths.

Medical Diagnosis

Let us consider an illustrative example adopted from Szmidt and Kacprzyk [18] with minor changes. As medical
diagnosis involves a considerable amount of uncertainty and an increased volume of information available to
physicians through new medical technologies, the process of classifying different sets of symptoms under a single
disease name has become more challenging. In certain practical scenarios, it is not uncommon for each element to
possess varying levels of truth membership, indeterminate membership, and falsity membership functions. To
address this complexity and ensure accurate medical diagnoses, a proposed similarity measure has been introduced
for evaluating the relationships between patients and symptoms, as well as symptoms and diseases. The
distinguishing characteristic of this method lies in its incorporation of truth membership, indeterminate membership,
and false membership through a single inspection process for diagnosis.
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Now, an example of a medical diagnosis will be presented. Example: Let L = {Lj, L,, Ls, L4} be a set of patients, H =
{Dengue fever, Chicken Pox, Cold, stomach problem, chest cold} be a set of diseases and S={Temperature, headache,
stomach pain, cough, chest pain.} be a set of symptoms.This text focuses on a solution strategy that involves
examining patients to determine their truth membership, indeterminate membership, and false membership
functions in relation to various symptoms. The analysis includes studying the relationship between patients and
different symptoms (as shown in Table 8), the correlation between symptoms and diseases (as presented in Table 9),
and the correlation measure between R-1 and R-2 (as outlined in Table 10). By utilizing these tables, valuable insights
can be gained regarding patient-symptom associations, symptom-disease connections, and overall correlations
within the dataset.

Table 8: (R-1) The relation between Patient and Symptoms

R-1 | Temperature | Headache | Stomach Pain | Cough | Chest Pain

[0.4,0.5]; {10,0.3]; {[04,06]; | {[0.1,04]; | {[0.5,0.6];

Li [0.1,06]; | [0.2, 04]; [0507]; | [0506]; | [0.2,03];
[0.5,0.6]} [0.7,1]} [0.4,0.6]} [0.6,09]} | [0.4,05]}

[0,0.3]; {10607]; | {03,05]; |{0.203];| {[0.60.8];

L2 [0.2,0.6]; [0.3,0.5
[0.7,1]} [0.3,0.4

I; [0.2,0.3]; [0.1,0.2]; | [0.2,0.4];
1} [0.5,0.71} [0.7,0.8]} | [0.2,0.4]}

{[0.1,03]; | {[0.2,03]; | {[0.2,04]; {[0,0.4]; | {[0.3,0.6];
Ls | [03,05]; | [0.2 04] [0.3,05]; |[0.1,02]; | [0.1,02];
[0.7,09] [0.7,0.8]) [0.6,0.8]} [0.61]} | [0.4,0.7]}

{0208, | {[0.1,06]; | {[0206]; | {[0.1,03];] {[0.1,02];
Ls | [01,05]; | [0.1,03]; [0.3,0.5]; | [0.3,0.5]; | [0.50.6];
[0.2,0.8]} [0.4,0.9]) [0.4,0.8]} [0.7,09]} | [0.8,0.9]}

Table 9: (R-2) The relation among symptoms and diseases

R-2 Dengue Fever | Chicken Pox, Cold Stomach Problem, | Chest Cold
{[0.2,0.5]; {[0.4,0.5]; {[0.3,0.5]; {[0.1,0.4]; {[0.4,0.6];
Temperature [0.4, 0.5]; [0.1, 0.2]; [0.4,0.7]; [0.3, 0.6]; [0.3,0.7];
[0.5,0.8]} [0.5,0.6]} [0.5,0.7]} [0.6,0.9]} [0.4,0.6]}
{[0.3,04]; {[0.2,0.6]; {[0.1,0.4]; {[0.5,0.6]; {[0.3,0.4];
Headache [0.4, 0.6]; [0.5,0.7]; [0.3, 0.5]; [0.3, 0.6]; [0.1, 0.4];
[0.6,0.7]} [0.4,0.8]} [0.6,0.9]} [0.4,0.5]} [0.6,0.7]}
{[0.3,0.5]; {[0.1,0.4]; {[0.2,0.6]; {[0.6,0.7]; {[0.3,0.6];
Stomach Pain [0.2,0.4]; [0.3, 0.5]; [0.1, 0.3]; [0.3, 0.5]; [0.2,0.4];
[0.5,0.7]} [0.6,0.9]} [0.4,0.8]} [0.3,0.4]} [0.4,0.7]}
{[0.3,0.5]; {[0.5,0.6]; {[0.2,0.3]; {[0.1,0.2]; {[0.5,0.6];
Cough [0.5, 0.6]; [0.5, 0.6]; [0.2,04]; [0.4, 0.5]; [0.4, 0.6];
[0.5,0.7]} [0.4,0.5]} [0.7,0.8]} [0.8,0.9]} [0.4,0.5]}
{[0.1,0.3]; {[0.2,0.5]; {[0.4,0.7]; {[0.2,0.8]; {[0.2,0.3];
Chest Pain [0.4, 0.5]; [0.3, 0.6]; [0.3, 0.6]; [0.1, 0.5]; [0.5, 0.7];
[0.7,0.9]} [0.5,0.8]} [0.3,0.6]} [0.2,0.8]} [0.7,0.8]}

Table 10: The correlation measure between R-1 and R2

Tangent similarity measure | Dengue Fever | Chicken Pox, Cold | Stomach Problem, | Chest Cold
L1 0.70532 0.6832 0.75866 0.72008 0.7037
L2 0.644504 0.56892 0.75004 0.76934 0.55846
Ls 0.71066 0.59824 0.76496 0.71164 0.6364
La 0.76446 0.69494 0.7374 0.68044 0.74424
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The accurate diagnosis of medical conditions is a critical aspect of providing appropriate healthcare. In Table 10, the
highest correlation measure is indicative of the precise medical diagnosis. Based on these findings, Patient L; has
been diagnosed with a cold, Patient L, with a stomach problem, Patient L; with a cold, and Patient L, with Dengue
fever. These results highlight the significance of utilizing correlation measures to enhance diagnostic accuracy and
ensure effective treatment for patients.

CONCLUSION

This paper introduces a tangent similarity measure for multi-attribute decision making using neutrosophic vague
sets. The proposed measure is supported by the proof of its basic properties. Additionally, two practical applications
are presented, demonstrating the effectiveness of the approach in selecting educational streams and aiding medical
diagnosis. Furthermore, it is suggested that this concept can be extended to address other multiple attribute decision
making problems in neutrosophic vague environments. Overall, this research contributes valuable insights and
potential solutions for decision making under uncertainty.
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ABSTRACT

The paper conglomerates the intricate and multifaceted consequences of climate change on the
southwestern Indian state of Kerala. Kerala, a state renowned for its varied landscapes, dynamic
ecosystems, and rich cultural legacy, is facing more and more difficulties as a result of climate change.
This research paper explores the manifestations of climate change in Kerala, the ‘God’s Own Country’
ranging from extreme weather events to shifts in biodiversity with crippling impacts on agrarian sector.

Keywords: Kerala, Climate Change, Biodiversity, God’s Own Country

INTRODUCTION

The State of Kerala, located at the southernmost point of the Indian Peninsula and spanning a total landmass of
38863 km?, is situated between the Arabian Sea to the west and the Western Ghats to the east which accounts for
around 1.18 percent of the country. The State's coastline reflects a total area of 592.9 km from North to South (NCCR,
2022). From east to west, the terrain's width varies from 30 to 120 kilometers. Within this spatial spread, the State
endows three distinct physiographic regions: the highly cultivated, undulating hills and valleys that represent the
eastern highlands, which are represented by the mountain landscapes of the Western Ghats; the estuaries,
backwaters, and coastal regions that represent the central midlands. The Western Ghats, a unique mountain range
with unique ecological traits and a distinct socio-economic profile, form the eastern limit of the State. When
considering the SAARC countries, it contains the highest peaks south of the Himalayas. The lowland region's
abundance of clean estuarine systems and sub-sea level wetlands forms a unique socio-ecological system. With a
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population density of 860 persons per km?, the State sustains 3.34 crore people, more than double the national
average (Census of India, 2011). The State is home to an amazing diversity of natural and cultural environments,
from the eastern mountains, which are dominated by spices, to the coastal plains, which are dominated by coconut
and paddy. Tamil Nadu borders Karnataka to the east and Kerala to the north. The state is traversed by 44 rivers, 41
of which run westward to enter the Arabian Sea. The total area of the 14 districts is 4,482 km? (Palakkad) to 1,415 km?
(Alappuzha) in size. Administratively, there are 78 taluks, 27 revenue divisions, 1,666 villages, 941 panchayats, 87
municipalities, and 6 municipal corporations out of the 14 districts. The capital of the state is Thiruvananthapuram.

Climate change as a threat

One of the most pressing and dangerous issues of our time is climate change, which is caused by human activity
such as burning fossil fuels, deforestation, and industrial operations. The threat posed by climate change is
multifaceted, with well-documented repercussions on the environment, society, economy, and geopolitics (IPCC,
2022). The main effects of climate change are shown in Table 1. According to Bazylevych and Kupalova (2014),
climate change is the largest problem of the twenty-first century. Coordination of efforts at the local, national, and
international levels is required to address this global issue in order to mitigate its impacts, adapt to the changes that
have already taken place, and increase resilience because the future of the climate is uncertain.

Climate profile of Kerala

Except for Thiruvananthapuram, where the climate is tropical savanna with seasonally dry and hot summers, Kerala
has a dominant tropical monsoon climate with substantial summer rainfall. A year is divided into four separate
seasons. Pre-monsoon, or March through the end of May, is referred to as the hot season. Next is the southwest
monsoon season (Monsoon), which lasts until the beginning of October. The northeast monsoon season (Post-
monsoon) spans from October to December, whereas the winter season (Winter) consists of the two months of
January and February. The entire State is classified as one of India's 36 meteorological sub-divisions for
climatological purposes. The geographical and climatic diversity of the State is reflected in its climate. The plains are
hot and muggy, while the High Ranges enjoy a crisp, refreshing climate. During the day, the winds are mostly
westerly and at night, they are mostly easterly. All year round, the State usually has significant percentages of
humidity. Depending on how near the sea is, the greatest daily variation can range from 4-16% during the warmer
months, while the afternoon humidity can drop as low as 60-63%. The State has a spike in relative humidity during
the monsoon season that reaches about 85%. In the plains, daytime temperatures are rather consistent all year long,
except during the monsoon months, when they drop by three to five degrees Celsius. Kerala has a mean maximum
temperature of about 33 °C, with March and April being the hottest months. Kerala receives more rainfall annually
on average than other Indian states (DoECC, 2022).

Kerala and climate change

Kerala, the "God's Own Country," is just one of the places in the globe where climate change is putting more and
more people in danger. Kerala, a hidden gem on India's southwest coast, is particularly vulnerable to the
consequences of climate change because of its unique geography and socioeconomic characteristics. Kerala's coastal
location in Southern India makes it particularly susceptible to the effects of climate change and natural disasters. The
frequency and intensity of weather events have increased over time due to climate change, putting highland
populations as well as coastal towns at jeopardy. The Coastal Susceptibility Index, a technique used by experts to
assess the susceptibility of coastal regions, indicates that some coastal districts in Kerala, including Kannur, Kochi,
and Alappuzha, are particularly vulnerable (Kumar et al., 2017). With 53% of Kerala's coastline classified as
extremely susceptible, these districts are subject to a variety of coastal hazards, like erosion, sea-level rise, strong
tidal waves, potential tsunamis and other natural calamities. The influence of crop yield in the Western Ghats on
climate change has been adequately demonstrated by Kumar et al. (2011). A statistically significant drop in the
annual and south-west monsoon rainfall as well as a decrease in the number of annual rainy days was revealed by
Vijay et al.(n.d.) in trend study of climatic variables over the tropical state of Kerala. Additionally, meteorological
drought and extreme climate indices were predicted. An analysis of temperature trends reveals a tendency toward
increase. The spatiotemporal variance of these climatic indicators shows that extreme temperature and precipitation
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indices are trending higher and lower, respectively, in Kerala. The number of warm days has significantly grown
throughout the state, while the number of cold days has been declining..

Climate change and major risks

Kerala, with its distinct topography, abundant biodiversity, and varied ecosystems, is exposed to a wide range of
dangers that are exacerbated by the effects of climate change. The main threats that climate change presents to the
state are discussed in this section, including aspects related to the environment, the economy and public health.

¢ Monsoonal Dependence
Kerala's agricultural economy is closely linked to the monsoon, for the plethora of agrarian activities. Alterations
in monsoonal sequences, such as delayed onset or erratic rainfall, can have severe repercussions on agriculture,
impacting food security and livelihoods. Giridhar ef al. (2022) has critically analysed the agricultural vulnerability
to climate change in the State of Kerala.

¢ Drastic and unreason rain
Useasonal rains can have a variety of effects on daily living, infrastructure and agriculture in Kerala. Rainfall that
falls outside of the normal or anticipated monsoon season is referred to as "unseasonal rain." There has been a
significant shift in rainfall patterns, with rain falling here at any time of year over the past several years.

¢ Temperature Extremes
Temperature extremes can have an impact on both terrestrial and marine ecosystems in the state. Heatwaves
brought on by high temperatures can have an impact on freshwater supplies, agriculture and public health. On
March 9, 2023, the Kerala State Disaster Management Authority (KSDMA) released the first heat wave index,
with locations in at least five districts recording temperatures as high as 54°C.

e Water Scarcity and Quality
Variations in precipitation patterns affect the amount of water available, which may have an impact on human
and agricultural use. Furthermore, variations in temperature and sea level have an impact on freshwater resource
quality.

¢ Endemic Species at Risk
Kerala, a hotspot for biodiversity, is home to several indigenous species. Threats to these rare plants and animals
include habitat loss brought on by climate change, changed temperature patterns, unseasonal rains and disturbed
ecological relationships. According to Sreekumar and Nameer (2011) the Black-and-orange Flycatcher could lose
up to 31% and Nilgiri Flycatcher 46% of its range by 2050 due to climate change implications.

¢ Western Ghats Ecosystem
The Western Ghats region of Kerala covers about 450 kms out of the total length of 1600 kms which plays a
prominent role in providing substantial rainfall as well as the maintenance and preservation of ecology of the
state. The rich natural forests of the Ghats are a treasure house of plants, animals, minerals and rare species (GoK,
2017). The World Heritage Committee in 2012 declared the Ghats as a UNESCO World Heritage Site (UNESCO,
2012). The influence of Western Ghats has been remarkable in the maintenance and preservation of ecology of the
state. Thus, any climatic impact on the Western Ghats has direct implication on the State of Kerala.
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¢ Coastal Erosion and Marine Life
The interplay between climate change, coastal erosion and marine life in Kerala are well recorded (Sachin et al.,
2014; DoECC, 2022). Climate change is profoundly influencing coastal regions globally and Kerala, with its
extensive coastline along the Arabian Sea, is particularly vulnerable to the impacts of climate change, including
coastal erosion. Jinu (2018) recorded the coastal pollution and eco problems in Kerala in a detailed manner.
Moreover, Saikrishnan et al. (2023) reported the coastal vulnerability assessment along the coast of Kerala, based
on physical, geological and socio-economic parameters.

e Tourism Sensitivity
Climate-related occurrences have an impact on Kerala's tourism industry, which plays a significant role in the
state's economy and livelihood. Risks to tourism infrastructure and revenue include impacts on natural
landscapes, coastal erosion and extreme weather events.

e Population Dynamics
Due to sea level rise and harsh weather, the state's population composition - which includes a large proportion of
residents living in coastal and low-lying areas - presents issues in terms of infrastructure damage, asset loss and
relocation. According to Oak Ridge National Laboratory and Cochin University of Science of Technology study
in 2003 the possible vulnerabilities of Cochin, India, to climate change impacts and response strategies to increase
resilience have been pointed out.

¢ Floods and Landslides

Catastrophic floods that occur throughout the monsoon seasons of successive years serve as a strong indicator of
Kerala's vulnerability to climate change. The flood of 2019 in Kerala fits the description of a mesoscale cloudburst
(MsCB) occurrence, which is more prevalent in the north but extremely uncommon and has never been
documented in the Kerala region, according to Vijaykumar et al. (2021). On August 8, 2019, reports of rainfall
surpassing 50 mm in two hours came from a number of locations between 8:00 and 22:00 UTC. Rainfall data
generated from satellites and cloud microphysical factors highlight the special characteristics of the 2019 MsCB
event. If such incidents are a harbinger of how global warming may continue to affect this region,
transformations of the cloud structure and the recurrence and character of intense rainfall events pose a crucial
threat to not only to the State of Kerala but also to the sensitive Western Ghats ecosystem. Hunt and Menon
(2020) have clearly pointed out the interconnection between 2018 Kerala floods and climate change perspective.

The way ahead

According to the Intergovernmental Panel for Climate Change (IPCC) report (Seneviratne et al., 2021), wet extremes
are projected to become more severe in many areas where mean precipitation is projected to increase, as is flooding
in the Asian monsoon region and other tropical areas. Several studies suggest that rainfall extreme events will
increase in Kerala region under the auspices of global warming (Padikkal et al., 2020; Abhijith et al., 2023; Dhasmana
et al., 2023). Most extreme events over Kerala are associated with monsoon depressions (Mukhopadhyay ef al., 2021)
and hence any change in kinetics of the monsoon depressions will have profound influence on extreme rain
(Viswanadhapealli et al., 2019). Thus, climate-induced disasters are heading the State with emerging challenges that
need incessant attention and action.

CONCLUSION

Climate change has caused significant harm and increasingly irreparable losses to freshwater, terrestrial, coastal and
open ocean marine ecosystems. There is a greater impact of climate change than previously believed, both in terms of
magnitude and scope. Widespread reductions in ecosystem resilience, natural adaptive capacity, structure and
function, as well as modifications to seasonal timing, are all results of climate change and they all have negative
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socioeconomic ramifications. Kerala is not an exception to the consequences of global warming and climate change,
which are being felt by most Indian states and countries. The consequences of climate change are already being felt
throughout the State, as evidenced by recent catastrophic disasters and they are only becoming worse and
happening more frequently. The increasing discourse surrounding the impacts of climate change, particularly in
vulnerable regions such as Kerala, encourages local, national and international players to devise practical approaches
for mitigating its repercussions. In order to choose the best course of action for adaptation, planning for climate
change is a dynamic process that involves evaluating how the climate is changing and how susceptible systems are
to it. Therefore, thorough multitier talks with numerous ministries, agencies and stakeholders are required to
prioritize various mitigation and adaptation activities and make the most use of various climate finance sources;
failing to do so puts the "God's Own Country" in jeopardy.
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Table 1: Climate change impacts (Adopted from Watkiss et al., 2005)

Projected changes during the 21% century in
extreme climate phenomena and their likelihood

Representative examples of projected impacts

Higher maximum temperatures, more hotdays
and heat waves over nearly all land areas

e Increased incidence of death and serious illness in
older age groups and urban poor

. Increased heat stress in livestock and wildlife Shift
in tourist destinations

e Increased risk of damage to a number of crops

e  Increased electric cooling demand / reduced energy
supply reliability

e  Decreased cold-related human morbidity and

Higher (increasing) minimum temperatures, mortality
fewer cold days, frost days and cold waves over o Decreased risk of damage to a number of crops and
nearly all land areas increased risk to others

e  Extended range and activity of some pest

74734




Indian Journal of Natural Sciences

w www.tnsroindia.org.in ©JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Dinu Mathew

and disease vectors. Reduced heating
energy demand

More intense precipitation events

Increased flood, landslide, avalanche and

mudslide damage

Increased soil erosion

Increased flood runoff could increase recharge of
some floodplainaquifers

Increased pressure on government and private flood
insurance systems and disaster relief

Increased summer drying over most midaltitude
continental interiors and associated risk of
drought

Decreased crop yields

Increased damage to building foundations caused
by ground shrinkage

Decreased water resource quantity and quality
Increased risk of forest fire

Increase in tropical cyclone peak wind
intensities, mean and peak precipitation
intensities

Increased risks to human life, risk of infectious
disease epidemics and many other risks

Increased coastal erosion and damage to coastal
buildings and infrastructure

Increased damage to coastal ecosystems such as
coral reefs and mangroves

Intensified droughts and floods
associated with El Nifio events in many
different regions

Decreased agricultural and range land productivity
in drought- and flood-prone regions

Decreased hydro-power potential in drought-prone
regions

Increased Asian summer monsoon
precipitation variability

Increase in flood and drought magnitude and
damages in temperate and tropical Asia

Increased intensity of mid-latitude storms

Increased risks to human life and health
Increased property and infrastructure losses.
Increased damage to coastal ecosystems
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ABSTRACT

The development of ICT and the advent of artificial intelligence have boosted the use of technology

across all fields, increasing work productivity. Likewise, in the educational field, technology is the tool
that helps educators to reach the masses, thus taking a step toward the goal of education for all. The
MOOC (massive open online course) platforms have been widely used to make education accessible to
all. The popular MOOC platforms are SWAYAM, Canvas, Coursera, EdX, etc. The major goal of these
platforms is to offer students learning that fits their schedules, interests, and learning rates. Today,
however, they are not only on the periphery of mainstream education but are becoming part of it. They
are becoming the alternative system of education or we can say shadow education. The effectiveness of
MOOC platforms will be examined in the current study, which is qualitative in nature. This study is
based on four main themes: the reasons for choosing MOOC courses, the degree to which students'
expectations are met by MOOC courses, the main platforms used to choose MOOC courses, and whether
MOOC platforms can replace the normal course of teaching and learning. For this purpose, the
investigator will conduct focus group discussions among the scholars of the Central University of
Jammu. Additionally, this paper will provide suggestions to improve the effectiveness of MOOC courses.

Keywords: Artificial Intelligence, ICT, MOOCS, Shadow Education
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INTRODUCTION

E- Learning is the significant aspect of Education system. E-learning is a general word that includes MOOCs; self
directed learning, online learning, mobile learning and other forms of Distance learning (Kumari&Naaz 2020).The
Distance learning platforms are like a blessing for the individuals who are unable to learn in formal hours of
schooling due to any reasons. The distance learning platforms have contributed a lot in improving the literacy rate of
India (Current literacy rate 77.70%) (Swargiary& Roy 2022). MOOC (Massive open online course) platforms are the
most favored distance learning platforms. However, presently they are not only the part of Distance learning but
they are becoming the part of Mainstream Education. MOOCs (Massive open online courses are the courses that are
designed for large number of people regardless of their age, gender, educational level and socio-economic
background and they are available online so that anyone from anywhere can simply access the courses through the
internet (Kumar & Kumar 2020). The most familiar MOOC platforms used by learners are Swayam, Coursera,
Canvas, EdX, udacity etc. These MOOC platforms provide students learning according to their schedules, interest
and their learning pace. Massive open online courses (MOOCs), a term developed in 2008 to designate an open
online course that was provided by the University of Manitoba in Canada (Liyanagunawardena et.al. 2013). This
platform aims to provide access to education for everyone in the world, and anyone who wants to study can profit
from accessing these MOOCs. In present times, MOOCs are not only used by Distance learners but MOOCs are
becoming the part of mainstream education. The mainstream educators and learners use MOOC platforms for
innovative teaching and for getting high quality content. The high exam fee and academic compulsion is making the
MOOC a part of Shadow Education. It should be utilized for those individuals who could not have access to
education and who really want to join the MOOCS.

