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Financial Inclusion and Its Relationship with Financial Literacy
Dr. Mahadeo Yadav
Head, Department of Business Economics,
B.K. Birla College (Autonomous), Kaylan

Abstract:

Financial Literacy has become one of the top priorities for most of the countries today
as it put direct impact on economic growth of a country. In Indian economy financial literacy
has still not become a top priority like other developed countries. Because of this most of the
people are investing money in short term plans and physical assets. According to the survey
conducted by Standards & Poor's over 76% Indian adults does not understand even the basic
financial concepts. This article provides a discussion on some issues associated with digital
finance - an area which has not been critically addressed in the literature. Digital finance and
financial inclusion has several benefits to financial services users, digital finance providers,
governments and the economy
Key words : Financial Literacy, Digital Literacy, Education, inclusion.

Introduction

Financial Literacy is the first step towards achieving Financial Inclusion. It is essential
for enabling people to make right financial choices. In view of the lack of proper awareness,
people buy policies without adequate planning and give up midway because they don't have
money to pay the premium. People who have a strong grasp of financial principles are able to
better to understand and negotiate the financial landscape and avoid financial consequences.
Conversely, people with a lower degree of financial literacy struggle to understand money
matters and the potential impact on their financial well-being.

Financial literacy and financial inclusion are twin pillars where financial inclusion acts
as supply side for providing financial services and financial literacy acts as demand side making
people acquainted with what they should buy. As the main motto of financial inclusion is to
provide access to financial services to the masses at an affordable cost, so it is imminent that
the masses be financial literate to avail much benefits and augment the process of inclusive
growth.

The OECD, defines financial literacy as "A combination of awareness, acquaintance,
skill, attitude and behavior necessary to make sound financial decisions and ultimately achieve
individual financial well-being"

Objectives of the Paper

l. To concentrate on financial journey in the world and Inida

2. To see the present level of financial education in India.

3. To focus of various initiatives taken by various institutions i to enhance the financial
literacy in India

4. To suggest measures to boost the financial literacy in India

1
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Methodology

This paper is descriptive in nature and is based on several secondary data and sourced
from the publications of various government and private organizations and websites like,
websites of RBI, Finance Ministry, MOSPI-CSO, SEBI, NISM, NSE, NSDL, CRISIL,
Govt. publications, Research Publications of individual and institutional, Foreign Regulatory
Acts of various other countries, etc.

Financial Literacy in the world:

The countries with the highest financial literacy rates are Australia, Canada, Denmark,
Finland, Germany, Israel, the Netherlands, Norway, Sweden, and the United Kingdom, where
about 65 percent or more of adults are financially literate. On the other end of the spectrum,
South Asia is home to countries with some of the lowest financial literacy scores, where only a
quarter of adults-or fewer- are financially literate. Not surprisingly, financial literacy rates differ
enormously between the major advanced and emerging economies in the world. On average,
55 percent of adults in the major advanced economies-Canada, France, Germany, Italy, Japan,
the United Kingdom, and the United States-are financially literate But even across these
countries, financial literacy rates range widely, from 37 percent in Italy to 68 percent in Canada.
In contrast, in the major emerging economies-the so-called BRICS (Brazil, the Russian
Federation, India, China, and South Africa)-on average, 28 percent of adults are financially
literate. Disparities exist among these countries, too, with rates ranging from 24 percent in
India to 42 percent in South Africa ( Final report S& P 2016)

Financial inclusion journey in India

Financial inclusion as a policy initiative entered the banking only after the
recommendations of the Rangarajan Committee in 2008. It began to attract the attention of
stakeholders when banks realised the significance of connecting with more people for business
growth. The span of financial services included provision of basic savings accounts, and access
to adequate credit at affordable costs to vulnerable groups such as the excluded sections of
the society and low-income households. The experience of microfinance units in India and
abroad shows that vulnerable groups who pay usurious interest rates to local moneylenders,
can also be worthy borrowers of banks
Initiatives for Financial Literacy

Government of India through its various agencies like RBI, SEBI, NABARD, State
Bank of India etc have been trying to give financial literacy and financial education to its
citizens in the last few years
l. The booklet on FAME (Financial Awareness Messages) is a basic financial literacy
messages for the information of general public. It contains eleven institution/product neutral
financial awareness messages, such as, documents to be submitted while opening a bank
account (K'Y C), importance of budgeting, saving and responsible borrowing, maintaining a
good credit score by repaying loans on time, banking at doorstep or at vicinity, knowing how
to lodge complaints at the bank and the Banking Ombudsman, usage of electronic remittances,

2
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investing money only in registered entities, etc

In amove to provide elementary financial literacy information to general public RBI
has designed the booklet FAME (Financial Awareness Messages). FAME Contains financial
awareness messages, such as, documents needed to be submitted while opening a bank account
(KYC), importance of budgeting, saving and responsible borrowing, maintaining
creditworthiness, a credit score and by repaying loans on time, doorstep banking and localized
banking, process of lodging complaints at the bank and the Banking Ombudsman, usage of
electronic transfers, capitalizing money in registered entities etc.
2. The Reserve Bank of India has undertaken a project titled "Project Financial Literacy",
the objective of which is to disseminate information regarding the central bank and general
banking concepts to various target groups, including school and college students, women,
rural and urban poor, defense personnel and senior citizens Modules covering matters related
to General Indian economics and banking in India has been created in English and other
vernacular languages and is disseminated to the target audience. Moreover, it also arranges
visits of school and college students to RBI. Since last year it has started an annual quiz
programme for students of classes VII to XI to generate their interest in economy, banking
and insurance and RBI.
3. The Securities Exchange Board of India has gone aboard for financial education
programmes through a nationwide campaign. To impart financial education to school and
college students, working executives, middle income group, home makers, retired personnel,
self help groups, etc., SEBI has empanelled Resource Persons throughout India who are
trained on various aspects of finance and equipped with the knowledge of financial markts
Investor education programs are conducted by SEBI through investor associations all over
the country. Regional seminars are conducted by SEBI through various stakeholders viz. Stock
Exchanges, Depositories, Mutual Funds Association, Association of Merchant Bankers etc.
SEBI has a dedicated website for investor education wherein study materials are available for
dissemination. SEBI also publishes study materials in English and vernacular languages. Under
"Visit SEBI' programme, School and college students are encouraged to visit SEBI and
understand its functioning. SEBI has recently set up SEBI Helpline in 14 languages wherein
through a toll free number, investors across the country can access and seek information for
redressal of their grievances and guidance on various issues.
4. IRDA'S Initiatives on Financial Education Insurance Regulatory and Development
Authority has taken various initiatives in the area of financial literacy. Awareness programmes
have been conducted on television and radio and simple messages about the rights and duties
of policyholders, channels available for dispute redressal etc have been disseminated through
television and radio as well as the print media through sustained campaigns in English, Hindi
and 11 other Indian languages. IRDA conducts an annual seminar on policy holder protection
and welfare and also partially sponsors seminars on insurance by consumer bodies. IRDA has
got apan India survey on awareness levels about insurance carried out through the 13 NCAER

