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ABSTRACT

In the process of becoming a highly mobile planet, a large number of Inequities has been caused due to
Private Automobile Dependancy. Private Ownership of Automobiles ,has eventually increased the
dispersion of Society, Sprawl and destruction of the Natural Areas. At the same time High Automobile
Dependancy has minimized efficiency of Overall Resource Utilization, reduced live ability and degraded
environment Consecutively. Whereas Sustainable transportation promotes efficient and healthier ways of
commuting, in order to minimize disastrous effects on Public Realm. The frequent rise in private vehicle
ownership has caused alarming rise in CO, emissions, increased demand for parking and an increase in
road deaths. This research paper deals with the issues of private ownership of Automobiles, that have
acted as a barrier to Sustainable Transportation.

Keywords: Sustainable Transportation, Automobile Dependancy, Private Ownership of Automobiles.

INTRODUCTION

The concept of automobile dependency emphasises automobility (based on one mode), whereas sustainable
transportation focuses on plurality (multi-modality) and inter-modality. Talking of the scenario of India, it is the
second most populated country in the world and has a steadily growing economy, which makes it a rapidly growing
market for motorised vehicles. The total number of registered motor vehicles in India has increased by 157.5%, from
55.0 million in 2001 to 141.8 million in 2011 (Das, 2016). Rapid motorization in India and the growing inclination of its
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people towards private transport modes have made the country the fourth largest petroleum-consuming nation in
the world after the US, China, and Japan, with a total petroleum consumption of 3,426 thousand barrels per day in
2011 (Das, 2016). The challenge of shifting from private automobiles to sustainable transportation is great. It will
eventually affect various aspects such as the viability of societies, access to jobs and services, and the transportation
of goods. Private ownership of automobiles, especially car culture, has become a controversial topic. These are the
most preferred modes of transport in developed countries. The conventional transportation system is inequitable or
lacks access to transportation for all economic classes,especially transit and good walking and bicycling facilities.
Conventional transportation has various impacts, such as social equity, economics, environmental, cultural, land use,
and urban form. Many of these impacts are extremely harmful, such as pollution-related health impacts and even the
survival of life on the planet. Sustainable transportation deals with meeting basic access and mobility needs in modes
that do not harm the environment.

Comparative Analysis of Private Ownership of Automobiles and Sustainable Transportation

A comparative analysis of Private Ownership of Automobiles versus Sustainable Transportation has been depicted in
Table 1 below. This comparison has been done giving weight age to different aspects such as Mobility, Accesibility,
Connectivity ,use of modes ,sustainability considerations etc. The challenge of shifting from Private owned
Automobiles to sustainable transportation is great. It affects various aspects of life such as health of Ecosystem
Jivability of communities ,access to workspaces, costs of various stuffs. Private Owned Vehicles have increased the
trip length, frequency and dispersion of trips. Sustainable Transportation can be considered as a better alternative
than Private Owned Automobiles as it is enhancing the accessibility with quality. At the same time it is providing
cost savings on fuel and vehicles .Taking public transportation reduces CO2 emissions by 45%,as well as decreases
pollutants in atmosphere and hence improves Air quality. (Mead, 2021)

India’s Scenario of Automobile Dependence

India is having the third largest road network, the number of private automobiles in India in FY 2022 stood at 326.3
million. (Sun, 2023) Commutation via Road was the preferred mode having about 60% people choosing this mode.,
The industrial commuting of goods through roads has also rised over the years with nearly 2.7 billion metric tons of
freight transported through roads in financial year 2019.Figure 1 depicts the growth of Automobiles from Financial
Year 1951-2022. The automobile sector of India currently contributes greater that 7% to India’s GDP. It is aspired that
India will reach to 12% via Automotive Mission Plan 2016-26 By 2030,due to rapid urbanization more than 500
million people in the country will live in cities — 1.5 times the current number of U.S population (Gupta, 2018).
Higher incomes will play a significant role, as around 60 million families could move into the consuming class by
2025.At the same time,more people will be joining the workforce. Participation is expected to reach 67 percent in
2025, as more women and youth will be entering the job market, that will eventually raise the demand for mobility.
Some portion of population would leap straight to four-wheeler segment, and others will evolve from two- to four-
wheelers over time.About 44 percent of the consuming-class households will be in 49 growth clusters—for example,
the Delhi cluster is expected to have the same GDP per capita at purchasing power parity as the entire country of
Russia in 2025. Metro cities like Delhi are a hub for Automobile sector to flourish.(Sun, 2023)

Problems of Automobile Dependence

Considering the Scenario of India an insatiable demand for vehicles is expected for an economy that is expected to
grow at an average rate of 7% for the next 20 years, the automobile industry of India will needlarge amounts of
natural resources which will not only lead to implications of economic cost, but also considerable environmental and
social impacts. The future growth will be closely associated with increased raw material extraction, pollution arising
from production, processing of primary materials for production of auto components, GHG emissions during the
manufacturing phase, use/operation phase, traffic congestion, etc(Bhattacharjya, 2016). The Urban Land use
Transport cycle associated with High levels of Automobile Dependance ,brought variety of Environmental, Social
and Economic problems that act as a barrier to sustainability of cities . These have been summarized in the Table 2
below.
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Environmental Problems

The environmental problems arising due to Automobile dependance have been shown in Column 1 of Table 2 .Urban
Areas having a high private automobile dependency have higher levels of Transportation Energy Use. Due to high
energy use large quantities of Greenhouse gases and carbon emissions are released, which contribute to
Photochemical Smog. Whereas Sulphur Di-oxide when comes in contact with precipitation leads to Acid smog and
Acid rain ,which in turn degrades the environment by acidification of water bodies and kills Native forests. This
makes Cities loose a large portion of productive areas. Covering of Large Urban lands with Roads, Pavings and
Parking spaces and low density housing can lead to huge water runoff ,that can eventually cause Flooding. The most
adverse problem create by private automobile dependancy and resultant Land use is the Decline of the Transit
Systems.

Economic Problems

Most basic economic impacts is the Congestion Cost i.e in the terms of Cost of time and cost of extra mile travel for
connecting to Infrastructure systems. Transit Systems is the Urban areas also have lower operating cost recovery ratio
due to private automobile dependancy. Large economic costs are associated with Road accidents and deaths .The
resultant Health related issues ,occurring as a consequence of Environmental impacts act as economic problems.

Social Problems

The discussed environmental and economic problems have resultant social problems, one such problem can be
disastrous effect on the public realm. The social life of man is impacted due to private automobile dependency ,as he
does gets to interact. The walk ability feature of the high density areas is replaced by Low density Areas of Suburbs,
giving rise to lack of we feeling in the community, this further gives rise to lack to interactive and Child friendly
Neighbourhoods. On the broader scale the above listed issues are affecting the Livability parameter of Cities.

The Concept of Automobile Cities

Automobile Cities are a resultant of the increasing car culture, that developed because of greater dependance on
Automobiles, due to which cities started expanding into the suburbs. Automobiles have brought a enormous change
in the pattern of Urban Areas. The concept of Automobile cities led to enormous expansion of the developed area in
comparison to the walking and Transit cities. As the dependency on the Public transport and Non-motorized
transport reduced ,as uninhibited outward expansion of city was caused. The development of the cities became foot
loose and could easily occur anywhere. Automobile cities brought back the concept of Hypermobility and the Land
use was segregated into zones. Cars eventually displaced public transit modes which gave rise to 80-95% modal
share of Car in cities of America and Australia. A large number of transport deaths are caused as a resultant of
Automobile cities. Due to high traffic congestion cities such as Bangkok are referred to as Automobile cities but these
are more likely traffic saturated cities.

Some of the Consequences of Automobile Cities are summed below.

¢ Footloose Development.

¢ Expansion of cities without limits

e Arterials defined the mobility instead of Transit Network.

o Cater great mobility for a segment of Population ,where as inquity and mobility issues for others.

Automobile Dependency as a Barrier to Sustainable Transportation

Through the research paper it can be summed that Automobile dependency has given rise to a wide range of

problems. It is is turn reducing the available transportation choices. The reasons why Automobile Dependency acting

as a barrier to Sustainable Transportation are:

¢  Increased automobile dependency, makes cycling and walking Difficult and unpleasant on the streets.

e  Service quality of public transit declines due to fall in demand.

e Affects the affordability, live ability, accessibility, and economic well-being of a region. serious issues i.e road
accidents, increased carbon and greenhouse gas emissions, pollution congestion, and energy security.
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e  Inorder to achieve hypermobility, accessibility and quality have been compromised
¢  More polarization in the society and inequity caused.
e  Enforced car ownerships for low-income households.

Initiatives by Indian Government towards Sustainable Transportation
India through the Automotive Mission Plan and the National Electric Mobility Mission Plan (NEMMP), and various
alternatives tends to achieve two objectives —facilitate long-term sustainable growth in the industry and reduction of
emissions and dependance on oil. Through the Automotive Mission Plan 2026, the automobile industry and
government has basically set a target to triple the industry revenues to $300 billion, and expand exports sevenfold, to
$80 billion. The primary aim would be improving manufacturing competitiveness and reduced emissions. Some of
the key strategies are listed below:

e To bring Indian standards at par with global standards, which aims to leapfrog from BS-4 to BS-6 emissions
(which is equivalent to EURO 6) by 2020.

e Corporate Average Fuel Efficiency norms through which the fuel efficiency has to be improved 10 percent
between 2017 and 2021 and by 30 percent or more from 2022.

¢ In order to address pollution from old vehicles, Government is working on Scrappage or End of life policy.It
plans to adoption of these policies with the help of lower taxes, discounts on purchase prices, and simple
compliance processes.

e  For reducing dependency on oil imports, the government is promoting adoption of alternative fuels through
FAME2, which is an extension of the original FAME (Faster Adoption and Manufacturing of Hybrid and Electric
Vehicles) initiative. “FAME1” was created to offer incentives for EV buyers. The initiatives taken by the
government will eventually lead to more sustainable approach towards transportation by Reduction in carbon
emissions and bringing the scenario at par with the global scenario.

Policy Recommendations for Mobilizing Sustainable Transport via SDG 11

The aim of SDG 11.2 is to By 2030, provide access to safe, affordable, accessible and sustainable transport systems for

all, improving road safety, notably by expanding public transport, with special attention to the needs of those in

vulnerable situations, women, children, persons with disabilities and older persons. The primary way of achieving
this is by Avoid-Shift-Improve approach

e  Avoiding the inefficient and needless trips, where possible, by the means of improved urban planning,
compact city growth, management of travel demand, less complex and extended supply chains, and depending
on E-communication options.

e  Shifting transit to improvise the efficiency of the trip via efficient or environmentally friendly mode or multi-
modal travel, capable of meeting the travel/transport needs, and/or shifting the travel from the peak hours.

e  Improving the overall performance of transport by operational, technical, operational, or pricing, and/or infra
led improvements to make transportation sustainably efficient. Design and implementation of policies aligned
with the “Avoid-Shift-Improve’ guidelines will depend on following considerations:

e  Cross-sector integration and institutional cooperation

e Intermodality

¢  Governance frameworks for effective policy making.

e  Short- and long-term planning taking into account the business case for sustainable transport and development.

e  Capacity Building in Developing Countries.

e  Creation of Public Awareness and Stakeholder engagement.

e  Effective funding.

e  Creation of efficient framework.

The above listed Avoid-shift-improve model will lead to shift to a sustainable system,basically away from

conventional Transportation Modes.
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Road Map to Sustainable Transport
“The main motive of sustainable transportation is to ensure that the three pillars of sustainability environment,
social and economic considerations are incorporated into the framework of transportation planning.” (Mead, 2021)

Some of Sustainable transport indicators are listed below:

* Level of Service of Roadway (LOS): a higher rating is preferred more.

* Average traffic speeds: Higher speeds are preferred

* parking convenience and price: Parking at lower price is preferred more
* crash rates per vehicle mile: Least crash rates are preferred.

* Fuel consumption and Emissions: lesser values are preferred .

* per capita motor vehicle mileage: Lower values are preferred.

* modal split: higher transit ridership is preferred

+ Trafficinjuries and deaths: less is better

* Transportation Land consumption in Landuse: less is better

CONCLUSION

Private ownership of Automobiles has affected Sustainable Transport on all parameters of Sustainability i.e Social,
Environmental and economic. On a broader scale, it has increased dispersion of society, sprawl ,decreased social and
cultural diversity and created more danger for people on roads. Sustainable Transportation can be achieved by
shifting towards public modes of transportation..A shift towards Sustainable transportation  will favour the
achievement of Millenium Development goals and SDGs. Sustainability can also be achieved by resource-efficient
model for the automobile sector Design of automobiles should integrate design for environmental aspects, Shifting
towards resource efficient technologies in automobile Manufacturing Industry ,Extending the lifetime of a vehicle, A
regulatory environment conducive to promoting innovation for new mobility, Promoting clean fuel technology for
motorized modes, Strengthening infrastructure and access for public transport, and Support energy efficient and
green modes of transport.
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Table 1:Comparison of Private Ownership of Automobiles vs Sustainable Transportation
Private Ownership of Automobiles

Sustainable Transportation
Emphasis on mobility and its quantity. Emphasis on Accessibility and quality
Connection between different modes is acking. Seemless connectivity betwe.en different modes(Inter-
Modality).
Emphasis on One Mode. Emphasis on Plurality.
Accepts and accommodates trends. Reverses harmful trends.
Ignorance of Various Environmental and Economic . .
. Incorporates full costs,planning and provision.
Expansion of Road to meet Travel demand. Manages mobility and transportation Demand.
Source: (Schiller, 2017)
Table 2:Problems associated with Automobile Dependancy
Environmental Problems Economic Problems Social Problems
. . Loss of Productive Road . .
Decimated Transit systems Public Safety compromised
Infrastructure
Issues such as photochemical .
L f Neighbourhood
smog,acid rain and High greenhouse Loss of Productive agricultural land 088 O Ne1gbotrioo
communities
gases
Traffic issues such as Noise,Visual Physical and mental health issues L
. . . .. Isolation in Remote suburbs
Intrusion and Physical danger due to lack of physical Activity.
Oil Vulnerability Road Congestion costs Road Rage
Economic and human costs of .
. . Enforced car ownership for
Urban Sprawl Transportation accident trauma and
Low-Income households
deaths
Source: (Schiller, 2017)
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Figure 1:Aspects of Automobile Cities
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ABSTRACT

The most prevalent kind of bone necrosis is a vascular necrosis (AVN) of the femoral head. The goals of AVN
management include pain alleviation and the preservation of structure and function. Most affected people are
between the ages of thirty and fifty. In Ayurveda there is no directly corelation with a vascular necrosis.
Asthimjjagata Vata, Ubhyashrita Vatarakta, and Asthi Majjakshya, among other Lakshanas, are associated with the
femoral headnecrosis. In contemporary medicine, treatments include total joint arthroplasty, bone grafting,
core decompression, and NSAIDS, each of which has unique complications, an expensive affair, and a very bad
prognosis. In present casethe goal of the current case was to assess the Ayurvedic panchkarma therapy
effectiveness in the conservative management of AVN. Matra Basti and Patra pinda sweda therapy of Panchkarma
were used in a case of AVN with right femoral head and early AVN of left femoral head. Throughout the
whole course of treatment, the patient was monitored for problems; none were observed. Based on the
questionnaire's assessment of the patient's graded signs and symptoms both before and after therapy, the
patient's symptomatic improvements were monitored. The outcomes were positive. Pain, soreness, stiffness,
and an improvement in gait were all significantly relieved by the therapy. Ayurvedic principles applied to
conservative management of AVN result in significant relief in sign and symptoms and an improvement in
quality of life.