Research Questions

What are the reasons for student enrollment in MOOCs?

What are the major platforms used by MOOC participants?

What are the major challenges faced by MOOC participants?

What are the reasons for the high dropout rates in MOOCs?

What mechanisms do Investigators will suggest for improving the effectiveness of MOOCs on the basis of
present study?

Ol W

OBJECTIVES OF THE STUDY

To study the reasons for student enrollment in MOOCs.

To identify the major platforms used by MOOC participants.

To explore the challenges faced by MOOC participants.

To examine the dropout rate of MOOC participants by comparing the no. of courses joined and no. of courses
completed by MOOC participants.

5. Tosuggest the mechanisms for improving the effectiveness of MOOCs.

L.

Delimitation
The study was confined to Research Scholars from Central University of Jammu.

Population
In the present study, all the scholars of Central University of Jammu constituted the population.

Sample

In the present study, the investigator adopted Incidental Sampling Technique. The investigator approached all the
scholars (290) from different departments of university out of which 155 scholars agreed and become the final part of
the sample.
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Tool

Thematic schedule was used for conducting the Focus Group Discussion (FGD).

Data Collection Technique
Focus Group Discussion (FGD) was used for gathering the data.

Data Analysis Technique
¢ Manifested Content Analysis
e DPercentage Analysis

DATA ANALYSIS

Table 01 reveals that 95% of participants cited academic compulsion as their primary motivation for enrolling in
MOOCs, but Kumar & Kumar 2020 highlighted that the aim of MOOCs is to encourage participation among those
who, for a variety of reasons, were unable to enroll in higher education. Participants came to the conclusion that
academic compulsion puts pressure on them and compels them to finish their assignments hurriedly. 75% of
participants have enrolled themselves in the MOOCs for gaining additional knowledge about the subject or to
supplement the learning that they have already covered in classroom and according to Byun&Baker 2012, the
learning that is supplementary in nature is known as shadow education.65% of participants stated that they choose
MOOCs to obtain in-depth and high-quality content related to the subject or when their instructors urged them to
get the content from the MOOC platforms. However, 85 & 70% of participants claimed that they have enrolled
themselves in the MOOC:s for acquiring credits and certificates respectively. 65% of participants stated that they have
enrolled themselves in MOOCs for enhancing their teaching skills. There are also skills based MOOCs that provide
skill knowledge step by step. 45% of the participants joined MOOCs for acquiring skills for the development of E-
content modules. 75% of Participants claimed that they have joined MOOCs for enriching their academic profile so
that they can get weightage while applying for a job. The most significant reason that 70% of the participants
highlighted is that in MOOC platforms they can learn from variety of teachers. They can learn from highly qualified
IIT professionals and experts. Overall it can be inferred from table 1, that majority of the participants have joined
MOOCs for supplementing their learning and for academic compulsion. Table 02 shows that the majority of
participants, or 85% of participants, use the Swayam platform for MOOCs.

However, Swayam platform users also noted that Swayam has strict rules regarding the submission of assignments.
There is no opportunity to redo the assignments on this platform like there is on Canvas. 65 % of participants
claimed that they use Coursera platform for MOOCs. Further 60% of participants stated that they use Canvas
Platform for MOOCs and very less partricipants i.e., 25, 20& 25% participants use orange states, EdX and other
platforms respectively For MOOCs. In Table 03, the majority of participants claimed that their goals for credits and
certificates were met, although they acknowledged that there are some challenges on MOOC platforms when it
comes to knowledge. According to 75% of participants, a key challenge in MOOC platforms is monotonous
instruction. They emphasized the need for animated and interactive material. Lack of concentration was cited as
another challenge by 85% of responders. They made connections between this problem and the one that was
previously described. They asserted that their inability to concentrate on learning was caused by the monotonous
instructions in MOOCs. However 75% of the participants believed that Individual efforts and dedication is most
important factor for the success of MOOCs. Furthermore, the majority of participants 95% of them considered high
exam fees to be a contributing factor in MOOC dropout rates. They emphasized that the majority of MOOC
platforms charge excessive fees from users, forcing them to drop out of the course before its completion. 70% of the
participants highlighted that there should be flexibility in redoing the assignments in every MOOCsso that each
person might learn from their prior mistakes and move forward. They claimed that since assignments are made for
formative evaluation, the option to redo them should be provided, just like it is with Canvas. Additionally, 75% of
the participants stated that learning in Asynchronous mode make MOOC participants passive and slow. However,
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45% of the participants stated that MOOC credentials should be accepted everywhere. They should be given the
same priority as other certificates. Moreover, 55% of participants said that the way MOOC evaluations are done
needs to change. In order to objectively assess the students' understanding, they highlighted that evaluation
questions should be based on higher order thinking skills. Table 04 reveals the quantity of courses that individuals
have joined. The majority of individuals i.e., 95% of people have enrolled in 12 to 15 MOOCs, whereas 90% have
enrolled in 9 to 12 MOOCs. Additionally, 85% of people have enrolled in 0-3 MOOCs. Similarly, 85% of participants
signed up for 3-6 MOOCs, but just 55% of participants signed up for 15 or more MOOCs. The table 05 shows the
quantity of completed courses by the participants. Based on the table it can be inferred that majority of the
participants i.e. 85% of the participants have completed only one course. They provided an explanation for their
response by stating that they were unable to finish all of the joined courses due to the exam fee and the monotonous
instructions. In addition, only 72% of participants have completed 2 MOOCs. The percentage of individuals who
have completed 3 & 4 courses is 55 & 35% respectively. Furthermore, only 25% of participants have completed 5
courses and very less participants i.e., 10% participants have completed the MOOCs. It can be concluded from the
table that the no. of courses completed by the participants is lower than the no. of courses joined by the participants.

CONCLUSION

MOOC:s offer a wide range of courses for students with various educational backgrounds on a larger platform. It is
affordable, easily accessible and allows for large no. of enrollment at a time. MOOCs can be extremely beneficial for
the nations like India where students lack access to quality education and opportunities to build skills. MOOCs are
also contributing in raising the literacy rate of India. MOOCs are helpful for those individuals who are unable to
attend the formal hours of schooling. But it is a thought provoking point that the courses which should be taught by
teachers in mainstream education, students are compelled to enroll for those courses in MOOCs. MOOCs should be
used for bridging the learning gaps not for creating the alternate system of education or shadow education. There are
also various challenges that need to be addressed for improving the quality of MOOCs. The most significant
challenge is monotonous teaching in MOOC platforms. The majority of respondents also highlighted the high exam
fee as a significant reason for the high dropout rate in MOOCs. The respondents also demanded for the
transformation in evaluation system of MOOCs. The need of the hour is to bring quality changes in MOOC platforms
so that they could be effectively utilized by its real beneficiaries instead of becoming the part of Shadow Education.

Suggestions

e  Assessment questions in MOOCs should be based on higher order thinking skills for doing the sound and
effective evaluation of the students.

. Video lectures and the content of MOOCs should make interactive through animations.

. The Exam fee for MOOCSs should be nominal.

. The assignments should be available to those students only who have watched the video lectures.

. MOOC:s should not be mandatory for the students who are the part of Mainstream education.

e MOOC:s certifications should be given equal weightage like other certifications.

e  Live sessions should also be held for clarifying the doubts of the students.

o The use of active learning pedagogies should be made by the instructors.
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Table 1: Reasons for Students Enrollment in MOOCs

S.No. Reasons Response Loads (in %)
1. Academic Compulsion 95
2. Gaining Additional Knowledge About The Subject 75
3. For Getting Content 65
4. Acquiring Points or Credits 85
5. Acquiring Certificate 70
6. Enhancing Teaching Skills 65
7. For guidance in the Development of E-Content Modules 45
8. For Enriching the Academic Profile 75
9. Learning from Co-Teachers 70

Table 2: Major Platforms Used by MOOC Users

S.No. Platforms Response Load (in %)
1 SWAYAM 85
2 Coursera 65
3 Canvas 60
4 Orange States 25
5 EdX 20
6 Others 25

Table 3: Challenges Faced by MOOC Users

S.No. Challenges Response Load (in %)
1. Monotonous Teaching 70
2. Lack of Concentration 85
3. Individual effort matters in MOOC 75
4. High dropout rates(Because of Exam fees) 95
5. Rigidity of Some MOOC Platforms 70
6. Asynchronous Mode 75
7. Less importance given to MOOC certificates in Some institutions 45
8. Unfair/Unsatisfied Evaluation 55
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Table 4: Quantity of Courses Joined

S.No. | No. of Courses Joined | Response Load (in %)
1. 0-3 85
2. 3-6 65
3. 6-9 85
4. 9-12 90
5. 12-15 95
6. 15 & above 55

Table 5: Quantity of Courses Completed

ISSN: 0976 — 0997

S.No. | No. of Courses Completed | Response Load (in %)
1 1 85
2 2 70
3 3 55
4 4 35
5 5 25
6 6 & above 10
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Figure 1: Snapshot View of Research Methodology
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ABSTRACT

The purpose of this paper is to introduce a new type of tritopological space and tritopological groups and
also some types of (1,2,3)"-semi open sets,(1,2,3)*-semi closed sets, (1,2,3)*-semiisomorphism, (1,2,3)"-
semi symmetric, (1,2,3)"-irresolute, (1,2,3)"-semi homogeneous.The concept of tritopological groups via
semiopen sets and few basic theorems are proved.

Keywords: (1,2,3)"-semi open sets, (1,2,3)"-irresolute, (1,2,3)*-semi symmetric, S- Tritopological groups.

INTRODUCTION

The concept of bitopological space was introduced by J.C.Kelly [1]. Palaniammal.S [7] was initiated the concept of
bitopological groups via semi open sets. O. Ravi and M. LellisThivagar, [9]was initiated the concept of A-irresolute
functions via (1,2)*-sets.Tritopological spaceis a generalization of bitopological space. The study of tritopological
space first initiated by Martin M.kover [4].S.palaniammal [7] studythe concept of tritopological space. U.D.Tapi [2]
introduced semi open sets in tri topological space .Levin (1963) [6] introduced notation of semi open sets. In this
Paper we introduced and studies the concept of (1,2,3)*-semiopen sets, (1,2,3)"-semiclosed sets ,(1,2,3)*-
semiisomorphism of s-Tritopological groups,(1,2,3)*-semihomogeneous (1,2,3)*-semihomeomorphism,(1,2,3)*-
semisymmetric and (1,2,3)*-irresolute tritopological groups.
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PERLIMINARIES

Definition2.1
Let X be a non-empty set and 7, 7, and t3are three topologies on X. The set X together with three topologies is
called tritopological space are denoted by (X, 74, 72, 73).

Definition 2.2
A tritopological space (X,t1, T3, T3) is said to be (1,2,3)*-semiopen sets if Act ;3-Cl(tq 2 3-int(A)).

Definition 2.3

An s-Tritopological group (G,t4,7;,73,%) is a group which is also a Tritopological space (G,t1, 73, 73) such that the
multiplication map G x G into G defined by x x y x z into x * y * z, and the inverse map G into G defined by x into x!
are (1,2,3)*-irresolute.

Definition 2.4
Any subgroup H of an s-Tritopological group G is an s-Tritopological group again, called s-Tritopological subgroup
of G.

Definition 2.5

A function @: G — Gois said to be a morphism of S-Tritopological group (briefly, (1,2,3)*-semimorphism) if ¢ is both
(1,2,3)*irresolute and group homomorphism. @ is an s-Tritopological group isomorphism (briefly (1,2,3)*-
semiisomorphism) if it is (1, 2, 3)*-semihomeomorphism and group homomorphism. If we have an (1,2,3)*-
semiisomorphism between two topological groups G and Go, then we say that they are (1,2,3)*-semiisomorphic and
we denote them by G ~= (1,2,3) -so Golt is obvious that composition of two (1,2,3)*-semimorphisms of s-
Tritopological groups is again an (1, 2, 3)*-semimorphism. Also the identity map is an (1,2,3)*-semiisomorphism.
Hence s-Tritopological groups and(1,2,3)*-semimorphisms forms a category.

Definition 2.6
Let (G,71, T, 73,%)be an s-Tritopological group. Then a subset U of G is called (1,2,3)*-semisymmetric if U= U"1.

Definition 2.7
A Tritopological space (X,71, T, T3) is said to be (1,2,3)*-semiregular if for any x € X and any (1,2,3)*-semiclosed set F
such that x¢F , there are two disjoint (1,2,3)*-semiopen sets U and V such thatx e Uand F c V

Tritopological groups with respect to (1,2, 3)*-semiopen sets
In this section, we will introduce Tritopological groups and give basic properties of this structure via (1,2,3)*-
semiopen sets and (1, 2, 3)*-irresolute functions.

Definition 3.1
A Tritopological space (X,71, T2, 73) is said to be (1, 2, 3)*-semihomogeneous if and only ifor any x, y € X, there is an
(1, 2, 3)*-semihomeomorphism ¢ : X — X such that ¢(x) =y.

Theorem 3.2
Let (G,711, 73, 73,%) be an s-Tritopological group and let g € G. Then the left (right) translation map lg(rg) : G — G
defined by lg(x) = g * x (rg(x) = x * g) is an(1,2,3)*-semihomeomorphism.

Proof:

First we will show that 1z is an (1, 2, 3)*-semihomeomorphism; similarly it can be shown that rg is an (1, 2, 3)*-
semihomeomorphism. Now, we will show that 1g : G — G is(1,2,3)*irresolute. Since lg : G — G is equal to the
composition G is— G x G m— G, where ig(x) = (g, X), X € G and m is the multiplication map on G, then I, is (1,2,3)*-
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irresolute, because iy and m are(1,2,3)*-irresolute. Now we should verify that the map ig : G — G x Gis(1,2,3)*-
irresolute. For any (1,2,3)*-semiopen set U x V, where U and V are (1,2,3)*-semiopen sets in G,

Vifg € U,

Qifge U.

We know that any (1,2,3)*-semiopen set in the product topology of G x G can be written as a union of (1,2,3)*-
semiopen sets of the form U x V . Then ig is (1,2,3)*irresolute.Since (Ig)™ =13 is (1,2,3)*-irresolute, the left translation
map lg: G — G is an (1,2,3)*-semihomeomorphism.

i1 (U= V) of

Theorem 3.3
Let (G, 14, T3, T3,%) be an s-Tritopological group and let e € G the identity element of G and Bcbe a local base at e. For g
€ G, the local base at g is equal to Bg = {g *O : O € Be}.

Theorem 3.4

Let (G,t4, 75, T3,%) be an s-Tritopological group and Be a base at the identity e of G. Then we have the following:
1. For every O €Be, there is an element V €B. such that V2c O.

2. For every O €B,, there is an element V €B. such that V-'c O.

3. For every O €Be, and for every x € O, there is an element V €Be such that V*x c O.

4. For every O €Be, and for every x € G, there is an element V € Be such that x* V * x1c O.

Proof:

If (G, 71, T2, T3,*) is s-Tritopological group, then (1) and (2) follows from the (1,2,3)*-irresoluteness of the mappings (x,
y) = x *y *z and x — x! at the identity e. Property (3) follows from the (1,2,3)*-irresoluteness of the left translation
in G. Since Ix and r«"! are(1,2, 3)*-semihomeomorphisms, their composition conjugation map x — a * x * a™ is also(l, 2,
3)*-semihomeomorphism. By this fact we have the property (4).

Theorem 3.5
Let (G,11, T2, 73,%) be an s-Tritopological group, U an (1,2,3)*-semiopen subset of G, and A any subset of G. Then the
set A* U (resp. U * A) is (1,2,3)*-semiopen in G.

Proof:
Since every left translation of G is an (1,2,3)*-semihomeomorphism and A * U =U,ea 1a(U), the conclusion follows. A
similar argument follows for U * A.

Theorem 3.6
Let (G,tq,72,73,%) be an s-Tritopological group. Then for every subset A of G and every (1,2,3)*- semiopen set U
containing the identity element e, (1,2,3)*-s CI(A) cA * U ((1, 2, 3)*-s CI(A) c U * A).

Proof:

Since the inversion is (1,2,3)*irresolute, we can find an (1,2,3)*-semiopen set V containing e such that V-'cU. Take x
€(1,2,3)*-s CI(A). Then x * Vis an (1,2,3)*-semiopen

set containing x. Then there exists a € Anx *V, thatis, a=x*b for some b €V. Then x=a *b'le A * V'c A *U. Hence
(1,2,3)*s Cl(A) c A* U.

Theorem 3.7

Let (G,14, 72, 73,*) be an s-Tritopological group and Be a base of (G,ty, T3, T3,*)at the identity element e. Then for every
subset A of G, (1,2,3)*-s CI(A) =n {A * U: U €Be}.
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Proof:

In view of Theorem 3.10, we only have to verify that if x €(1, 2, 3)*-s CI(A),then there exists U € Be such that x ¢ A *
U . Since x €(1, 2, 3)*-s CI(A), there exists an(1, 2, 3)*-semiopen neighbourhood W of e such that (x * W) n A = @. Take
U in B,, satisfying the condition U -1 cW. Then (x * U -1)n A = @. Hence A * U does not contain x.

Theorem 3.8
Let f: G — H be an (1,2,3)*-semimorphism. If f is (1,2,3)*-irresolute at the identity e of G, then f is (1,2,3)*-irresolute at
every g € G.

Proof:

Let g € G be any point. Suppose that O is an (1,2,3)*-semiopen neighbourhood of h = f (g) in H. Since left translation
Inis an (1,2,3)*-semihomeomorphism of H, there exists an (1,2, 3)*-semiopen neighbourhood V of the identity element
ey in H such thath * V c O. By the (1, 2,3)*-irresoluteness of f at e, we have an (1,2,3)*-semiopen neighbourhood U of
e in G such that f (U )c V . Since lg is an (1,2,3)*-semihomeomorphism of G onto itself , the set g * U is an (1,2,3)*-
semiopen neighbourhood of g in G, and we have thatf (g* U )=h*f(U) c h*V c O. Hence { is (1,2,3)*-irresolute at
the point g.

Theorem 3.9
Let (G,t1, T3, 73,%) be an s-Tritopological group and H a subgroup of G. If H contains a nonempty (1,2,3)*-semiopen
set, then H is (1,2,3)*-semiopen in G.

Proof:
Let U be a nonempty (1,2,3)*-semiopen subset of G such that U c H. For every h € H, (U ) =h * U is (1,2,3)*-
semiopen in G. Therefore, the subgroup H= Upeg h * Uis(1,2,3)*-semiopenin Gby U*h c Hforallh € H.

Theorem 3.10
Let (G,11, T2, 73,%) be an s-Tritopological group and H a subgroup of G. IfH is an (1,2,3)*-semiopen set, then it is also
(1,2,3)*-semiclosed in G.

Proof:

LetI' = {g * H: g € G} be the family of all left cosets of H in G. This family isa disjoint (1,2,3)*-semiopen covering of G
by left translations. Therefore, every element ofl, being the complement of the union of all other elements, is (1,2,3)*-
semiclosed in G. Inparticular, H=e * H is (1,2,3)*-semiclosed in G.

Theorem 3.11
If an s-Tritopological group (G,7q,72,73,%)has a base at identity e consisting of (1,2,3)*-semisymmetric
neighbourhood, then it is a pair wise s-regular space.

Proof:

Let U be an (1,2,3)*-semiopen set containing the identity e. We prove (1,2,3)*-s Cl (V)c U . By Theorem 3.8, there is an
(1,2,3)*-semiopen set V containing e suchthat V -1 =V and V2cU, yet x €(1,2,3)*-s C1 (V). Then V * x N V #@, hence a1* x
= a2 for some ai, a2€V. Thus x = ar™a2€ V¥* V = V2cU. Then (1,2,3)*s Cl (V)cU.Since G is an (1,2,3)*-
semihomogeneous space, we get pair wise s-regularity of G.

Corollary 3.12

Let ¢: G — G’ be an (1,2,3)*-semimorphism, let e’ be the identityelement of G'. Then ker(¢) = {g € G: P(g) = €'} is an
(1,2,3)*-semiclosed invariants-Tritopological subgroup in G.
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Theorem 3.13
Let (G,ty, 75, T3,%)be an s-Tritopological group. Then (1,2,3)*-semiclosure ofany subgroup of G is an s-Tritopological
subgroup again.

Proof:

Let H be a subgroup of G. First we prove that (1,2,3)*-s CI(H) is closed undermultiplication m in G. Given x, y
€(1,2,3)*-s CI(H) and for any (1,2,3)*-semiopen set Ucontaining x * y * z. Then we need to show that Un H # @. Since
m: G x G — Gis (1, 2, 3)*irresolute, there exist (1,2,3)*-semiopen sets V and W containing x and y, respectively,
suchthat m(V x W) c U. Since x, y €(1,2,3)*-s CI(H), VN H # ¢ and W n H #@. Hence® # m(V xW )nH c U nH which
implies that x*y €(1, 2, 3)*s CI(H). Now (1,2,3)*-s CI(H) isclosed under the inverse operation because ((1,2,3)*-s
CI(H))-1 <(1,2,3)*-s CI(H-1) = (1, 2, 3)*-s CI(H).

Theorem 3.14
Let (G,14,7;,73,%)be an s-Tritopological group. Then (1,2,3)*-semiclosure ofany invariant subgroup of G is an s-
Tritopological invariant subgroup again.

Proof:

Suppose H is an invariant subgroup in G. Then (1,2,3)*-s Cl (H) is a subgroup of G.Now we prove that (1,2,3)*-s Cl
(H) is invariant. Given g € G, let kg: G — G be conjugationby g, that is, kg(h) = g * h * g1 = 1g* rg? (h). Then 13 is an
(1,2,3)*-semihomeomorphismfrom G to itself. Then we have kg((1, 2, 3)*-s CI(H)) c(1, 2, 3)*-s Cl(ig(H)) = (1,2,3)*-s
CI(H) forall g € G. This implies g((1,2,3)*-s CI(H)) = g *(1,2,3)*-s CI(H) * g'c(1,2,3)*-s CI(H) for allg € G. Hence
(1,2,3)*-s Cl (H) is an invariant subgroup of G.

Proposition 3.15
An s-Tritopological group (G,t4, 7, T3,%)having an (1,2,3)*-semiopen sub-group is not (1,2,3)*-semiconnected.

Theorem 3.16
Let (G,t1,12,73,%)be an s-Tritopological group and e the identity elementof G. Then the (1,2,3)*-semiconnected
component containing e is an (1, 2, 3)*-semiclosed in-variant subgroup of G.