3
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in abid to improve on its strategy of crating insurance awareness. IRDA has also brought out
publications of 'Policyholder Handbooks' as well as a comic book series on insurance. A
dedicated website for consumer education in insurance is on the verge of launch IRDA's
Integrated Grievance Management System (IGMS) creates a central repository of grievances
across the country and provides for various analyses of data indicative of areas of concern to
the insurance policyholder.

Progress of financial inclusion at a glance

Parameter of financial inclusion March 2010 | March 2016 | March 2017

Number of Bank branches in 33,378 51,830 50,860
villages

Number of Business 34,174 531,229 543,472
Correspondents (BCs)

Number of other forms of banking 142 3,248 3,761
touch points

Total number of banking touch 67,694 586,307 598,093
points

Number of BSBDA* (in millions) 73 469 533
Deposits in BSBDA (Amount in 55 636 977

Rs. billions)

Source : Annual Report of RBI, 2016-17.
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In the last 7-8 years, banks have expanded their presence, and differentiated banks - payments
banks and small finance banks - are set to take this further. When banks began pursuing three-
year FI policies, innovations in providing better access to appropriate financial products and
services came up. There was more focus on making banking accessible to vulnerable groups.
Mainstream institutional players integrated fairness and transparency as part of their offerings,
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with basic products well-understood by the masses. As a result, FI became a critical factor for

inclusive growth and development. Banks also realized that it can be an effective means for

cross-selling and business growth.

Suggestions
India has now 180 billion accounts. But 48 per cent of the bank accounts have seen

no transactions in the last one year, according to the World Bank's Global Findex database.

We must remember that the right measure of financial inclusion is not access, but regular

usage. For making successful use of financial services, people need to be literate enough to

understand the basics of managing money. This skill is known as financial literacy. People must
be trained in smart spending prioritising needs over wants, using credit card wisely, avoiding
waste, funding expenses from savings and not loans, understanding terms of EMI (equated
monthly instalments) before buying on EMI. Unfortunately it is a fact that even graduates in

India are not really financially literate. So we should concentrate on financial education of

graduates.
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Franchising: Retaining and Expanding Customer Base

Prof. (Dr.) Landge Balwant Bhimrao Mrs. Pallavi Sandeep Gawaree
Research Guide, Professor and Research Scholar,
Head Dept. of Commerce B.J.S. College, Wagholi, Pune :- 412 207.
ASC College, Wagholi, Pune.

Abstract:

This research paper presents a broad review of franchising research, which can be
divided into three streams franchising and society, creation of customer base and expanding
the business. Franchising refers to the practice of using a business model success to catch new
market and retain the existing market shares. Franchising would be the best way to support
their business to meet economical goal. In addition, it is also provide an opportunity of raising
more capital to expand into other regions. The term Franchising is defined as a strategy that a
business can use in retaining and expanding its customer base. Franchising has entitled several
businesses that were started in the past to grow to whole new levels of profitability and customer
satisfaction as compared with their competitor. Every business requires proper planning and
research in order to take right decision. Especially when you are new in the business, franchising
plays a vital role in getting your business vision and ideas on the right track or route. We all
know that the customer is king of marks. There is not a single example of business which is
survived without the customer base.

Keywords : Franchising, retaining, expanding business, agreement and Customer satisfaction.
Introduction

Abusiness plan is not only a written document that narrates the core detail of your
business but also has a list of your objectives, vision, mission and goal. It also includes the
operation and marketing strategy for growing your business, as well as the financial conditions.
Once our business is successful to present how it is different as compared with their competitor
then it is known as brand of the particular sector. Eg. Coca-Cola, Tata group, McDonald's
Raymond and Pizza hut etc. The term brand means a product, service or concept that is totally
different from others business. Quality of a product, customer approach, authenticity and
relevance this are the fundamental principles of branding concept.

Franchising is rarely an equal partnership, especially in the typical arrangement where
the franchisee is an individual, unincorporated partnership or small privately-held corporation,
as this will ensure the franchisor has substantial legal or economic advantages over the franchisee.
The usual exception to this rule is when the prospective franchisee is also a powerful corporate
entity controlling a highly profitable location and captive market in which prospective franchisors
must then compete to exclude one another from. However, under specific circumstances like
transparency, favorable legal conditions, financial means and proper market research, franchising
can be a medium of success for both a large franchisor and a small franchisee.

Thirty-six countries have laws that explicitly regulate franchising, with the majority of

6
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all other countries having laws which have a direct or indirect effect on franchising business.
Franchising is also used in a foreign market entry mode.
Franchise

A franchise is a type of license that grants a franchisee access to a franchisor's
proprietary business knowledge, processes, and trademarks, thus allowing the franchisee to
sell a product or service under the franchisor's business name. A business in which the operator
pays a mixture of upfront and ongoing fees in order to license the brand name and supporting
resources of parent company.
Features of Franchising

Firstly, under a franchising agreement, the franchisor grants permission to the franchise
to use its intellectual properties like patents production process and trademarks.
Secondly, the franchise in return pays a fee (i.e. royalty) or some deposits to the franchisor and
may even have to share a part of his profits. On the adversely, the franchisor provides its
goods, services, and assistance to the franchise.
Finally, both parties in a franchise business sign a franchising agreement. This agreement is
basically a contract that states terms and conditions applicable with respect to the franchise.
Merits and Demerits of Franchising
Merits according to Franchisors

. Firstly, franchising is a best way to expand a business without incurring additional
capital cost on expansion. This is because all expenses of selling are borne by the franchise.
. This concept also helps in building a brand name, increasing goodwill and reaching

more customers satisfaction.