Keywords: Pain, soreness, stiffness, and an improvement in gait were all significantly relieved by the therapy.
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INTRODUCTION

Avascular necrosis (AVN), is osteonecrosis (dead bone) and is also called Osteochondritis Dissecans/Chandler's
Disease in young adults with 60% of the cases being bilateral. This condition is one of the most challenging problems
faced by orthopedic surgeons. The objectives of the treatment include the preservation of structure, function and
relief from pain.[1]JAvascular necrosis (AVN) is a disorder in which the subchondral blood supply is cut off, resulting
in the cellular breakdown of bone, especially in the epiphyseal area of weight-bearing joints. [2]There have been a
variety of traumatic and atraumatic factors that have been identified as risk factors for ON, but the etiology and
pathogenesis still remains unclear. The estimated frequency of the most frequent risk factors for ONFH in the United
States is alcohol (20%- 40%), corticosteroid therapy (35%-40%), and idiopathic (20%-40%).[3]In Ayurveda AVN can be
correlated to the Asthi-Majja Gatha Vata. Its symptoms are Bhedoasthiparvanam (breaking type of pain in bones and
joints), Sandhishoola (joint pain), Mamsakshaya (muscular wasting), Balakshaya (weakness), Sandhi Shaithilayam (laxity
of joints), Aswapanasantat Ruk (sleeplessness due to continuous pain), Shiryantiva Cha Asthinidurbalani(destruction of
bony tissue causing generalized weakness).[4] Most people who are affected are in the age range of 30 to 50. Usually,
the head of the femur is affected. The patient's only symptoms in the early stages will be a slight soreness around the
hip joint. The hip, buttocks, groin, and thigh will all experience excruciating pain in the later stages, and all hip joint
movements will be restricted. The goal of the treatment is to lessen the bone deterioration. Surgery is usually the last
step in the treatment. In addition, the outlook is terrible and all therapies are expensive. The goal of the current
instance was to treat femur head avascular necrosis conservatively through panchkarma therapy and shaman Ausadh.

MATERIALS AND METHODS

Case report

A 38 years old male patient with Registration no. 62160/2383 visited OPD of Panchakarma, at Dr. Sarvepalli
Radhakrishanan Rajasthan Ayurved University, Jodhpur with complaints of Hip joints pain and pelvic region radiating
through lower back to B/L lower limbs in the last 1.5 year. Pt had problem in difficulty in walking due to severe pain.

History of present illness

Patient was apparently alright before 1.5 years, after which he had a gradual onset of stiffness, dull ache in groin and
thigh region. After that gradually pain increase day by day. The pain was so severe that it was associated with
difficulty while doing any activity. Patient has taken allopathy treatment but did not get any relief. So that’s why
patient came Ayurvedic hospital for further management.

History of pastillness

H/O allopathic medicine and NSAIDS

Personal History

Name: xyz Pulse:70/min

Age: 38 yrs. BP: 114/70 mm/Hg

Sex: male Respiratory Rate: 18/min
Marital Status: Married Temperature: 98.2°F

Occupation: Electricity dept.
Appetite: low

Bowel: mild constipation
Bladder: Clear
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Systemic examinations

Musculoskeletal System:

Inspection: no swelling on both hip joints.

Palpation: Tenderness present on Right hip joint more than left hip joint.

Range of Movements: Painful movements of hip joints present during examination.

Investigations

MRI: MRI of right hip joint given in figure 1

Avascular necrosis of right femoral head — Ficat and Arlet stage II
Early avascular necrosis of left femoral head — Ficat and Arlet stage I

Treatment Plan

After proper clinical examination based on sign and symptoms and diagnosed based on MRI reports as AVN of
femoral head patient was advised for matra basti and patrapinda sweda as given as shown in table no.l. Shaman
Aausadh were also given for 2 months continuous and upon follow up also given medicine as shown in table no.2

OBSERVATIONS AND RESULTS

Observation in Range of Movement of Hip joint by goniometer shown in table no.3. Changes in subjective criteria
sign and symptoms as shown in table no 4.

DISCUSSION

The line of management of Vatavyadhi was adopted. Snehana (internal and external oleation), Swedana (sudation),
Basti (medicated enema therapy), Nasya (nasal therapy), Abhyanga (massage), Utsadana (specific massage with
medicated paste), Parisheka (sprinkling of medicated liquid), etc. are the line of management for any Vatavyadhi [5].

Administration of Bahya (external) and Abhyantara (internal) Snehana (oleation therapy) form may be the best
treatment modality in this disease. Snehanain the form External administration is by Abhyanga (massage) with
medicated oils. After Abhyanga, Patra pinda sweda can be applied to the affected part of the body, whichis
Sandhichestakara, Srotosuddhikara ,Agnideepaka, and Kapha-Vatanirodhana, it decreased the Stambha (stiffness).By
administrating proper Snigdha Swedana, It helps in alleviating vitiated Vata Dosha. Patra Pinda Swedana may
increases the local blood flow to the affected tissues, and Swedana, might produce a hypoanalgesic effect by diverting
stimuli and helps in releasing pain, helps in eliminating Dosha imbalances, strengthens the muscles of the affected
area by the release of toxins and reducing inflammation.[6] whereas Swedana produces Mriduta with in body parts
and relieves stiffness. Shoola Shanti is one of the Samyak Ilakshana of Swedana Karma. Swedana also having its
vasodilation effect which helps in improving the blood circulation to the affected joint.[7] According to Acharya
Vaghbhata, with the action of Basti, the veerya of Basti being conveyed to Apana to Samana vata which may regulate
the function of agni, then to Udana, Vyana and Apana, thus providing its efficacy all over the body. At the same time
this effect of Matra basti by specifying vata, restores the displaced kapha and pitta at their original seats. The control
gained over vata leads to the Samprapti Vighatana of the disease. That's why basti is best treatment for Vatajadisorders
[8,9] . Mahatiktaghrita is indicated in the treatment of Maharoga (grievous disorders) and is thus helpful in mitigating
the pathology of any Vatavyadhilike this disease [10]. Ashwagandha (Withania somnifera Dunal) possesses
Rasayana and Brahmana (anabolic) properties, so it is useful in all types of Dhatukshya [11]. It is also reported to have
an anabolic effect on bone tissue [12]. lakshadiguggulu as told by aacharya in baisjyaratnavliin bhagnadhikar 49/13-14
The content of Laksha guggulu include purified guggulu, Laksha, Asthisanharaka, Arjun, Ashwagandha and Nagabala.
Most of these drugs have properties like.- Vatakaphanashaka, deepana, balya, rasayana, tridoshanashaka, pachana,
shothaghna, vedanashamaka & shoolaprashamaka. Capsule Gandha tailam enriched with calcium riched ingredients like
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sesame, sarjarasa, and milk. It helps to ease pain and gives relief from ligament injuries,sprains, spasms nourishes the
weak bones.

CONCLUSION

Patient of AVN with the bilateral femoral head was treated with matra basti and patra pinda sweda. The therapy
provide marked relief from pain, tenderness and stiffness. so therapy is very effective in management of AVN
through ayurvedic principles.
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Table .1 Panchkarm Therapy
Srno Therapy Medicine Duration
1 Matra basti With mahatiktghrit 21 days
2 Patra pind sweda | With mahamasha and mahalakshadi taila | 21 days
Table.2 Shaman Aausadh
Sr. No. Drug Dose Anupana Duration
1. Lakshadigugglu 2bd Luke warm water | 2 months
1.Mansrohini chuna 1gm
2. Satavaryadi churna 2gm . .
2 S.Ashwg?rlldha churna 2§m With milk 2 months
4.Vidarikhand churna 1gm
3. Cap. Hadod 1bd Luke warm water | 2 months
4. Cap.gandh taila 1bd Luke warm water | 2 months
5. Panchsakar churna 3 gm sleeping time | Luke warm water | 2 months

Table.3 Observations in Range of Movements of B/L Hip Joints.

Range of movements BT | AT
. Right | 15 | 25
Abduction Loft 120 | 30
Right | 10 | 25
Adducti
veion Left | 15 | 25
Extensi Right | 10 | 20
xenston Left | 20 | 25
. Right | 60 | 100
Fl
eaon Left | 90 | 110
Right | 15 | 25
Internal Left | 30 | 30
Right | 20 | 25
Ext 1
xerna Left | 25 | 30

Table 4 Observations in Sign and Symptoms.

S.No. | Sign &Symptoms | Before Treatment | After Treatment
1 PAIN +H+ NIL
2 TENDERNESS +H+ NIL
3 STIFFNESS +H+ NIL
4 GAIT TRENDELENBERG | NORMAL GAIT
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Figure 1. MRI of Hip Joint
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ABSTRACT

In India at present the usage of Social Media Platforms (SMPs) amongst school and college going
students has vastly increased and the usage of SMPs has extensive influence on these students in
numerous ways, particularly on their interpersonal relationships. Social media platforms influence the
interpersonal relationships of school students with their parents, friends, and teachers and with others in
innumerable ways. The purpose of the study is to investigate the student’s interpersonal relationships
with their parents and teachers when SMPs is used for interaction, communication and educational
purposes. The design of the study was descriptive in nature and the tool used by the researcher was self
constructed. In the present study simple random sampling technique was employed for the selection of
sample in which 86 were males and 84 were female’s higher secondary school students from different
Kendriya Vidyalaya schools of Jammu District. The main findings revealed that the usage of SMPs has
influenced interpersonal relationships of students with their parents but not with their teachers. Students
spend most of the time in the school mainly with the teachers, so teachers can help the students to use the
social media platforms in such a way that it does not influence their relations with their parents, friends
relatives etc. Teachers have to channelize student’s usage of SMPs in constructive way that they don’t
effect student’s interpersonal relations with others.

Keywords: Social media platforms, interpersonal relationships, school students, communication and
technology
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INTRODUCTION

An incredible and unprecedented growth in ICT was seen around the world in the latter part of the 20th century, and
in India in particular (Manjunatha, 2013). Today, people from all over the world can instantly connect with one
another and share ideas, facts, and insights because to the widespread availability of the internet. Since then, other
new mediums have emerged, most notably social media ( Khatib and Khan ,2017). Many different types of social
media have emerged recently, including Facebook, Twitter, WhatsApp, Instagram, and YouTube. The most widely
used medium of communication nowadays is undoubtedly the various social media websites. Many different kinds
of people from all walks of life are using it (Workie et al, 2021). Youth, and especially college and university students
are avid users of social media owing to the widespread adoption of information and communication technologies.
The use of social media has become so pervasive that it is essentially impossible to avoid; it has completely
transformed the ways in which students communicate, connect, and socialise; and it has become deeply ingrained in
their society and culture. As a result, students are devoting an increasing amount of time to online social networks
(Akakandelwa and Walubita, 2018). Because of the rapid advancements in technology that have taken place over the
past few years, the use of social media has exploded in popularity all over the world. These social networking
websites have become extremely popular among users of all types, including celebrities and the ordinary public
alike. With the increased penetration of smart phones and the internet in India, social media is becoming a fast-
growing phenomenon as more people, particularly the youth, become engaged. India's youth are overly reliant on
social media for networking, education, and pleasure. In millions, the number of social network users in India from
2015 to 2022 is depicted in the graph (Figure 2). More than 250 million people use social media in India, making it the
second-largest country in the world. Millennials use social media in large numbers all across the world (Nayak et al.
2022). Social media is also heavily used by Indian youth to carry out their activities. Students now routinely use
these interactive social media sites for fun and study, and the sites account for a large portion of their time online.
Students are able to engage with their friends, teachers, peers, and professionals in any field, anywhere, and at any
time by using the many social media platforms. This allows for the possibility of extended contact times as well as
more effective communication. Through the use of social media platforms, they are able to obtain a limitless variety
of data and material for their research and academic studies (Manikandan and Raja, 2017).

Students can also share lectures of different universities available on You-tube and can clarify their concepts in order
to enhance their grades or academic achievement. Students also arranged online conferences, workshops in order to
talk regarding the projects after the school hours. As a result, schools now recognise the importance of addressing
pupils' easy access to social media. Some schools have fully integrated the use of laptops, tablets, and other electronic
media into their instructional methodology (Mathew et al. 2017). The use of social networking sites has been the
focus of a large number of research studies. The review of literature clearly indicates that adequate scientific
investigations are not carried out on the impact of social media platforms on interpersonal relations of higher
secondary school students. Hence, the study assumes profound academic and social significance. The use of social
media platforms is a growing trend in India, which is highly concerning. Students from colleges and universities are
becoming increasingly interested in these social networking sites that facilitate communication and entertainment.
This provides the context for the study's attempt to delve deeper into this phenomena. Human growth and learning
are built on interpersonal relationships. Analysis of how social media platforms affect interpersonal connections
among secondary school students is therefore vital (Sudha and Kavitha, 2016). As an additional bonus, social media
helps keep alive bonds that would otherwise suffer from people living too far apart. It makes possible
communication that otherwise would have been impossible (Beniwal, 2018). A social media platform is like a drug to
the current generation and is certainly affecting the interpersonal relationships among students. The time spent on
social media platforms may cause distance or even conflict among interpersonal relationships, when spending time
at home together as a family unit. Individuals may be physically present in the same room, but they may be so
focused on the information they are scrolling through on the SMS, that they could be missing important nonverbal
communication cues due to inattentiveness (Britt, 2017). When utilising Facebook for engagement, Liu, Yin, and
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Huang (2013) looked into how the teenagers interacted with their friends, parents, and teachers. One-way analysis of
variance and the paired-samples t-test were used to analyse the data. The analysis's findings showed that adolescents
who use Facebook frequently for social contacts, whether in real life or online, are better able to deepen their
friendships than those who use it less frequently. However, if they utilise Internet technologies excessively for
interactions, their real-life interpersonal relationships with their parents can suffer. Manjunatha (2013) studied SNS's
impact on college students' relationships. The researcher used questionnaires and interviews to obtain data from 500
college students in Bangalore and Mysore. He observed that SNS enhanced communication between college students
and their family members and friends. Ngonidzash (2016) looked into the effects of excessive usage of SMS and
found that it has a major impact on the emotional relationships and physical presence within families. According to
research conducted by Britt (2017), the use of short message service (SMS) decreases the quality of home-based
relationships and decreases participants' overall happiness. It has been hypothesised that increasing one's SMS use at
home will lead to less time spent in interpersonal, face-to-face discussion. Barriers to sharing one's views and
opinions on a wide range of topics have been eliminated thanks to the rise of social media.