Proof:

Let F be the (1,2,3)*-semicomponent of the identity e. Then F is (1,2,3)*-semiclosed.Let a €F. Since the multiplication
and inversion mappings on G are (1,2,3)*-irresolute, theset a * F-! is (1,2,3)*-semiconnected, and since e € a * F! we
have a * F'cF . Hencefor every b € F we have a * b-'€F, that is, F is a subgroup of G. If g is an arbitrary element of G,
then lg*rg(F ) = g'* F * g is an (1,2,3)*-semiconnected subset containinge. Since F is an (1,2,3)*-semi component, g'* F
* g C F for every g € G, that is, F is aninvariant subgroup of G.

Theorem 3.17

Suppose that (G,13, 7, 73,%)is an s-Tritopological group, H is an (1, 2, 3)*-semiclosed invariant subgroup of G. Then
G\H with the (1, 2, 3)*-semiquotient topology andmultiplication is an s-Tritopological group, and the canonical
mapping © : G — G/H is an(1, 2, 3)*-s-open (1, 2, 3)*-irresolute homomorphism.

Lemma 3.18

Let (G, 11, T2, T3, *) be an s-Tritopological group, H an (1, 2, 3)*-semiclosed sub-group of G, © the natural (1, 2, 3)*-
semiquotient mapping of G onto the (1, 2, 3)*-semiquotientspace G/H, and let U and V be (1, 2, 3)*
semiopenneighbourhoods of the neutral element e in G such that V-V c U . Then (1,2,3)*-s CI(n(V )) € (U ).

Proof :
Take any x € G such that nt(x) €(1, 2, 3)*-s Cl(n(V )). Since V * x is an (1, 2, 3)*-semiopen neighbourhood of x and the
mapping m is (1, 2, 3)*-semiopen, ©(V * x) is an (1, 2, 3)*-semiopen neighbourhood of n(x). Therefore, m(V * x) n (V')
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#@. It follows that for somea € V and b €V, we have mt(a * x) = nt(b), that is, a * x =b * h for some h € H. Hencex = (a-
*p)*h € U *H, since a'*b € V'*V cU . Therefore, n(x) €n (U *H) = r(U).

Theorem 3.19
For any s-Tritopological group (G,74, T2, 73,*) and any (1,2,3)*-semiclosed subgroup H of G, the (1,2,3)*-semiquotient
space G/H is (1,2,3)*-semiregular.
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ABSTRACT

Let G be a connected graph . An edge pebbling move is defined as the removal of two pebbles from one
edge and placing one on its adjacent edge. An edge pebbling number Pe(G) is defined to be the least
number of pebbles such that any distribution of Pe(G) pebbles on the edges of G allows one pebble to be

moved to any specified , but arbitrary edge. A cover edge pebbling number CPe(G) of a graph G is
defined as, however the pebbles are initially placed in the edges, the minimum number of pebbles
required to place a pebble in all the edges. In this paper we find the edge pebbling number and cover
edge pebbling number of the Wheel graph Wh.

Keywords : Edge pebbling move, Edge pebbling number, Edge demonic graph, Cover edge pebbling
number, Wheel Graph

INTRODUCTION

Graph pebbling is a mathematical game played on a graph with pebbles on each of its vertices or edges. 'Game play'
is composed of a series of pebbling moves. Lagarias and Saks first suggested the game of pebbling. Later by Chung
[1], it was introduced into the literature. A vertex pebbling move is defined as the removal of two pebbles from one
vertex and placing one on its adjacent vertex. In the same way, an edge pebbling move is defined as the removal of
two pebbles from one edge and placing one on its adjacent edge.
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The concept of cover pebbling was first introduced by Crull [2] and determined the cover pebbling number of tree
and some graphs. The concepts of Edge pebbling move, edge pebbling number, cover edge pebbling number and
covering cover edge pebbling number are introduced by Priscilla Paul A [3], [6] and the edge pebbling number,
cover edge pebbling number of some standard graphs like path, complete graph, friendship graph, star graph and
some families of graphs like Helm graph, crown graph and pan graph are determined by Priscilla Paul A, Syed Ali
Fathima S.[5]

EDGE PEBBLING NUMBER

Definition:2.1[3] An edge pebbling move on a graph G is defined to be the removal of two pebbles from one edge
and the addition of one pebble to an adjacent edge.

Definition:2.2[3] An edge pebbling number Pe(G) is defined to be the least number of pebbles such that any
distribution of Pe(G) pebbles on the edges of G allows one pebble to be moved to any specified, but arbitrary edge.
Definition:2.3[4] A graph G is said to be edge demonic if the edge pebbling number equals the number of edges. i.e.,
A graph G is said to be edge demonic if P&(G) = q.

Theorem 2.4 :For the Wheel graph Wx, Pe(Whn) > 2(n-1) for n>4

Proof:We know that [4], for any graph G, P;(G) = max{2{max{d(eiep}+1 g1

Let G = Wn. For W4, W5 and We, max{d(ej,ej)}=1and q =2(n-1).

Therefore Pg(W,) = max{20max{dCue}+1 gy =2(n —1)

For Wh where n > 6, max{d(ei,ej)}=2 and q = 2(n-1)

Hence, Pg(W,) = max{2(m®*{dCue)}+1 g1 = 2(n - 1) in both the cases.

Therefore Pe(Whn) > 2(n-1).

Theorem :2.5

The Edge pebbling number of the wheel graph Wn=2(n-1) forn>4

Proof: By previous theorem, we know that Pe(Wn) > 2(n-1)

Claim: Pe(Wn) = 2(n-1). Let us consider the distribution of pebbles on the edges of the graph W4 given below, in all
possible ways. Take 2(4 — 1) pebbles for distribution on the edges of Wa.

Number of Pebbles | Distribution | e1 | e2 | es | es | es | es | Possibility to reach the target edge
e1 e2 es es es €6

6 One Edge 6 Yes | Yes | Yes | Yes | Yes | Yes

6 Yes | Yes | Yes | Yes | Yes | Yes

6 Yes | Yes | Yes | Yes | Yes | Yes

6 Yes | Yes | Yes | Yes | Yes | Yes

6 Yes | Yes | Yes | Yes | Yes | Yes

6 | Yes | Yes | Yes | Yes | Yes | Yes

Two Edges 115 Yes | Yes | Yes | Yes | Yes | Yes

5 Yes | Yes | Yes | Yes | Yes | Yes

1 5 Yes | Yes | Yes | Yes | Yes | Yes
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1 5 Yes | Yes | Yes | Yes | Yes | Yes
1 5 | Yes | Yes | Yes | Yes | Yes | Yes
1|5 Yes | Yes | Yes | Yes | Yes | Yes

1 Yes | Yes | Yes | Yes | Yes | Yes

1 5 Yes | Yes | Yes | Yes | Yes | Yes

1 5 | Yes | Yes | Yes | Yes | Yes | Yes

1 Yes | Yes | Yes | Yes | Yes | Yes

1 5 Yes | Yes | Yes | Yes | Yes | Yes

1 5 | Yes | Yes | Yes | Yes | Yes | Yes

5 Yes | Yes | Yes | Yes | Yes | Yes

5 | Yes | Yes | Yes | Yes | Yes | Yes

1 |5 | Yes | Yes | Yes | Yes | Yes | Yes

5 11 Yes | Yes | Yes | Yes | Yes | Yes
5 1 Yes | Yes | Yes | Yes | Yes | Yes
5 Yes | Yes | Yes | Yes | Yes | Yes
5 1 Yes | Yes | Yes | Yes | Yes | Yes
5 1 | Yes | Yes | Yes | Yes | Yes | Yes
5 11 Yes | Yes | Yes | Yes | Yes | Yes

5 Yes | Yes | Yes | Yes | Yes | Yes

5 1 Yes | Yes | Yes | Yes | Yes | Yes

5 1 | Yes | Yes | Yes | Yes | Yes | Yes
5 Yes | Yes | Yes | Yes | Yes | Yes

5 1 Yes | Yes | Yes | Yes | Yes | Yes

5 1 | Yes | Yes | Yes | Yes | Yes | Yes

1 Yes | Yes | Yes | Yes | Yes | Yes

Yes | Yes | Yes | Yes | Yes | Yes

511 | Yes | Yes | Yes | Yes | Yes | Yes

4 |2 Yes | Yes | Yes | Yes | Yes | Yes
4 2 Yes | Yes | Yes | Yes | Yes | Yes
4 Yes | Yes | Yes | Yes | Yes | Yes
4 2 Yes | Yes | Yes | Yes | Yes | Yes
4 2 | Yes | Yes | Yes | Yes | Yes | Yes
4 |2 Yes | Yes | Yes | Yes | Yes | Yes
4 Yes | Yes | Yes | Yes | Yes | Yes
4 2 Yes | Yes | Yes | Yes | Yes | Yes
4 2 | Yes | Yes | Yes | Yes | Yes | Yes
4 Yes | Yes | Yes | Yes | Yes | Yes

4 2 Yes | Yes | Yes | Yes | Yes | Yes

4 2 | Yes | Yes | Yes | Yes | Yes | Yes

2 Yes | Yes | Yes | Yes | Yes | Yes

2 | Yes | Yes | Yes | Yes | Yes | Yes

4 |12 | Yes | Yes | Yes | Yes | Yes | Yes

2 |4 Yes | Yes | Yes | Yes | Yes | Yes
2 4 Yes | Yes | Yes | Yes | Yes | Yes
2 Yes | Yes | Yes | Yes | Yes | Yes
2 4 Yes | Yes | Yes | Yes | Yes | Yes
2 4 | Yes | Yes | Yes | Yes | Yes | Yes
2 | 4 Yes | Yes | Yes | Yes | Yes | Yes
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2 4 Yes | Yes | Yes | Yes | Yes | Yes
2 4 Yes | Yes | Yes | Yes | Yes | Yes
2 4 | Yes | Yes | Yes | Yes | Yes | Yes
2 | 4 Yes | Yes | Yes | Yes | Yes | Yes

2 4 Yes | Yes | Yes | Yes | Yes | Yes

2 4 | Yes | Yes | Yes | Yes | Yes | Yes

2 |4 Yes | Yes | Yes | Yes | Yes | Yes

2 4 | Yes | Yes | Yes | Yes | Yes | Yes

2 |4 | Yes | Yes | Yes | Yes | Yes | Yes

313 Yes | Yes | Yes | Yes | Yes | Yes
3 3 Yes | Yes | Yes | Yes | Yes | Yes
3 3 Yes | Yes | Yes | Yes | Yes | Yes
3 3 Yes | Yes | Yes | Yes | Yes | Yes
3 3 | Yes | Yes | Yes | Yes | Yes | Yes
313 Yes | Yes | Yes | Yes | Yes | Yes
3 3 Yes | Yes | Yes | Yes | Yes | Yes
3 3 Yes | Yes | Yes | Yes | Yes | Yes
3 3 | Yes | Yes | Yes | Yes | Yes | Yes
313 Yes | Yes | Yes | Yes | Yes | Yes

3 3 Yes | Yes | Yes | Yes | Yes | Yes

3 3 | Yes | Yes | Yes | Yes | Yes | Yes

3 |3 Yes | Yes | Yes | Yes | Yes | Yes

3 3 | Yes | Yes | Yes | Yes | Yes | Yes

3 |3 | Yes | Yes | Yes | Yes | Yes | Yes

ThreeEdges |4 |1 |1 Yes | Yes | Yes | Yes | Yes | Yes
4 |1 1 Yes | Yes | Yes | Yes | Yes | Yes
4 |1 1 Yes | Yes | Yes | Yes | Yes | Yes
4 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
4 1|1 Yes | Yes | Yes | Yes | Yes | Yes
4 1 1 Yes | Yes | Yes | Yes | Yes | Yes
4 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
4 1|1 Yes | Yes | Yes | Yes | Yes | Yes
4 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
4 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
4 |1 |1 Yes | Yes | Yes | Yes | Yes | Yes
4 |1 1 Yes | Yes | Yes | Yes | Yes | Yes
4 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
4 1|1 Yes | Yes | Yes | Yes | Yes | Yes
4 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
4 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
4 11 |1 Yes | Yes | Yes | Yes | Yes | Yes

4 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes

4 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes

4 |1 |1 |Yes | Yes | Yes | Yes | Yes | Yes

114 |1 Yes | Yes | Yes | Yes | Yes | Yes
1|4 1 Yes | Yes | Yes | Yes | Yes | Yes
1|4 1 Yes | Yes | Yes | Yes | Yes | Yes
1|4 1 | Yes | Yes | Yes | Yes | Yes | Yes
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1 4 Yes | Yes | Yes | Yes | Yes | Yes
1 4 1 Yes | Yes | Yes | Yes | Yes | Yes
1 4 1 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 Yes | Yes | Yes | Yes | Yes | Yes
1 1 | Yes | Yes | Yes | Yes | Yes | Yes
1 4 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 |4 Yes | Yes | Yes | Yes | Yes | Yes

1 |4 1 Yes | Yes | Yes | Yes | Yes | Yes

1 |4 1 | Yes | Yes | Yes | Yes | Yes | Yes

1 1 Yes | Yes | Yes | Yes | Yes | Yes

1 1 | Yes | Yes | Yes | Yes | Yes | Yes

1 4 |1 | Yes | Yes | Yes | Yes | Yes | Yes

1 1 Yes | Yes | Yes | Yes | Yes | Yes

1 1 | Yes | Yes | Yes | Yes | Yes | Yes

1 4 |1 | Yes | Yes | Yes | Yes | Yes | Yes

4 |1 | Yes | Yes | Yes | Yes | Yes | Yes

11|11 1|4 Yes | Yes | Yes | Yes | Yes | Yes
1|1 Yes | Yes | Yes | Yes | Yes | Yes
1|1 4 Yes | Yes | Yes | Yes | Yes | Yes
1 |1 4 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 Yes | Yes | Yes | Yes | Yes | Yes
1 1 4 Yes | Yes | Yes | Yes | Yes | Yes
1 1 4 | Yes | Yes | Yes | Yes | Yes | Yes
1 4 Yes | Yes | Yes | Yes | Yes | Yes
1 4 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 |4 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 Yes | Yes | Yes | Yes | Yes | Yes

1 |1 4 Yes | Yes | Yes | Yes | Yes | Yes
1|1 4 | Yes | Yes | Yes | Yes | Yes | Yes

1 4 Yes | Yes | Yes | Yes | Yes | Yes

1 4 | Yes | Yes | Yes | Yes | Yes | Yes

1 1 |4 | Yes | Yes | Yes | Yes | Yes | Yes

1 Yes | Yes | Yes | Yes | Yes | Yes

1 4 | Yes | Yes | Yes | Yes | Yes | Yes

1 1 |4 | Yes | Yes | Yes | Yes | Yes | Yes

1 |4 | Yes | Yes | Yes | Yes | Yes | Yes

112 1|3 Yes | Yes | Yes | Yes | Yes | Yes
1|2 Yes | Yes | Yes | Yes | Yes | Yes
1|2 3 Yes | Yes | Yes | Yes | Yes | Yes
1 ]2 3 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 Yes | Yes | Yes | Yes | Yes | Yes
1 2 3 Yes | Yes | Yes | Yes | Yes | Yes
1 2 3 | Yes | Yes | Yes | Yes | Yes | Yes
1 3 Yes | Yes | Yes | Yes | Yes | Yes
1 3 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 |3 | Yes | Yes | Yes | Yes | Yes | Yes
1 ]2 Yes | Yes | Yes | Yes | Yes | Yes
1|2 3 Yes | Yes | Yes | Yes | Yes | Yes
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1 ]2 3 | Yes | Yes | Yes | Yes | Yes | Yes

1 3 Yes | Yes | Yes | Yes | Yes | Yes

1 3 | Yes | Yes | Yes | Yes | Yes | Yes

1 2 |3 | Yes | Yes | Yes | Yes | Yes | Yes

1 3 Yes | Yes | Yes | Yes | Yes | Yes

1 3 | Yes | Yes | Yes | Yes | Yes | Yes

1 2 |3 | Yes | Yes | Yes | Yes | Yes | Yes

2 |3 | Yes | Yes | Yes | Yes | Yes | Yes

1 (3 ]2 Yes | Yes | Yes | Yes | Yes | Yes
1 (3 Yes | Yes | Yes | Yes | Yes | Yes
113 2 Yes | Yes | Yes | Yes | Yes | Yes
113 2 | Yes | Yes | Yes | Yes | Yes | Yes
1 3 Yes | Yes | Yes | Yes | Yes | Yes
1 3 2 Yes | Yes | Yes | Yes | Yes | Yes
1 3 2 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 Yes | Yes | Yes | Yes | Yes | Yes
1 2 | Yes | Yes | Yes | Yes | Yes | Yes
1 3 2 | Yes | Yes | Yes | Yes | Yes | Yes
11]3 Yes | Yes | Yes | Yes | Yes | Yes
113 2 Yes | Yes | Yes | Yes | Yes | Yes
113 2 | Yes | Yes | Yes | Yes | Yes | Yes

1 2 Yes | Yes | Yes | Yes | Yes | Yes

1 2 | Yes | Yes | Yes | Yes | Yes | Yes

1 3 2 | Yes | Yes | Yes | Yes | Yes | Yes

1 2 Yes | Yes | Yes | Yes | Yes | Yes

1 2 | Yes | Yes | Yes | Yes | Yes | Yes

1 3 12 | Yes | Yes | Yes | Yes | Yes | Yes

3 |2 | Yes | Yes | Yes | Yes | Yes | Yes

31112 Yes | Yes | Yes | Yes | Yes | Yes
311 Yes | Yes | Yes | Yes | Yes | Yes
3 11 2 Yes | Yes | Yes | Yes | Yes | Yes
311 2 | Yes | Yes | Yes | Yes | Yes | Yes
3 1 Yes | Yes | Yes | Yes | Yes | Yes
3 1 2 Yes | Yes | Yes | Yes | Yes | Yes
3 1 2 | Yes | Yes | Yes | Yes | Yes | Yes
3 2 Yes | Yes | Yes | Yes | Yes | Yes
3 2 | Yes | Yes | Yes | Yes | Yes | Yes
3 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
311 Yes | Yes | Yes | Yes | Yes | Yes
3|1 2 Yes | Yes | Yes | Yes | Yes | Yes
3|1 2 | Yes | Yes | Yes | Yes | Yes | Yes
3 2 Yes | Yes | Yes | Yes | Yes | Yes
3 2 | Yes | Yes | Yes | Yes | Yes | Yes
3 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
3 Yes | Yes | Yes | Yes | Yes | Yes

3 2 | Yes | Yes | Yes | Yes | Yes | Yes

3 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes

1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
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312 |1 Yes | Yes | Yes | Yes | Yes | Yes
3|2 Yes | Yes | Yes | Yes | Yes | Yes
3|12 1 Yes | Yes | Yes | Yes | Yes | Yes
3 |2 1 | Yes | Yes | Yes | Yes | Yes | Yes
3 2 Yes | Yes | Yes | Yes | Yes | Yes
3 2 1 Yes | Yes | Yes | Yes | Yes | Yes
3 2 1 | Yes | Yes | Yes | Yes | Yes | Yes
3 1 Yes | Yes | Yes | Yes | Yes | Yes
3 1 | Yes | Yes | Yes | Yes | Yes | Yes
3 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes
312 Yes | Yes | Yes | Yes | Yes | Yes

3 12 1 Yes | Yes | Yes | Yes | Yes | Yes

3 12 1 | Yes | Yes | Yes | Yes | Yes | Yes

3 1 Yes | Yes | Yes | Yes | Yes | Yes

3 1 | Yes | Yes | Yes | Yes | Yes | Yes

3 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes

3 1 Yes | Yes | Yes | Yes | Yes | Yes

3 1 | Yes | Yes | Yes | Yes | Yes | Yes

3 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes

2 |1 | Yes | Yes | Yes | Yes | Yes | Yes

2 13 |1 Yes | Yes | Yes | Yes | Yes | Yes
2 13 Yes | Yes | Yes | Yes | Yes | Yes
2 13 1 Yes | Yes | Yes | Yes | Yes | Yes
2 13 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 3 Yes | Yes | Yes | Yes | Yes | Yes
2 3 1 Yes | Yes | Yes | Yes | Yes | Yes
2 3 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 Yes | Yes | Yes | Yes | Yes | Yes
2 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 3 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 13 Yes | Yes | Yes | Yes | Yes | Yes

2 13 1 Yes | Yes | Yes | Yes | Yes | Yes

2 13 1 | Yes | Yes | Yes | Yes | Yes | Yes

2 1 Yes | Yes | Yes | Yes | Yes | Yes

2 1 | Yes | Yes | Yes | Yes | Yes | Yes

2 3 |1 | Yes | Yes | Yes | Yes | Yes | Yes

2 1 Yes | Yes | Yes | Yes | Yes | Yes

2 1 | Yes | Yes | Yes | Yes | Yes | Yes

2 3 11 | Yes | Yes | Yes | Yes | Yes | Yes

3 ]1 | Yes | Yes | Yes | Yes | Yes | Yes

2 |11 (3 Yes | Yes | Yes | Yes | Yes | Yes
2 |1 Yes | Yes | Yes | Yes | Yes | Yes
2 11 3 Yes | Yes | Yes | Yes | Yes | Yes
2 |1 3 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 Yes | Yes | Yes | Yes | Yes | Yes
2 1 3 Yes | Yes | Yes | Yes | Yes | Yes
2 1 3 | Yes | Yes | Yes | Yes | Yes | Yes
2 3 Yes | Yes | Yes | Yes | Yes | Yes
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2 1 3 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 |3 | Yes | Yes | Yes | Yes | Yes | Yes
2 |1 1|3 Yes | Yes | Yes | Yes | Yes | Yes

2 11 3 Yes | Yes | Yes | Yes | Yes | Yes

2 11 3 | Yes | Yes | Yes | Yes | Yes | Yes

2 113 Yes | Yes | Yes | Yes | Yes | Yes

2 1 3 | Yes | Yes | Yes | Yes | Yes | Yes

2 1 |3 | Yes | Yes | Yes | Yes | Yes | Yes
211 1|3 Yes | Yes | Yes | Yes | Yes | Yes

2 |1 3 | Yes | Yes | Yes | Yes | Yes | Yes

2 1 |3 | Yes | Yes | Yes | Yes | Yes | Yes

2 11T |3 | Yes | Yes | Yes | Yes | Yes | Yes

Four Edges 3 (1 ]1 |1 Yes | Yes | Yes | Yes | Yes | Yes
311 |1 1 Yes | Yes | Yes | Yes | Yes | Yes
311 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
3 11 1|1 Yes | Yes | Yes | Yes | Yes | Yes
311 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
3 11 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
3 1|1 |1 Yes | Yes | Yes | Yes | Yes | Yes
3 1|1 1 | Yes | Yes | Yes | Yes | Yes | Yes
3 1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
3 1 |1 |1 | Yes| Yes| Yes | Yes | Yes | Yes
3111111 Yes | Yes | Yes | Yes | Yes | Yes
311 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes

3 11 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes

3 1 |1 |1 | Yes| Yes | Yes | Yes | Yes | Yes
3|1 |1 |1 |Yes| Yes| Yes | Yes | Yes | Yes