Merits to Franchisees

. A franchise can take benefits of franchising to start a business on a pre-established
brand name of the franchisor. It reflects, the franchise can forecast his success and reduce
risks of failure.

. The franchise does not need to invest money on training and assistance because the
franchisor provides this.

. Another advantage is that sometimes a franchisee may get exclusive rights to sell the
franchisor's products within an area.

. Franchisees also will get to know business techniques and trade secrets of brands.
Demerits for Franchisors

. The most basic disadvantage is that the franchisor does not possess direct control

over the sale of its products. As a result, its own goodwill can suffer if the franchisee does not
maintain quality standards.

. Furthermore, the franchisee may even leak the franchisor's secrets to competitors.
Franchising also involves ongoing costs of providing maintenance, assistance, and training on
the franchisor.




Power of Knowledge Peer Review Journal,Volume:l, Issue: I April to June 2023 ISSN 2320-4494 Impact factor 2.7286

Demerits for Franchisees

. First there is no franchise has complete control over his business. He always has to
follows to the policies and conditions of the franchisor.

" Another disadvantage is that franchisee always has to pay some royalty to the franchisor
on aroutine basis. Sometime, he may even have to share his profits with the franchisor.

Key Franchising Concepts

Common franchising terms to be includes following concept :

. Franchisor - The owner of an established licensed business model, Intellectual Property
(IP) and other collateral

. Franchisee - The person that operates the individual franchise outlet or business using
the business model licensed by the franchisor

. Franchising - The relationship between the franchisor and franchisee

. Franchise agreement - The formal contract between the franchisor and franchisee

The international franchise association (IFA) is defined that, franchising involves an
agreement between two parties. This agreement would enable the franchise owners to market
the products as their own or use the trademark registered for commercial purposes for a
particular duration. Since they have been receiving request to purchase franchises, it would be
wise for them to obtain a license agreement that would enable them to trade with the trademarks
acquired. The license would also enable them market their products using other registered
trademarks without being seen as operating illegally.

Common Development Strategy and Improvement of Growth of the Franchise

1. For successful franchising needs mutual trust and respect and a sharing of the general
aims and targets of the contract. The main objective of this approach would be that both
parties would benefit from the common goals and objectives of the company or organization.
2. The franchisor is also required to provide support to the franchisee. This will involve
encouraging the systems of operation. The franchisor should also follow the practice guidelines
and pay the maintenance fees such as marketing and the ongoing management expenses as a
franchisor, taste of Yam needs to hire staff that will focus solely on helping franchise to grow to
its projected growth level.

3. Market research provides key insights into the competitors, helping you to understand
what's running in the consumer's mind. In addition, a thorough market research helps you get
an upper hand in understanding customer's point and preference, followed by the latest market
trends and consumer's buying patterns.

4. Expert states that market research is an essential business tool for gearing a business
towards sure shot success. Franchising helps a business to understand the requirements of the
market along with understanding the various strategies of your competitors.

5. Market research can help business to keep a tab on overall growth while constantly
comparing business with the available competitors. Also, market research could help franchisors
to come up with different and unique strategies, keeping the business ahead.
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7 Elements of a Successful Franchise Business
1. Executive Summary
The executive summary section should answer the following questions:

. Which service, product, or need, does your business serve?
. Is your business unique?

. How will you ensure your company's success?

. What skills do you possess that will help the business excel?

2. Business Description
The business description section of the franchise business plan summarizes business.
This section should contain with

. Company's structure,
. Mission statement,

. History,

. Future projections.

3. Competitive Analysis

A competitive analysis section is also included in any franchise business plans. It involves
determining your competitors, both direct and indirect, and deep research will help you
understand your weaknesses and strengths.
To have a handful analysis of competitors in the business, you need to do the following:

. Select ten direct and indirect competitors to compare.
. Conduct research about their marketing efforts and product features.
. Then compare the gathered details to yours.

Gaining an understanding of your competitors through your competitive analysis helps
you develop an effective strategy for the success of your franchise business and helps you get
potential funders.

4. Marketing Plan and Sales Plan

This section of franchise business plan highlights your business's strategy for building
and maintaining a customer base and demand for your business. Thoroughly explain how you
plan to advertise, your current advertising, and the research behind your strategy.

5. Operations and Management

The operation and management section of your franchise business plan highlights the
day-to-day operation of your business. It covers not only the business operations but emphasizes
the responsibilities and tasks of the franchise owner. This section also includes the company's
staffing, logistics, and solutions to potential problems that could occur in the operation of
business.

6. Financial Plan

The financial data portion of franchising business plan should reflect and expand upon

any facts and figures previously mentioned in your business plan, including your executive
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summary. This section provides:

. Hard numbers for your business costs,

. Current funding,

. Expected funding necessary in the future.
7.Pro Forma

The pro forma is similar to the financial data section. But this section focuses more on
the three main accounting statements, which are:

. The balance sheet
. The cash flow

. The profit or loss
Conclusion

A franchise business is useful to minimize a capital loss. Loss is acommon fact for
almost every business. In this competitive market, it's essential to stay strong and healthy with
the trend, making your business strong and successful. A market research contributes to reducing
the probability of loss, identifying potential problems and determining the solutions on the
problem.

Customer attraction and satisfaction is also important task in font of every business.
Therefore, you need to be very specific with your market research, never underestimating
market research, focusing in order to create effective strategies for acquired a market.

Market research not only helps in identifying new business opportunities but also
contributes to designing your marketing strategies and campaigns for a successful business.
Opting for market research could help you to directly target the interest of your customers,
generating more sales.

As a franchisor, market research will help you grab information about the market
potential, during a specific time and age groups of customers.
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Abstract: Public outlay has been the most important paraphernalia with governments
which has ramifications not only for the people but also for governments. Primary motive of
this study is to scrutinise the budgetary allocations of the central government on school education
and literacy. We take two important Centrally Sponsored Schemes (CSS) namely Samagra
Shiksha and PM-POSHAN to analyse budgetary outlay on school education. Our analysis
suggests that allocations for PM-POSHAN are diminutive and show a decline 0£9.37 % in
contrast to 2022-23 (RE). The fall in total outlay on PM-POSHAN for 2023-24 (BE) is
alarming because as a percentage share of the total outlay of Ministry of Education the outlay
on PM-POSHAN has nosedived below the lowest levels of (10.84 %) which were observed
during the pre-pandemic years of 2019-20. On the contrary allocation on Samagra Shiksha
denotes a 16.49 % increase in contrast to 2022-23 (RE). However share of Samagra Shiksha
in total outlay of Ministry of Education in 2023-24 (BE) has declined by 3.03 % in contrast to
pre-pandemic level observed in 2019-20.