Students and experts are able to exchange and communicate with like-minded people and can ask for the insight and
opinion on a certain topic. Furthermore, the present study has multiple direct uses to different sections of the society.
To begin with, the research raises students' consciousness about the ways in which their use of social media affects
themselves and their connections with others. It's a great way to teach kids how to use social media responsibly.
Students' social lives benefit from more communication with adults in their lives, including instructors, parents, and
friends. As social media is the new area of research and is the current or need-based problem, In the words of Ani
DiFranco, "every tool is a weapon if you hold it right." Instead of letting social media use people, people should use
social media. It should also be used in moderation, meaning only when the benefits outweigh the risks (Beniwal,
2018). The work in this field has been done in some developed countries like USA, UK and others and the researcher
felt that less work has been done in our country especially in the state of J&K and the researcher felt that there is a
great scope of research in this respective field. In addition, there are hardly any studies conducted in Jammu district,
which helps in assessing the interpersonal relationship of school students in relation to specific dimensions i.e.,
parents, friends and teachers. Secondly, the present study is unique and differs from the rest of the studies in terms of
variables, population and sample.

Objectives of the Study

The objectives of the study were:

1.  To study the main effect of gender on SMPs influenced Interpersonal Relations among Higher Secondary School
students with their Parents.

2. To study the main effect of various streams on SMPs influenced Interpersonal Relations among Higher
Secondary School students with their Parents.

3.  To study the main interactional effect of gender and streams on SMPs influenced Interpersonal Relations among
Higher Secondary School students with their Parents.

4. To study the main effect of gender on SMPs influenced Interpersonal Relations among Higher Secondary School
students with their Teachers.

5.  To study the main effect of various streams on SMPs influenced Interpersonal Relations among Higher
Secondary School students with their Teachers.

6. To study the main interactional effect of gender and streams on SMPs influenced Interpersonal Relations among
Higher Secondary School students with their Teachers.

Hypotheses of the Study

1.  There will be no main significant difference of gender on SMPs influenced Interpersonal Relations among
Higher Secondary School Students with their Parents.

2. There will be no main significant difference of various streams on SMPs influenced Interpersonal Relations
among Higher Secondary School Students with their Parents.
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3. There will be no significant interactional effect of gender and streams on SMPs influenced Interpersonal
Relations among Higher Secondary School students with their Parents.

4. There will be no main significant difference of gender on SMPs influenced Interpersonal Relations among
Higher Secondary School students with their Teachers.

5. There will be no main significant difference of various streams on SMPs influenced Interpersonal Relations
among Higher Secondary School Students with their Teachers.

6. There will be no significant interactional effect of gender and streams on SMPs influenced Interpersonal
Relations among Higher Secondary School students with their Teachers.

Research Design
The descriptive survey method was utilized in the present investigation.

Population
In the present study the population of the study constituted the students of Kendriya Vidyalaya Sangathan of Jammu
district. There are 11 Kendriya Vidyalaya Schools in Jammu district.

Sample
The total sample consisted of 170 students 84 females and 86 males” students studying in Kendriya Vidyalaya of
Jammu district. Random sampling technique was used to collect the data.

Tool used
For the present study, self-constructed tool was used by the investigator i.e; Social Media Platforms influenced
Interpersonal Relationship Opinionnaire. The validity of the tool was established by the investigator.

Statistical Technique used
The investigator used Two-way ANOVA for the analysis and interpretation of the data.

RESULTS AND INTERPRETATION

The tabulated data is meaningless unless and until it is examined and analyzed using a sophisticated statistical
technique in order to reach a meaningful conclusion. Two-way ANOVA was used to interpret the numbers.
Hypotheses-wise interpretations were given below. The table 1 shows that the value of F-ratio for the main factor
gender has came significant as 5.8 which is higher than the table value at 0.05 level of significance at degree of
freedom (1, 54) and the table values for significance are 4.03 and 7.17 at 0.05 and 0.01 level of significance. It means
that there are significant differences found on SMPs influenced interpersonal relations among higher secondary
school students with their parents in relation to gender. Thus the null hypothesis stating “there will be no main
significant difference of gender on SMPs influenced Interpersonal Relations among Higher Secondary School
Students with their Parents” is rejected. This finding is in agreement with the Liu, Yin and Huang (2013) and
Ngonidzashe (2016), where as it is in disagreement with the Manjunatha (2013). From the table it comes to know that,
the mean value of male students i.e. 29.6 is higher than female students i.e. 25.8 which means that male students
interpersonal relations influenced by usage of SMPs with their parents. The table 1 shows that the value of F-ratio for
the main factor Stream has came significant with interpersonal scores. The f-ratio value for the stream has came
significant as 4.0 which is higher than the table value at 0.05 level of significance at degree of freedom (2, 54) and the
table values for significance are 3.18 and 5.11 at 0.05 and 0.01 level of significance. It means that there are significant
differences found on SMPs influenced interpersonal relations among higher secondary school students with their
parents in relation to their streams. Thus the null hypothesis stating “there will be no main significant difference of
various stream on SMPs influenced Interpersonal Relations among higher secondary school students with their
Parents” is rejected. From the table it comes to know that, the mean value of non-medical stream students 28.6 is
higher than commerce and medical stream students i.e. 27.7 and 25.7 which mean non-medical stream students
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interpersonal relations influenced by usage of SMPs with their parents. The value of f-ratio for interaction between
gender and stream on interpersonal scores has come out to be significant as 4.17 which is higher than the table value
at 0.05 level of significance at degree of freedom (2, 54). It shows that these variables i.e. gender and Stream combined
play important role in interpersonal scores influenced by usage of SMPs among higher secondary school students
with their parents. Thus the null hypothesis stating “there will be no significant interactional effect of gender and
streams on SMPs influenced Interpersonal Relations among higher secondary school students with Parents” is
rejected. The value of f-ratio for the main factor gender has not came significant with interpersonal relation scores.
The f-ratio value for the gender came 2.32 which is less than the table value at 0.05 against (1, 54) df. It means that
there is no significance difference found on SMPs influenced interpersonal scores among higher secondary school
students with their teachers in relation to gender. Thus the null hypothesis stating “there will be no main significant
difference of gender on SMPs influenced Interpersonal Relations among higher secondary school students with their
teachers” is accepted. The f-ratio value for the main factor stream is not significant with the interpersonal relation
scores. The calculated value for the various stream came 2.02 which is less than the table value i.e. 3.18 at 0.05 level
against (2,54)df. It means that there is no significant difference found on SMPs influenced interpersonal scores among
higher secondary school students with their teachers in relation to their streams. Thus the null hypothesis stating
“there will be no main significant difference of various stream on SMPs influenced Interpersonal Relations among
higher secondary school students with their teachers” is accepted. The value of f-ratio for the interaction of gender
and stream has not come significant with the interpersonal relations. The f-ratio value for the interaction of gender
and stream came 1.48 which is less than the table value i.e., 3.18 at 0.05 level against (2, 54) df. It means that there is
no significant difference found on SMPs influenced interpersonal scores among higher secondary school students
with their teachers in relation to their gender and streams. Thus the null hypothesis stating “there will be no
significant interactional effect of gender and streams on SMPs influenced Interpersonal Relations among higher
secondary school students with their teachers” is accepted.

MAJOR FINDINGS

The main conclusions arrived at after investigating the data with regard to usage of SMPs influenced interpersonal

relations is summarized below.

It may be concluded that

1.  There is main significant difference of gender on SMPs influenced Interpersonal Relations among higher
secondary school students with their Parents.

2. There is main significant difference of various streams on SMPs influenced Interpersonal Relations among
higher secondary school students with their Parents.

3.  There is significant interactional effect of gender and streams on SMPs influenced Interpersonal Relations
among higher secondary school students with Parents.

4.  There is no main significant difference of gender on SMPs influenced Interpersonal Relations among higher
secondary school students with their Teachers.

5. There is no main significant difference of various streams on SMPs influenced Interpersonal Relations among
higher secondary school students with their Teachers.

6.  There is no significant interactional effect of gender and streams on SMPs influenced Interpersonal Relations
among higher secondary school students with their Teachers.

From the results of the study, it comes to know that the non-medical stream students interpersonal relations

influenced by usage of SMPs with their parents. It may be due to the reason that non-medical stream students make

maximum use of social media as compared to medical and commerce students for their academic activities. The

students also used SMPs to obtain knowledge and information from different scientists, experts and other

communicators of science. They use SMPs for stay informed of events and news, update knowledge of technology,

allow ideas exchange and meet students from other universities, post projects or models. They also used SMPs to

research colleges, universities and company to get information about all the fields they are interested in. And gender

also influenced student’s interpersonal relations with parents and not with teachers because students spend most of
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the time in the school mainly with the teachers. It is possible for educators to devise instructional methodologies that
make use of social media for the purposes of teaching and learning. This, in turn, increases student-teacher contact,
which contributes to improved academic performance.

Educational Implications

A growing number of college students spend a lot of time on social media platforms and for many of them it has
become an inseparable part of their lifestyle, beneficial for education, communication, finding jobs, business and
entertainment. Students need to be trained in the right use of social media for the all-round development of their
personality. The implications of the study are stated as follows:

1.  Students should be encouraged by teachers, parents and relatives to use these platforms carefully and utilize
the innovative features for social interaction and collaboration.

2. Teachers with the help of SMPs gave live lectures, increased support to student queries, to expand and explore
their own possibilities, skills and knowledge, variety of teaching aids and also by teaching blogs and write ups.

3. SMP use should be encouraged among children by parents, school officials, teachers, and guidance counsellors
because of the positive effects it has on students' interpersonal connections.

4.  If the students interpersonal relationship with their parents influenced by SMP then teachers can also guide the
students about how to use SMPs without effecting their relationships.

5. Teachers should channelize their students™ usage of SMPs in the right direction so that they benefit from the
merits of social media rather than be caught up in the evils of social media usage.

6.  Students should utilise SMPs not merely for amusement and recreation, but also as a means of communicating
with elders in their lives such as parents and instructors.

7. 7.The usage of social media platforms should be encouraged for the sake of personal development; using these
sites can help students improve their information technology abilities and maintain in contact with
professionals.

8. Social media platforms (SMPs) are the most effective means of disseminating information and should be utilised
to raise awareness of social concerns among members of a society and its interconnected communities.

9. Students can balance their time between studies and their usage of these social media platforms socially and
particularly for academic purposes.

10. 10 Social media should be seen as an informal learning tool by both educators and learners because of the
relaxed atmosphere it fosters for both.

11. Teachers, administrators, and policymakers in the field of education can all benefit from using social media as
an additional teaching tool.

12. Institutions of higher learning create their own social media pages and groups on various platforms, inviting
students to join in the hopes that they may provide a forum for students to discuss and find solutions to issues
they are facing in the classroom.

CONCLUSION

Students in higher education cannot function properly without the use and features of social media, which are both
needed and of the utmost importance. In the same vein, students might benefit from using social media to improve
their learning performance, facilitate the exchange of information, and work together. Students have access to a
learning platform in the form of social media, where they may readily communicate with one another, as well as with
their lecturers and subject matter experts. In addition, the utilisation of social media platforms is beneficial to the
improvement of collaborative learning among students (Khan et al. 2021). Because of their accessibility and
convenience, social networking services now have millions of active members. Students in today's society rely on
social networking websites for the majority of their real-time communication needs. Examples of such websites are
Facebook, Twitter, and YouTube. According to the findings of the study, students' social media presence had an
effect on their relationships with their parents and siblings. The gender of the user does not play a significant role in
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the interpersonal relations that are influenced by the use of social media platforms that include parent and sibling
dimensions. This holds true for both medical and commerce stream students' interpersonal relations that are
influenced by the use of social media platforms.
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Figure 1: depicts the numbers of social network users in India from 2015-2022.

79490



http://www.tnsroindia.org.in
http://ijmer.s3.amazonaws.com/pdf/volume6/volume6-
http://www.ijrhss.org/pdf/v3-i5/9.pdf
http://nebula.wsimg.com/bc6952653121031ee76a95e7022aa11a?AccessKeyId=94ED799FB69CB80A1EB7&alloworigin=1
https://doi.org/10.21203/rs.3.rs-360658/v1
http://www.statista.com

Indian Journal of Natural Sciences w wwuw.tnsroindia.org.in ©IJONS

Vol.15 / Issue 86 / Oct / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

RESEARCH ARTICLE

Isolation, Production, Characterization and Optimization of Enzyme
Collagenase from Marine Microorganisms

Ch. Supriya®, Duddu. Swarupa Rani? and Aluri. Praneetha3

1Associate Professor, Department of Pharmaceutics, Nirmala College of Pharmacy, Atmakuru Village,
Mangalagiri Mandal, (Affiliated to Acharya Nagarjuna University), Guntur District, Andhra Pradesh,
India.
2Assistant Professor, Department of Pharmaceutics, Nirmala College of Pharmacy, Atmakuru Village,
Mangalagiri Mandal, (Affiliated to Acharya Nagarjuna University), Guntur District, Andhra Pradesh,
India.
3Assistant Professor, Department of Pharmacy Practice, Nirmala College of Pharmacy, Atmakuru Village,
Mangalagiri Mandal, (Affiliated to Acharya Nagarjuna University), Guntur District, Andhra Pradesh,
India.