1 (13 |1 |1 Yes | Yes | Yes | Yes | Yes | Yes
1 (3 |1 1 Yes | Yes | Yes | Yes | Yes | Yes
1 (3 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
11]3 1|1 Yes | Yes | Yes | Yes | Yes | Yes
1|3 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
1|3 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 311 |1 Yes | Yes | Yes | Yes | Yes | Yes
1 311 1 | Yes | Yes | Yes | Yes | Yes | Yes
1 3 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 3 |1 |1 | Yes| Yes | Yes | Yes | Yes | Yes
1 (3 (11 Yes | Yes | Yes | Yes | Yes | Yes
113 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
113 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes

1 311 |1 ] Yes| Yes | Yes | Yes | Yes | Yes

1 [3 |1 |1 | Yes| Yes | Yes | Yes | Yes | Yes

111 (3 |1 Yes | Yes | Yes | Yes | Yes | Yes
1|1 |3 1 Yes | Yes | Yes | Yes | Yes | Yes
1|1 |3 1 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 3|1 Yes | Yes | Yes | Yes | Yes | Yes
1|1 3 1 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 3 11 | Yes | Yes | Yes | Yes | Yes | Yes
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1 113 |1 Yes | Yes | Yes | Yes | Yes | Yes
1 113 1 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 3 11 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 {3 |1 | Yes| Yes | Yes | Yes | Yes | Yes
1|11 (3|1 Yes | Yes | Yes | Yes | Yes | Yes
11113 1 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 3 11 | Yes | Yes | Yes | Yes | Yes | Yes

1 1 |3 |1 | Yes| Yes | Yes | Yes | Yes | Yes

1 |1 |3 |1 | Yes| Yes | Yes | Yes | Yes | Yes

1 |1 |13 Yes | Yes | Yes | Yes | Yes | Yes
1|1 |1 3 Yes | Yes | Yes | Yes | Yes | Yes
1|1 |1 3 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 1|3 Yes | Yes | Yes | Yes | Yes | Yes
1|1 1 3 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 1 |3 | Yes | Yes | Yes | Yes | Yes | Yes
1 11113 Yes | Yes | Yes | Yes | Yes | Yes
1 1|1 3 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 1 |3 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 |1 |3 | Yes| Yes | Yes | Yes | Yes | Yes
1|11 ]1 1|3 Yes | Yes | Yes | Yes | Yes | Yes
1|1 |1 3 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 1 |3 | Yes | Yes | Yes | Yes | Yes | Yes

1 1 |1 |3 | Yes| Yes | Yes | Yes | Yes | Yes

1 |1 |1 |3 | Yes| Yes | Yes | Yes | Yes | Yes

2 12 (1|1 Yes | Yes | Yes | Yes | Yes | Yes
2 12 |1 1 Yes | Yes | Yes | Yes | Yes | Yes
2 12 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 12 1|1 Yes | Yes | Yes | Yes | Yes | Yes
2 12 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 12 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 2 11 |1 Yes | Yes | Yes | Yes | Yes | Yes
2 2 11 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 2 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 2 1T |1 | Yes| Yes | Yes | Yes | Yes | Yes
2 121111 Yes | Yes | Yes | Yes | Yes | Yes

2 12 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes

2 12 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes

2 2 |1 |1 |Yes| Yes | Yes | Yes | Yes | Yes

2 12 |1 |1 | Yes| Yes | Yes | Yes | Yes | Yes

112 (2|1 Yes | Yes | Yes | Yes | Yes | Yes
112 |2 1 Yes | Yes | Yes | Yes | Yes | Yes
112 |2 1 | Yes | Yes | Yes | Yes | Yes | Yes
1 ]2 2 |1 Yes | Yes | Yes | Yes | Yes | Yes
1|2 2 1 | Yes | Yes | Yes | Yes | Yes | Yes
1|2 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 12 |1 Yes | Yes | Yes | Yes | Yes | Yes
1 2 12 1 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes
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1 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 ]2 1 Yes | Yes | Yes | Yes | Yes | Yes

1 ]2 1 | Yes | Yes | Yes | Yes | Yes | Yes

1 ]2 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes

1 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes

1 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes

1 (1 ]2 Yes | Yes | Yes | Yes | Yes | Yes
111 ]2 2 Yes | Yes | Yes | Yes | Yes | Yes
1 (1 ]2 2 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 2 Yes | Yes | Yes | Yes | Yes | Yes
1 |1 2 | Yes | Yes | Yes | Yes | Yes | Yes
1 |1 2 |2 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 2 Yes | Yes | Yes | Yes | Yes | Yes
1 1 2 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 2 |2 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 Yes | Yes | Yes | Yes | Yes | Yes
1|1 2 Yes | Yes | Yes | Yes | Yes | Yes
1|1 2 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 2 |2 | Yes | Yes | Yes | Yes | Yes | Yes

1 2 |2 | Yes | Yes | Yes | Yes | Yes | Yes

1 2 |2 | Yes | Yes | Yes | Yes | Yes | Yes

112 |1 Yes | Yes | Yes | Yes | Yes | Yes
112 |1 2 Yes | Yes | Yes | Yes | Yes | Yes
112 |1 2 | Yes | Yes | Yes | Yes | Yes | Yes
1 ]2 2 Yes | Yes | Yes | Yes | Yes | Yes
1|2 2 | Yes | Yes | Yes | Yes | Yes | Yes
1|2 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 Yes | Yes | Yes | Yes | Yes | Yes
1 2 2 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
1|2 2 Yes | Yes | Yes | Yes | Yes | Yes
1|2 2 | Yes | Yes | Yes | Yes | Yes | Yes
1|2 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes

1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes

1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes

2 11 12 Yes | Yes | Yes | Yes | Yes | Yes
2 11 |2 1 Yes | Yes | Yes | Yes | Yes | Yes
2 |11 |2 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 11 1 Yes | Yes | Yes | Yes | Yes | Yes
2 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 |1 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 1 Yes | Yes | Yes | Yes | Yes | Yes
2 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 11 1 Yes | Yes | Yes | Yes | Yes | Yes

2 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
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2 11 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes

2 1 |2 |1 | Yes| Yes | Yes | Yes | Yes | Yes

2 |11 |2 |1 ] Yes| Yes | Yes | Yes | Yes | Yes

2 011112 Yes | Yes | Yes | Yes | Yes | Yes
2 11 |1 2 Yes | Yes | Yes | Yes | Yes | Yes
2 11 |1 2 | Yes | Yes | Yes | Yes | Yes | Yes
2 |1 1|2 Yes | Yes | Yes | Yes | Yes | Yes
2 11 1 2 | Yes | Yes | Yes | Yes | Yes | Yes
2 |1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 (1|2 Yes | Yes | Yes | Yes | Yes | Yes
2 1|1 2 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 |1 |2 | Yes| Yes | Yes | Yes | Yes | Yes
2 01 (112 Yes | Yes | Yes | Yes | Yes | Yes

2 11 |1 2 | Yes | Yes | Yes | Yes | Yes | Yes

2 11 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes

2 1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes

2 |1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes

Five Edges 2 1 (1 (1|1 Yes | Yes | Yes | Yes | Yes | Yes
2 |1 1 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
2 |1 1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 |1 1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 1 1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
2 |1 1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes

1 ]2 |1 1 1 Yes | Yes | Yes | Yes | Yes | Yes
1 (2 |1 1 1 | Yes | Yes | Yes | Yes | Yes | Yes
1 12 |1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1|2 1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 2 |1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 12 |1 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes

1 (1 ]2 |1 1 Yes | Yes | Yes | Yes | Yes | Yes
1 (1 ]2 |1 1 | Yes | Yes | Yes | Yes | Yes | Yes
1 |1 |2 1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 |1 2 |1 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 |2 |1 |1 |Yes | Yes | Yes | Yes | Yes | Yes
1 |1 |2 |1 |1 ] Yes| Yes | Yes | Yes | Yes | Yes

1 (1 (1|2 |1 Yes | Yes | Yes | Yes | Yes | Yes
1|1 |12 1 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 |1 2 |1 | Yes | Yes | Yes | Yes | Yes | Yes
1|1 1 |2 |1 | Yes| Yes | Yes | Yes | Yes | Yes
1 1 |1 |2 |1 | Yes| Yes | Yes | Yes | Yes | Yes
1 1 1 |2 |1 | Yes | Yes | Yes | Yes | Yes | Yes

1 |1 1 1 |2 Yes | Yes | Yes | Yes | Yes | Yes
1 (1 |1 |1 2 | Yes | Yes | Yes | Yes | Yes | Yes
1 |1 |1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
1 |1 1 |1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 |1 |1 |2 | Yes | Yes | Yes | Yes | Yes | Yes
1 1 1 1 |2 | Yes | Yes | Yes | Yes | Yes | Yes

Six Edges 1 (1 (1 |1 |1 |1 |Yes | Yes |Yes | Yes | Yes | Yes
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From the above table, Pt(e1) = 6, Pe(e2) = 6, Pe(es) = 6, Pe(es) = 6, Pr(es5) = 6, Pe(es) = 6

Pe(Ws) = Max { Pe(ei) / i=1,2,3,4,5,6}

Hence by the definition of edge pebbling number and the tabular results, Pe(W4) =2 (4-1) = 6.
Since the pattern of Wa is same for Wh, for all n>4, we can conclude that, Pe(Wn) = 2(n-1).

Theorem 2.6: The wheel graph is an edge demonic graph.

Proof: By the definition of edge demonic graph, a graph is said to be edge demonic if the edge pebbling number
equals the number of edges. The number of edges of Wheel graph is 2(n-1), and by previous theorem, Pe(Wn) = 2(n-
1). Hence wheel graph is an edge demonic graph.

COVER EDGE PEBBLING NUMBER

Definition:3.1[3] A cover edge pebbling number CP&(G) of a graph G is defines as, however the pebbles are initially
placed on the edges, the minimum number of pebbles required to place a pebble in all edges.

Definition:3.2[3] The distance d(x) of an edge x in a graph G is the sum of the distances from x to each other edge of
E(G), Where E(G) is the edge set of G

ie,d(x) =Yg dx y)forally e E(G),x #y

Definition:3.3[3] Let x € E(G). Then x is called a key edge if d(x) is a maximum.

Theorem 3.4: The cover edges pebbling number of a Wheel graph Wais 13. (i.e.) CPe(Wa4) = 13.

Proof: In the Wheel graph all the boundary edges are key edge. Choose any one of the key edge from W4. Let it be e*.
The chosen key edge is adjacent with 4 edges. To place one pebble on each of those 4 edges, 4*2 = 8 pebbles are to be
placed on e*. Now there is only one remaining edges to be covered say e’ which is at distance one from e*. Therefore
4 more pebbles are to be added on the edge e* to cover the edge e'. Then one more pebble is to be placed on e* to
cover itself. Therefore, the cover edge pebbling number of Wa4is 8+4+1 =13.

(i.e.) CPe(W4) =13.

Theorem 3.5: The cover edges pebbling number of a Wheel graph Ws is 21 (i.e.) CPe(Ws) = 21.

Proof: In the Wheel graph all the boundary edges are key edges.Choose any one of the key edge from Ws. Let it be
e*. The chosen key edge is adjacent with 4 edges.To place one pebble on each of those 4 edges, 4*2=8 pebbles are to
be placed on e*. Now there are 3 remaining edges to be covered which are at distance one from e*. Therefore 3*4=12
more pebbles are to be added on the edge e* to cover the remaining three edges. Then one more pebble is to be
placed on e* to cover itself. Therefore, the cover edge pebbling number of Wsis 8+12+1 =21.

(i.e.) CPe(Ws) = 21.

Theorem 3.6: The cover edges pebbling number of a Wheel graph W is 29 (i.e.) CPe(Ws) = 29.

Proof: In the Wheel graph all the boundary edges are key edges. Choose any one of the key edge from We. Let it be
e*. The chosen key edge is adjacent with 4 edges. To place one pebble on each of those 4 edges, 4*2=8 pebbles are to
be placed on e*. Now there are 5 remaining edges to be covered which are at distance one from e*. Therefore 5%4=20
more pebbles are to be added on the edge e* to cover the remaining three edges. Then one more pebble is to be
placed on e* to cover itself. Therefore, the cover edge pebbling number of Weis 8+20+1 =29. (i.e.) CPe(Ws) =29.

Theorem 3.7: The cover edges pebbling number of the Wheel graph Wh for n>5 is 12n — 43.

(i.e.) CPe(Wn) = 12n — 43.

Proof: In Wheel Graph all the boundary edges are the key edges. Choose any one of the key edge from W . Let it be
e*. Each key edge is adjacent with 4 edges. Therefore e* is adjacent with 4 edges. Let ei,ezeses be the four edges
adjacent with e*.To place one pebble on each of those four edges, 4*2=8 pebbles are to be placed on e*. On excluding
the key edge e*, now there are 2n-7 edges to be covered. Among them, (n-1) edges are adjacent to those four edges e1,
ez,eses . These (n-1) edges are at the distance one from e*. Therefore 4(n-1) pebbles should be added on e* to cover
those n-1 edges. Now there are (n-6) remaining edges to be covered (excluding the key edge e*).Those (n-6) edges are
at the distance two from e* .Therefore 8*(n-6) pebbles should be added on e* to cover those (n-6) edges. Then one
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more pebble is to be placed on e* to cover itself. Therefore, the cover edge pebbling number of the wheel graph Wn
for n>5 is 12n —43.
(i.e.) CPe(Wn) = 12n — 43.

CONCLUSION

In this paper we find the edge pebbling number and the cover edge pebbling number of the Wheel graph.
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ABSTRACT

A spectrum Zn of graph G is an injective mapping f: E - { 1,2,.....q } and every vertex v is assigned the
number g(v) = |}, f(e):e = (u,v)for some u € VI mod |E(G) + 1| . We call a graph which has a DCM
labelling a DCM Spectrum graph.

Key word: Congruent , Magic, Spectrum , DCM , Primitive

INTRODUCTION

A distinct congruent spectrum Zn of graph G is an injective mapping f : E - { 1,2,.....q } and each vertex v is
associates the number g(v) = 13 f(e):e = (u, v)for some u € VI mod |E(G) + 1| . We call a graph which has a DCM
labelling a DCM Spectrum graph.We can find DCM labelling with different magic constants using the same set of
labels ,every edge is counted twice ,once for each end vertex . Thus the higher labels on edges are ,the higher the
magic constant can be .The set of all possible magic constants is the spectrum of the magic labelling problem .A
nature question arises,what is the magic spectrum of a given graph.Consider C4 clearly < C4, f > an DC - magic
graph with distinct sum. In general G may admit more than one labelling to become an DC -Magic spectrum of a
graph .For example if A>2 and I: E(G) —{1,2,....q} ,the inverse labelling 1 is defined.

Definition:Let G = (V,E) be a DC- magic graph. A distinct congruent spectrum Zn of graph G is an injective mapping
f:E—>{12,....q} and every vertex v is associates the number g(v) = |1}, f(e):e = (u, v)for some u € VI mod |E(G) +
11.
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Example
t
M=num 2’;1 ﬁs'z Oder Nature Verte Existen Name
ber of b Ged(m,pt) of Edge X ceof a of the
edges any =1 of m labels labels raph raph
8 integer grap grap
oW
2
4 3
Lemma 1:

Lety : E(G)—>{1,2,......eJthen Wy = (Wty (u)=y(x) + y(¥)/ x,y € E}.

The distinct congruent magic labelling of the graph is obtained by Wy is congruent toA.P.The minimum possible

value for a isatleast 0 and the maximum possible value is atmost e-1.

u+n-1)A<e-1; A <<%
n—1

Theorem1:We have a main results for a graph to be an DCML and provide an boundness of on parameter d. Let y :

E(G)—={ct+1,c+2,...... c+e} then A< %

Definition: A graph is said to be (a,p) edge —vertex labeling if a is a primitive of p,and a function f of G with
q(=a,a%a’a*...ar! (mod p)edges is an bijection from the edges of G to the set {0,1,2,3,...,q} such that when vertex f*(v)

is associates the labels f*(v)= Y{ f(u,v) : (u,v) € E(G) }.

Existence of a standard Diagram

1 5 i 1 same same regular Path,cycle,complete,star
,wheel

2 p'=3 {1,2) 2 | distinct | distinct Non Fath,cycle,complete,
regular star,wheel

Path,cycle, lete,

3 z {1,3) 2 | distinct | distinct Non ath.cycie,comprete
regular star,wheel

4 pt=5 {1,2,3,4} 4 distinct distinct Non Path, cycle,complete,
regular star,wheel

5 2pt =6 {1,5} 2 distinct distinct Non Path,cycle,complete,
regula star,wheel

M=num | 2,4,p%2 Ged(m,pY=1 Ord | Nature of Vertex Existence Name of the graph
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ber of pitis er of Edge labels of a graph
edges any m labels
integer
Path,cycl 1
6 p=7 {1,2,3,4,5,6} 6 distinct distinct regular ath,cycle,complete,
star,wheel
7 p= {1,2,4,5,7,8} 6 distinct distinct regular Path,cycle,complete,
star,wheel
8 2 p=10 {1,3,7,9) 4 | distinct | distinct | regular | | ouveyelecomplete,
star,wheel
Path,cycl 1
9 pt =11 {1,23,4,5,6,7,8,9,10} 10 | distinct | distinct | regular ath,cycle,complete,
star,wheel
Path,cycl 1
10 | pt=13 | {1,2345678910,11,12) 12 | distinct | distinct | regular ath,cycle,complete,
star,wheel
¢ . .. Path,cycle,complete,
11 2pt =14 {1,3,5,9,11,13} 6 distinct distinct regular
star,wheel
12 pt =17 {1,2,3,4,5,6,7,8,9,10,11,1213,14,1 16 distinct distinet regular Path,cycle,complete,
5,16} star,wheel
Path,cycl 1
13 t 2 {1,5,7,1113,17} 6 distinct distinct regular ath,cycle,complete,
pt =18 star,wheel
{1,2,3,4,5,6,7,8,9,10,11,12,13,14,1 L . Non Path,cycle, complete,
t=19
14 p 5,16,17,18} 18 distinct distinct regular star,wheel
s .. Path,cycle,complete,
15 2pt=22 {1,3,5,7,9,13,15,17,19,21} 11 distinct distinct regular
star,wheel
. .. Path,cycle,complete,
16 2pt=22 {1,3,5,7,9,13,15,17,19,21} 10 distinct distinct regular
star,wheel
Remark 1

There exists a primitive root modulo m iff m=2pt where p is odd prime ,t is any integer.
GF(2)=F2={0,1} = Z/2 ; It has addition and multiplication + and x defined to be 0+0=0,0+1=1,1+0=1,1+1=0

0.0=0,0.1=0,1.0=0,1x1=1, since 1+1=0,1= -1 similarly -0=0 since 0+0=0 with 0 and 1 the integers modulo p. p=2, In F2,

2=1+1=0
3=1+1+1=2+1=0+1=1

4=1+1+1+1=2+2=0+0=0

The primitive element in GF(q)={0,1,2,....qg-1}.

Remark 2

Number of primitive elements

Consider p=a™.

If raised to successive integer powers generates {y°,y1,72,y3, ....
All non —zero elements of the field,they is also a primitive element.
The no of primitive elements for GF(q) is given as ¢ (q — 1)

For GF(256)

¢ (256 — 1)=¢ (255)

=255 [1p/255(1 — zl,)
1
=255 [ 1 /255(1 — ;)

1
=255, e3,5173(1 — ;)

=255(1)(1-5)(17;)

Y

254}
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=128

Sn n=>3

Suppose n is prime

Assoiate the edges of graph by ay?,y!,y2,73,.....y?"}(mod p),the sum at each vertex is different,
For any ke N,

2 is a primitive root of 3k

Theorem 2

Star graph Sn,n> 3 is a primitive odd and DCM labeling of a graph

Gauss proved ,” 2 is a primitive root of odd number 2k+1 iff k= 1(mod 4)”

Label the edges of graph by a,81, 52,83, ..... 7 "}(mod p),the sum at each vertex is different, Here g = 2
flen-pit

V(G)={v1,v2,vs,...... Vn, V}

E(G)= {(v,v)fi€ 1,2, .1}

(v, vi)=f(ei)=B'"Lsince each f’s are distinct f*(vi)=g'"1

FV)=B + B2+ B° + -+ = f(1+ B + B2 + - +BP7%) (mod p)

=B(BPH-1)/ B -1

Theorem 3

Cycle graphCnn2 3 is a primitive odd and DCM labeling of a graph,

Label the edges of graph by a,p!, p?, p3, .....pP "} (mod p),the sum at each vertex is different, Here p = 2
V(G)={ui,uz,us,...... Un, }

E(G)= {(uuin) / i=1,2,...n-1)

£E(G)—-{pl, p?, p3, ..... pP71 Jeach plis distinct}then the vertex labeling

f1(v)=f (u) @p f (uis1) = p'@pp'+i==distinct (mod p)=p' (1®pp)

Example
The cycle graph has integer (2,5) and (3,5) odd edge-vertex labeling.

Theorem 4

Complete graphKnn> 3 is a Distinct congruent magic spectrum of graph

Label the edges of graph by a, u, u?, 3, ..... P71 (mod p),the sum at each vertex is different, Here u = 2.
E(G)={ ey e2,...enm=number of edges of a graph G}; V(G)={ui,uzus,...... un, }.

Example

u1 uz2 us u4 us

26 26 24 23 210

24 201 27 | 22| 21
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i+1 i+1 i-1 i-2 | iC2
i-1 i-4 i+2 i-3 i-4
i-2 i-3 i+3 i+3 i
iCa i+2 i i+4 i+4

The above table represents edge labeling of complete graph on 5 vertices.

fr(vi)= 3i-2+iCo, f*(v2)= 4(i-1), f*(vs)= 4(i+1), f*(va)= 2(2i+1), f*(vs)= 3i+ iCz In general f*(v)=constant
Ks:-

Let the integer set be Z+={(0,1,2,3}

Assign the edges by 1,2,3 from Za.

We considered the vertices vi, v2, v3,..., va in clockwise direction.

11’.i2 '
4 5

3

f(viv2)=2, f(v2v3)=3, f(vivs)=1,{*( v1)=3, f*( v2)=5, f*( v3)=4, . all are distinct
3=3 (mod 4),4=0 (mod 4),5=1 (mod 4)

Next, let us take n=4, we get Ka graph.

Integer (2,9) and (5,9) odd-even edge- vertex labeling of K4

Let the integer set be Z+=(0,1,2,3,4,5}

Assign the edges by 2,4,8,7,5,1 from Zs.

4 2 5
7 4

f(viva)=4, f(v2vs3)=8, f(vava)=7, f(va v1)=2, f(vav2)=1, f(vav1)=5f*(v1)=5, f*( v3)=2

f*( v2)=1, f*( v4)=4- . all are distinct.. - . Ka is a integer (2,9) odd edge- vertex labeling of K4
Next, let us take n=5, we get Ks graph.

Ks is a integer (7,22) edge- vertex labeling

Let the integer set be Z22={0,1,2,...21}

Assign the edges by 7,5,13,3,21,15,17,9,19,1 from Zz2.f(viv2)=7, f(v2vs)=5, f(vsva)=13, f(va vs)=3, f(vsv1)=21, f(vsv2)=15,
f(vsvs)=1, f(vsv4)=3,f(v4v1)=9, f(v1v3)=19, f(v2 v4)=17,£*( v1)=56, {*( v4)=42,f*( v2)=44, f*( vs)=40
f+( v3)=38 .. all are distinct

KG is a distinct congruence magic graph.