Keywords : Union Budget, Education, PM-POSHAN, Samagra Shiksha

Against the panorama of uncertain macroeconomic situation with sustained increase in
inflation, elevated crude oil prices, rising youth unemployment and the expectations of a looming
recession, the central government on February 1st 2023 presented its last budget before the
general elections of 2024. The apprehensions and curiosities of a tax friendly policy and the
expectation of a robust funding especially for education is bound to surface because India will
have to chalk out its priorities as she marches towards the centennial celebrations of her
democracy and enters into the 'Amrit Kaal'. Secondly educational outlay is crucial also because
she has to live up to the lofty targets as envisaged under NEP 2020 and SDG 2030.
Concomitantly child-centric learning, health, nutritional support, robust scholarships and related
announcements are indispensable and expected from the government through its Union Budget
2023-24.

Given the consternation and expectations, the Finance Minister, with a total outlay of
Rs. 45.03 lakh crore, presented in the parliament the Union Budget 2023-24. In view of this,
fund allocation for education is pegged at R.s 112899.47 crore, which denotes a 2.5 % of the
total budget for 2023-24. Thus if one takes into consideration the allocations on education for
2022-23 (Revised Estimates) which was Rs. 99881.13 crore, budget 2023-24 has increased
the expenditure by Rs.13018.34 crore ora 13.03%.

However, given the allocations for Ministry of Education, a plethora of questions
emanate. For instance, what does this budget have for the school children? How much
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allocations are devoted towards Samagra Shiksha in view of RTE 2009, NEP 2020 and SDG
2030? What happens to the allocations for Mid-day Meal (now revivified as PM-POSHAN?
These and many questions analogous with budgetary allocation of the government of India
form the nucleolus of this article.

Repetitively people across the board have suggested on increasing the budgetary
allocations on education primarily for two reasons. Firstly public spending on education is
important for formation of human capital and thus helps in economic development (Schultz,
1961), (Becker, 1964) and secondly because education has the potential to provide the
populous with greater avenues for work, stability and a better quality of life (Edgerton, Roberts,
& Below, 2012).

Hitherto an interesting remark on education was made by Srinivasan and Bardhan
who asserted that "Education in fact is the most important instrument for bringing about abiding
social change, of progressive realisation of the ideal of equality of opportunity, of widening the
basis of discovering and nurturing talent and of giving people adequate chances to realise their
potential, enrich their life and the life of the community in which they live" (Srinivasan & Bardhan,
1974). Indeed there are numerous studies in literature which unequivocally manifest the
importance of education not only for growth but also for poverty alleviation and social progress.
Thus education becomes crucial for people and governments across the globe.

Public Outlay on School Education:
Centre and the State:

In the middle of hope, slow economic growth and a recent pandemic public funding
especially on education in several economies around the world has witnessed constraints (Al-
Samarrai, et al., 2021). Since majority of people in India depend upon public education
especially in the rural parts, a scrutiny of public outlay in light of union budget 2023-24 on
education in India is warranted. However, before we delve into that, it is important to know
that 'education’ in India falls under 'concurrent list', thus it is comprehensible that central
government only represents a partial picture of public outlay on education because considering
the outlay of state government, the central governments budgetary allocation is but a fraction
of the total state exchequer towards education.

In this regard, (Table 1) exhibits the total public expenditure on education by education
departments of both central and state government as a percent of the GDP since 2010-11 and
it gives a clear impression that share of state in outlay on education is hefty in relation to centre.
Additionally we have also presented in (Table 1) the total outlay on education by the department
of education and other departments. In both the cases, the state expenditure is more in contrast
to centre.

12
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Table 1: Expenditure on Education by Department of Education and other Department:
(As a % of GDP)

Expenditure on Education by the | Expenditure on Education b

Department of Education Department of Education and othe

departments
YEAR ['STATES | CENTR | STATE+ STATE | CENTR | STATE +
AS A % E AS A CENTRE S AS A E AS A CENTRE
OF GDP | % OF % OF % OF
GDP AS A % OF GDP GDP AS A % OF
GDP GDP

2011-12 2.51 0.72 3.22 2.94 1.11 4.05
2012-13 2.4 0.69 3.09 2.84 0.99 3.83
2013-14 2.34 0.66 3.01 2.8 0.9 3.7
2014-15 2.33 0.64 2.97 2.83 1 3.83
2015-16 2.35 0.55 2.9 3.1 0.91 4.01
2016-17 2.32 0.49 2.81 3.16 1.04 4.2
2017-18 2.31 0.47 2.78 3.15 1.09 4.24
2018-19 2.21 0.47 2.68 2.9 0.97 3.87
2019-20 2.2 0.41 2.61 2.93 0.96 3.89
2020-21 2.39 0.46 2.85 3.29 1.01 4.3

Source: Statistics on Budgeted Expenditure on Education, Ministry of Education (2010-11
to 2020-21).

Notes:

1. In case of expenditure on education by department of education all the expenditure
figures are (Actual) except (RE) 2019-20 and (Budget Estimates) for 2020-21.

2. In case of expenditure on education by education and other departments, the GDP
figures for 2010-11, 2011-12, 2012-13, 2014-15 and 2015-16 are provisional. GDP for
2019-20 and 2020-21 are 2nd and 1st revised estimates respectively and for 2016-17,2017-
18 are 3rd revised estimates. All the expenditure figures are (Actual) except (RE) for 2014-
15,2019-20 and (BE) for 2020-21.