Received: 20 Jun 2024 Revised: 09 Jul 2024 Accepted: 08 Aug 2024

*Address for Correspondence

Ch. Supriya

Associate Professor,

Department of Pharmaceutics,

Nirmala College of Pharmacy,

Atmakuru Village, Mangalagiri Mandal,
(Affiliated to Acharya Nagarjuna University),
Guntur District, Andhra Pradesh, India.
Email: supriya.chatla@gmail.com

@ @@@ This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
EEEETE (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

Collagenase enzyme is a protein molecules made up of amino acids. It provides structural support to the
extracellular space of connective tissues. Due to its rigidity and resistance to stretching, it is the perfect
matrix for skin, tendons and also helps in the wound healing process. In the present study we worked on
the isolation, production and optimization of collagenase enzyme from marine bacteria from different
selected strains- Halomonas of sea water on Agar nutrient medium. Collagenase enzyme was collected
from isolated Halomonas anticariensis and tested for enzyme activity through UV visible
spectrophotometric analysis. The enzyme activity is optimized at 36°C, PH-7, incubation period 48hrs and
Moisture content 47% and study mainly concerned on the production of collagenase from solid substrate
which have more high enzymatic activity.

Keywords: Enzymes, Extracellular collagenase, Cup assay, Biochemical assay
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INTRODUCTION

Collagenase is an enzyme that breaks down collagen in damaged tissues within the skin and helps the body generate
new healthy tissue. It is considered a virulence factor, facilitating the spread of gas gangrene. Collagen is a type of
protein that connects and supports fibers in body tissues such as skin, tendons, muscles, and bone. Collagen, a key
component of the animal extracellular matrix, is made through cleavage of pro-collagen by collagenase once it has
been secreted from the cell. This stops large structures from forming inside the cell itself. Collagenase topical (for the
skin) is applied to severe burns or skin ulcers to help remove dead skin tissue and aid in wound healing. It may also
be used for other purposes not listed in this medication guide. The molecular and packing structures of collagen
eluded scientists over decades of research. The first evidence that it possesses a regular structure at the molecular
level was presented in the mid-1930s.1,2 Research then concentrated on the conformation of the collagen monomer,
producing several competing models, although correctly dealing with the conformation of each individual peptide
chain. The triple-helical "Madras" model, proposed by G. N. Ramachandran,1955, provided an accurate model
of quaternary structure in collagen.3,4 This model was supported by further studies of higher resolution in the late
20th century.5,6.The packing structure of collagen has not been defined to the same degree outside of
the fibrillar collagen types, although it has been long known to be hexagonal.7 As with its monomeric structure,
several conflicting models propose either that the packing arrangement of collagen molecules is 'sheet-like’, or
is microfibrillar.8 The microfibrillar structure of collagen fibrils in tendon, cornea and cartilage was imaged directly
by electron microscopy in the late 20th century and early 21st century.9,10 The microfibrillar structure of rat tail
tendon was modeled as being closest to the observed structure, although it oversimplified the topological
progression of neighboring collagen molecules, and so did not predict the correct conformation of the discontinuous
D-periodic pentameric arrangement termed microfibril.11 collagen enzymes are able to effectively breakdown the
peptide bonds found in collagen. Based on an increased interest in non-invasive therapeutic methods, collagenase
enzymes are being studied for their ability to catalyze key chemical processes more specifically, collagen
degradation. As seen in various in vivo and in vitro tests, injectable forms of collagenase have been shown to
promote wound healing. With their unique ability to degrade collagen that is resistant to breakdown, collagenases
can more effectively treat wounds, even those associated with third-degree burns. This is believed to be based on
the fact that once collagen is degraded by collagenase, select inflammatory cells, including macrophages, are able to
enhance migration and in turn, their efficiency. That is why ointments containing C. Collagenase are often applied to
wounds, assisting in the removal of necrotic tissue. Since this type of dead tissue prolongs the inflammatory stage
and enhances bacterial growth, collagenase supports proactive healing. While wound healing is imperative when
aiming to reduce the risk of infection, the applications of collagenase enzymes are far-reaching in regards to scientific
research and discovery.

Applications of Microbial Collagenase;

Enzyme Activity Reaction

The Collagenase are the enzymes necessary to initiate collagen turnover in normal connective tissue turnover and in
diseases. Polyhydroxylated is a key enzyme in collagen synthesis acting by hydroxylation of proline residues in
procollagen peptide, which is necessary for stabilizing collagen. More specifically, collagenase enzymes work by
degrading the collagen found in the extracellular matrix. This collection of molecules is what essentially anchors cells
to tissue, providing both biochemical and structural support. Depending on the class of collagenase, once the tissue
is exposed to collagenase enzymes, it will bind to and cut either the ends of a collagen fibril or the middle of a
collagen monomer. Once the structure of the triple helical is cut, they begin to unravel and denaturation takes place.
At this point, it essentially becomes gelatin. From wound healing and scar contractures to research and disease
prevention, collagenase enzymes will continue to play an important role within the scientific community, aiding and
accelerating key.
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Mechanism of action of collagenase

Collagenases are enzymes that break the peptide bonds in collagen. They assist in destroying extra cellular structures
in the pathogenicity of bacteria such as clostridium. They are considering a virulence factor, facilitating the spread of
gas gangrene. The normally target the connective tissue in muscle cells and other body organs. Collagen, a key
component of the animal extra cellular Matrix is made through the cleavage of procollagen by collagenase once it has
been secreted from the cell. The stops large structures from the forming inside the cell itself. In addition to being
produced by the some bacteria. Collagenase can be made by the body as part of the it's normal immune response,
this production is induced by the cytokines, which stimulates cells such as fibroblast and osteoblast, and can cause
indirect tissue damage.

MATERIALS AND METHODOLOGY

Selection of Strains

The selected Halophilic strains were isolated from seawater, grown on Agar nutrition broth. The cultures were
continuously maintained on petri plates. The cultures were every time cultured freshly on the Agar nutrients broth
and incubated at 370c for 2 days before performing each experiment.

Raw Materials
Source: Sea Water collected from Machilipatnam, Krishna District; A.P.
Materials: Agar, Peptone, Meat extract, sodium chloride, was used to prepare Agar nutrition broth.

Preparation of Media

Preparation of Inoculum

The Sea water was inoculated in Agar nutrition broth with the help of loop and it was incubated in incubator for 48
hours. That supports the growth of Halomoans bacteria.

Preparation of Halomona. Anticariensis Production Media
The grown culture of Halomona.anticariensis was sub-cultured in the collagenase Enzyme rich media for increasing
the production of enzyme.

Inoculum media Composition

Colleginase Enzyme Activity

After the 72 hrs of incubation period collect the culture broth and was centrifuged at 2000 rpm for 30 min and filter
the solution for the separation of enzymatic fraction. The cell free supernatant was filtered through 0.45um cellulose
acetate filter and the filtrate was considered as crude enzyme . The soluble protein content of the enzyme sample was
measured at 520-540nm examined using UV.

Maintenance of Selected Strains

The organism in the present study Halomona.anticariensis was isolated from water and grown on Agar nutrition
broth. The culture was continuously maintained on petri plates. The culture was every time cultured freshly on petri
plates on the Agar nutrition broth and incubated at 37°c for 2 days before performing each experiment.

Inoculum Media Components
Starch, Agar, Peptone, Yeast extract, Sodium chloride was used to prepare Agar nutrition broth.

Inoculum Media Composition

Starch-1gm, Agar-3g, Peptone-0.5gm, Yeast extract-0.3, Sodium chloridr 0.5gm, 1 litre of distilled water adjust the PH
to 7.3 and autoclave the mixture for 25 min at 120°c.
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Preparation of Inoculum
The hallophlic culture bacteria was inoculated in Agar medium with the help of loop and it was incubated in
incubator for 48 hours. Which supports the growth of Halomona. anticariensis bacteria.

Colleginase Enzyme Activity

Following incubation under optimized conditions, the culture was centrifuged at 2000 rpm for 30 min and filter the
solution. The cell free supernatant was filtered through 0.45um cellulose acetate filter and the filtrate was considered
as crude enzyme [Babashamsi]. The soluble protein content of the enzyme sample was measured at 520nm-54nm
examined using UV.

Enzyme Activity Test

Weigh the 10ml of the water into the beaker and heat Weigh 2gm of gelatin add the above solution In this Solution , 5
ml of Ninhydrin solution is added.Finally Purple Colour is produced due to the Ninhydrin.

Observation: Collagenase activity is +ve

OPTIMIZATION OF COLLAGENASE ENZYME:

Results

Optimization of Collagenase Enzyme

a) Effect of Incubation Period on Enzyme Production:

5 gm of substrate was inoculated in mineral salt solution in 500ml Erlenmeyer flask and autoclaved. The suspended
cultures were again inoculated as mentioned above and then incubated. The contents of flask were isolated and
assayed at every 24 hrs; 48hrs and 72hrs of interval.

Enzyme Production

b) Effect of Temperature: The effect of temperature on the production of enzyme like collagenase was studied by
incubating the culture at different temperatures ranging from 20oc-500oc.

) Effect of Moisture Content: 5 gm of ground substrate was taken and dried at 60°c for 6 hrs. cooled and weighed
till a constant weight was obtained and moisture level was adjusted to 40%-80% by addition of required amount of
salt solution and were sterilized.

d) Effect of pH: Substrate was mixed with mineral salt solution whose pH was adjusted; mineral salt solution was
used as moistening agent which is used to adjust the pH. The pH was adjusted in the range of 2-7.5 with an
increment of 0.5. The flasks which were prepared were sterilized, inoculated and incubated.

FORMULATION OF COLLAGINASE OINTMENT
Composition of Collagenase Formulation
Collaginase enzyme 0.5g;Arachis oil 1.5g;Methyl Salicylate 0.5g;Soft paraffin 10g.

Preparation of Ointment

Soft paraffin was taken and melted by heating process. After melting add arachis oil and mix well uniformly. And
add methyl salicylate mix well finally add collagen enzyme followed by the tituration procedure. For this project we
collected marine water for the isolation of halophillic strain and extraction of collagenase enzyme. For this firstly we
prepared a nutrient media to that we inoculated sea water solution. And placed it in incubator until growth is
observed.

Characterization of Isolated Halophilic Culture

After the growth of microorganisms enzyme is extracted by centrifugation process.

And the enzyme was assayed by biochemical tests. In that we got +ve results for staining tests, catalase test, motility
test, and urease test.

79494



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w wwuw.tnsroindia.org.in ©IJONS

Vol.15 / Issue 86 / Oct / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Supriya et al.,

CONCLUSION

The selected Halophilic culture showed more collagenase activity at an incubation period of 48hrs; temperature 55°
and at pH 7. The collagenase as an enzyme with high therapeutic potential.
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Table : 1 standard collagenase products with codes

Code | Standard Collagenase Products
C-2819 Collagenase, Purified
C2821 Collagenase Vial, NCIS
C-2823 Collagenase, Type 1
C-2825 Collagenase, Type 2
C-2827 Collagenase, Type 3
C-2829 Collagenase, Type 4

Table-2 Composition of nutrient broth

Ingredients Amounts
Agar 30g
Peptone 05g
Sodium chloride 05¢g
Meat extract 03g
Distilled water | Quantity sufficient to 1000 ml
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Table : 3 Inocculum media composition

Ingredients Quantity(Wt in grams)
Agar 30g
Yeast extract 03g
Starch 10g
Peptone 05g
Sodium chloride 0.5¢g

Table 4. Result for Characterization of Isolated Halophilic Culture on staining and Biochemical tests

Mannitol | GI Lact
. Simple Gram | Catalyse | Urease | Motility | Aerobic/ anmo 1eose actose
Strain. L . . . . Fermen- | Fermen- | fermen
staining | staining | activity | activity test Anaerobic . . .
tation tation tation
Ha?om.onaé. + + + + Aerobe +- +- +-
anticariensis
Table 5. Effect of Incubation Period, Temperature, Moisture content and pH on Enzyme Production
. After 24hrs OD at660 | After 48 hours OD at 660 | After 72 hrs OD at 660
Enzyme activity
nm nm nm
Collagenase at dlfferent incubation 0.05 038 03
periods
Enzyme activity at different 37 °C 42 °C 60 °C
temperature
Enzyme activity 0.30 042 0.40
Collagenase at different pH pH 6 OD at 660 pH7 OD at 660 pH 8 OD at 660
Enzyme activity 0.12 0.66 0.25
Collagenase at Moisture content 20%0D at 660 40%0D at 660 80%0OD at 660
Enzyme activity 0.35 0.65 0.25
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Figure:1 Figure 2: Collagenase
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ABSTRACT

The human body uses glucose as its primary fuel, and diabetes, which is characterized by elevated blood
glucose levels, can have major negative effects on our health. In this work, we examined the relationship
between glucose levels in individuals who drink alcohol (drinkers) and those who do not (non-drinkers)
using the five-state Markov model and a novel mathematical technique. Significant parallels and
differences between the glucose levels of drinkers and non-drinkers are highlighted by this study. The
five-state probability mass function was formulated based occurrence or non-occurrence of particular
state. The transition probability matrix provides evidence that the state is likely to remain the same for
the next fifteen minutes. Normoglycemia and mildhyperglycaemia was shown to be the most prevalent
blood glucose state for non-drinker and for drinker normoglycemia has high chance. Comparing the two
scenarios, there isn't much indication that drinkers may have major problems. Once diabetes is affected,
the chances of hyperglycaemia and normoglycemia are practically equal for drinkers and non-drinkers in
long term behaviour of the model; in fact, those who drink are less likely to experience serve
hyperglycaemia.

Keywords: Markov model, continuous glucose monitor, alcoholic, non-alcoholic, probability distribution

INTRODUCTION

A blood sugar (glucose) level that is too high results in diabetes. It arises when the body isn't reacting to the effects of
insulin appropriately or when the pancreas produces too little or no insulin at all. People of all ages are affected by
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diabetes. All types of diabetes are treatable with medicine and/or lifestyle modifications, and the majority are chronic
(lifelong). The primary source of glucose, or sugar, is found in the carbohydrate in food and beverages. It serves as
the body's primary energy source. All of the cells in the body receive glucose from the blood to utilize as fuel. Once in
the bloodstream, glucose need assistance a key to go where it needs to go. Insulin is a crucial hormone.
Hyperglycemia, or elevated blood sugar, is brought on by an accumulation of glucose in the bloodstream due to
insufficient insulin production or improper insulin utilization by the body. Consistently maintaining high blood
sugar levels over time can lead to health complications like heart disease, nerve damage, and vision problems. India
is the country most affected by diabetes worldwide, with an estimated 77 million Indians (1 in 11) officially
diagnosed with the disease. This puts India second only to China. In addition, diabetes, hyperglycemia, Kidney
failure, and other consequences of the disease claimed the lives of 700,000 Indians in 2020. India accounts for one in
six (17%) of the global diabetes population. (As of October 2018, India accounted for roughly 17.5% of the world's
population.) The International Diabetes Federation predicts that by 2045, there would be 134 million people with the
condition. Worldwide, 537 million adult individuals suffer with diabetes. This number is expected to increase to 643
million by 2030 and 783 million by 2045, according to experts. A mathematical model that probabilistically depicts
how a system evolves over time is called a stochastic process. Each random variable in the collection, is indexed by
time or another parameter, represents the system's state at a certain moment in time. Numerous disciplines,
including economics, engineering, physics, biology, and more, use stochastic processes extensively to model and
evaluate systems that display uncertainty or randomness. If the future state of the system depends only on its current
state and not on the preceding sequence of events, then a stochastic process possesses the Markov property. The
process's modeling and analysis are made easier by this feature. A range of studies have explored the use of Markov
models for understanding glucose levels among diabetes patients. Andreassen et al, (1994) implemented a
probabilistic network model for predicting 24-hour blood glucose profiles with a mean error of 3.3 mmol/I[1].
Hovorka et al.,(2004) developed a nonlinear model predictive controller that uses a compartment model to maintain
normoglycemia, with promising results [2]. Aibinu et al, (2010) suggested the use of artificial intelligent-based
techniques for blood glucose level prediction, particularly the hybrid Al technique [3]. Stahl, (2012) investigated
linear and Bayesian embedded models for short-term glucose prediction, focusing on low blood glucose detection [4].
Nath & Jain, (2012) proposed a hidden Markov model for predicting insulin charts, achieving positive results [5].
Varshney et al.,, (2020) emphasized the higher risk of problems for patients with higher hemoglobin Alc levels by
using an HMM to estimate transition probabilities between different diabetes states [6].