Next,InKn let us take n=6, we get Ks graph.

In general Kn is a distinct congruence magic graph.

Theorem 5
The complete bipartite graph K44 is an edge-vertex distinct congruent spectrum.
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Proof:

Let V(G)= { v1,v2, v3,v4,V5,V6,V7,Vs}

E(G)= {e1,e2,€3,€4,...€16}

Let us define bijection E(G)—{1,2,3,....q} such that f (ei)=i ,1<i<16 .Then the induced vertex labeling
f*(v)=X, f (u, v)mod |E(G)|+1 are all distinct.

Ka4 :- Let the integer set be Z2 ={0,1,2,3,4,5,....17}

Assign the edges by 1,2,3,4,5,...16 from Z17 .

Theorem 6
The complete bipartite graph Kes is an edge-vertex distinct congruent spectrum.
DC(Kes )=Zs7

1 2 3 4 5 6 21
7 8 9 10 11 12 20
13 14 15 16 17 18 19
19 20 21 22 23 24 18
25 26 27 28 29 30 17
31 32 33 34 353 36 16
22 28 34 3 9 15

Therefore Kss is a distinct congruence magic graph.

Theorem 7
The conjecture that the complete bipartite graph Knn is an edge -vertex distinct congruent spectrum Zn of G.

Theorem 8
The Wheel graph W5, is an edge-vertex distinct congruent spectrum.

Proof

Let us define bijection function £:E(G)—{1,2,3,.....q} Then the induced vertex labeling f*(v)=}, f (u, v)mod |E(G)|+1 are
all distinct.Wn :- Let the integer set be Z11={0,1,2,3,4,5,....10}.Assign the edges by 1,2,3,4,5,...10 from Z11. DC(W5 )=Zn1
Therefore Wi is a distinct congruence magic graph.DC(W7 )=Z1s
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ABSTRACT

A previously developed Predator-Prey system with fear effect is mathematically analyzed. The New
approach to Homotopy Perturbation Method (NHPM) is used to obtain analytical formulas for the
populations of prey and predator. A discussion on the effect of the different parameters on the
populations is also presented. There is a fairly excellent agreement between the approximate analytical
solution and the numerical simulation.

Keywords: Predator-Prey model; Fear effect; Non-linear differential equations; New approach to
Homotopy Perturbation Method; Numerical Simulation.

INTRODUCTION

One of the most important topics in theoretical ecology and evolutionary biology is the interplay between prey and
predators. The relationship between two species —one known as the predator and the other as the prey —is referred
to as a prey-predator interaction. A predator is an animal that hunts and consumes other creatures. An animal that
is hunted or killed by another for sustenance is referred to as prey. We refer to the act of hunting animals as
predation. When there is a predator population present, the prey population may drastically alter their behavior to
improve their chances of surviving. As fear makes prey more vigilant and cautious, fear of predators enhances the
probability that prey will survive. Additionally, it can significantly lower the number of prey that reproduces since
fear of the predator population can create stress responses in prey that can alter their behavior.
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Mathematical equations involving derivatives include both linear and non-linear differential equations. They are
employed to explain the manner in which a quantity varies with time or in connection to other variables. Differential
equations are used to represent and comprehend dynamic systems in a variety of domains, including Biology,
Engineering, and Physics. It also aids in understanding the dynamics of the Predator-Prey model and is used to
model a predator-prey system.

A non-linear differential equation can be analytically approximated using a variety of asymptotic methods|[2],
including the Homotopy Analysis Method[3], Adomian Decomposition Method[4,5], Akbari-Ganji's Method[6,7],
Homotopy Perturbation Method[8,9], and others. The New Homotopy Perturbation Method is an effective technique
for resolving non-linear initial and boundary value problems [10-18]. It converts a non-linear problem into a simpler
linear problem. The New Homotopy Perturbation approach (NHPM) is a reliable, efficient, simple, and accurate
approach for solving non-linear differential equations. A Predator-Prey model that was previously established is
solved using this method (NHPM). The primary goal of this study is to solve the proposed model [1] by using New
Homotopy Perturbation Method (NHPM) and to discuss the impact of fear on both prey and predator populations.

Mathematical Formulation of the Problem
The proposed model [1] is,

dx bx pXy

== —dx — cx? — == 1
dt  1+ky 1+hyx ( )
dy epxy

__ ey 2
a1+ (tiopx Y 2

with initial conditions,

t=0,x(0) =x, , y(0) = ¥, ®)
where the description for the parameters is,

= xrepresents the density of prey population.

= yrepresents the density of predator population.

= brepresents the birth rate of prey population not affected by predators.

= drepresents the natural death rate of prey population.

= crepresents the decay rate due to intraspecies competition.

= prepresents the rate of predation.

= krepresents the level of fear.

= e represents the conversion rate of prey biomass to predator biomass.

= mrepresents the death rate of predator.

= hjrepresents the handling time.

= hprepresents the conversion time.

Approximate analytical solution of equations (1) to (3) using New approach to Homotopy Perturbation Method
Construct the Homotopy for equations (1) and (2) as follows:

dx px Yo dx pxy | _

(l'p)[I 1+ky + dx +cxxo + 1+ h xo] *P [ 1+ky 1+hy x] =0 @)
d_y _epxy epxy -

(1'P) dt 1+(h1+h2p)x0 y] dt 1+(h1+h2p)x my] 0 ®)

Solving the above equations using initial conditions,
(kpy8 +(=(thyxo ero + —p)yo +{L+hyxo o3 b=k
X(t) — XO e (+kyp J(L+hyxo)

6)
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[ { kpyB +(~(mxg +1)(ex0 + k- )yo +{(xg +1)(-cx0 +b—d )| (chmibxge)
epxq (kyp+1)(hxo +1)e (kyo +1)(hxo +1) +kmpt(h, pxo+hxo+1)ya {gmt(hz PXo+hiXo +1)d+x0( p+%:mt(3hlx0 +1))j]
h 1)k t(h 1
Yo —(=mt(h, pxg+hyXg +1)d +Xo (—chmixg +bh,mt-+e) p+mt (b x, +1)) v Pt P+ +1)
y(t) = y,| e (1kpy +(~(hwxo +1)(xg + e p)yo +(ux +1) (e +b-d )Nz prg +hxg +1))
(7)
RESULTS AND DISCUSSION

Equations (6) and (7) represent the simple approximate analytical expressions for the prey population and predator
population for the considered Predator-Prey model. A good agreement can be observed between the analytical
formulas that were produced for the Predator-Prey model and the numerical solution obtained using MATLAB, as
illustrated in Fig. 1. The number of prey (Fig. 2a) and predators (Fig. 3a) decreases as the fear level ‘k’ rises. When “p’,
the rate of predation increases, the prey population (Fig. 2b) decreases, while the predator population increases (Fig.
3b). The prey population declines when ‘¥’, the birth rate of the prey population unaffected by predators, falls (Fig.
2¢c). The prey population grows when the natural death rate of the prey population falls (Fig. 2d). Predator
population grows when 'm', the predator death rate, falls (Fig. 3c). The predator population declines when 'e', the
conversion rate of prey biomass to predator biomass, declines (Fig. 3d).

CONCLUSION

The impact of fear on prey and predator populations has been discussed. The New Homotopy Perturbation Method
(NHPM) is used to develop approximate analytical solutions for the Predator-Prey model with fear effect. The
obtained solution fits the numerical simulation quite well. Thus, the answers provided by equations (6) and (7) can
be regarded as approximative analytical solutions for the mathematical model represented by equations (1) through
(3). The analytical results that were acquired will assist the researchers in demonstrating how various parameters
affect the population of prey and predators.

Appendix: A

MATLAB program to find the numerical solution of eqns. (1) to (3)
function graphmain3

options= odeset('RelTol', 1e-6, ‘Stats’, 'on’);
%initial conditions

Xo=[4;1];

Tspan=[01];

Tic

[t, X] =ode45 (@TestFunction, tspan, Xo, options);
toc

figure

hold on

plot (t, X(:,1),-")

plot (t, X(:,2),"-")

legend ('x1', 'x2")

ylabel('X")
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xlabel('t")
return
function [dx_dt] = TestFunction(~, x)

b=

0.7, d=0.2; c=0.005; k= 0.5, p=0.1; h1=0.036; h2 = 1.44; e = 0.44; m = 0.2;

dx_dt(1)= (b*x(1))/(1+k*(x(2))) - d*x(1) - c*(x(1)."2) - (p*x(1)*x(2))/(1+h1*x(1));
dx_dt(2)= (e*p*x(1)*x(2))/(1+(h1+p*h2)*x(1)) - m*x(2);

dx_dt=dx_dt};

return
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Table 1.Parameter values considered in this paper.
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B T [—— MEEn s - - MATLAB]

Fig 1. Plot of populations for parameter values xo =4,yy =1, hy =0.036, h, =1.44, e =0.44, m=0.2, c =
0.005, d =0.2, p=0.1, b =0.7. The solid black lines denote the analytical solution and the black dotted
lines represent the numerical simulation

Fig(2b)

Fig(2¢c) Fig(2d)
Fig 2.Plot of PREY population (x) obtained by varying one parameter and fixing all other parameter values.
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Fig(3a) Fig(3b) Fig(3c) Fig(3d)
Fig 3. Plot of PREDATOR population (y) obtained by varying one parameter and fixing all other parameter

values.
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ABSTRACT

Globally, smoking is still a major public health hazard, therefore understanding and mitigating its
dynamics requires good models. This paper presents a way for solving the deterministic model of the
dynamics of smoking behavior by using the new homotopy perturbation method. Understanding the

role that precise modeling plays in addressing smoking-related problems, we show that this
computational method works well for generating rough analytical expressions for likely, heavy, and non-
smokers. The accuracy of the method is demonstrated across a range of parameters by comparisons
between the exact solution obtained using computational tools like MATLAB and the derived analytical
expressions. Our findings have implications for healthcare practices and policy measures that try to
reduce the prevalence of smoking and its associated health concerns. This work lays the groundwork for
future studies aimed at improving modeling methods and developing approaches for smoking cessation
programmes.

Keywords: Tobacco Plant, Smoking dynamics, Deterministic model, Perturbation technique, Analytical
expressions, Computational method, Health policy, Public health.
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INTRODUCTION

Nicotiana tabacum belongs to the nightshade family Solanacese. This tobacco plant is an annual herbaceous plant.
Tobacco’s leaves are manufactured into many tobacco products like cigars, chewing gum, cigarettes and so on. This
plant contains severely addictive compound called nicotine which cause harmful effects to humans on consuming it.
Based on the frequency of smoking, by tobacco products and by dependence on nicotine there are several types of
smokers in a population like Daily, Occasional, Cigarette, Cigar, pipes, smokeless tobacco, light and heavy smokers.
This causes lot of health issues like cancer, heart and lung diseases. With the aid of mathematical models, numerous
researchers have created, examined, and analysed various smoker kinds. A model of secondhand smokers that
provides the average measure of secondary cases over primary cases in the vulnerable population was created by
Birliew Fekede et al [1]. A model developed by Nur Ilmayasinta et al categorises smokers into five groups: never
smokers, occasional smokers, active smokers, and smokers who have completely given up [2]. S. Rezapour et al.
created the fractal-fractional model and performed stability and sensitivity analyses [3]. Gudermannian neural
networks were utilised by Z. Sabir et al. to conduct a numerical analysis of the non-linear smoke model [4].

A model has been created by C. M. D. Simarmata et al. to comprehend the dynamics of smoking behaviour
transmission in Indonesia in addition to the density-dependent death rate [5]. Peijiang Liu and colleagues created a
Caputo fractional order tobacco smoking model, which is easier to grasp than an integer-based model [6]. A model
has been constructed by S. M. Lestari et al and the stability has been examined using various reproduction numbers
[7]. Belaynesh Melkamu et al. found that smokers in a population have greater stability when the fractional order of
the model is raised [8]. A model has been developed by Mullai Murugappan et al. to comprehend the dynamics of
smoking transmission among teenagers [9]. Moch Fandi Ansori et al analyse smokers who are new to the habit as
well as those who smoke frequently [10].

In our paper we have considered three different classes like Probable, Heavy and Dropout smokers to understand
the transmission dynamics and the influence of each parameter in a population. Approximate analytical expressions
are derived by making use of New Homotopy Perturbation Method. Application of this method is given step by step
for better understanding.

MATERIALS AND METHODS

Mathematical model of Types of smokers and it’s parameters

This mathematical model comprises of three kinds of smokers in a population such as Probable (P(t)), Heavy (H(t))
and Dropout (D(t)) smoker class. This mathematical model was proposed by Abdullah Alzharani and Anwar Zeb
[11]. The mathematical model and the list of parameters are given below:

‘jj_sz— PPRH (1) - 4P (t) + 3D(t)
1
OL—'j=ﬂP(t)H(t)—m(t)—uH(t) .

‘fj—[t’: JH(t) — uD(t) — D (1)

Application of New Homotopy Perturbation Method

Here we have incorporated New Homotopy Perturbation Method to derive the approximate analytical expression.
We have chosen this method because of it's simplicity, flexibility, swift convergence to the accuracy and it also
doesn’t requires many iterations. Many authors have used this method in various fields because of it’s efficiency [12-
15].
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- p)[‘(’j—f A+ ﬂP(t)} s pH—f A+ POHE) + 4P~ éD(t)] -0
dH dH
- p)b +H()+ H (t)} . p[? POHE)+ H () + H (t)} ~0 @

- p)H—?wD(t)ma(t)} p[‘fj—'?—m(t)wD(t)MD(t)} -0

Then by replacing each system in the form of a power series we have,
P=P,+ pP, + p2P, +---
2
H=Ho+PpHy+p"Ho+ Then by comparing the terms of the coefficient of v we h

D=D, + pD; + p?D, +---

dP,
p%: S0 Ak Py (1)

dt
dH
0.
p” 1 — 2+ H () + uH (1)
dt ®)
o.dD
p-: E"",UDO('[) — Dy (1)
By solving (3) we get the required approximate analytical expression for different kinds of smokers as follows:
p_Al (PO (t) —Aje"‘t )
H H

H = Hg(t)e vt
D = Dy (t)e (“+o

RESULTS AND DISCUSSIONS

In this section, the accuracy between the approximate analytical expression and the exact solution is displayed in the
form of graph. In every graph the solid line represents the exact solution and the star represents the approximate
analytical expression that is derived using NHPM. As time goes on, it becomes clear from Figure 1(a) that a person's
chance of smoking is directly related to whether or not they were born into the susceptible class or migrated there
(A). This implies that members of this vulnerable class have a higher chance of starting to smoke over time. The
likelihood that a person will smoke and their eventual shift to the heavy smoker class (f) are inversely correlated, as
shown in Figure 1(b). This suggests that those who smoke for a longer period of time are less likely to become heavy
smokers. Looking at Figure 1(c), one can see that the probability of someone smoking is lowest when compared to
the natural death rate (u) throughout time. This suggests that as time goes on, the number of smokers decreases
because of things like natural death rates. The lowest probability of an individual being a smoker is shown in Figure
1(d) with respect to the relapse rate (d) over time. This implies that as time passes, the percentage of people who start
smoking again after quitting drops.

It is clear from Figure 2(a) that the proportion of heavy smokers rises in direct proportion to the pace at which likely
smokers move over time into the heavy smoker class (). This implies that within the group of likely smokers, more
people are likely to develop into heavy smokers over time. Looking at Figure 2(b), it is evident that with time, the
proportion of heavy smokers declines inversely with respect to the dropout rate (y). This suggests that the rate at
which people cease to be heavy smokers increases with time as a result of things like cessation programmes. The
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number of heavy smokers decreases over time in correlation with the natural death rate (u), as shown in Figure 2(c).
This suggests that over time, the existence of heavy smokers diminish due to mortality from natural causes.

It is clear from Figure 3(a) that over time, the number of smokers who give up increases in direct proportion to the
dropout rate (y). This implies that as time goes on, there may be a positive correlation between the total number of
smokers who give up their habit and the rate at which people stop smoking. A closer look at Figure 3(b) reveals that,
over time, the number of smokers who give up their habit increases in direct proportion to the natural death rate (p).
This suggests that as time goes on, a growing number of smokers give up because of natural causes of death. As can
be seen in Figure 3(c), the number of smokers who give up grows with time in line with the relapse rate (). This
suggests that there is an increased propensity over time for individuals who had previously quit smoking to relapse
back into smoking behavior.

CONCLUSION

Thus, the New Homotopy Perturbation Method, a perturbation approach, is used to solve the mathematical model of
smoking dynamics. The approximate analytical equation for each smoking class in a population is obtained using
this procedure. To confirm its accuracy, a validation is performed between the approximate analytical solution and
the exact solution. The impact of different parameters over the sorts of smokers is expressed graphically. The graphs
and the approximate mathematical formulae make it simple for us to comprehend how complex the various tobacco
smoker kinds are.
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Table 1: List of Parameters

SYMBOLS DESCRIPTION
P(t) Probable smoker
H(t) Heavy smoker
D(t) Dropout smoker
A Probable class by birth or migration
B Transition rate from Probable smoker to Heavy smoker
u Natural death rate
Y Dropout rate
O The relapse rate
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FIGURE 1: The Rate of Probable Smokers P(t) with respect to time. (a) by birth or migration (A), (b) transition rate
from probable to heavy smoker class (), (c) natural death rate (i) and (d) the relapse rate ().
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FIGURE 2: The Rate of Heavy Smokers H(t) with respect to time. (a) transition rate from probable to heavy
smoker class (), (b) the dropout rate (y) and (c) natural death rate (u).

74779




Indian Journal of Natural Sciences

Vol.15 / Issue 84 / Jun / 2024

Vaishnavi and Malinidevi

>

International Bimonthly (Print) — Open Access

www.tnsroindia.org.in ©OIJONS

ISSN: 0976 — 0997

= p=0.001,5=0.004
=
=
2
=
=
4]
it
= ¥=0.02011
= y=0.02311
=}
"o 0.1 0.2
time(day)

30.15
=
= 301

L=5]
-

=
2 30.05
=

=

& 3
=

20.95

0.1 0.2
time({day)

3015

30.1

Dropout Smoker D(t)
W
=
=
th

I
L~
b=
h

0

0.1
time({day)

FIGURE 3: The Rate of Dropout Smokers D(t) with respect to time. (a) the dropout rate (y), (b) natural death rate

() and (c) the relapse rate ().

74780




Indian Journal of Natural Sciences w www.tnsroindia.org.in ©[JONS

Vol.15 / Issue 84 / Jun / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

RESEARCH ARTICLE

Rainbow Connection Number and Rainbow Vertex Connection Number
of Some Chess Graphs

S. P. Jeyakokila' and R. Ruby?*

1Assistant Professor, Department of Mathematics, Lady Doak College, (Affiliated to Madurai Kamaraj
University) Madurai, Tamil Nadu, India.

2Student, Department of Mathematics, Lady Doak College, (Affiliated to Madurai Kamaraj University)
Madurai, Tamil Nadu, India.

Received: 22 Apr 2024 Revised: 25 Apr 2024 Accepted: 30 Apr 2024

*Address for Correspondence

R. Ruby

Student,

Department of Mathematics,

Lady Doak College, (Affiliated to Madurai Kamraj University)
Madurai, Tamil Nadu, India.

Email: rubyreuban1403@gmail.com

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License

T (CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

Let G be a Simple, non-trivial, and connected graph on which an edge colouring is defined,c: E(G)—
{1,2...k}k€ N, in which between a pair of Vertices, there exists a path in which all the edges along this
path are distinctly coloured, such a path is called as a Rainbow Path. If every two vertices in G have a
rainbow path, then G is Rainbow Connected and the minimum colour required to do so is called the
Rainbow Connection number denoted by rc(G). The vertex colouring c¢: V(G)— {1,2...k},k € N is defined
and if two vertices are connected by a path whose internal vertices have distinct colours is called
Rainbow vertex path.If every two pair of vertices in G have a Rainbow vertex path, then G is rainbow
vertex connected, the minimum colours required, to get a rainbow vertex connected graph is the rainbow
vertex connection number denoted by rvc(G). In this paper the Rainbow connection number and the
Rainbow vertex connection number of some Chess graphs has been found.

Keywords: Rainbow connectivity, Rainbow vertex connectivity and Chess graphs.

INTRODUCTION

Rainbow Connection was first Introduced by G. Chartrand, G.L. Johns, K.A. McKeon and P. Zhang in 2008.
Chartrand found that the Rainbow Connection number of a Complete graph is 1 andfor any connected graph G,
diam(G)<rc(G) <m where m is the order of G and diam(G) is the diameter of G [1].Rainbow Connection has various
interesting types, one among them is the Rainbow Vertex Connection introduced by Krivelevich and Yuster. A
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simple observation is that Rainbow Vertex Connection Number of a complete graph, rvc (Kn)=0V n.A simple
observation is that for a Connected Graph G rvc(G) = diam(G)-1[2].The Rainbow Connection Number of a Flower
(Cm Kxn) graph and Flower (CsFn) graph was determined by Irvania Sukma Kumala, A. N. M. Salman[3]. W.D.D.P.
Dewananda and K.K.K.R. Perara determined the Rainbow Vertex Connection Number of ladder graphs and Roach
graphs [4]. The Rainbow Connection Number of graph resulting in the operation of Sun Graph and Path Graph was
found by N. M. Surbakti, D. R.Silaban and K. A. Sugeng|[5]

Rainbow connection number and Rainbow vertex connection number of a m x n Rook graph.
Definition 2.1: E-twosome Colouring.

The Colouring Ce: E(G)— (1,2} for the edges e= Vi Vi, defined by

CEt(e)={; 1= ]]z ; Z is called as the E-twosome Colouring and it is denoted by Ce:.

Definition 2.2:V-onesome Colouring (Cvo)
The Colouring Cvo: V(G)—{1} V Vi€ G is called as a V-onesome Colouring and it is denoted by Cvo.

Definition 2.3: Rookgraph [6]

A m x n rook graph is formed by associating a vertex with each square of a m x n chess board and an edge represents
all possible moves of a rook on a chessboard. A rook can move horizontally or vertically across the board. That is,
two vertices are connected if they are either in the same row or in the same column.

Theorem 2.4:The m x n Rook graph admits Rainbow connectivity and Rainbow vertex connectivity with (a) rc(G)=2
and rvc(G)=1, when m, n >2

(b)When m or n =1, rc(G)=1 and rvc(G)=0
Proof:Let G (V, E) be a m x n Rook graph. The vertices of G are denoted asVi=V-1m+ where Vijrepresents the vertex in
the i'th row and in the j'th column. Let V(G)= {V1, V2, V3, ..., Vam} and E(G)= {V1V2,V1V3...V1Vn, ViV, ViVoni.. . ViVim-
D+l ... Vim1Vnm} be the vertex set and edge set respectively.
(@when m, n >2.The diameter of G, diam(G)=2, hence rc(G)= 2[1]. It remains to show that rc(G)< 2.Between every
two vertices in G, there is two edges or less than that. The E-twosome coloring Cet: E(G)— {1,2} to all the edges
e = V;V;; of Gis as follows,

1,k=12,..n-1
CEt(e)={2 K>n

Hence every two vertices in G have a rainbow path. The minimum number of colors used to make G rainbow
connected is 2. Therefore rc(G) < 2.Hence rc(G)=2.