The Budgetary Allocations:

Department of School Education and Literacy:

Young children across the globe are considered as the torchbearers of the society and
unfortunately according to (UN, 2022) nearly 24 million learns must have lost learning
opportunities due to pandemic. Diverse studies like (Narwan & Gill, 2021), (Schleicher, 2020),
(Patrinos, Vegas, & Carter-Rau, 2022) validated that children who belonged to the socially
and economically disadvantaged sections of the society suffered awfully. Similarly (Annual
Status of Education Report, 2022) also cautioned about the learning losses in terms of language
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and arithmetic . In the same direction (UNICEF, 2021) too confirmed that repeated school
closures, lack of access to digital devices, poor connectivity constrained learning for a vast
majority of children in India. With such lamentable milieu and the hysteresis effect of the pandemic
alarming, public expenditure on education will be a sine qua non until things fall back to a
semblance of normalcy and educational and nutritional outcomes become invigorating.

A scrutiny of the budgetary outlay on school education suggest that percentage share
of the total outlay on school education to GDP and total outlay on school education to the total
Union budget has been consistently declining since 2011-12 (see Table 2). However the budget
outlay for 2023-24 suggests marginal revival in this falling trend. For instance if you compare
total outlay on education with the previous year's figures it shows a marginal increase in
expenditure on education from Rs. 59052.78 crore as RE 0f 2022-23 to Rs. 68804.85 crore
as BE 0f2023-24. Such an increase after secular and continuous decline since 2011-12
should not comfort us because the percentage share of total outlay on department of education
to Union Budget suggests at 1.52 % in 2023-24(BE) still falls short of the 1.95 % level
observed during pre-pandemic years (2019-20).

Table 2: Total Outlay on Department of School Education and Literacy. In Rs. Crore
Total Outlay on
Year Union GDP Sl)he(f)oair]?:;s:;t(i)(i)‘n % GDP % of Union
Budget Budget

2011-12 1304364.98 8736329 70559.75 0.80 5.40
2012-13 1410371.60 9944013 70559.75 (BE) 0.70 5.00
2013-14 1559447.00 | 11233522 77130.00 (BE) 0.68 4.94
2014-15 1663673.05 | 12467960 79408.00 (BE) 0.63 4.77
2015-16 1790782.69 | 13771874 41799.91 0.30 2.33
2016-17 1975194.00 | 15391669 42989.43 0.28 2.17
2017-18 2141973.00 | 17090042 46600.44 0.27 2.17
2018-19 2315113.00 | 18899668 48440.57 0.25 2.09
2019-20 2686330.00 | 20074856 52520.19 0.26 1.95
2020-21 3509836.00 | 19800914 51841.64 0.26 1.47
2021-22 3793801.00 | 23664637 46821.51 0.19 1.23
2022-23 4187232.00 | 27307751 59052.78 0.21 1.41
(RE)

2023-24 4503097.00 | 29082755%* 68804.85 0.23%* 1.52
(BE)
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Source: Union Expenditure Budget, Ministry of Education, Department of School Education
and Literacy.

Notes: GDP Series 2011-12. GDP for 2018-19- 39 RE, 2019-20-2" RE, 2020-21-1*'RE,
2021-22-PE and for 2022-23-1% Advance Estimates. *GDP for BE 2023-24 has been pro-
jected at Rs. 29082754.8 crore assuming that India will grow at about 6.5 percent over the 1*
AE 0f2022-23 in 2023-24.

Table 3: Demand for Grants of the Department of School Education and Literacy.
(Actual) In Rs. Crore
Year Central Centrally Other Central Establishment
Sector Sponsored sector Expenditure
Schemes/ Schemes expenditure of the centre
Projects
2015-16 283.53 (0.67) | 35580.92 (85.12) 5932.73 (14.91) 12.08 (0.02)
2016-17 86.69 (0.20) 36699.35 (85.36) 7017.97 (16.32) 14.62 (0.03)
2017-18 560.18 (1.20) | 37457.58 (80.38) 8602.71 (18.46) 24.60 (0.05)
2018-19 484.50 (1.00) | 39346.55 (81.22) 8588.04 (17.72) 27.58 (0.05)
2019-20 340.97 (0.64) | 42146.45 (80.24) | 10076.95 (19.18) 28.87 (0.05)
2020-21 321.96(0.62) 41107.42 (79.29) | 10387.96 (20.03) 28.28 (0.05)
2021-22 252.78 (0.53) | 35607.41 (76.04) | 10932.72 (23.34) 30.38 (0.06)
2022-23 (RE) | 303.81 (0.51) | 45849.67 (77.64) | 12859.30 (21.77) 40.00 (0.06)
2023-24 (BE) | 364.01 (0.52) | 54010.47 (78.49) | 14391.36 (20.92) 39.01 (0.05)

Source: Union Budget, Ministry of Education, Department of School Education and Literacy.
Notes : Figures in the parenthesis indicate the percentage share of each category to the total
outlay on school education in that year.

Bearing in mind the total outlay on school education, (Table 3) exhibits the demand for
grants of the department of school education and literacy. In this regard outlay on education is
dispensed majorly under four components. What we are witnessing here is a consistent decline
in outlay on CSS since 2015-16. This imperceptible declining trend since 2015-16 has been
dented by the 2022-23(RE) and 2023-24(BE). However, the outlay on CSS still remains
below 2019-20 levels of 80.24%.

Centrally Sponsored Schemes (CSS):

Centrally Sponsored Schemes (CSS) form a large chunk in the central governments

expenditure on school education. Some of the prominent schemes are: (a) Samagra Shiksha:
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Which subsumes the ambitious projects like Sarva Shiksha Abhiyan, Rashtriya Madhyamik
Shiksha Abhiyan (RMSA) and Teacher Training and (b) The National Programme of Mid-
day Meal in School Scheme which has been contemporized as the PM-POSHAN.

Table 4: Total Outlay on Samagra Shiksha and PM-POSHAN. In Rs. Crore
Total Outlay on Total outlay on National Programme of
Year Samagra Shiksha Mid Day Meal in Schools (PM-POSHAN)

2019-20 32376.52 (61.64) 9699.00 (18.46)

2020-21 27834.57 (53.00) 12878.15(24.84)

2021-22 25060.89 (53.52) 10230.98 (21.85)
2022-23(RE) 32151.66 (54.44) 12800.00 (21.67)*

2023-24 (BE) 37453.47 (54.43) 11600.00 (16.85)*

Source: Union Budget, Ministry of Education, Department of School Education and Literacy.
Notes: Figures in the parenthesis indicate the percentage share of each category to the total
outlay on school education in that year. * Mid-Day Meal now revivified as PM-POSHAN,
hence the figures for RE 0f 2022-23 and BE of 2023-24 are for PM-POSHAN.