Zhou et al., (2020) presents an improved deep neural network model that predicts diabetes with good accuracy in
diabetes type classification [7]. Dey, (2020) introduced a novel neural network that outperformed other methods in
terms of RMSE and adverse event detection [8]. S.Miyagi et al., (2021) speak about Moderate alcohol consumption
contributes to impaired insulin secretion and glucose intolerance in lean/normal-weight non-diabetic Japanese men
[9]. Dylag, (2023) found that a Hidden Markov Model can effectively predict glucose levels when used in conjunction
with other machine learning models [10]. M.Ishohara et al., (2023) explores the relationship between habitual daily
alcohol consumption and time-specific glucose levels in a non-diabetic population, revealing a time-dependent
biphasic pattern in glucose levels associated with alcohol consumption [11]. Narendra & Padi (2024) discusses the use
of Markov models to understand glucose levels in Type-1 diabetes patients, improvements in treatment, global
diabetes prevalence, and the significance of stochastic models in various fields [12]. These studies collectively
demonstrate the potential of Markov models and hidden Markov models for understanding glucose level. The goal
of this work is to use a Markov model to understand glucose levels fluctuations at different times from drinker and
non-drinker. It can be seen from the literature that most approaches for glucose levels rely on HMM and machine
learning techniques to classify. However, very little work has been reported in the literature on speaking the holistic
study mechanism by deriving the probability distributions of the specific state under study. In order to understand
the overall behavior of the specific state of the diabetic patient, this study has given more focus on formulation of
probability distribution’s mass function. Their study has initiated with identification of appropriate stochastic
processes by means of formulating the suitable Markov chains. Hence (i) deriving the probability mass function; (ii)
developing the R-code from the derived mathematical relations; (iii) finding the statistical reports to the relative data;
(iv) finding the statistical characteristics of Markov chain are the core activities of this study.
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Markov model

A sequence of potential events where the probability of each event depends only on the state obtained in the
preceding event is described mathematically as a Markov Chain. The process in question is stochastic and
demonstrates the Markov property, which implies that the system's future state is contingent solely upon its present
state and not on the preceding sequence of the events. The five state Markov chain model has developed based on
glucose levels. The schematic diagram of the proposed Markov model is as follows. Consider the sequence of
observations X,, where n is discrete time random process. In Markov chain X,,,,is conditional to the current state X,
and it is not dependent on X, X, X, ... X;,_;. It is called memory less property.The chain behaviour that follows any
state depends only on its current state, and this constraint is known as the Markovian assumption [11].Let 0 =
{o1,0,, .... oy }be finite observable possible probabilistic state X,, = 0; presents at discrete time t and X, = 0; at t+1
time, the Markov model written as,a;; = P(XnJr1 = oj|Xn = 0;) is the probability from moving o; to o;. The properties
of Markov chain are: ¥i2, a;; = 1 &a;; = 0.

Probability mass function
In order to understand the model behavior, there is need of formulating the probability mass function for different
states. The PMF formulated based on raw methods i.e. occurrence and non-occurrence of particular state in one step.

ZZ%% x =0 25: i ma; X,=0

P(X, (@) =x,) =4 "

5

P(X (w)=x)=

5

2i ma; X =0 25: > ma; x,=0

P(X3 (CO) — .X'3) _ ) 1 j=1,j#3 P(X4 (CO) _ .X'4) _ i=1 j=1,j#4

5

ZEiaB x, =1 ZEiaM x, =1

1 i=1

P(Xs(a)) = xs) _ )

In the PMF, x1 represents hypoglycemia, x2 represents normoglycemia, x3 represents mild hyperglycemia, x4
represents moderate hyperglycemia and xs represents serve hyperglycemia.

METHODOLOGY

Data collection

The data on two ShanghaiT2DM][13]individuals was taken from a secondary source. Of the 109 T2DM, 13 are
drinkers and 96 are not. Thirteen samples were randomly selected from non-drinkers and thirteen from drinkers in
order to preserve homogeneity. The average age of the 13 male drinkers is 62.76 years old, their height is 1.71 meters,
their weight is 71 kg, their BMI is 24.23, and their duration of diabetes is 10.54 years. There are seven female and six
male non-drinkers, with an average age of 59.54, height of 1.61 meters, weight of 60 kg, BMI of 22.97, and duration of
diabetes of 7.23. The meal intake takes place three times a day, at 07:01, 11:01, and 17:16. Insulin is administered twice
a day, at 06:05 before breakfast and 16:01 before dinner. For both drinkers and non-drinkers, the times are essentially
the same every day with the occasional small change in minutes.The states represent different ranges of glucose
levels they are: state-1: hyperglycemia (below 70); state-2: normoglycemia (70 to 130); state-3: mild hyperglycemia
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(130 to 180); state-4: moderate hyperglycemia (180 to 250); and state-5: serve hyperglycemia (250+). The summary of
the data given here. A fascinating result can be found in the summary statistics that contrast the glucose levels of
drinkers with non-drinkers. Drinkers have a mean glucose level of 145, while non-drinkers have a higher mean of
151.1. The median blood sugar levels for the two groups are closer together, though, with drinkers at 133.2 and non-
drinkers at 142.2. This implies that although the average glucose level is greater in non-drinkers, the middle values
are more similar in the two groups. Furthermore, the standard deviation for abstainers is somewhat lower (49.0634)
than for alcohol consumers (51.0738), suggesting that abstainers had less variation in their blood sugar levels.
Positive skewness is seen in both groups, suggesting that the glucose distribution's tail extends towards higher
values. The coefficient of variation (CoV) is 0.3247 for non-drinker and 0.3522 for drinkers. This suggests that
drinkers' blood glucose levels are slightly more variable than non-drinkers', relative to their respective means. By
putting the data spread in perspective and comparing it to the mean, the CoV makes it possible to compare group
variability more meaningfully even when the means of the groups disagree. According on the kurtosis values, both
distributions appear to be leptokurtic, which means that they are more peaked and have heavier tails than a normal
distribution.

Limitations

The main limitation of the data is physical activity, stress levels, occupation and sleep hours are not given. Physical
activity is not discussed of the patient and this is important for diabetes patients. The stress levels play a vital role in
diabetes patients. If occupation is given then it will be more accurate to understand the fluctuation of the data. The
alcohol consumption time period is not there. The sleep timing is assumed based on information available on google.

Numerical illustration
The numerical analysis performed for the proposed model from dataset[13]. The Markov modelnumerical results and
probability distribution discussed here.

Drinker data classification
The drinker initial probability vector is calculated by average of the 13 patients. IPV=

(0.0162 0.4492 0.3256 0.1685 0.0405) .The initial probability vector (IPV)indicates the probability

of beginning in each state and provides important information about the model initial conditions and likely future
paths. States like normoglycemia have a significantly greater likelihood, suggesting a strong tendency for the system
to start in this state. On the other hand, states such as hypoglycaemia and serve hyperglycaemia have lower
probability, indicating relatively smaller chances of commencement in these states. Predictive Modeling and analysis
rely on the IPV as a fundamental component, which allows for a thorough understanding of the model evolution
over time and helps with decision-making about the model future behaviour and possible state transitions. The
transition probability matrix (TPM) is calculated by average of the 13 patients like IPV and standard error matrix

P,
(SEM) calculated by the average of TPM using the straight forward formula T" . The stationarity matrix (SM) or

n

long-term behaviour calculated by multiplying TPM.

0.841269841 0.15873016 0 0 0
0.005732302 0.93694468 0.05674979 0.0005732302 0
TPM= 0 0.07908264 0.86081455 0.0597073942 0.0003954132
0 0 0.11773700 0.8539755352 0.0282874618
0 0 0 0.1238095238 0.8761904762
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0.081711350 0.035493142 0 0 0
0.001281782 0.016387266 0.004033032 0.0004053349 0
SEM= 0 0.005591987 0.018449321 0.0048589188 0.0003954132
0 0 0.009487518 0.0255516437 0.0046504301
0 0 0 0.0198253905 0.0527404690

0.01623937 0.4496758 0.3259473 0.1685801 0.03955743
0.01623937 0.4496758 0.3259473 0.1685801 0.03955743
SM= | 0.01623937 0.4496758 0.3259473 0.1685801 0.03955743
0.01623937 0.4496758 0.3259473 0.1685801 0.03955743

0.01623937 0.4496758 0.3259473 0.1685801 0.03955743

The model complex dynamics are captured by the transition probability matrix (TPM), Markov chain is irreducible,
all states are recurrent andaperiodic. The glucose level states are hypoglycaemia and serve hyperglycaemia show
substantial propensities to self-transition, suggesting some stability in these states. On the other hand, states such as
mild hyperglycaemia and moderate hyperglycaemia show a tendency to change into other states, indicating a more
dynamic behaviour. Subtle interdependencies between states are also revealed by the matrix; certain transitions are
more common than others, indicating underlying patterns of systemic advancement. In the next state prediction
(after 15 minutes) there is a high chance for the same state, means there is a less chance for changing glucose levels in
15 minutes. The standard error matrix calculated from TPM. It shows that these estimates have different degrees of
precision; certain transitions show high confidence because of their low standard errors, while other transitions are
linked to higher levels of uncertainty because of their higher standard errors. As an example, changes from mild
hyperglycaemiato itself show accurate estimations, indicating a steady trend, whereas changes from hypoglycaemia
to normoglycaemia show a considerable level of uncertainty, indicating possible fluctuations in this evolution. The
equilibrium distribution or long-term behaviour are the estimated percentage of time the system will spend in a
specific state following an endless series of transitions is reflected in likelihood. The most stable condition is indicated
by the steady-state probability of roughly 44.97%, indicating that the system is expected to primarily live in the
normoglycaemia state. On the other hand, states such as mild hyperglycaemia and moderate hyperglycaemia have
smaller but statistically significant steady-state probability, suggesting that they remain in the system throughout
time. The likelihoods also reveal more nuanced details, like the relatively small but less significant existence of the
hypoglycaemia and serve hyperglycaemia states.

Mean recurrent time= (61.578750 2.223824 3.067981 5.931898 25.279698)

The discrete-time Markov chain (DTMC), mean first passage times (MFPT) matrix provides important new
information on the temporal dynamics of state transitions. Every entry represents the anticipated time steps needed
for the system to transfer from one state to another for the first time, offering a numerical assessment of pathway
traversal and transition efficiency. Interestingly, shorter MFPTs: for example, from hypoglycaemia to
normoglycaemia indicate more straightforward and effective transitions, whereas longer MFPTs: for example, from
hypoglycaemia to serve hyperglycaemia indicate more intricate or uncommon paths. With the use of these insights,
person can more effectively make decisions and manage systems across a variety of domains by being able to
recognize crucial transitions, predict system behaviours, and plan actions to optimize transition pathways or reduce
delays. The discrete-time Markov chain has a vector that shows the mean recurrence times for each state. This vector
gives important information on how long the system typically stays in each state before going back to it. The internal
dynamics and stability of the system inside each state are gauged by these mean recurrence times. As an illustration,
mild hyperglycaemia shows a comparatively short mean recurrence time of about 3.07-time steps, indicating that the
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system regularly returns to this condition. On the other hand, the hypoglycaemia and serve hyperglycaemia states
show longer average recurrence periods, which suggests less occurrences of these states being returned to. By
knowing these average recurrence times, person may assess the system's durability and resilience within each state,
which helps guide interventions and decision-making processes targeted at controlling system stability or
maximizing state transitions.

TPM non drinker
The non-drinker data analysis performed like drinker here we taken average of 13 patients, IPV=

(0.006449764 0.383474273 0.386412498 0.177655153 0.0460083 13) Initial probabilities of

various states in a model are represented by the initial probability vector. In this case, the vector's elements
hypoglycaemia, mild hyperglycaemia, moderate hyperglycaemia, normoglycaemia, and serve hyperglycaemia each
represent a distinct condition. These states probably relate to different categories or circumstances within a certain
domain. For example, in a medical setting, they can stand for various illnesses or diagnoses. A state's initial
probabilities are represented by the values allocated to it; hypoglycaemia has the lowest likelihood (0.006), and mild
hyperglycaemia (0.386) has high chance. These probabilities provide insight into the initial distribution of states prior
to any transitions or changes occurring inside the, and they can be used as the basis for additional research. The
transition probability matrix (TPM), standard error matrix(SEM) and stochastic matrix (SM) are given.