Now rvc(G)= 2-1=1[2].The V-one some coloring, Cvo: V(G)— {1} by C(Vi)=1V Vi€ G. Between every two vertices in G
there is exactly only one internal vertex or no internal vertex. In any path, only the internal vertices are considered.
And those internal vertices should have distinct colours. The colouring Cvo has satisfied this condition. The
minimum number of colors used is 1. Hence rve(G)< 1. Therefore rve(G)=1. In Figurel, the E-twosome colouring on a
3 x 3 Rook graph is applied and a rainbow path between every two pair of vertices exists, hence rc(G)=2.

Figure 4 shows the V-onesome colouring on a 3 X 3 Rook graph, ensuring a Rainbow Vertex path between every
two pair of vertices in G, hence rve(G)=1.

(b)If m=1, Gis a 1 x n Rook or Queen graph, with n >1 which is a Complete Graph with n vertices. Similarly, G isam

x 1 Rookor Queen graph if n=1, m >1lis a Complete Graph with m vertices. In both cases a Complete graph is
obtained. The Rainbow Connection number of Kn is 1. Therefore rc(G)=1 if m or n=1.Th e Rainbow Vertex
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connection number of a Complete graph is 0.Hence rvc(G)=0. In both Figure 3 and Figure 4, a complete graph with 4
vertices is obtained, hence rc(G)=1.

Rainbow Connection number and Rainbow Vertex connection number of a Queen graph.

Definition 3.1: Queen graph

An m x n Queen graph is formed by associating a vertex with each square of the m x n chess board and connecting
two vertices with an edge if a queen can legally move from one to the other. A queen can move vertically,
horizontally, or diagonally. Therefore, vertices can be connected accordingly.

Theorem 3.2: The m x n Queen graph admits Rainbow connectivity and Rainbow vertex connectivity with

(a) re(G)=2 and rve(G)=1, when m, n =2

(b)When m or n =1, rc¢(G)=1 and rvc(G)=0

Proof:Let G (V, E) be a m x n Queen graph and Gi(V1, E1) be a m x n Rook graph. the diameter of G and G1 is 2. Hence
and rc(G)= 2. It can be easily observed that |[V(G)| = |V;(G;)] for the same values of m and n in G and Gi1. The Queen
piece has all the moves of the Rook along with the additional diagonal moves. This implies |E(G)|>|E;(Gy)l.
Therefore, the Rook graph is the Spanning subgraph of the Queen graph. Hence G =G1U K where K is the subgraph
that contains all the diagonal edges of G. By theorem 2.4(a), Graph G satisfies Rainbow connection with rc(G)=2.
The resultant graph G with Vertices that are denoted asVi=V-nm:j where Vi represents the vertex in the i’th row and
in the j'th column.V(G)= {Vi, V2, V3, ..., Vam} and edge set E(G)= {V1V2, ViV3..ViVh,ViVri1..ViVim1) n+1, ViVis,
ViVanss...ViVin... Vinnn Vinn, Vi1 Vinfwhich is the union of Gi and K. G has exactly two or less than two edges between
every two pair of Vertices.

(@) whenm,n =2

Now diam(G)=2. Hence rc(G)=2[1].The E-twosome Colouring Ce: E(G)— {1,2} to all the edges e = V;V;;, of G is as

follows, Crt (e)={ 12' k=12,.. rll(—> 1n .

Between every Pair of Vertices in G, there is a rainbow path with two edges or less than that, all of them having
distinct colours implying that rc(G)< 2. Hence rc(G)=2.

Now rve(G)= 2-1=1[2].The V-onesome Colouring for all the vertices of G, Cvo: V(G)— {1} by C(Vi)=1V Vie G.
Between every two vertices in G there is exactly only one internal vertex or no internal vertex. In any path, only the
internal vertices are considered. And those internal vertices should be distinct. The coloring Cvo has satisfied this
condition. The minimum number of colors used is 1. And colors are minimum. Hence rvc(G)< 1. Therefore rvc(G)=1.
The Figure 5 shows the E-twosome colouring on 3 X 3 Queen graph satisfying Rainbow connectivity.

The Figure 6 shows the V-onesome colouring on a 3 X 3 Queen graph satisfying Rainbow vertex connectivity.

(b) Whenmorn=1
The structure of a m x n Rook graph 1 is isomorphic m x n Queen graph when m or n =1. Hence Theorem 2.4 (b)
implies that rc(G)=1 and rvc(G)=0.

Rainbow connectivity and Rainbow vertex connectivity of a King graph.

Definition 4.1: King graph

In graph theory, a m x n king graph typically refers to a type of m x n chessboard where each vertex represents a
square on a chessboard, and edges connect squares that can be reached by a king's move. The king can move one
square in any direction (horizontally, vertically, or diagonally).

Theorem 4.2:The m x n King graph admits Rainbow connectivity and Rainbow vertex connectivity with
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(@) rc(G)=n-1 and rve(G)=n-2 when m<n
(b) rc(G)=m-1 and rvc(G)=n-2 when m>n.
(¢) rc(G)=n-1and rvc(G)=n-2 if m=n
Proof: Let G (V, E) be a m x n King graph.The vertices of G are denoted asVi=V-1)myj where Vijrepresents the vertex in
the i’'th row and in the j'th column.Let V(G)= {vy, V2, Vs..., Vim}
andE(G)={V1V2,V1Vn:1,V1Vn2, V2V3, V2V, VaViiz, V2Viss. .. Vamn Vim, Vam-1Vim}bethe vertex set edge set respectively. The
edges of G are horizontal, vertical and diagonal in structure corresponding to the move of the King piece. The
Horizontal edges ViVi: is denoted by En Vertical edges by ViVimby Evand diagonal edgesViVim+ and Vis1Vim by Ed.
Also, in G there are vertices that are along the rows and columns. Let Vi be the Vertices Vi, Vi:r where r=1,2...n-1that
are horizontal and let Vv be the Vertical Vertices along the same column that are denoted byVi, Viim where r=1,2...m-
1
(a) when m< n.The diam(G)=n-1, which implies that rc(G)= n-1[1]. Define the coloring c: E(G)— {1,2...,n—1} as
follows.
For k=1,2...(m-1)
e € Ehwheni=kn+k2n+k..(m—1n+k
ce)=kV<e € Evwheni=(k—1n+1,(k—1)n+2..kn
e € Edwheni=kn+k2n+k..(m—2)n+k

For k=m, m+1...n-1
c(e)=kv{e € Ehwheni=kn+k2n+k..(m—1)n+k
e € Edwheni=kn+k2n+k..(m—2)n+k
Between pair of vertices in G, there is a Rainbow path. Therefore, G is Rainbow Connected and the minimum
number of colors=n-1. Hence rc(G)< n-1.Therefore rc(G)=n-1.
Now rve(G)= n-2[2].

Define the coloring c: V(G)— {1,2 ..., n — 2} defined by,

For k=1

¢(Vi)=k VVie Vy when i=1,2, n

For k=2,3...(n-2)

c(Vi)=k YVi€ Vv when i=k+1

There exists a Rainbow vertex path between every two pair of vertices in G. The colors that are used is minimum.
This implies rvc(G)< n-2. Therefore rve(G)=n-2.

(b) When m>n.The diam(G)=m-1. Therefore rc(G)=m-1[1].

Define the coloring c: E(G)— {1,2 ..., m — 1} as follows.

For k=1,2...n-1

e € Ehwheni=kn+k2n+k..,(m—1)n+k
c(e)=k V e € Ev,wheni=(k—1n+1,(k—1)n+2..,kn

e€ Edwheni=(k—1)n+1,(k—Dn+2..,k(n—-1)

For k=n, n+1...m-1

e € Ehwheni=(k—1)n+1,(k—1)n+2,(k—1)n+3..kn
C(QH‘V{e € Edwheni=(k—Dn+1,(k—Dn+2 (k- Dn+3...k(n—1)
Between pair of vertices in G, there is a Rainbow path. Therefore, G is Rainbow Connected and the minimum
number of colors=m-1 Hence rc¢(G)< m-1.
Therefore rc(G)=m-1if m<n.
The diam(G)=m-1. Therefore rvc(G)= m-2[2].
Define the coloring c: V(G)— {1,2 ..., m — 2} defined by,
For k=1
c(Vi)=kVVi€ Vi when i=1,n+1, (m-1)n+1
For k=2, 3...(m-2)
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c(Vi)=k VYVi€ Vn when i=k+1
There exists a Rainbow vertex path between every two pair of vertices in G. The colors that are used is minimum.
This implies rve(G)< m-2. Therefore rve(G)=m-2.
(c)When m=n. The diam(G)=m-1=n-1 rc¢(G)= n-1.

For k=1,2...n-1

e € Ehwheni=kn+k2n+k..,(m—1)n+k
c(e)=k V e € Ev,wheni=(k—1n+1,(k—1)n+2..,kn

e€ Edwheni=(kk—1)n+1,(k—Dn+2..,k(n—1)

Between pair of vertices in G, there is a Rainbow path. Therefore, G is Rainbow Connected and the minimum
number of colors=n-1 Hence rc(G)< n-1. This implies rc¢(G)=n-1=m-1.

Now rve(G)= n-2.

Define the coloring c: V(G)- {1,2 ...,n — 2} defined by,

¢(Vi)=1 vVie Vv when i=1,2, n

For k=2,3...(n-2)

c(Vi)=k VYVie Vv when i=k+1.

There exists a Rainbow vertex path between every two pair of vertices in G. The colors that are used is minimum.
This implies rvc(G)< m-2. Therefore rve(G)=n-2=m-2.

(c)When m=n. The diam(G)=m-1=n-1 rc¢(G)= n-1.
For k=1,2...n-1
e € Ehwheni=kn+k2n+k..,(m—1)n+k

ce)=k v e € Ev,wheni=(k—1)n+1,(k—1n+2..,kn

e€ Edwheni=(k—1n+1,(k—Dn+2..,k(n—1)
Between pair of vertices in G, there is a Rainbow path. Therefore, G is Rainbow Connected and the minimum
number of colors=n-1 Hence rc(G)< n-1. This implies rc(G)=n-1=m-1.
Now rve(G)= n-2.
Define the coloring c: V(G)— {1,2 ...,n — 2} defined by,
¢(Vi)=1 YVie Vv when i=1,2, n
For k=2,3...(n-2)
c(Vi)=k VVie Vv when i=k+1.
There exists a Rainbow vertex path between every two pair of vertices in G. The colors that are used is minimum.
This implies rvc(G)< m-2. Therefore rve(G)=n-2=m-2.
In Figure 7, every the pair of vertices in 3 X 4 King graph have a Rainbow path, with rc(G)=3.
In Figure 8, every the pair of vertices in 4 X 3 King graph have a Rainbow path, with rc(G)=3.
In Figure 8, every the pair of vertices in 4 X 4 King graph have a Rainbow path, with rc(G)=3.
In Figure 9, every the pair of vertices in 3 x 4 King graph have a Rainbow vertex path, with rvc(G)=2.
In Figure 10, every the pair of vertices in 4 X 3 King graph have a Rainbow path, with rvc(G)=2.
In Figure 12, every the pair of vertices in 4 X 4 King graph have a Rainbow path, with rvc(G)=2.

CONCLUSION

In this paper, the Rainbow Connection Number and Rainbow Vertex Connection of some Chess graphs has been
found.
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Figure 1: Rainbow colouring on a 3 x 3 Rook graph. Figure 2: Rainbow vertex colouring on a 3 x 3 Rook
graph

Vi )

Figure 3: Rainbow colouring on a 1 X 4 Rook graph.

Figure 6: Rainbow vertex colouring on a 3 X 3Queen
graph.
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Figure 7: Rainbow colouring on a3 x 4King graph. Figure 8: Rainbow colouring on a 4 X 3King graph.
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Figure 11 : Rainbow vertex colouring on a 4 X 3King Figure 12 : Rainbow vertex colouring on a 4 x 4King
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ABSTRACT

This Article is focused on the novel use of the Fuzzy Approximation Method (FAM) in the context of artificial
intelligence (AI) and neural networks for wound diagnosis and treatment, with the aid of MATLAB. Through
the seamless integration of fuzzy approximation techniques with modern image processing tools, this
approach seeks to revolutionize wound assessment. By using a neural network model and using MATLAB for
input layer processing, the system can precisely assess wound photos, extract pertinent features, and
preprocess them. Fuzzy approximation methods in the hidden layers also improve the system's capacity to
manage the intricacy and unpredictability of real-world wound data, resulting in more precise identification
and tailored therapy suggestions. With the integration of Al neural networks, and other robust frameworks,
fuzzy approximation approaches, which provide a more effective and precise approach to diagnosis and
treatment, substantially improve wound management. The goal was to achieve smooth integration and
optimization when applying the Fuzzy Approximation Method (FAM) in MATLAB to artificial intelligence
(Al) and neural networks for wound diagnosis and treatment. The preparation of wound pictures and the
extraction of pertinent information were made easier by MATLAB. After undergoing extensive testing, the
method proved effective in making accurate diagnoses and tailored treatment suggestions, which represented
a major breakthrough in wound care. With the help of this creative approach, wound assessment is
streamlined, improving patient outcomes and streamlining healthcare delivery. Thus This Proposed Solution
Will be the Innovation of Over Al Neural Network With FAM For Wound Detection and Rectification.
Keywords: Fuzzy Approximation Method , Artificial Intelligence , Deep Learning Neural Network, Wound
Detection, MATLAB, Health Tech.
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INTRODUCTION

An overview of the limits of the existing manual diagnosis methods and the significance of wound assessment in
medical practice are given in the introduction. It describes the goals of the research, which include creating an AI-
powered system [6] to analyze wounds and suggest treatments. In order to improve diagnosis precision and
treatment planning, the study addresses the need of combining image analysis techniques with neural networks and
fuzzy approximation methods. Additionally, it draws attention to the possible effects of automated wound
assessment systems on patient outcomes and the provision of healthcare. Precise wound diagnosis and prompt
wound management are essential components of contemporary healthcare for patient well-being. However, because
wound healing processes are intricate, assessing wounds can be difficult for medical professionals. An increasing
number of people are interested in using artificial intelligence (AI) and neural networks [1]Jto automate wound
diagnosis and therapy recommendation in order to address this problem.

The goal of this effort is to create a neural network system that can automatically diagnose wounds and offer
treatments based on picture analysis. The technology is able to deliver precise diagnosis and individualized
treatment plans by comparing photos of wounds against a dataset that contains information on known wound
characteristics and outcomes. The study's main goals are to use cutting-edge computational techniques to enhance
patient outcomes and expedite the diagnosis procedure.

In Figure 1, The literature study examines previous studies on neural network models for healthcare, Al applications
in medical imaging, and methods for assessing wounds. It looks at research on developing neural network designs
for medical diagnostics, integrating fuzzy logic into computational models, and using image analysis methods for
wound characterization. The report emphasizes the requirement for sophisticated computational techniques to
overcome issues with the speed, accuracy, and scalability of wound diagnostics. Additionally, it points up areas of
present research deficiency and room for innovation in automated wound assessment. Medical diagnosis and
imaging will be revolutionized by Al-based technologies[7],[8],[13] &[14] made possible by recent advances in
computer processing. Still, the field of AI wound care systems development is still in its infancy. This review of the
literature emphasizes the difficulties wound care professionals encounter in precisely projecting the course of wound
healing, as well as the potential benefits of using Al-driven systems to overcome these difficulties.

Artificial intelligence (Al)-based platforms for wound care [4] are still in their infancy, even though commercial
platforms for wound image capture and analysis are available. Automated solutions that can lessen the workload
associated with manual diagnosis, increase diagnostic precision, and hasten the start of therapy are desperately
needed. The significance of creating Al-powered digital platforms to provide patients with chronic wounds with
data-driven care is highlighted by this systematic review.

PRELIMINARIES

Artificial Intelligence (Al) is the umbrella term for a variety of methods used to simulate human intelligence
functions on computer systems. Neural networks are a subset of Al that draws inspiration from the composition and
operations of the human brain. They are made up of layers of interconnected nodes, or neurons, that can interpret
input data, identify patterns, and make predictions. Artificial intelligence (AI) and neural networks play a key role in
the area of wound identification and treatment using MATLAB and the Fuzzy Approximation Method (FAM). Their
proficiency lies in identifying patterns, automatically extracting pertinent features from wound photos, making well-
informed decisions based on learning patterns, gradually optimizing processes, and automating healthcare delivery
to streamline the process. The system's use of Al and neural networks allows it to precisely assess wounds and
suggest the best course of action, greatly improving patient outcomes and healthcare efficiency. By automating
intricate procedures and leveraging sophisticated pattern recognition skills, artificial intelligence (AI) and neural
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networks enable a more precise and efficient method of managing wounds. This integration is a noteworthy
development that demonstrates the revolutionary potential of artificial intelligence (AI) in healthcare, especially in
the area of wound diagnosis and treatment. Artificial intelligence's mainstay, neural networks, show impressive
capabilities in wound diagnosis and treatment. Their networked nodes, which resemble human brains, enable them
to recognise patterns in three different layers and make decisions with ease.

In most of the cases, the inaccurate manual diagnosis and postponed therapy are the two main issues in wound care.
[15] Human error and subjectivity are common in manual wound diagnosis, which can result in inconsistent
evaluation and care. Furthermore, especially in rural or understaffed healthcare settings, delays in diagnosis and
treatment initiation can have a major impact on patient outcomes. The case studies in the research highlight
difficulties in wound diagnosis and treatment, such as errors in manual assessments and postponements in starting
therapy[10]. It talks about situations in which medical professionals have trouble correctly detecting wounds, which
results in less than ideal treatment results and unhappy patients. The case studies emphasize how crucial it is to
provide automated solutions in order to increase patient care, speed up the start of therapy, and improve diagnostic
accuracy.

Algorithm

Step 1 - Analysis of wound over 6 observations and 7 angles

Step 2 - Scan the wound with camera over Artificial Intelligence

Step 3 - Plotting values Using MATLAB

Step 4 - Obtaining the observed value over the input layer of Neural Network
Step 5 - Fuzzy Approximation Formula over the hidden and processing unit
Step 6- Obtaining the optimized value through FAM

Step 7 - Framing fuzzy approximation curve for the optimized value

Step 8 - Categorising the wound kind as per the curve value

Step 9 -Display the remedy over the output layer

Working Principle

A detailed explanation of the proposed system's operation is provided, with a focus on how picture preprocessing
techniques[7]. fuzzy approximation approaches, and layer-by-layer analysis to create customized treatment plans
based on neural network output are all integrated. The method for processing wound photos, identifying pertinent
characteristics, and producing therapy and diagnostic suggestions is covered in the paper. In order to provide light
on how the system works, [11] it also looks at the computational processes that underpin fuzzy approximation
algorithms and the neural network model.

The suggested system operates on the basis of layer-by-layer analysis and image preprocessing. Before being input
into the neural network, patient-uploaded images are standardized in terms of size, resolution, and color depth. [8]
The visual data is gradually processed by each layer of the network, improving the interpretation and pointing out
important details that affect the diagnosis and course of treatment.

Proposed Method
The observations are analyzed through the proposed method in various stages are given below:

Mathematical Model: Pascal’s Triangle Graded Mean Approach

The Graded Mean Integration Representation for generalized fuzzy number approach is a very simple one for
analyzing fuzzy variables to get the optimum solution to the transportation problem. This procedure is taken from
the following Pascal’s triangle. We take the coefficients of fuzzy variables as Pascal’s triangle numbers.Then just add
and divide by the total of Pascal’s number and we call it Pascal's Triangle Graded Mean Approach.

The following are the Pascal’s triangular approach:
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Let A =(a1 a2 a3 a4) be a trapezoidal fuzzy number then we can take the coefficient of fuzzy numbers from Pascal’s
triangles and apply the graded mean approach we get the following formula:

P(A) = (a1 + 3ax+ 3as+a4) / §;

The coefficients of ai, a2, as asare 1, 3, 3, 1.This approach can be extended for n-dimensional Pascal’s Triangular fuzzy
order also.

Proposed Fuzzy Approximation Method (FAM)

Fuzzy approximation method is introduced in this study to detect the size of wounds appearing in different stages
and the observations are recorded. Fuzzifying the observed set of values (around 6 to 7 values) at a time and
processing the values with a better output. [16] The implementation of FAM helps to minimize the wounds of
various clusters that are analyzed with accuracy and efficacy. The experimental analysis is carried out in wound
detection with six different clusters and it is observed in various aspects. The values as recorded observations are
fuzzified through fuzzy approximation method as follows:

FAM = (1/7)*[a1"/7+ a21/7+ as!/7+ a4!/7+ as'/7+ as'7+a7'/’], where a1, a2, a3, a4, as,asavare the expected absolute values.

Experimental Analysis

The analysis is done using six different stages, is capturedin seven different angles with 100 nm at 50x magnification
and taken between the fuzzy interval from 0 tol in order to use the Fuzzy Approximation Method. The images are
captured in 7 different angles through six different observations and the observed pixels are converted into fuzzy
value using fuzzy approximation method and the observations are given in five different clusters as follows:

The Cluster 1 readings are observed and the approximation is done through FAM as follows:

The Cluster 2 readings are observed and the approximation is done through FAM as follows:
The Cluster 3 readings are observed and the approximation is done through FAM as follows:
The Cluster 4 readings are observed and the approximation is done through FAM as follows:
The Cluster 5 readings are observed and the approximation is done through FAM as follows:

The following figure represents the diagrammatic representation of fuzzy approximation through MATLAB tool:

Proposed Solutions

The suggested approach entails creating a neural network model with fuzzy approximation techniques to automate
the diagnosis and treatment suggestion of wounds. The input, hidden, and output layers of the neural network's
architecture are described in detail in this paper.[12] Additionally, the use of fuzzy approximation methods in
hidden layers to improve diagnostic accuracy is covered. It also provides a thorough overview of the system design
and implementation by describing how MATLAB is used for input layer processing. In order to tackle these
obstacles, the study suggests using a neural network model that is outfitted with fuzzy approximation
techniques[13]&[14]. An input layer that receives wound photos, a hidden layer that processes the data using fuzzy
logic, and an output layer that produces therapy and diagnostic recommendations make up the neural network
design. The neural network may be trained using an extensive dataset of annotated wound photos, enabling the
system to generate personalized treatment protocols and make data-driven judgements.