Samagra Shiksha:

Samagra Shiksha is an overarching programme for school education in India extending
from pre-school to class XII, which envisages provision of equal opportunities and learning
outcomes for all. This scheme is the vital medium to implement the ambitious provisions of
Right of children to Free and Compulsory Education (RTE) 2009, NEP 2020 and SDG 2030.
Currently Samagra Shiksha is the largest component of CSS and according to union budget
2023-24 Samagra Shiksha accounts for 54.43 % share in the total outlay on department of
school education and literacy. If you look at the budgetary allocation under budget 2023-24
outlay on Samagra Shiksha has been pegged at Rs. 37453.57 crore as compared to Rs.
32151.66 crore 2022-23(RE). This denotes a 16.49% increase in the outlay on Samagra
Shiksha as compared to 2022-23(RE).

However if you analyse the allocations for Samagra Shiksha in total outlay of Ministry
of Education since 2019-20, you will come across a decline of nearly 3.03 % in 2023-24(BE)
in contrast to the pre-pandemic level of 2019-20 (Table 5). Since the programme shoulders
the responsibilities of egalitarianism through universal access to education through holistic
approach towards education from pre-primary to class XII levels, a revival back to pre-
pandemic levels are extremely crucial. Restoring funding back to the pre-pandemic levels and
a consistency thereafter would aid in the achievement of 100% GER in school education by
2030 as envisaged under NEP 2020 and SDG 2030.

16



Power of Knowledge Peer Review Journal,Volume:l, Issue: I April to June 2023 ISSN 2320-4494 Impact factor 2.7286

Table 5: Percentage share of outlay on Samagra Shiksha and PM-POSHAN to the total
outlay of Ministry of Education.
Year Total Total Total % share of % share of PM-
outlay of | outlay on | outlay on Samagra POSHAN to the
Ministry | Samagra PM- Shiksha to the total outlay of
of Shiksha | POSHAN total outlay of Ministry of
Education ) ) Ministry of education
(in Rs. (in Rs. education
(in Rs. Crore) Crore)
Crore)
2019-20 89436.56 | 32376.52 9699 36.20 10.84
2020-21 84219.40 | 27834.57 12878.15 33.05 15.29
2021-22 80352.42 | 25060.89 10230.98 31.18 12.37
2022-23 99881.13 | 32151.66 12800 32.18 12.81
RE)
2023-24 112899.47 | 37453.47 11600 33.17 10.27
(BE)

Source : Union Budget, Ministry of Education, Department of School Education and Literacy.
(2019-20 to 2023-24)
Pradhan Mantri Poshan Shakti Nirman (PM-POSHAN):

For the past several years National Programme of Mid Day Meal in Schools has been
one of the foremost rights based centrally sponsored scheme of the Government of India
under the National Food Security Act, 2013 (NFSA). The scheme has been revivified as the
Pradhan Mantri Poshan Shakti Nirman (PM-POSHAN) and it is indeed interesting to note
that MDM has remained a cornerstone for successive governments since its inception in 1995.
This is primarily because it has implication not only for nutritional security but also for enrolment
and drop-out rate at various levels viz. primary, upper primary, anganwadis, Madarsa and
Magtas. Astudy by (Afridi, 2011) and (Sarma, et al., 2016) also validated the positive significant
impact of MDM on education. However, pandemic instigated a big blow and MDM came to
a halt altogether as schools operated remotely.

Nevertheless, if you examine the outlay on PM-POSHAN through union budget 2023-
24, currently the budget has allocated Rs. 11600 crore towards PM-POSHAN, which is a
Rs. 1200 crore or a 9.375 % decline over the revised estimates of 2022-23 which was Rs.
12800 crore. If you stay with (Table 5) for a moment, you will notice that the total outlay on
PM-POSHAN was Rs. 12878.15 crore (15.29 %) in 2020-21 and has fallen to Rs. 11600
crore (10.27) in 2023-24(BE) a sizeable decline of 5.02 %. This fall in total outlay for 2023-
24 (BE) is alarming because as a percentage share of'the total outlay of Ministry of Education
the outlay on PM-POSHAN has nosedived below the lowest levels of (10.84 %) as observed
during the pre-pandemic years of 2019-20. The case for PM-POSHAN is particularly

17



Power of Knowledge Peer Review Journal,Volume:l, Issue: I April to June 2023 ISSN 2320-4494 Impact factor 2.7286

abominable given the incentives it generates to stay in school and the nutritional support it

extends.

We presume that Samagra Shiksha and PM-POSHAN are crucial for development
of young children as both these centrally sponsored schemes have major implications for
nutritional security, enrolment and retention and abatement of drop-out rates of school children
in India. It is indeed important to acknowledge that 'Vasudev Kutumbakam!' starts from within
and thus the government should make substantial allocations for Samagra Shiksha and PM-
POSHAN thereby providing educational and nutritional security for its children as guaranteed
under the RTE 2009 and NFSA 2013 respectively.

Conclusion:

Capricious and diminutive outlay on education defies the very idea of equality of access
and opportunities in terms of education in India and lay-bare and expose many first-generational
learners to insecurities and vulnerabilities, ultimately pushing them out of school. Unfortunately,
India's public spending on education still falls well short of the 6% of GDP target set by the
1968 Policy, which was restated in the 1986 Policy, and which was further reinforced in the
1992 review of the Policy and T.S.R Subramanian committee. Even so in the last 75 years a
consistent 6 % allocation on education has remained a distant dream, because the combined
public outlay on education by the department of education and other departments hovered
roughly around 3.5-5.5 % of GDP. NEP 2020 too criticised this and commits towards increasing
public outlay on education to 6 % of GDP. Thus we presume that public outlay on education
not as a social spending but as a long -term investment is immensely important and any barratry
with regards to it shall translate into an insurmountable hurdle that will handicap not only the
targets envisaged under NEP 2020 and SDG 2030 but will also have ramifications for the
'India Story'.
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Abstract

Research aimed at focusing out the research reviews about the self-concepts among
the under graduate students from various streams. Recent researches showed overall gender
difference in self-concepts for the university students. Researches found out the training needs
for the cultivation of positive self-concepts among the under graduate students for the en-
hancement of their personality development. Positive self-concepts play important role in per-
sonality shaping among graduates.