0.766666667 0.22222222 0.01111111 0 0
0.003925234 0.92728972 0.06841121 0.0003738318 0
TPM= 0 0.06862018 0.87592730 0.0554525223 0
0 0 0.12182332 0.8354175071 0.04275918
0 0 0 0.1651090343 0.83489097
0.0922958207 0.049690399 0.011111111 0 0
0.0008565562 0.013165302 0.003575911 0.000264339 0
SEM= 0 0.003567393 0.012745565 0.003206902 0
0 0 0.007010144 0.018357499 0.004153138
0 0 0 0.016036807 0.036061797
0.006465637 0.3843462 0.3863166 0.1770261 0.04584542
0.006465637 0.3843462 0.3863166 0.1770261 0.04584542
sMm=| 0.006465637 0.3843462 0.3863166 0.1770261 0.04584542
0.006465637 0.3843462 0.3863166 0.1770261 0.04584542
0.006465637 0.3843462 0.3863166 0.1770261 0.04584542

Given the probability of transitioning between discrete states, the Transition Probability Matrix (TPM) is a tool for
deciphering the dynamics of a chain. The possibility of changing from one state to another is indicated by each item
in the matrix, providing detailed insights on the behaviour of the system over time. For example, a greater
probability in a given transition denotes a higher frequency of that change occurring in the system. Through
examining the TPM in conjunction with the initial probability vector, one may comprehend the complex patterns of
state transitions and, as a result, obtain a thorough knowledge of the system's evolution and the relative importance
of each state as it progresses. An indicator of the degree of uncertainty around the transition probability estimates in
a Transition Probability Matrix (TPM) is the Standard Error Matrix. The standard error of the associated transition
probability estimate in the TPM is represented by each entry in the matrix. A larger standard error, for instance,
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denotes increased uncertainty in the estimated transition probability and raises the possibility that the real transition
probability may differ more from the estimated value. On the other hand, a smaller standard error indicates more
faith in the projected transition probability's accuracy. The robustness of the inferred dynamics inside the system and
the accuracy of the transition probability estimations can both be evaluated by comparing the Standard Error Matrix
with the TPM. The equilibrium distribution of states in a Discrete-Time Markov Chain (DTMC), which captures the
model stability and long-term behaviour, every element in the final vector represents the percentage of time that the
DTMC is expected to be in a particular state following a large number of iterations. As an example, a steady-state
probability of roughly 0.0065 for hypoglycaemia indicates that, throughout time, this condition is predicted to remain
present for about 0.65% of the system's existence. In a similar vein, the odds allocated to other states reveal
information on their individual long-term prevalences

0 5377348 1837958 54.175266 180.2279
6574675 0 14.79856  50.582277 176.6349
Mean first passage time =| 680.3918 22.924316 0 36.035041 162.0877
690.7262 33.258754 10.33444 0 126.0527
696.7828 39.315358 16.39104  6.056603 0

Mean recurrent time= (154.663791 2.601821 2.588551 5.648884 21.812432)

The resulting matrix captures the expected time, expressed in discrete time steps, for an average Discrete-Time
Markov Chain (DTMC) represented by matrix to transition from one state to another. The mean first passage time
(MFPT) between each beginning state and the target state is represented by each element in the matrix, providing
detailed information about the temporal dynamics and effectiveness of state transitions in the model. A smaller
MEFPT, for example, indicates a relatively quick transition between two states, whereas a larger MFPT indicates a
more complex or drawn-out journey. Analysts can identify significant transition patterns, evaluate the navigational
effectiveness of the system, and make informed decisions about how best to maximize system performance or
operational efficiency by determining these average passage times. The average time before a Discrete-Time Markov
Chain (DTMC), represented by matrix returns to each state. These values provide information about the system's
internal temporal revisitation patterns of states. For example, a mean recurrence time of roughly 2.59-time steps for
mild hyperglycaemia shows that this condition is revisited frequently, but a larger time, like 154.66 for
hypoglycaemia indicates longer stays between revisits. Determining these recurrence times helps evaluate the
stability and cyclic behaviour of the system, which helps with resource allocation and system optimization decisions.

Probability Mass Function

The probability mass function was formulated based on occurrence and non-occurrence of state by raw method. For
drinker and non-drinker similar but variation present in values. The data suggests that non-drinkers are significantly
less likely to experience hypoglycemia compared to drinkers, hinting at a potential protective effect associated with
abstaining from alcohol. The chance of normoglycemia has higher chance for non-drinker compare to drinker.
Similarly mild hyperglycemia non-drinker has high chance. The highest likelihood state occurrence for drinker and
non-drinker is moderate hyperglycemia and less chance for hypoglycemia. So, there is a high possibility to occur
moderate hyperglycemia in both cases.

RESULTS AND DISCUSSION

In this work we examined the T2DM glucose levels of 26 patients in this study; 13 of them were drinkers and 13 were
not. For comparison, the time series stochastic model Markov model was employed. hypoglycaemia, normoglycemia,
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mild hyperglycaemia, moderate hyperglycaemia, and severe hyperglycaemia were the five states that were taken
into consideration. By using a raw method, the probability mass function was created based on the likelihood that a
specific condition would occur. According to the initial probability vector, drinkers are more likely than non-drinkers
to experience normoglycemia. According to the transition probability matrix, there is a good likelihood that the
subsequent state will occur within fifteen minutes. Drinkers have a higher risk of normoglycemia than non-drinkers,
according to the stationarity matrix. The average first transit time indicates that there is a low probability of
hypoglycaemia to normoglycemia, moderate to mild hyperglycaemia, and medium to moderate hyperglycaemia
when moving from one condition to another in the drinker and non-drinker matrix. In both scenarios, the mean
initial passage time is comparable, but there are steps that differ. The average return time indicates the duration of a
state at a specific state; a short mean indicates the majority of mean state occurrences. In the drinker matrix, mild
hyperglycaemia in non-drinkers is more common than normoglycemia. In the discussion, our study compares
glucose levels between drinkers and non-drinkers using a Markov model. We found that non-drinkers have higher
average glucose levels than drinkers, suggesting that alcohol consumption may impact glucose regulation. These
results align with prior studies linking alcohol intake to impaired glucose metabolism. The Markov model provided a
good framework for understanding glucose level transitions over time. However, the study's limitations include
potential confounding factors such as diet and physical activity not accounted for in the model. Future research
should incorporate these variables to validate and extend our findings.
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ABSTRACT

Exploring the potential of herbal remedies as a viable solution to combat antimicrobial resistance (AMR)
underscores the urgency for innovative strategies amid the diminishing effectiveness of traditional
antibiotics. Herbal medicine, deeply rooted in diverse cultural traditions, offers a rich repository of
bioactive compounds renowned for their antimicrobial efficacy, presenting a promising avenue in the
battle against AMR. This review examines a selection of herbs known for their historical uses in
traditional medicine and their emerging roles in modern healthcare. Notable examples include extracts
from plants such asEucalyptus globulus, and Ocimum sanctum. L, Terminalia chebula, Curcuma longa,
Morinda citrifolia, and Allium sativum, which have demonstrated antimicrobial activity against a spectrum
of pathogens. These herbs contain bioactive compounds, such as Eucalyptol, Eugenol, chebulagic acid
and chebulinic acid, curcumin, and Scopoletin which exhibit antimicrobial properties and, in some cases,
act synergistically with conventional antibiotics. Furthermore, the review explores the mechanisms these
herbal compounds operate, including disruption of bacterial cell membranes, inhibition of essential
enzymes, and modulation of immune responses. Additionally, we discuss the potential challenges and
opportunities associated with integrating herbal remedies into mainstream healthcare practices,
emphasizing the importance of rigorous scientific investigation and standardized formulations. The
findings suggest that herbal remedies may serve as adjuncts or alternatives to conventional antibiotics,
offering a sustainable and holistic approach to mitigate the escalating threat of AMR. Further research is
warranted to elucidate the efficacy, safety, and optimal usage of these herbal interventions, paving the
way for a more diversified and resilient arsenal against microbial infections. As we confront the complex
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landscape of AMR, harnessing the therapeutic potential of herbs holds promise for developing novel
strategies to combat infectious diseases and preserve the efficacy of existing antimicrobial agents.

Keywords: Antimicrobial resistance, Eucalyptus globulus, Ocimum sanctum. I, Terminalia chebula, Curcuma
longa, Morinda citrifolia, Allium sativum.

INTRODUCTION

Antibiotics, whether naturally occurring or synthesized, are antimicrobial agents employed to address bacterial
infections by either eradicating the bacteria or impeding their growth. Healthcare professionals frequently prescribe
these compounds to counteract bacterial infections in human and animal subjects[1-3].The term "antibiotic"
originates from the 1890 term "antibiose," coined by Paul Vuillemin to describe the hostile actions of microorganisms.
Initially, it referred to antagonistic interactions between microorganisms like fungi against bacteria or bacteria vs
protozoa. Over time, it evolved to include naturally occurring secondary metabolites with inhibitory or lethal
properties against bacteria or fungi, now including engineered compounds.[4]Antibiotics have saved lives and
significantly impacted medicine and surgery by preventing or treating infections in patients undergoing
chemotherapy, dealing with chronic conditions like diabetes, end-stage renal disease, or rheumatoid arthritis, and
recovering from complex surgical procedures like organ transplants or joint replacements [5].

Anti-Microbial Resistance (AMR)

It stands as a pervasive global health challenge, imperiling the effective prevention and control of bacterial, viral,
parasitic, and fungal diseases.[6] This phenomenon unfolds as microorganisms, encompassing bacteria, viruses,
fungi, and parasites, adapt and develop resistance to antimicrobial interventions, a consequence of misguided or
excessive usage in both human and animal communities.[7-9]. To effectively address the threat of antimicrobial
resistance, we must understand its causes and factors. While resistance naturally occurs in microorganisms, human
activities in healthcare, agriculture, and the environment contribute to its emergence. [10]The spread of resistance is
influenced by factors like infection control, sanitation, water quality, access to reliable antimicrobials, and travel
patterns. Simply removing antimicrobial use may not be enough, as resistance doesn't always come with a fitness
cost. To tackle this issue, a comprehensive approach is needed, considering resistance at various levels-mechanism,
micro-organism, drug, (11)host, and context. This requires broad research spanning healthcare, agriculture, and the
environment, with integrated strategies mindful of potential unintended consequences. The goal is to ensure global
access to effective antimicrobials while minimizing resistance.[12,13].

Global Prospective on AMR

Antimicrobial resistance (AMR) is a global health threat causing 700,000 deaths annually due to overuse and misuse
of antibiotics in human health, agriculture, and animal husbandry. It could increase to 10 million deaths by 2050 if
not addressed. The economic burden of AMR is substantial, with estimates estimating costs of up to $100 trillion by
2050 if left unchecked.[14]Developing countries face increased vulnerability to resistant infections due to limited
healthcare and sanitation facilities, and the emergence of multidrug-resistant pathogens like MRSA and XDR-TB,
complicating treatment and increasing mortality risk.(15)The antibiotic resistance crisis requires a multifaceted
approach, including improved surveillance, stewardship of antimicrobial use, development of new drugs and
therapies, and investment in healthcare infrastructure. Collaboration between governments, healthcare providers,
pharmaceutical companies, and the agricultural sector is crucial for effective strategies. Public awareness campaigns
are also needed to educate individuals about responsible antibiotic use and infection prevention. Future research into
novel antimicrobial agents, precision medicine, and innovative technologies is promising. Global efforts and
sustained investment are needed to mitigate the threat.[16]

79510



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w wwuw.tnsroindia.org.in ©IJONS

Vol.15 / Issue 86 / Oct / 2024 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997
Harish et al.,

Causes of Antimicrobial Resistance

Overuse: Antibiotic abuse is common due to its widespread availability and unprescribed nature, compounded by
online shopping. Incorrect prescriptions promote the formation of resistant bacteria. 30-50% of cases involve incorrect
prescriptions for treatment indication, agent selection, or therapy duration. The Karolinska Institute in Sweden found
a pathogen in 89% of CAP patients. Additionally, 30%-60% of antibiotics in ICUs are deemed unnecessary or
inappropriate [11].

Agricultural Usage: Antibiotics play a vital role in agriculture, accounting for 80% of total use in the United States for
cattle growth and prevention. They support animal health, boost yields, and enhance product quality. However,
human consumption of cured meat can propagate antibiotic-resistant bacteria across the food chain. Genetic
identification studies suggest that up to 90% of drugs are excreted and spread through urine, skin, and agricultural
runoff. Personal hygiene solutions may decrease the immune system's reaction to environmental antigens.[17]

Limited Supply of New Antibiotics: The pharmaceutical industry's efforts to create new antibiotics have been
delayed due to financial and regulatory obstacles. Major firms have stopped studying antibiotics, and mergers have
reduced research staff. Academic funding for antibiotic research has also been reduced due to budget cuts and
economic disincentives. Affordability, medical community recommendations for cautious usage, and concerns about
drug resistance all contribute to the lack of economic attraction [18].

Regulatory Obstacles: Between 1983 and 2007, new antibiotic approvals fell due to regulatory changes, ambiguous
regulations, and poor communication. The FDA has rigorous standards for designing clinical trials, including ethical
restrictions on placebo research. Phase 3 clinical research is more complex and expensive, necessitating the
involvement of smaller companies. In 2013, the Infectious Illness Society suggested a Limited Population Antibiotic
Drug (LPAD) protocol and issued guidelines to improve clinical trials for acute bacterial skin and skin-structure
illnesses.[2,11]

Herbs Used to Prevent Amr: The primary focus in treating respiratory, urinary tract, gastrointestinal, and biliary
infections, as well as skin issues, has been on utilizing the essential oils of certain plants, rather than their extracts.
For instance, Melaleuca alternifolin, commonly known as tea tree oil, is widely employed as a therapeutic remedy for
skin problems, including acne and various infectious conditions [20].

Mechanism of Action of Herbs: which contain bioactive substances such as alkaloids, flavonoids, terpenoids, and
essential oils, have antibacterial properties because they can disrupt cell membranes, impede cell wall formation,
block protein and nucleic acid synthesis, and produce reactive oxygen species (ROS) within microbial cells. These
antioxidant activities contribute to the antibacterial characteristics. Some herbs also have immunomodulatory
properties, which improve the host's immunological response and aid in the successful battle against microbial
infections [22].