Steps of Progression and Implementation

The system implementation process is outlined in depth, including picture preprocessing methods, neural network
model training, and fuzzy approximation method integration. The creation of an extensive dataset of wound images
that are labeled with diagnostic and treatment results is covered in the paper, emphasizing the value of data-driven
decision-making for model validation and training [2]. Additionally, it looks at the system's iterative refinement
process, which includes validation testing, performance evaluation, and parameter adjustment.The proposed
system's deployment can help with post-operative care, emergency evaluation, and remote diagnosis, among other
healthcare scenarios [3]. Patients in remote or rural areas can use mobile devices to scan their wounds and get
prompt advice on how to manage them. By using the system, post-operative patients can keep an eye on their
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surgical wounds and notify medical professionals of any deviations from typical healing patterns. By helping first
responders choose patients according to the severity of their wounds in an emergency, the system can maximize the
distribution of medical resources. [10] The system's implementation in detail is provided, along with software tools
like MATLAB for processing input layers and fuzzy approximation techniques for hidden layer analysis. The
integration of neural network training techniques with image analysis algorithms is discussed in the study, offering
insights into the architecture and operation of the system. It looks into the processing power needed to deploy the
system, scalability issues, and possible implementation problems in the actual world.

Advantages

1. Implementation of Neural Network approach in Rural Healthcare Clinic - A rural healthcare clinic implemented
the neural network approach. Reduced the number of needless referrals to metropolitan hospitals. An
improvement in wound diagnostic accuracy was noted.

2. Improved patient outcomes, tailored therapy suggestions, and higher diagnostic accuracy are some of the
expected results of the proposed system that are covered.

3. This research explores the potential advantages of automated wound assessment for clinical decision-making,
resource utilization, and patient satisfaction, as well as for patients, healthcare professionals, and healthcare
systems. It also addresses the system's possible drawbacks and obstacles including algorithmic biases, data
privacy issues, and legal compliance needs.

4. Personalized treatment programmes and improved diagnosis accuracy are two expected benefits of the
suggested system. The technology seeks to greatly improve wound diagnosis accuracy over conventional
approaches by utilizing Al and neural networks.

5. Based on advanced analysis, patients will receive personalized therapy recommendations that may speed up
recovery and improve outcomes.

6. A thorough plan must be developed that incorporates Al-powered wound diagnosis and therapy
recommendation systems. Key business relationships, collaborations, tasks, value propositions, operational
modes, client groups, budgetary allotments, and income streams must all be taken into account.

7. For the development and deployment of the system, partnerships between healthcare facilities, equipment
manufacturers, Al technology providers, research institutes, telemedicine platforms, and regulatory bodies are
essential.

8. To guarantee that these systems be used effectively, instruction and training are necessary duties. The value
offered is centered on improved diagnosis accuracy, tailored treatment recommendations, availability, efficiency
in terms of time, cost savings, and innovation in healthcare.

9. Consultative support and community involvement are integral parts of business relationships, with sales and
partnerships functioning as the main means of operation. Medical facilities, specialists, telemedicine providers,
equipment manufacturers, and research institutions are some of the target consumer groups.

CONCLUSION

The usefulness of the suggested method in diagnosing wounds and recommending treatments is shown by
preliminary findings from simulations or pilot research. In order to provide light on the effectiveness and
dependability of the system, the study assesses many indicators, including patient outcomes, treatment adherence,
and diagnostic accuracy. The process of validating the system in real-world circumstances is examined, along with
its comparison with manual assessments and expert judgements.The main conclusions and contributions of the
study are summed up in the paper's conclusion. It highlights how Al-driven wound evaluation systems have the
power to completely transform clinical practice by accelerating the start of therapy, increasing patient outcomes, and
boosting diagnostic accuracy. The integration of additional data sources, computational model optimization, and
validation in various clinical contexts are only a few of the future research and implementation directions that are
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covered in this work. It also emphasizes how crucial stakeholder involvement and interdisciplinary cooperation are

to the advancement of automated wound assessment.
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Table 1. Cluster 1 capturing image in six angles

Cluster1 | A1 | A2 | A3 | A4 | A5 | A6 Rram

OBS 1 02108 |04]07 |03/ 09 | 0.77399

OBS 2 0510107 |05]|07]| 08 | 077149

OBS 3 04 07|09 |04 | 03] 06 | 078023

OBS 4 03108 ]06|01]|09]|02] 074851

OBS 5 08 02|06 |03]|07]| 05| 077013

OBS 6 031050209 |04 | 0.7 | 076500

Table 2. Cluster 2 capturing image in six angles

Cluster2 | A1 | A2 | A3 | A4 | A5| A6 | Rram

OBS1 01 (05 ]07 |08 |03]0.2]0.74013

OBS2 |04 |08 |02]09 |08 06 |0.78912

OBS 3 06 |07 |08 |09 |05 |02 |0.79056

OBS 4 03 (01 )06 |05 |05 ]02]0.72819

OBS 5 07104 |07 |05 ]03] 04 |0.77185

OBS 6 05108 02| 05| 07|01 | 07429

Table 3. Cluster 3 capturing image in six angles

Cluster3 | A1 | A2 | A3 | A4 | A5 | A6 | Rram

OBS1 06 [ 07 )08 |03 |02] 04 |0.76607

OBS2 |03 |08 |05 |06 |04 ]| 09 |0.7890

OBS 3 02108 03|06 |03]02]0.73877

OBS 4 08 105 ]06 |05 1 0.3 |0.79310

OBS 5 09 108 |05 |03 |08 |01 |0.7699

OBS 6 011]04 |07 |06 |05 |03 |0.74924

Table 4. Cluster 4 capturing image in six angles

Clusterd | A1 | A2 | A3 | A4 | A5| A6 | Rram

OBS1 04 102 ]01 |04 |08 |04 |0.73069

OBS 2 06 101 |06 |05 |04 |06 |0.755%4

OBS 3 09 105|103 |02]|04 |01 |0.73205

OBS 4 01]04 |06 |07 |04 |05 |0.75142

OBS 5 07104 |01 |05 |02 0.1 |0.70962

OBS 6 04 105 |07 |09 |01 | 0.6 |0.74924

Table 5. Cluster 5 capturing image in six angles

Cluster5 | A1 | A2 | A3 | A4 | A5 | A6 | Ream

OBS1 07 105|104 |03 ]08 |09 |0.78986

OBS 2 02106 |07 |09 |08 |05 |0.79056

OBS 3 06 (07108 |07 |09 |07 |0.81918

OBS 4 08 103 (07 |05 |02 |04 |0.76265

OBS 5 01]05 |04 |08 |04 |06 |0.75404

OBS 6 03 (04 )06 |08 |09 | 04 |0.74924
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Table 6. FAM Analysis

FAM ANALYSIS
Cluster 1 | Cluster 2 | Cluster 3 | Cluster 4 | Cluster 5
0.77399 0.74013 0.76607 0.73069 0.78986
0.77149 0.78912 0.78690 0.75594 0.79056
0.78023 0.79056 0.73877 0.73205 0.81918
0.74851 0.72819 0.79310 0.75142 0.76265
0.77013 0.77185 0.76996 0.70962 0.75404
0.76500 0.7429 0.74924 0.74924 0.74924
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ABSTRACT

A quantitative metric called the topological index is used to characterize the topology of a structural

framework. In QSPR and QSAR, topological indices can be advantageous. We found new topological

dW)?+d ()2
dw)+d )

edges uv of G, where d(u) and d(v) denotes the degree of vertices u and v in G respectively. In this paper,

we find the Contra Harmonic Index of Some Oxide networks.

index namely Contra Harmonic Index CH(G) which is defined as the sum of the terms over all
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INTRODUCTION

Let G be a simple connected graph with m edges and n vertices. An ordinary graph is a molecular graph in which
edges and vertices represents atoms and bonds, respectively. A simple graph is one that is undirected, unweighted,
and lacks many edges or loops. If a path joins each pair of vertices in a graph, the graph is said to be connected. A
molecular graph is therefore always a simple connected graph. Graph theory has been widely applied to the
simulation of chemical structures. Chemical graph theory, which applies graph theory to the mathematical
description of chemical events, is a fundamental field in mathematical chemistry. The growth of mathematical
chemistry and the chemical sciences is significantly influenced by chemical graph theory. An important area of
mathematical chemistry is computing topological indices[9].

Over time, the topological index has proven to be a very useful tool for forecasting the physiochemical and
pharmacological properties of a molecule. The number of vertices and edges in a molecular structure determines its
topological index. Applications of graph theory have led to the emergence of many graph-theoretical indexes. These
indices are used by numerous academics in their research. The first application of a topological index was made in
1947 by the scientist Harold Wiener. Many researchers have been working on calculating topological indices
recently[3],[4],[5],[13],[14],[15],[16].

Oxide Network
Oxide Network drawn from the removing all Silicon nodes from the Silicate Network of dimension n. The Oxide
Network of dimension 2 is shown in the figure 1.

Theorem 1
For Triangular oxide networkOX,, CH(0X,) = 72n2 — 48n + 40..

Proof:
The number of vertices in triangular oxide |V (0X,)| = 9n? + 3n and the number of edges |E(0X,,)| = 18n?.

The edge set of 0X,, has the following partitions,
Ega ={e =uv € E(0X,)|dox, (W) = 2,dpx, (v) = 4},
Eua ={e =uv € E(0X,)|dox, (W) = 4,dox, (v) = 4},
Then |E(2'4)| = 12n,
|Ec4)| = 18n% — 12n

dw)? + d(v)?
= d) +d)

= z 22+42+ Z e —12(10>+ 18n2 — 12n)(4)
= 2+ 4 414 =12{3)+(8n )

uv€E (3 4) UEE (4,4)

= 72n? — 48n + 40.

cH((0X,)) =

Triangular oxide network
When all the silicon nodes are deleted from a triangular silicate network, we obtain a new network which we shall
call as triangular oxide network.The triangular oxide network for n=4 is shown in the following figure 2.

Theorem 2
45n%2—9n—2

For Triangular oxide network, CH(T0X,) = -
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Proof:
3(n+1)

The number of vertices in triangular oxide |V (T0X,)| = >

w and the number of edges |E(T0X,)| =
The edge set of TOX,, has the following partitions,
Eqga = {e =uv € E(TOX,)|drox, W) = 2,drox, (v) = 4},
Ewuq = {e =uv € E(TOX,)|drox, W) = 4,drox, (v) = 4},
Eug) = {e = uv € E(TOX,)|drox, W) = 4,drox, (v) = 6}
E6) = {e = uv € E(TOX,)|drox, (W) = 6,drox, (v) = 6}
Then |E(2,4,)| = 6,
|Eue| =3m-1),
|Eae| = 6(712— 2)
o] =3 =2 0=9)
dw)? + d(v)>?
CH((TO0X,)) = FTOFTION
uveE

3 (n—3)2+(n—3)

6 3(n—-1) 6(n—2) 2
_222+42+ < 42+42+ S 42+62+ Z 6% + 62
T L 2+4 , 4+4 i 4+6 4 6+6
i=1 i=1 i=1 i=1
156(n —2) )
=20+4(3n—-3)+ c + 9(n“ — 45n + 54)
_ 45n* —9n -2
= z '
Rhombus Oxide Network

By a different arrangement of the tetrahedron silicate, we obtain rhombus silicate network. If we delete all the silicon
ions from the rhombus silicate network, then we obtain rhombus oxide network which is shown in the following
figure 3.

Theorem 3
For Rhombus Oxide Network RHOX,,,n = 2,
72n% —16n — 4

CH(RHOX,) = 3

Proof:
The number of vertices in triangular oxide |V(RHOX,)| = 3n? + 2n and the number of edges |E(RHOX,)| = 6n?.
The edge set of RHOX,, has the following partitions,

E2) = {e = uv € E(RHOX,)|dguox, (W) = 2, dgyox, (w) = 2},

E4) = {e = uv € E(RHOX,)|dguox, (W) = 2, dgyox, (v) = 43,

Eua = {e = uv € E(RHOX,,)|dguox, W) = 4, dguox, (v) = 4}
Then |E(2'2)| = 2,

|Eqn| =4@2n-1),
|Eaa)| = 6n* —8n +2
Ay +dw)? w22 +22 e 22 ar &g

Ly dw) +d(v)  Lu 2+2 Z 2+4 Z 4+4

CH(RHOX(n))) =

40
=4+?(2n—1)+4(6n2—8n+2)
_ 72n* —16n—4

3
Dominating Oxide network

Consider a honeycomb network HC(n) of dimension n. Subdivide each edge of HC (n) once. Place oxygen ions on
the new vertices. In each hexagon cell, connect the new nodes by an edge if they are at a distance of 4 units within the
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cell. Place Oxygen irons to new edge crossings. Removing the nodes and edges of HC (n), we get Dominating Oxide
Network.

Theorem 4
For Dominating Oxide Network DOX,,n = 2
CH(DOX,) = 8(27n% — 29n + 10).

Proof:
The number of vertices in Dominating oxide |V(D0X,)| = 27n® —21n+ 6 and the number of edges |E(DOX,)| =
54n? — 54n + 18.
The edge set of DOX,, has the following partitions,

E@4) = {e = uv € E(DOX,)|dpox, (W) = 2,dpox, (v) = 4},

Eq) = {e =uv € E(DOX,)|dpox, (W) = 4,dpox, (v) = 4},
Then |Ep,4)| = 24n — 12,

|Ea0y| = 54n? — 78n + 30,

dw?+d®)?* _ Z 22 + 4 Z 42 + 42
- dw) +d@w) 2+4 444

uv€E () uv €E (4,4)

CH(DOX(n))) =

20 32
= ?(2471 -12) + 3(54712 —78n + 30)
=8(27n% — 29n + 10).

Regular Triangular Oxide Network
Regular triangular oxide network of dimension 5 is shown in the figure

Theorem 5
For Regular Triangular oxide networkRT0X,,, CH(RTOX,) = 12n? + 20n — 4.

Proof:
The number of vertices in triangular oxide |V(RT0X,,)| = %nz + %n + 1 and the number of edges |E(RT0X,,)| = 3n? +
6n.

The edge set of RTOX,, has the following partitions,
E@2) = {e =uv € E(RTOX,)|dgrox, (W) = 2,dgrox, (v) = 2},
Eq4) = {e =uv € E(RTOX,)|dgrox, (W) = 2,dgrox, (v) = 4},
Eu4) = {e = uv € E(RTOX,)|dgrox, (W) = 4,dgrox, (v) = 4},
Then|E(2'2)| = 2,
|E@u| = 6n,
|E(4,4)| = 3n2 -2
dw)? + d(v)?
2, a0y + d()
22 +22 2% +4° 4% + 42 10 )
- Z 2+2 | Z 2+4 ' Z 4+4 22(2)+6n(?>+(3" 2™

uv€E(;2) uv€E (3 4) UEE (4,4)

CH((RTOX,)) =

=12n? + 20n — 4.
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ABSTRACT

In Complex Network Theory (CNT), various centrality metrics are widely used to analyse real-world
networks. Water Distribution Network(WDN) is a well-known complex network, that can be studied to
understand its behaviour using centrality measures. This paper analyses three real WDNs using
closeness centrality, betweenness centrality and heatmap centrality to identify most influential nodes of
the network and the comparative analysis is done through pairwise rank correlation coefficients.

Keywords : Water Distribution Network; Centrality Measures; Heatmap Centrality

INTRODUCTION

Complex systems can be abstracted as networks which help to characterize the connections between the nodes and
edges in the system components. Centrality measures, one of the most important network techniques, is used to
quantify the influence of any node within the network. Comparatively, high centrality node is more influential than
other nodes in the network. While identifying the influential nodes through centrality measures, the network
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assembly considerably plays significant role. Several centrality measures have been developed in order to study the
importance of nodes and the associations between them in the network. Through the concept of centrality was
introduced by Bavelas [1] to study about communication in smaller networks, Freeman [3] defined the term
centrality with reference to graph theory. Over the years, many centrality metrics have been developed to identify
the most influential node in the network.

Some of the well-known nodal centrality metrics are (a) Degree Centrality [3]: The degree centrality of a node is the
degree of that node (i.e. the number of adjacent nodes). This gives more importance to nodes that have higher
degree. (b) Eigenvector Centrality [4]: The eigenvector centrality of a node is a measure of degree of that node and
also its adjacent nodes. It finds the important nodes which are placed in the particular portion of the network. The
number of neighbours of a node is the degree centrality of the node whereas the eigenvector centrality of a node is an
extension of degree centrality which includes both the node and its neighbours. (c) Closeness Centrality [3]: The
closeness centrality of a node calculates the distances of minimum path between that node and all other nodes.
Hence it has smaller numerical range. (d) Betweenness Centrality [2]: The Betweenness centrality of a node is the
ratio of the number of minimum paths which pass through that node and the number of shortest paths between
every pair of nodes in the network. The nodes that lie on many minimum paths within a network will be ranked
higher. The network structure is studied well by the concept of the shortest path between any nodes in that network.
Closeness centrality and Betweenness centrality are two major centrality measures based on the shortest path. (e)
Heatmap Centrality [5]: The heatmap centrality of a node is difference of the farness of that node and the average
farness of its adjacent nodes. If the farness of a node is similar to all of its adjacent nodes then the flow of
information takes place through any of these nodes. Hence these nodes cannot influence the others. If the farness of
the node is lesser than that of its adjacent nodes then it yields a negative Heatmap value. A node is considered as the
most influential one if it has most negative Heatmap centrality.

Each centrality measure has limitations based on its nature. The degree centrality metric considers only limited data
about the nodes in the network and most influential nodes have high adjacent nodes in the network. The closeness
centrality metric and the betweenness centrality metric computes the influential node depending on the shortest path
between the node and all other nodes in the network. The eigenvector centrality and the heatmap centrality metrics
identify the influential nodes by measuring through its adjacent nodes.

To analyse spatial networks, the shortest path-based centrality measures are suitable regarding information flow.
Many approaches to understand the construction, efficiency, robustness and vulnerability of WDNs by centrality
measures are developed [10], [11]. Through Complex Network Theory measures are useful and necessary, they may
be insufficient with respect to structural reliability or vulnerability of spatial networks due to some spatial
conditions. Therefore, a connectivity-based measure to analyse weighted and directed WDNs are introduced [12],
[13]. Centrality measures are used in analysing vulnerability [14], [15], [16], in assessing reliability [17], and WDN
resilience [18]. Neighbourhood degree measure is used to validate WDN connectivity structure follows a Poisson-
like distribution due to spatial constraints [19]. Since pipes are also important components in WDNJ[20], edge
betweenness [21] measure is used to analyse these networks. In order to locate their most influential nodes, three
centrality measures Closeness Centrality, Betweenness Centrality and Heatmap Centrality are computed for each
node and Spearman Rank Correlation coefficients of each pair of these measures are calculated. Based upon the
results, the most influential nodes are identified. Section 2 provides definitions required for the study. Section 3
includes the computational part of Closeness centrality, Betweenness centrality and Heatmap centrality. It also
includes the calculation of Spearman’s Rank correlation of each pair of the above said measures and their
comparative analysis. The final section includes the conclusion part.

Preliminaries

Let G = (V,E) be a simple, connected, undirected and unweighted network with n = |V(G)| nodesand m = |E(G)]|
edges. The shortest path is nothing but finding a path between two vertices which gives the minimum sum of
the weights of its edges in the network. The distance between any two vertices u, v € V(G) is the number edges in the
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shortest paths between u and v in the network. Then the adjacency matrix A = {a;; }n ., Where a;=1if nodes v;and

v; are connected by an edge and a; = 0 if otherwise.The well-known centrality metrics Closeness Centrality,

Betweenness Centrality and Heatmap Centrality are suitable to analyse the Water Distribution Networks.

Betweenness Centrality [2]
The Betweenness centrality of a node v; is defined [2] as,

n
Jv-,vk (Ui)
= Y T
i#] #k
where g, ,, (v;) is the number of shortest paths between the nodesv; and v that are passing through the node v; and

€y

Vj, Uk

0y, v, is the number of shortest paths between the nodesv; and vj.This centrality measure identifies the nodes that

behave like ‘bridges” between nodes in a network. That is, it gives maximum centrality value to a node which the
number of times appears on the shortest path between other nodes.

Closeness Centrality [3]
The Closeness centrality of a node v; is defined [3] as,

1
Cw) =g———
) Z}l=15(”i"’j)

where n is the number of nodes in the network and s(vi, vj) is the length of the shortest path between the nodes v;

(2)

and v;.This centrality measure is used to measure the sum of the length of the shortest paths between the node and
all other nodes in the graph. So, the maximum Closeness centrality value of a node is the most central node in the
network.

Heatmap Centrality [5]
The Heatmap centrality of a node v; is defined [5] as,

n
Zr.l=1 a;; * Z;(L=1 S(U',Uk)
Cym (v;) = Z S(”i,vj) -= Z S 4
j=1 j=1 %
where the adjacency matrix A = (a;)=1,if the nodes v; and v

Heatmapcentrality measures the hottest spot node within its neighbourhood. It helps to identify the super-spreader
nodes in the scale-free network.

3

are adjacent and 0, otherwise. The

The level of influence of node based on different centrality measures can be indicated to assign ranks to each node in
the network which is also ordered in the decreasing order of the centrality values. In general, the correlation
coefficient between any two variables tells that if the value is high then two variables have a similar rank, or they are
having dissimilar rank. If this correlation value is close to 1then it indicates a stronger similarity between the two
rankings. There are two types of rank correlation coefficients, the Spearman-rank and Kendall-rank based only on
the ranks of the variables, and not on the centrality values. Spearman’s correlation coefficient (o) is calculated on the
rankings of variables. Christina Duro'n[5] studied both rank correlation coefficients are used to evaluate the
correctness of the rankings to better assess the effectives of the centrality measures. This motivates us to study a
similar concept in the water distribution networks.

Spearman’s Rank Correlation Coefficient [6]
Suppose the values of the variables X and Y are in two different orders. The Spearman’s rank correlation coefficient

formula is given by

oo oX 4
e ) 4)

where d = x — y is the difference between corresponding pairs. When there are ties, (ie) two or more ranks are

equal, mean rank is assigned to them. In this case correction factor has to be added for each repeated value. So, the
formula becomes
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2
6[2 d2+—'"(”12'1)]
Pxy =1———r5 )
where m is the number of times a rank is repeated. If pyy = 1 0r — 1, then there is perfect positive or negative
relationship between the variables X and Y. Value of pyy is close to +1 indicate high degree of relationship between

XandY.

Centrality Measures for WDNs
Water distribution network (WDN) can be modelled as a graph whose vertices or nodes are its hub points and pipes
are its edges. So, WDN is also fall into complex network theory (CNT).

Case Study-1

Three water distribution networks are taken for study. First WDN1 network is shown in Figure 1.It contains 18 nodes
and these nodes are interconnected by 17 pipes. Three centrality metrics Betweenness centrality (Cz(v;)),Closeness
centrality (C.(v;))and Heatmap centrality(Cyy (v;))and the ranking of all nodes for the networkWDN1
areobtainedandare illustrated through Tables and Figures. The centrality value of each WDN1 network node and its
ranking with respect to the Cz(v;), Cc(v;) and Cyy (v;) measures are afforded in Table 1.It can be clearly observed
from Table, all the three centrality measures, tranquilly, node 5 is elite ranked by both Cz(v;)andC.(v;) centralities
due to the reason of most connected node within the WDN1 network. Furthermore, node 13 is elite ranked by the
Cp(v;), Cc(v))andCyy (v;) centralities since node 13 is close concurrence to all the nodes within the WDN1 network.
The outcomes of the all these centrality measures and the rank of centralities for different number of nodes can be
seen in figures 2 and 3.