Key Words: self -concepts, Gender differences, personality development.
Introduction:

While explaining the growth of the personality, university students have to build himself
to withstand stress and to deal with their stress. Adjustment to university life as well as adjust-
ment with the challenging curriculum is also an important factor for handling the social and
academic stress. At this stage, personality shaping is mainly based social adjustment as well as
self-confidence with positive self-concept, self-evaluations. Researches support that coping
styles to such situations influences one’s behavior and personality development. Gender study
in this respect revels the fact that coping with such situations, students differ at a gender level.
For effective regulation of emotions, competency skills are challenged. The most important
factor in this research is to find out self-concepts, developing positive self with gender-based
studies. Research conducted in such fields indicate that personality plays important role in
adjustments and positive self-concepts.

The educational pattern as well as the purpose of education differs in every academic
stream. Changing demands of higher skill jobs or works, changes in employment opportuni-
ties, fluctuations, socio economic standards, influences the pattern of professional or higher
education. Selection of the proper institute also plays an important role in expressing the per-
sonality. Enhancement of positive personality development with positive self-concept depends
upon the educational adjustment, motivational factors and the skills necessary to support men-
tal as well as emotional health. Also, self-confidence, positive self-concepts and adequate
adjustments are also important to deal with situations of emotional distress.

Concepts in this research

Self-Concept: Psychologists defined self-concept as “views of oneself”. It can be
stated as one’s set of attitudes about himself/herself and his/her values related to environment.
Self-concept is associated with various dimensions of personality such as physical, social and
emotional. Karl Roggers (1959) defined self —concept as ‘It is an organized, composed
gestalts perceptual characteristics of ‘I’ or ‘me’ to the various aspects of life.
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Roger’s theory about components of self-concept- According to Carl Roger, persons
strive to reach for “Ideal self”. With this view, he suggested different components of self-
concept. He stated the self as a social product.

Objectives

. To study the self-concepts among under graduate students.

. To find out whether there are individual differences in terms of self-concepts,

. To suggest and to focus on the training needs in terms of self-concepts among univer-
sity students.

Methodology

In order to derive the above-mentioned objectives, the methodology used for the
above study was a literature review of various recent researches related to self-concepts.
Recent Research reviews

Alexander Seeshing et. al. (2012) studied the role and importance of self-concept in
medical education. This research focused attention on the role of self-concept among medical
students to determine the educational success, shaping personality characteristics of the stu-
dents. 11 Australian medical students were selected and interviewed with a questionnaire
prepared for medical students. Recorded interviews coded, transcribed using computer soft-
ware QSRN Viro (Charmaz 1995). The results showed a sense of competence in self-con-
cept among students which was their motivation for being a doctor. The analyses exhibited
higher social structure in self-concept among medical students. These social values are impor-
tant in developing decision-making among medical students. The evidence reflected that de-
velopment of social self-concept was directed by opportunities and practice of knowledge by
the medical students.

Amirkhani M. et. al. (2018) investigated the relationship between self-concept and
self-esteem among medical students. A cross sectional study was conducted in 394 first year
medical students of Fasa University. Roger’s self-concept inventory was used for data collec-
tion. Results were analyzed through ANOVA and correlation in statistics. The difference was
observed between mean and standard deviations for self-concept between male and female
students. No difference was found between self-esteem with respect to gender.

Ajmal M. and Mariam R. (2018) study the relationship between self-concept and
achievement of distance learning students. 427 distant learning students from Allama Igbal
open University were tested by academic self-concept scale by Liu and Wang (2005). The
results found the positive correlation between academic self-concept and achievements of
distant learners. Students who scored high academic self-concept showed high academic
effects. It was hypothesized that there exists no significant relationship between academic self-
concept and achievement in distance learners. This hypothesis was rejected.

Dr. Chamundeshwari S. et. al (2014) conducted a survey on self-concept and study
habits of higher secondary students in Tamil Nadu. Self-concept inventory by Dr. Dev (1985)
was administered among 336 students. Standard deviations, SED and critical ratio were cal-
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culated. For the present study two groups that are Central board students and state board
students were tested separately. The results showed that the Central board students scored
better in self-concept than state board school students. Reasons may include socio- economic
conditions and better infrastructural facilities at school and family background. There was no
significant difference among academic self-concept at gender level.

Eric A. et. al. (2014) investigated on the academic self-concept and achievement
motivation among 120 high school students from different schools in China. The self-concept
scale by Cambra (ISM) by Mclnernry (2003) was administered. Pearson’s product moment
correlations were used for data analysis. The study reveals the positive correlation between
academic self-concept and achievement motivation. The research results indicate the need
and importance of academic self-concept by enhancing achievement motivation among stu-
dents.

GuptaR. et. al. (2015) conducted research for assessing the self-concepts among
undergraduate medical students in Jammu and northwest parts of India. 303 undergraduate
students from different medical colleges were selected for this study. Revised scale for self-
concepts by Janice was administered to assess the five domains of self-concept i.e., self-
regards, social self-confidence, academic self and physical ability self-concepts. Physical self
and self-regard components were observed at higher levels in female students of medical
colleges. In all other constructs of self-concepts, it was observed that mean and standard
deviation scores were consistently at higher levels in males than females. The finding of the
research focused on the importance of promoting positive self-concept in all aspects of edu-
cation among medical students.

GiriR. et. al. (2012) studied self-concept and adjustment among medical and nursing
students of West Bengal on a sample of 50 students. Revised scale of self-concept was con-
ducted for data collection. This study aimed at finding correlation between self-concept and
level adjustments of medical students. Majority students found high self-concept (64%). No
significant association was observed between self-concept, education age and family income.
Positive correlation was observed between adjustment and self-concept of the medical stu-
dents.

Jadhav M. (2019) observed the self-concept among undergraduate and postgraduate stu-
dents. SQC - self-concept questionnaire by Saraswat (2010) was administered on 120 stu-
dents equally selected by gender. ‘F’ tests were calculated. The interactive effect of the self-
concept was found among the level of education and gender. Significant difference was found
in the mean scores of self-concept between graduate and postgraduate students. Undergraduate
students show a high level of self-concept. At gender level male students show higher self-
concept scores than female students. Significant differences in the means of self-concept were
found at the gender level.