METHODOLOGY

A comprehensive literature review was conducted using the search terms: antimicrobial antibiotic or antibacterial
and synergy and plant or herb or natural. The search encompassed electronic databases such as Ebsco HOST, Pub
Med, and Science Direct, as well as specific journals including Planta Medica and Phytotherapy Research. Inclusion
criteria comprised studies on synergy between plants exhibiting antibacterial properties, either alone or in
combination with antibiotics, published in peer-reviewed English-language journals between January 2000 and May
2023. Notably, this review excluded the extensive body of synergy research from Traditional Chinese Medicine and
investigations into the antimicrobial efficacy of essential oils. Additionally, the reference lists of identified studies
were manually scrutinized, and supplementary research was pursued online.
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Eucalyptus globulus

Eucalyptus, originating from Australia, is renowned for its potent antimicrobial qualities [23]. Derived from its
leaves, eucalyptus essential oil contains eucalyptol, a compound effective against bacteria, viruses, and fungi. In
respiratory distress syndromes (RDS) like pneumonia or influenza, eucalyptus oil's antimicrobial attributes aid in
symptom relief and combatting infections [[24,25]. Inhaling eucalyptus oil vapours or utilizing it in steam therapy
helps clear airways, reduce inflammation, and alleviate breathing difficulties associated with RDS.(26) The innate
antimicrobial properties of eucalyptus render it widely utilized in both traditional and alternative medicine for
managing respiratory ailments.[27,28] A study involving E. globulus, also known as fever tree, found that chewing
gum containing 0.6% E. globulus ethanolic leaf extract significantly improved several gingivitis outcome
indicators.[29]The study explores the antibacterial properties of crude plant extracts against Porphyromonas
gingivitis, a periodontitis-causing bacterium. The extracts from the Eucalyptus globulus leaf, Azadirachta indica leaf,
Glycyrrhiza glabra root, and Rheum palmatum root showed MICs ranging from 64 to 1024 mg/L. The study also
identified the anthraquinone rhein and its antibacterial activity. P. palmatum root extracts showed an extremely low
MIC of 0.125 mg/L, suggesting further research for periodontitis treatment.[30]. Eucalyptus globulus essential oil,
along with xylitol and papain compounds, effectively inhibited Pseudomonas aeruginosa, Salmonella sp., Staphylococcus
aureus, Proteus vulgaris, Escherichia coli, and Candida albicans in in vitro tests. The oil showed better inhibition than
chlorhexidine, while papain 10% had lower effectiveness against Candida albicans [31]. The study investigated the
antimicrobial potential of Eucalyptus globulus essential oil (EOEG) against seven fish pathogenic bacteria from
cultivated olive flounder. The disc diffusion method, minimum inhibitory concentration (MIC), and minimum
bactericidal concentration (MBC) were used to evaluate the inhibitory effects. The results showed a concentration-
dependent increase in the size of the inhibitory zone with increasing EOEG concentrations. EOEG's MIC ranged from
7.8 to 125 mg/mL, with MBC values ranging from 62 to 250 mg/mL. The study indicates that EOEG, a natural
phenolic compound, exhibits antibacterial properties against all seven bacteria, indicating its potential as a potent
antimicrobial agent for treating bacterial infections in aquaculture fish.[32]

Ocimum sanctum. L.

Ocimum sanctum, also referred to as Holy Basil or Tulsi holds a cherished place in traditional Indian medicine for its
therapeutic qualities.(33) Originating from Southeast Asia, it is globally cultivated for its fragrant leaves, cherished in
herbal preparations, teas, and culinary delights.(34) Holy Basil is esteemed for its potent antimicrobial attributes,
attributed to its abundant reserves of essential oils, flavonoids, and diverse bioactive compounds.[35] Research
indicates that extracts derived from Ocimum sanctum exhibit extensive antimicrobial efficacy against a spectrum of
pathogens, encompassing bacteria, fungi, and viruses.[36] This remarkable antimicrobial potency has spurred
considerable interest in both pharmaceutical and herbal medicine circles.[37,38]O. sanctum L. (Tulsi) gel, a plant
extract, demonstrated significant antibacterial action against anaerobic oral microorganisms at concentrations of 20
and 25%. A higher concentration was effective in treating periodontitis, proving its potential as an efficient
supplement. The study suggests that O. sanctum L. gel could be a promising traditional supplement for treating
periodontal diseases, despite limitations and resistance of traditional treatments, highlighting its potential as a viable
option in oral healthcare.[39]Cancer research is exploring alternative therapies, with around 30 natural substances
being tested in clinical studies. Tulsi, also known as Holy Basil, is a cost-effective and religiously significant
medicinal plant in India. Its essential oil contains bioactive components like camphor, eucalyptol, eugenol, alpha-
bisabolene, beta-bisabolene, and beta-caryophyllene, linked to antibacterial effects. Tulsi, also known as the "queen of
herbs" and "elixir of life" in Ayurvedic medicine, has anticancer properties in its leaves, high in eugenol. Clinical trials
are ongoing to explore Tulsi's anticancer, chemo-preventive, and antioxidant properties.[40]The study tested the
antifungal and insecticidal properties of Ocimum sanctum L. essential oil using a model involving hazardous
organisms. Toxigenic and pathogenic filamentous fungi were used as exemplary fungal groups, while Spodoptera
littoralis, Culex quinquefasciatus, and Musca domestica were chosen as model insects. The study found that Ocimum
sanctum L. essential oil, containing linalool, t-methyl cinnamate, and estragole as phenylpropanoids, is an efficient
botanical insecticide with significant environmental benefits [41]. Dental caries is a common issue involving
Streptococcus mutants and Lactobacillus acidophilus, but their side effects are significant. Ocimum sanctum L., a plant
with a long history in traditional medicine, has potential as an alternative. Despite limited research on its
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antimicrobial effects, an ethanolic extract showed a significant inhibitory effect against these microorganisms. The
minimum inhibitory concentration (MIC) for Streptococcus mutants was 2.5%, while for Lactobacillus acidophilus it
was 10%. This suggests Ocimum sanctum L. is a promising antibacterial agent.[42]

Terminalia chebula

Terminalia chebula, commonly referred to as "Haritaki" or "Black Myrobalan," holds esteemed status in traditional
Ayurvedic medicine for its multifaceted healing attributes.[43] Originating from Southeast Asia, this botanical gem is
renowned for its potent arsenal of antioxidants, tannins, and polyphenols, which underpin its robust antimicrobial
efficacy. Scientific inquiry has revealed that extracts derived from Haritaki possess a wide-reaching antimicrobial
spectrum, combating bacteria, fungi, and viruses alike.[44,45] Its antimicrobial prowess is rooted in its adeptness at
disrupting microbial membranes, impeding enzyme function, and disrupting microbial DNA replication.[46] This
comprehensive profile renders Terminalia chebula a cherished natural ally in the battle against infections while
nurturing holistic well-being.[47] Terminalia chebula, an Indian herb, is a highly effective therapeutic agent with
diverse applications. The fruit, dubbed the "King of Medicines," contains phytochemicals such as sterols, resin, amino
acids, flavonoids, and tannins. The plant's primary polyphenols exhibit antibacterial properties against both gram-
negative and gram-positive bacteria. T. chebula fruit extract contains antioxidants, anticarcinogens, antidiabetics, and
anti-aging compounds. [48] Terminalia chebula Retz, commonly known as Haritaki/Myrobalan, is a traditional herbal
remedy with roots in Unani, Tibb, Ayurveda, and Siddha. It has a wide range of medicinal uses, including
antioxidant, antiproliferative, antibacterial, proapoptotic, antidiabetic, anti-aging, hepatoprotective, anti-
inflammatory, and antiepileptic characteristics. It affects glucose and lipid metabolism, which reduces atherogenesis
and endothelial dysfunction. Its constituents include bioactive compounds with antioxidant, antiaging, anti-
inflammatory, antidiabetic, and cardioprotective activities.[49]Antibiotic resistance is caused by the misuse of
antimicrobial medications for treating infectious diseases. Herbal medications like Terminalia chebula, known for their
medicinal activity and Ayurvedic use, have emerged as a potential solution. A study found that solvent-free organic
and aqueous extracts from T. chebula fruits inhibit microorganism development, lowering infection risks and aiding
healing. The methanol extract demonstrated notable bactericidal effects and robust antioxidant activity, while the
aqueous extract had lesser antibacterial efficacy but moderate antioxidant activity.[50]This study compared the
antibacterial and antioxidant properties of ethanolic extracts from Terminalia chebula fruits and leaves. The ethyl
acetate fraction showed higher levels of TPC and TFC in both fruits and leaves. It also displayed higher antioxidant
properties in DPPH radical scavenging and FRAP experiments. The ethyl acetate fraction of fruit extracts
outperformed other fractions in terms of antibacterial activity.The ethyl acetate portion of Terminalia chebula leaf
extracts demonstrated significant antibacterial activity, supporting its historic folk medicine use and scientific
evidence for its antioxidant and antibacterial properties.[51]

Curcumin longa

Turmeric, scientifically known as Curcumin longa and belonging to the ginger family, originates from Southeast Asia
and is widely grown for its rhizomes, utilized both as a culinary spice and in traditional medicine.[52]. Its primary
bioactive component, curcumin, demonstrates robust antimicrobial attributes against a spectrum of pathogens,
encompassing bacteria, viruses, and fungi. Research illustrates its effectiveness against prevalent microbes such as
Staphylococcus aureus, Escherichia coli, Candida albicans, and even certain drug-resistant strains. Curcumin's
antimicrobial prowess arises from its capacity to disrupt microbial cell membranes, hinder enzyme function, and
intervene in microbial signaling pathways, thus holding promise as a natural remedy against infections.[52,53]
Curcumin, a plant-derived polyphenolic chemical, exhibits diverse antibacterial properties due to its unique
structural characteristics and antioxidation products. It stops bacterial growth, suppresses virulence factors,
interrupts biofilm formation, and prevents adherence to host receptors. Curcumin also acts as a photosensitizer,
inhibiting growth when exposed to blue light. Its synergistic properties are demonstrated when combined with other
compounds. This analysis provides a theoretical foundation for natural antibacterial agents.[54]. The work aims to
improve curcumin by producing Nano curcumin nanoparticles (2-40 nm) by a wet-milling approach. Nanocurcumin
demonstrated better water dispersibility and increased antibacterial effectiveness against a variety of bacterial and
fungal species, including Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Penicillium
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notatum, and Aspergillus niger. It also shows greater antibacterial effects than antifungal properties.[55]. Curcumin, a
bioactive compound in turmeric, has numerous therapeutic properties, including antioxidant, anti-inflammatory,
antibacterial, antifungal, and antiviral activities. However, its effectiveness as an antimicrobial agent needs further
investigation, particularly against clinical and multidrug-resistant (MDR) isolates. A study evaluated curcumin's
effectiveness against over 100 strains across 19 species using the broth microdilution method. Gram-positive bacteria
showed greater sensitivity, while MDR strains of certain bacteria displayed high MICs. Curcumin demonstrated
selective antibacterial activity against specific species and strains, indicating its potential as a promising antibacterial
agent.[56] Curcumin (CUR), a turmeric derivative, has antimicrobial properties and can be used as a photosensitizer
in Photodynamic Therapy (PDT). However, its hydrophobicity, instability, and bioavailability limit its therapeutic
potential. To address these issues, various drug delivery systems (DDSs) have been explored. The study evaluates
various DDSs, including Colloidal formulations, metallic and mesoporous particles, graphene, quantum dots, and
hybrid nanosystems. Both free and encapsulated CUR show broad-spectrum antibacterial action, low cytotoxicity, in
vivo biocompatibility, and enhanced wound healing. Clinical trials are lacking, indicating the need for further
research for practical infection clinical scenarios.[57]

Morinda citrifolia

Noni, scientifically known as Morinda citrifolia, is a tropical fruit-bearing shrub indigenous to Southeast Asia,
Australia, and Polynesia. Revered in traditional medicine for its multifaceted health advantages, Noni boasts a
nutritional profile brimming with vitamins, minerals, and antioxidants, which underpin its acclaimed therapeutic
properties. [58] Studies indicate Noni's capacity to combat a spectrum of microbial threats including bacteria, fungi,
and parasites, owing to its array of bioactive constituents such as anthraquinones, polysaccharides, and flavonoids.
[59]. The antimicrobial prowess of Noni suggests promising avenues for infection management and holistic wellness,
yet further investigation is essential to elucidate its mechanisms and clinical utility.[60] The study evaluated the
antibacterial efficacy of extracts from Morinda centifolia’s leaves, fruits, and seeds using the disc diffusion method.
Five accessions were tested against five bacterial pathogens. The seed extract showed the most significant inhibitory
effect (12.23 mm), surpassing leaf and fruit extracts. E. coli and Pseudomonas species were inhibited by all extracts,
but Salmonella species, Staphylococcus aureus, and Klebsiella species did not. [61] The study investigates the prevention
of bacterial spot, a major disease in passion fruit trees caused by Xanthomonas axonopodis pv. passiflorae, which leads
to significant annual fruit production losses. Extracts and bioactive substances from endophytic fungus found in noni
(Morinda citrifolia) are investigated. Nine fungi, including Guignardia mangiferae NF17, show the best inhibitory
findings. Sydowinol and Sydowinin A, along with the acetonitrile extract from G. mangiferae NF17, show significant
antibacterial action against X. axonopodis passiflorae strains.[62] Morinda citrifolia, a traditional Polynesian medicinal
plant, was investigated for its antimicrobial potential. Extracts from dried and powdered leaves were prepared using
solvents like benzene, chloroform, ethyl acetate, ethanol, and water. The antimicrobial activity was tested against E.
coli, Staphylococcus aureus, Candida albicans, and Aspergillus niger using the disc diffusion method, showing inhibitory
effects on all tested organisms.[63]Noni, a Pacific Island medicinal herb, has been shown to have strong antibacterial
activity against Escherichia coli O157:H7 and Salmonella Enteritidis. The study extracted essential oil from ripe noni
fruit using hydro-distillation and discovered a substantial inhibitory effect. The primary antibacterial components of
noni EO were discovered by GC/MS analysis, with caprylic acid accounting for 82% of the volatile molecules. This
study focuses on the antibacterial properties of noni EO.[64].