Spearman-rank correlation coefficient of WDN1 network(pypy1):

It can be used to find the degree of the relationship between these centrality rankings. The Spearman-rank
correlation coefficient of WDN1 network (pypy1)of the rankings with respect to the centrality measures, say
Cp,CcandCyy are computed using Eqs. (4) and (5).The difference d; between the final ranking for node v;of these
centrality measures and the square of difference d?of WDN1 networkare depicted in Table 2.

The Spearman-rank correlation with respect to the Betweenness and Closeness centrality measures on WDN1

6[137.5+0.5+0.5+0.5+0.5+0.5+0.5+5+82.5] _ 0.76471where n = 18 and 225 d% (17) =1375
- Y. - i=1 [ g

network is PWDNl(CB' Cc) =1-

18(323)
pWDNl(CBr CHM) =1- 6[9.5+82.51;?;O3.)5+2+82.5] = 0.81527 where n = 18 andzizil d% (vi) =9.5 and .DWDNI(CC' CHM) =1-
% = 0.75129 wheren = 18 and X5, d3 (v;) = 146.1t is observed that the heatmap centrality measure has

a positive correlation with closeness centrality and betweenness centrality in this network.

Case Study-2

Second network WDN?2 is shown in Fig2. It contains 25 nodes and these nodes are interconnected by 38 pipes.
Applying the same procedure given in previous study, three centrality metrics are given in Table 4. Ranks for these
measures are provided in Table 5. To compute Spearman’s Rank Correlation Coefficient the differences between the
ranks of these measures are provided in Table 6.

The centrality value of each nodein WDN2 network and its ranking with respect to the Cz(v;), Cc(v;)andCyy (v;)
measures are afforded in Table 3. It is evident that, Node 11, Node 16 and Node 15areelite ranked by the three
measuresCg (v;), Cc(v;)andCyy, (v )respectively for thenetwork WDN2. The outcomes of the all these centrality
measures and the rank of centralities for different number of nodes can be seen in figures 5 and 6.
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Spearman-rank correlation coefficient of WDN2 network (pypn2):

The Spearman-rank correlation coefficient of WDN2 network (pypy2)of the rankings with respect to the centrality
measures, say Cp, CcandCyy are computed using Egs. (4) and (5).The difference d; between the final ranking for node
v;0f these centrality measures and the square of difference d?of WDN2 networkare depicted in Table 4.

The Spearman-rank correlation with respect to the Betweenness and Closeness centrality measures on WDN2
6%(405.5+0.5+0.5+0.5) _

network is pwpn2(Cp, Cc) =1 — — ez - 0.843462 where
n = 25and Y22, d?(v;) = 405.5, pywpn2(Ce, Cum) = 1 —W =0.87 where n=25andY?, d3(v;) = 328

6[428.5+1.5+5+2]
and pypy2(Cp, Cuy) = 11— s - 0.831923

where n = 25 and 2?21 d3(v;) = 428.5. It is clear that the heatmap centrality measure has a positive correlation with
other measures closeness centrality and betweenness centrality in this network.

Case Study-3
Third one is Apulian network (WDN3) which is shown in Figure 7. It contains 24 nodes and these nodes are
interconnected by 34 pipes.

As discussed in previous study, The centrality value of each nodein WDN2 network and its ranking with respect to
the Cp(v;), Cc(v;)andCyy (v;) measures are afforded in Table 5. It is observed that Node 6 is elite ranked by two
measures Closeness Centrality, Betweenness Centrality and nodel is elite ranked by Heatmap Centrality for
thenetwork WDNB3. The outcomes of the all these centrality measures and the rank of centralities for different
number of nodes can be seen in figures 8 and 9.

Spearman-rank correlation coefficient of WDN3 network (pypy3):

The Spearman-rank correlation coefficient of WDN3 network (pwpy3)of the rankings with respect to the centrality
measures, say Cp, CcandCyy are computed using Egs. (4) and (5).The difference d; between the final ranking for node
v;of these centrality measures and the square of difference d?of WDN3 networkare depicted in Table 6.

The Spearman-rank correlation with respect to the Betweenness and Closeness centrality measures on WDN3

network is  pwpn3(Cs Co) =1 — ;(552725)) = 0.729565where n = 24 and ¥4, d2(v;) = 622, pwon3(Ce, Cay) = 1 —
6[766] 6[428]
7ars; = 0:666957where  n =24 and M d3w) =766 and pypy3(Cp Cuy) =1 — 77y = 0-813913wheren =

24 and Y22, d%(v;) = 428. It is noted that the heatmap centrality has positive correlation with closeness centrality and
betweenness centrality in network.

CONCLUSION

This paper attempts to find the efficiency of a heatmap centrality measure, as a feasible measure to determine super-
spreader nodes in scale-free networks. This heatmap centrality measure makes use of characteristics from other
centrality measures degree centrality, closeness centrality and betweenness centrality to maintain a balance between
correctness and computational easiness in finding the super-spread nodes within real-world networks. To measure
the efficiency of the heatmap centrality, three case studies in which onetree-shaped WDN and two looped-network
WDN from literature are analysed. Three centrality metrics Closeness Centrality, Betweenness Centrality and
Heatmap Centrality are obtained for these networks. Spearman’s rank correlation coefficient is used to find the
degree of the relationship between these centrality rankings. Based on this study, it is clear that the heatmap
centrality is strongly correlated with closeness centrality and betweenness centrality in all these three real-world
networks. Further this study may be extended to find the efficiency of these centrality measures on directed and
weighted real-world networks.
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Table 1: Centrality measuresCy(v;), C¢(v;), Cyy(v;)and the ranking of all the nodes in WDN1 network
T5(v;) rc(@) Tan(@)

N((:f_l;: O Cc(vy) Cun(;) Rankof Rankof Rank of
: Ce(w) Ccwy) Cyy(y)

1 0 0.016393443 16 13.5 11.5 13.5
2 0.0588 | 0.022222222 | -6.6667 3 35 4.5
3 0.0074 | 0.016949153 -1 8 9.5 7

4 0 0.013333333 16 13.5 17.5 13.5
5 0.0956 | 0.028571429 -9.5 1 1 2

6 0.0331 | 0.022222222 | -6.6667 5 3.5 4.5
7 0.0147 | 0.016949153 -1 6 9.5 7

8 0 0.016393443 16 13.5 11.5 13.5
9 0 0.013333333 16 13.5 17.5 13.5
10 0.011 | 0.020408163 -1 7 5.5 7

11 0 0.015384615 16 13.5 14.5 13.5
12 0 0.018181818 16 13.5 7.5 13.5
13 0.0662 | 0.025641026 -9.5 2 2 2

14 0 0.018181818 16 13.5 7.5 13.5
15 0 0.015384615 16 13.5 14.5 13.5
16 0.0441 | 0.020408163 -9.5 4 5.5 2

17 0 0.015384615 16 13.5 14.5 13.5
18 0 0.015384615 16 13.5 14.5 13.5

Table 2: Square of differences between the ranks of Cp(v;), C¢(v;)andCyy(v;) of all the nodes in WDN1

Nodes 2

o) di=rc—1g dz dy, =15 —Tyy d? d3 =7T¢— Ty d?
1 1.5 2.25 1 1 2.5 6.25
2 4 16 0 0 4 16
3 0 0 -1 1 -1 1
4 -1.5 2.25 0.5 0.25 -1 1
5 3.5 12.25 -1 1 2.5 6.25
6 -2 4 0 0 -2
7 4 16 0 0 4 16
8 -1.5 2.25 0 0 -1.5 2.25
9 1 1 0 0 1 1
10 -6 36 0 0 -6 36
11 0 0 0 0 0 0
12 -6 36 0 0 -6 36
13 1 1 0 0 1 1
14 1.5 2.25 2 4 3.5 12.25
15 1 1 0 0 1 1
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16 1 1 0 0 1 1
17 1.5 2.25 2.5 6.25
18 4 16 0 0 4 16

Table 3:Centrality measures Cg(v;), C¢(v;), Cyy(v;) and the ranking of all the nodes in WDN2 network

Nodes rg(vy) rc(v;) Tum(v;)
w0 Cg(vy) Cc(vy) Cum(y) Rank of | Rank of Rank of
Ce(vy) Cc(wy) Cum ;)
1 0.0953 0.010416667 13 12 22 22
2 0.0833 0.011235955 2.333333333 13 17 15.5
3 0.0973 0.010638298 13 11 19.5 22
4 0.0201 0.010638298 13 23 19.5 22
5 0.1796 0.012987013 -5 9 9.5 7.5
6 0.1999 0.014285714 -5 7.5
7 0.1884 0.01369863 -6 3.5
8 0.0229 0.011363636 12 21 16 20
9 0.056 0.011764706 2.333333333 18 14 15.5
10 0.1996 0.014705882 -5 5 7.5
11 0.2416 0.016393443 -5 1 7.5
12 0.2176 0.015625 -5.5 3 5
13 0.0667 0.012658228 2 15 11.5 13.5
14 0.0621 0.011627907 -1 17 15 11
15 0.2127 0.014492754 -7.5 5 6 1
16 0.2607 0.016129032 -6 2 3.5
17 0.2299 0.015384615 -6.25 3 4 2
18 0.0821 0.012658228 -0.666666667 14 115 12
19 0.0033 0.009345794 19 25 24 25
20 0.0276 0.011111111 2 20 18 13.5
21 0.0546 0.012987013 6 19 9.5 19
22 0.1508 0.0125 -4.5 10 13 10
23 0.0622 0.010526316 3.333333333 16 21 18
24 0.0217 0.00990099 3 22 23 17
25 0.0039 0.00862069 18 24 25 24

Table 4: Square of differences between the ranks of Cg(v;), C¢(v;)andCyy(v;) of all the nodes in WDN2

N((;(j)es dy=1rc—1p d? d, =15 —Tyy d? d; =1¢c—Tyy d?
1 10 100 -10 100 0 0
2 4 16 -2.5 6.25 1.5 2.25
3 8.5 72.25 -11 121 2.5 6.25
4 -3.5 12.25 1 1 2.5 6.25
5 0.5 0.25 1.5 2.25 2 4
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6 1 1 -1.5 2.25 -0.5 0.25
7 0 0 4.5 20.25 4.5 20.25
8 -5 25 1 1 -4 16
9 -4 16 2.5 6.25 -1.5 2.25
10 -2 4 -0.5 0.25 -2.5 6.25
11 -1 -5.5 30.25 -6.5 42.25
12 -1 1 -1 1 2
13 -3.5 12.25 1.5 2.25 -2
14 -2 4 36 4 16
15 1 1 16 5 25
16 1 1 -2.5 6.25 -1.5 2.25
17 1 1 1 2 4
18 -2.5 6.25 4 -0.5 0.25
19 -1 1 0 -1 1
20 -2 4 6.5 42.25 4.5 20.25
21 -9.5 90.25 -9.5 90.25
22 3 9 3
23 5 25 -2 4 3
24 1 1 25 6 36
25 1 1 0 1 1

Table 5:Centrality measures Cz(v;), Cc(v;), Cyp(v;) and the ranking of all the nodes in WDN2 network

Nodes rg(vy) rc(v;) rum(v;)
w0 Cg(vy) Cc(v;) Cuu(vy) Rank of | Rank of Rank of
Cp(v;) Cc(vy) Camy)
1 0.202701 0.333333 -8 2 5 1
2 0.132213 0.328571 1 8 7 14
3 0.199736 0.319444 -0.333333333 3 9 10.5
4 0.128129 0.348485 -1.666666667 9 2 7
5 0.118906 0.333333 -0.333333333 10 5 10.5
6 0.265942 0.377049 -7 1 2
7 0.146443 0.338235 -1.333333333 3 8.5
8 0.19664 0.323944 -5.333333333 8
9 0.164163 0.283951 -4 155 4
10 0.062912 0.261364 0 18 20.5 12
11 0.040975 0.242105 22 23 21
12 0.013505 0.227723 9.5 23 24 23
13 0.114493 0.261364 -2.333333333 12 20.5 6
14 0.114954 0.294872 2 11 13 15.5
15 0.061133 0.302632 4 19 10 19.5
16 0.108827 0.333333 -2.666666667 13 5 5
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17 0.069631 0.294872 2 16 13 15.5
18 0.046772 0.294872 2.25 20 13 17
19 0.094335 0.298701 0.666666667 14 11 13
20 0.066996 0.27381 4 17 18 19.5
21 0.087022 0.283951 -1.333333333 15 15.5 8.5
22 0.138208 0.280488 25 7 17 18
23 0.045916 0.270588 5.5 21 19 22
24 0 0.252747 22 24 22 24

Table 9: Square of differences between the ranks of Cp(v;), C¢(v;)andCyy (v;) of all the nodes in WDN3

N((:::;S di=rc—1rg d% d, =rg—Tyy d§ d3 =Tc—Tum d§
1 2 4 1 L 3 ?
2 -1 1 -6 36 -7 49
3 6 36 7 49 1 !
4 -7 49 2 4 > 2
5 5 25 -1 1 -6 36
6 0 -1 1 ! !
7 3 2 4 -5 25
8 4 16 1 1 > 2
9 10 100 1 1 u 121
10 2 4 6 36 o
11 1 1 2 :
1 1 1 0 0 1 1
13 9 81 6 2 15 22
14 1 1 4 16 3 °
15 9 81 0 0 - 1
16 -7 49 8 64 L !
17 3 9 0 3 i
18 6 36 3 > °
19 3 9 1 1 2 :
20 1 -3 o 2 !
21 1 1 6 b 7 i
22 10 100 -11 121 -1 1
23 2 4 - ! 3
24 2 4 0 0 2
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ABSTRACT

Mathematical chemistry is a sector of theoretical chemistry taking on mathematical methods to regard
and venture molecular attributes out of quantum physical science. Mathematical chemistry put in graph
theory in mathematical representation of chemical occurrence. Mathematical chemistry has an vital
outcome on the development of chemical sciences. Work on topological indices can be utilized for

modelling and project physicochemical and pharmacological attributes of structured compounds. In this
research article, we aim to analyze and compute the Wiener index of Hamiltonian molecular graphs.
Furthermore, new method of generalization to compute Wiener index of Cycloalkanes is constituted
using a constructive proof method. The analytical outcomes are verified with feasible numerical

examples. Molecular graphs are plotted for Cn H on structural molecules with the service of well defined

algorithms. The outcome has been coded with the help of computer algebraic software.
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INTRODUCTION

A topological index is a unique number that characterizes molecular graph in mathematical way which is called as
graph invariant. In comprehensive applications of chemical graph theory Eccentric connectivity Index, Zagreb-
eccentricity indices and Wiener index plays a very important and effective role.The Topological Index, remarkably
called the Wiener Index or Wiener number was initially proposed by American physical scientist Harold Wiener.
Harold outlined Wiener Index (W) for alkane only as the total number of carbon-carbon bonds in the middle of all

pairs of carbon atoms. Based on the research outcomes of Harold Wiener, a notable number of physical chemists
have developed various results on the Wiener Index with certain conditions. In 1971, Hosaya initialized the
conceptual relation between Wiener Index (W) and the space in the molecular graph. Hosaya particularly needled

out that W is equal to the half of the total of every single element of the distance matrix of a given molecular graph
[1]. Since the Wiener Index nearly correlated with few chemical properties of molecules, a remarkable number of

results was fancied in 1970’s and 1980’s. In time, W extraordinary became the most often and most successfully
engaged signifier of molecular shape that can be derived from the molecular graph. Numerous chemical relations
were projected. As the outcome was based on mathematical chemistry, which was one of the most essential
outgrowths in theoretical chemistry and was an elementary way to predict molecular structure in a mathematical

way. This shape traced from a chemical compound is frequently named as molecular graph, and can be G path, a
tree, or in overall a graph. Its graphical creation may correspond a structural formula of some molecule
(Trinajstic,1983). Molecular graphs were the most essential factor for predicting results in a mathematical way. For a
molecular graph, carbon atoms are considered as vertices and the bonds between the atoms are considered as lines.

This was first initialized in chemistry by E. Frankland and adapted in 1884 by A. Crum Brown [1]. Initialization of
molecular graphs has made numerous chemists work on mathematical chemistry to predict the chemical properties
of molecules [2, 3, 4, 5, 9, 12, 18]. In 2016, Yong fancied the Wiener Index of traceable graphs. One among them is the
Wiener Index of Hamiltonian graphs [3]. Hamiltonian cycle, Hamiltonian circuit or Hamiltonian path is the closed
loop or graphical cycle in which the cycle visits each node precisely once (Skiena 1990, p. 196). Later a remarkable
number of results were proposed after the victimization of molecular graphs with the Hamiltonian cycle. In [6],
authors proposed sufficient conditions on the Wiener index for a graph to be Hamiltonian. Moreover, analysis on
Wiener index of Hamiltonian graphs with different conditions are available in [11, 12, 13, 14, 15, 16, 17, 18, 19, 20].
Actuated by the works done on characterization of mathematical attributes for some nanostructures (dendrimers,
nanotubes, nanotori, fullerenes etc.), we proceed to analyse and obtain novelty formulas of the wiener index for
cycloalkanes chemical graph, Also, we consider novelty formulas of odd and even indices. Finally, new algorithm for
obtaining Wiener index of a Cycloalkanes are established. Moreover, the molecular graphs of cycloalkanes have been
traced from SAGE MATH software. The organization of the paper is, Introduction about the wiener Index of Cyclo
Alkanes and related research works are mentioned in section 1. In section 2, the necessary definitions and results are
presented. Wiener index of Hamiltonian molecular graphs are calculated and generalization of the method are
derived in section 3. Section 4 deals with the algorithm of the proposed method with numerical illustration.
Conclusion given in section 5.

PRELIMINARIES

Definition 2.1 [4] A Cycloalkane includes only of hydrogen and carbon atoms ordered in a structure comprising a
single ring (perhaps with side chains), and all of the carbon-carbon bonds are single. Cycloalkanes are titled
analogously to their normal alkane counterparts of the same carbon number: cyclopropane, cyclobutane,
cyclopentane, cyclohexane, etc. Cycloalkanes with more than 20 carbon atoms are called as cycloparaffins.
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Definition 2.2 [3] Hamiltonian Molecular graphs: Molecular graph with Hamiltonian cycle, Hamiltonian circuit or
Hamiltonin path is known as Hamiltonian molecular graph.
Definition 2.3 [1] Weiner Index: The Wiener index\W (D) is the sum of distances between all pairs of vertices of the

molecular graph.

W(D) =2 d(x.y) )
X<y

Definition 2.4 [2] Graph: In mathematics, and more specifically in graph theory, a graph is a structure amounting to

a set of objects in which some pairs of the objects are in some sense “related".

Definition 2.5 [1] Vertices and edges: The objects correspond to mathematical abstractions called vertices (also
called nodes or points) and each of the related pairs of vertices is called an edge (also called link or line)

WIENER INDEX OF CYCLOALKANES
In this section, we derived the Weiner Index of Cycloalkanes for Hamiltonian Graphs and presented the newly
derived generalization formula.
Theorem 3.1 The Wiener Index of cycloalkanes is
[n/2]

n Y d(x,y) nisodd
W(C.H,,)= d(xy)=l

[(n/2)-1]
n > d(x,y)+(n/2)? niseven

d(xy)=1
N is the no of carbon atoms; n=3,4,5,6,7,...; d (X, y) is the distance between vertices Xand Y. Moreover

n n
— | is the absolute value of —.
2 2

Proof
The theorem is proved by the method of constructive proof. By the definition of Wiener Index [1],
W(D)=>d(x )

X<y

where X, Y are the vertices of the graph.

Case 1
When Nl is odd thatis, 1 = 3,5, 7, ...
When N = 3,

Note: We consider each carbon atom to be a vertex and the bonds between them as edges. Even if there is double
bonds, we take it to be a single edge.
W(G) =d(1,2)+d(1,3)+d(2,3)
=1+1+1
=3(1)
When N =5
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W(G) =1+2+2+1+1+2+2+1+2+1
=1x5+2x5
=5(1+2)
=15

When N =7
W(G) =1+2+3+3+2+1+1+2+3+3+2+1+2+3+3+1+2+3+1+2+1

=1Ix7+2x7+3x7
=7(1+2+3)
=42

When N =9
W(G)=9(1+2+3+4)

Similarly When N =11

W(G)=11(1+2+3+4+5)

Hence by repeating this process, in general we have
[n/2]

W(C,H,)=n > d(xy) @)

d(x,y)=1

n
Corollary 3.1 When N is odd, [Ej is the maximum shortest distance when [l is odd.

Case 2

When Nl is even thatis, 1 = 4,6,8, ...

When N =4

W(G) =1+2+1+1+2+1
=1x4+2x2
=1x4+2°
=8

When N =6

W(G) =1+2+3+2+1+1+2+3+2+1+2+3+1+2+1
=1x6+2x6+3°
=6(1+2)+3°
=27

When N =8
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W(G) =1+2+3+3+2+1+1+2+3+4+3+2+1+1+2+3+4+3+2
+1+2+3+4+3+1+2+3+4+1+2+3+1+2+1

=1x8+2x8+3x8+4°
=8(1+2+3)+4°
= 48
When N =10
W(G) =10(1+2+3+4)+5
=125
Hence by repeating this process, we get
[(n/2)-1]
W(C,H,,)=n > d(x,y)+(n/2)* niseven .
d(x,y)=1

n
Corollary 3.2 When N is even, (E —1j is the maximum shortest distance when [l is odd.

Different types of molecular structures and their Weiner Index are tabulated in Table 1.

ALGORITHM FOR FORMULA OF CYCLOALKANES

Wiener Index is used to prognosticate physical attributes of cycloalkanes, such as molar volumes, heats of fabrication
and formation, boiling point and melting point.The generalized formula and algorithm aid to find the Wiener Index
of any presented Cycloalkane.For any presented cycloalkanes relying on the definite quantity of carbon atoms
Wiener Index can be computed.Using the algorithm and code from python just by entering the number of carbon
atoms Wiener Index can be computed for a presented cycloalkane. Also, the topological indices have many
applications in quantitative structure property relationship (QSPR) and quantitative structure-activity relationship
(QSAR) to predict physico-chemical properties of chemical compounds (Kubiniy et al., 1999). We formulated a well
defined algorithm which will help to obtain the generalization formula for cycloalkanes.

CONCLUSION

In this research article, we calculated the Wiener index of Hamiltonian molecular graphs. Moreover, new method of
generalization to calculate Wiener index of cycloalkanes is established using constructive proof method. The

analytical results are verified with suitable numerical example. Molecular graphs are plotted for Cn H on structural

molecules with the help of well defined algorithms. Finally, novel formulas for Wiener index of some Hamiltonian
Molecular Graphs such as Cycloalkanes are established. Based on these investigations and graphical analysis novel
formulas for the Wiener Index of Cycloalkanes are presented with graphical representation.
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