Allium sativum

Allium sativum, more commonly known as garlic, belongs to the onion genus and is esteemed not only for its culinary
applications but also for its medicinal attributes.[65] Rich in allicin, a potent compound, garlic manifests remarkable
antimicrobial characteristics upon crushing or chopping.[66] Allicin's release triggers antibacterial, antiviral,
antifungal, and antiparasitic effects, as evidenced by studies demonstrating its efficacy against pathogens like E. coli,
Staphylococcus aureus, and Candida albicans.[67] Garlic's widespread recognition as a natural remedy for diverse
infections underscores its significance, although ongoing research endeavors persist in unraveling its complete
therapeutic capacities.[68,69]Garlic is used as a medicinal plant by traditional practitioners in poor countries. The
global drug resistance dilemma needs the search for alternative antibiotics, particularly those derived from natural,
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plant-based sources. Allicin, a primary active component found in freshly crushed garlic, has numerous antibacterial
effects. A study was done to determine garlic's antibacterial properties against typical strains of S. aureus and E. coli.
Four solvents were utilized to extract the bioactive components from garlic. The highest inhibitory zone was
discovered in chloroform, followed by water, ethanol, chloroform, and petroleum ether. E. coli was more susceptible
to garlic extracts than S. aureus, showing garlic's potential as an efficient antibacterial agent against human
pathogenic bacteria.[70,71] Garlic, a medicinal herb rich in sulphur compounds, is known for its antibacterial,
anticancer, antioxidant, immunomodulatory, anti-inflammatory, and cardiovascular activities. The purpose of this
study was to look into the in vitro antimycobacterial and antibacterial properties of several garlic extracts that had
been enhanced with certain phytoconstituents. The extracts' activity was assessed using the Resazurin microtire plate
test and the colony count method. The results showed that extracts rich in allicin and ajoene had significant
antimycobacterial activity when compared to standard medicines. Garlic oil also shown strong antibacterial
properties, particularly against methicillin-resistant Staphylococcus aureus. [73]An in vitro investigation on garlic
extract's antibacterial effects on human dental plaque found that it suppressed all bacterial strains examined. The
disk diffusion method was employed to test four different doses of garlic extract against Streptococcus mutans,
Streptococcus sanguis, Streptococcus salivarius, Pseudomonas aeruginosa, and Lactobacillus spp. The results revealed that
the 5%, 10%, and 20% doses produced similar inhibition zones that were much larger than the 100% extract. The
study concluded that the 5% extract had equivalent effects, recommending more research into its potential
benefits.(74)The study found that aged garlic has better antioxidant and antibacterial capabilities than fresh garlic. It
exhibits higher total phenol and flavonoid content, increased DPPH, ABTS, FRAP, and H20: scavenging activities in
the distilled water extract, and increased Fe: chelating activities in both fresh and aged garlic extracts.[75]

CONCLUSION

Exploring the realm of herbal remedies, which includes a variety of natural extracts such as Terminalia chebula,
curcumin from turmeric, lounga, eucalyptus, morinda citrifolia, holy basil (Ocimum sanctum), and garlic (Allium sativum),
reveals promising avenues for combating antimicrobial resistance. These botanicals have garnered attention due to
their demonstrated antimicrobial efficacy in numerous scientific studies, coupled with their extensive historical use
across diverse cultural settings. Despite the promising evidence, a comprehensive understanding necessitates
rigorous scientific investigation, including thorough clinical trials. These trials are crucial for delineating the efficacy,
safety profiles, and optimal dosages of herbal remedies against microbial infections, thereby addressing the growing
challenge of antimicrobial resistance. This approach underscores the importance of evidence-based medicine in the
development and deployment of herbal-based treatments. The fusion of ancestral knowledge with contemporary
scientific methodologies represents a potent synergy that is poised to catalyze the emergence of ground-breaking
herbal remedies. By integrating traditional wisdom with modern scientific rigor, researchers can unlock the full
potential of herbal medicines in addressing antimicrobial resistance. Moreover, the augmentation of existing
antimicrobial tactics with herbal remedies holds significant promise in global efforts to combat antibiotic resistance.
Embracing this interdisciplinary synergy not only represents a transformative era for herbal solutions but also
underscores the urgency of fortifying our collective response to the pressing issue of antimicrobial resistance. In
essence, the exploration of herbal remedies as potential antimicrobial agents highlights the importance of evidence-
based research, the fusion of traditional and modern knowledge, and the collaborative efforts needed to address the
escalating challenge of antimicrobial resistance on a global scale.
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ABSTRACT

Experimental pharmacology examines the impact of various substances on animal species, identifying
therapeutic agents, assessing toxicity, and understanding drug mechanisms and effects in pre-clinical and
clinical settings. The complexity of biological processes and limited access to in vivo systems make it
difficult to evaluate chemical harmful effects and potential therapeutic benefits on human health.
Scientists use model systems like animals and simpler organisms, but these models are expensive,
challenging to manage, and often have poor translational value due to interspecies differences. Organ-on-
a-chip technology offers potential for clinical translation, drug development, and personalized
intervention, addressing current pharmacological challenges, as microfluidic systems have advanced
from basic sample handling to bioanalytical apparatuses. This review discusses microfluidic cell culture
platforms for engineered tissue constructs, aiming to create a physiologically relevant microenvironment
for drug screening studies. Recent developments focus on liver, heart, and lung, with progress in
reproducing complex mechanical environments and developing electrical signals. Future studies should
focus on creating complex architectures using human cells.

Keywords: Organ-on-a-chip, experimental pharmacology, lung-on-a-Chip, heart-on-a-chip, skin-on-a-
chip, kidney-on-a-chip.
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INTRODUCTION

In the field of experimental pharmacology, the impact of diverse pharmacological substances on diverse animal
species is examined. Identifying a therapeutic agent acceptable for human use, researching a drug's toxicity, and
learning more about a drug's mechanism and site of action are the three basic goals of experimental pharmacology.
Finding new drugs or examining the effects of ones that already exist is the goal of experimental pharmacology. This
is done in two main stages: pre-clinical experimental pharmacology, which identifies and optimizes novel chemical
lead structures and tests them for biological effects on animals, animal tissues, and animal organs; and clinical
pharmacology, which tests drugs on volunteers and patients to determine their pharmacokinetics, safety, and
efficacy in humans. Organ-on-a-chip (OoC) technology has promise for enhancing clinical translation of
fundamental research, expediting the development of pharmaceutical drugs, and offering tailored intervention
approaches. The discussion of individual OoC systems centers on pertinent applications and emphasizes their
capacity to address contemporary pharmacological research difficulties. Microfluidic systems have advanced from
basic chemical sample handling instruments to bioanalytical apparatuses and complex cell culture systems in the
past thirty years [1]. Because of the intricacy of the biological processes involved and the limited experimental
accessibility to informative in vivo systems, evaluating the possible harmful effects of chemicals and the potential
therapeutic benefits of medications on human health remains difficult. Because of this, scientists use model systems,
which may be anything from single cells to animals like rats, mice, dogs, or primates as well as simpler model
organisms like the worm Caenorhabditis elegans and the fruit fly Drosophila melanogaster. Although the most widely
used animal models are very beneficial for studying (Patho)physiology in an in vivo setting and for supporting the
preclinical development of therapeutics, they are also relatively expensive, challenging to manage, and, in the case of
pharmaceutical preclinical testing, often have poor translational value because of interspecies differences [2,3].
Because of this, this review provides an overview and critical evaluation of recent developments in the area of OoC
technology, including both single and multi-organ models, with an emphasis on their potential uses in experimental
pharmacology. Figure 1 shows a model on OoC technology.

How might organ-on-chip decrease the need for animals while enhancing safety prediction?

OoC models are shown themselves to be more helpful in offering regulated in vitro environments for the study of
intricate biological systems. Obviously, OoC adds complexity when compared to straightforward single-cell type in
vitro tests. Larger biological domains seen in OoC often include a greater portion of another network, making it easier
to analyze the relationships between each in the network that are relatively distantly linked. OoC's comparatively
poor throughput, the intricacy of their kinetics (volume, duration, interactions between cell types), and the challenge
of inter laboratory standardization are drawbacks for their use in regulatory toxicology, which exacerbates validation
problems [4]. Furthermore, OoC do not provide definitive answers on detrimental health impacts at the level of the
intact individual, akin to basic 2D in vitro tests. When utilized for hazard and risk assessment, OoC data still need
interpretation in the larger context of physiology and toxicology [5]. The evolutionary strategy is similar to the
current practice of swapping out individual animal tests with a group of non-animal techniques that collectively
anticipate the endpoint that the animal test was intended to evaluate [6]. When standardized and approved non-
animal methods are available, the evolutionary approach is used one step at a time. Comparing an alternative
strategy to reference animal data is still used to see how well it predicts or can be used. The ICH (for medicines), the
OECD (for chemicals), and EU guidelines (like the EMA) have already approved and validated a number of non-
animal methods for testing for toxicity endpoints, such as genotoxicity, corrosion and irritation, and sensitization. For
more complicated outcomes, such as acute toxicity, repeated-dose toxicity, carcinogenicity, reproductive toxicity, and
neurotoxicity, there aren't enough approved non-animal approaches. On the other hand, the innovative method
begins with the discovery of significant metabolic or molecular pathways associated with human illness. The purpose
of the tests is to find important rate-limiting stages in physiological systems (networks) that cause toxicity by messing
up chemicals [7,8]. This technique establishes relevance based on physiological relevance, which is a measure of how
well a test strategy or method covers the key molecular network events that generate toxicity. A test procedure's
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prognostic power is its ability to forecast whether a chemical may disrupt this network to the point where it causes
long-term negative consequences [8]. The goal of both the evolutionary and revolutionary approaches is to shift the
focus of toxicology and pharmacology from mostly using animal experimentation to primarily using human
physiology. OoCs have the remarkable ability to mimic human physiology, which is one of their main advantages.
This is particularly important when using whole tissues rather than isolated cells since it allows for direct interaction
between cells as well as between cells and external elements like the extracellular matrix. Comparing these
interactions to a suspension culture where individual cells do not have direct touch should result in a pharmacologic
or toxic response that more closely mimics the in vivo environment. Additionally, the ability to apply shear stress,
drain waste products, and have a dynamic supply of nutrients should improve compatibility with the in vivo
environment. Furthermore, ongoing reaction monitoring is made possible by the OoC's sensor integration. using a
variety of methods to provide a complete picture of the pharmacologic or toxic response, such as concurrently
evaluating the impact on cell metabolism [9]. Sensor technology allows for online electrochemical detection of several
biomarkers, such as albumin and glutathione S-transferase, which are liver biomarkers, and creatine kinase, which is
a cardiac biomarker, in addition to continuous monitoring of temperature, pH, and oxygen [11]. However, modest
quantities and concentrations of signaling molecules, as well as their dilution, may provide difficulties for further
analytics (dynamic range, background issue).

One of the main benefits of OoC over animal models is the ability to incorporate targets particular to humans,
allowing for the identification of chemicals that have distinct pharmacological or toxicological effects exclusively in
humans. The ability to combine (i) exposure/treatment, (ii) kinetics, and (iii) impact is another significant advantage
of OoC. In a suspension cell culture, exposure and effect are immediately correlated, eliminating the need to assess
kinetics. It is crucial that in vitro data be stated quantitatively in order to extrapolate the concentration response in
vitro to the dose-response in vivo and provide quantitative predictions of dose-dependent unfavorable outcomes in
vivo. This calls for a more thorough in vitro evaluation than the typical positive-negative chemical effect
determination [10]. To translate in vitro exposures to in vivo exposures, kinetic modeling is also necessary. In addition
to the compound's effects on the cells that make up the barrier, incduding any deleterious effects on the barrier
function itself, the chemical or pharmaceutical's ability to flow across the barrier may also be assessed. Exposure,
kinetics, and effect may all be combined in these models. Should the detrimental impact indeed transpire in a tissue
other than the barrier, details on the kinetics beyond the barrier could be necessary. The tissue that makes up the
barrier and the tissue where the negative impact occurs may mix in OoC [11].

Toward coordinated development and implementation of organ-on-chips

Human biology, engineering, and biotechnology are just a few of the fields that must be merged in order to imitate
tissue, organ, or organ system structure and function for the creation of OoC. Many stakeholders must be included in
order to fully realize the benefits of Outcome of Care (OoC) for toxicology and pharmacology, as well as to determine
the next steps for the practical use of OoC in the safety testing of chemicals and the effectiveness and safety testing of
medicines [11]. The European Union's Horizon (EUR) 2020 research and innovation program is supporting EUROoC,
an interdisciplinary training network that aims to advance OoC technology in Europe. Its primary goal is to establish
a network of application-focused researchers that are proficient in the creation and use of OoC technology [11]. By
doing this, it hopes to foster creative research endeavors that, in turn, progress the creation of cutting-edge OoC
systems. The development of OoC to more precisely anticipate medication safety and effectiveness in people is the
program's main emphasis. To drive OoC toward acceptability and implementation in regulatory decision making,
NCATS and other stakeholders, including FDA regulators and the pharmaceutical sector, developed public-private
partnerships [11,12]. Talks about building trust in the technology's performance are required, since OoC is used to
provide data that demonstrates safety. As a consequence, OoC technology may need to be modified to meet
regulatory requirements. One benefit is that it will encourage conversation about updating toxicity and make room
for new ideas.
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Current and emerging methods in toxicology and regulatory pharmacology

Animal tests have been and continue to be the traditional method used to evaluate the safety of industrial chemicals
as well as the safety and effectiveness of medications. When it comes to medications, thorough clinical testing on
human volunteers in good health is often conducted after animal research, and then patient testing follows. Safety
testing follows a methodical, tiered process. First-in-human trials employ the safety data from repeated-dose toxicity
studies to determine the starting dosages. To provide a first indication of human relevance, exposure levels in animal
studies are compared to human exposure at the estimated maximum recommended human dosage (MRHD). If you
want to use a model, make sure it is pharmacologically relevant. This means that it expresses the drug target and
changes downstream effects in a way that is similar to humans, that it is compatible with the drug's
pharmacokinetics (having a similar metabolic profile and good bioavailability), and that it is safe for the test species.
International Conference on Harmonization (ICH)highlights the need to consider product-specific factors such as the
non-metabolization of monoclonal antibodies and the general restriction of the model of choice to non-human
primates due to the target sequence. To enable longer and longer clinical studies, sub-acute and chronic toxicity
testing is started later (i.e, phase 2 and 3 trials). It is generally accepted that for animals undergoing acute,
subchronic, and chronic treatment, a dose selection limit of 1000 mg/kg/day is sufficient [13]. Mechanistic features
have gained significance in assessing the safety of chemicals and pharmaceuticals for human use in recent years. In
the past, adverse health effects and the exposure levels at which they were identified in animal studies have been the
main basis for chemical hazard and risk assessment as well as pharmaceutical safety review. A deeper analysis of the
differences between species and the application of findings from animal research to human situations are made
possible by an understanding of the effects and processes of chemicals [14]. Pharmaceuticals are now used mostly for
prescreening purposes in safety evaluation, in order to determine if a chemical is promising enough to proceed with
animal safety research before being determined to have undesirable features. Furthermore, mechanistic studies for
certain functional properties of substances and pharmacodynamic analyses for medications have been using in vitro
research more and more [15]. To help with the creation of suitable in vitro models for both drug and toxicity testing,
multi-OoC models that simulate the interactions between many organs have been created. When it comes to drug
screening, OoCs may verify the efficiency of the medication in treating the desired target pathways as well as the lack
of hazardous consequences (by evaluating, for example, liver, cardiovascular, or skin toxicity) [16].

Lung-on-a-Chip Systems: Enhancing Disease Models via Biomechanics

Inhaled air flows from the conducting zone (trachea, bronchi, bronchioles) to the respiratory zone (alveolar ducts to
alveoli sacs) in the respiratory system for gas exchange [17].0 All things considered, the lung lobules are divided into
segments, which are distinct functional units made up of an artery and a bronchus [18]. Lung and respiratory system
pathologies include cystic fibrosis, bronchitis, lung cancer, chronic obstructive pulmonary disease (COPD), and
asthma [19]. Preclinical models for lung disorders in humans are currently based on ex vivo lung tissue or in vivo
rodent models,