Jackman K. et. al. (2011) showed in the research that lower academic self-concept
leads to negative educational achievements. 133 first year medical students were evaluated by
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academic self-description questionnaire [II - ASDQ], with the intervals of time. It was ob-
served that academic self-concept of medical students did not change over time intervals.
Students discuss that the academic environment was competitive with result at the social com-
parison with their performance. For academic self-concepts, big fish in little pond effect is
seen among the students with higher self-concept.

Khalid R. et. al. (2015) conducted a study on university students to evaluate the
development of self-concept. 70 students were examined with a self-developed 5-point scale.
The results showed no significant differences in the self-concept of students at gender levels.
Student recide in urban areas, found higher-level self-concepts that students from rural areas.
Residential education showed better development in the self-concept of the students then
compared with day scholars. Size of the family on mother’s occupation did not show any
difference in the development of self-concept but the differences shown in the level of self-
concept with father’s occupation.

Khan T. (2017) conducted a survey on adolescent students to find out the levels of
self-concept. Hundred students participated in the study. SQC - the self-concept question-
naire designed by Robson was administered. The comparison and data analysis on the signifi-
cant levels showed the differences in the self-concept among male and females in overall
dimensions. Females found high self-concept than that of male students. There was no signifi-
cant difference observed in males and females in the aspects of attractiveness and approval by
others.

Kartin A. et. al. (2011) investigated on the multidimensionality of self-concept among
high school students. 1958 students from different schools were selected for the study. Aca-
demic self-concept scale (German version) was administered. The study supported the multi-
dimensionality of the academic self-concept with competence and school grades. Positive
correlation between academic self-concept and school grades was found.

Li, C. et. al. (2010) studied the self-concepts of university students from Qu Fu Uni-
versity, China. The study intended to find out the gender differences at various dimensions of
self-concept among university students. 426 students from different disciplines were examined
by Tennessee Self Concept Scale (TSCS). K-S test was applied for non-parametric calcula-
tions. The results showed that in male students, z=0.488, p=0.971 and in female students it
was z=0.781, p=0.575. Gender differences at physical self, moral self and self-criticism were
observed high in males than females. It resulted that self-concept of the University students
differ at gender levels.

Litmanen T. et. al. (2014) examined medical students’ academic self-concept and
student’s perceptions of wellbeing. 610 students were assessed with the MEDNORD ques-
tionnaire. Results were analyzed using HESI skills. The findings of the study stated that stu-
dents were satisfied with the medical college environment but due to experienced workloads,
future competence and exhaustion, they reported disengagement with lack of interest. Nega-
tive correlation was found between academic self-concept and lack of interest of the students.
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MarvaA. et. al. (2019) investigated on the self-concepts among the students of Oman.
A sample of 651 students was examined by a self-descriptive questionnaire (SDQ - 1 March
1988). The two-way ANNOVA was calculated for the analysis of data. The objective of this
study was to examine the self-concept among the students in four dimensions such as educa-
tional self, concept of peer relationship, physical self-concept, family self-concepts. The re-
sults showed the interaction between grid and gender on the overall self-concept of the stu-
dents. The female students showed higher levels of self-concept than males as it suggested that
male students grew up having low self-concept about their appearance. The researchers con-
cluded that male and female students may develop different levels of self-concept with age and
other factors like peer relations and parent relations.

Dr. Mimrot B (2017) conducted a study on 240 adolescents. The study aimed at
finding the relationship between academic achievement and self-concept. Self-concept scale
by Saraswat and Saraswat was administered. The results from correlation and ANNOVA
testing revealed that male and female students did not defer in moral self-concept and overall
self-concept. Also results showed that academic competent students had better physical mo-
rale or personal and social concepts than academically lower competent students. Positive
correlation was found among different aspects of self-concept among adolescents.
Findings:

1. Considering the medical students, the results showed a sense of competence in self-
concept which was their motivation for being a doctor. The analyses exhibited higher
social structure in self-concept among medical students which is important in develop-
ing decision-making among medical students.

2. Students who scored high in academic self-concept, showed high academic perfor-
mance.

3. Gender differences at physical self, moral self and self-criticism were observed high in
males than females.

4. No difference was found between self-esteem with respect to gender.

5. Research reveals the positive correlation between academic self-concept and achieve-
ment motivation among university students.

6. Significant differences existed about self-concepts among under graduate students at
the religious levels (Hindu, Muslim and Christian).

7. Residential education showed better development in the self-concept of the students
then compared with day scholars.

8. The researchers concluded that male and female students may develop different levels
of self-concept with age and other factors like peer relations and parent relations.

9. Results showed that academic competent students had better physical morale and

personal and social concepts than academically lower competent students. Positive
correlation was found among different aspects of self-concept among adolescents.
Conclusions and suggestion:

24



Power of Knowledge Peer Review Journal,Volume:I, Issue: I April to June 2023 ISSN 2320-4494 Impact factor 2.7286

1. Self-concepts differ at gender level among under graduate students.

2. Self-concepts affect the academic performance of the students.

3. Peer relations, parent relations and economic background play important role in self-
concepts.

4. Promoting positive self-concept in all aspects of education is a need of the higher
education in this new trends.
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ATHHUT HoedT foFue fFHfd, Jewer F@e, MaesR ToHEeE Aedd &l
FATE S Id. gHaT’, YA, FEEE’, Sl dedl’ g A Mo
foage B9, ‘TamEEt ATE AT AESi=AT Stadede HEYereT ‘qudt gaviies’
224%) BT T el B3~ a7 FHTe T@Ted (2]3u0) S TRFuard 371,
g7 gataes 3 fFEYe gidie areq fFafdr, qeharer, Mider =uE fFoo
Fd favw ScsEa arad.

g AR TBdD  —

Fagae "Ry AT st aaEdEt T, STUUNYTS; 918 — TEUTeR —
OO <& S MSTot. AT STeISATd axhed d JAUd AT GrEAigR =T TSThid
FfcdT=T kY ST 3T TEUTAT Id. AT=AT T & 9r9oTr fawe & g 379,
Hege, S ST T=Ivs: awhear el d s gid. a=ar a1 |yEares 4.
. A, oOT. 3. @&, 1. W, Sk, . AL 9 SR i areHdiE e
M. T I AU Aifecard J THOTH Herd a9 e 9 faga aq.
e JHSA —

TITF Y WSTT 2% =T TATIITST ‘He TAifecd TS T 3T
TeT BId. dAME AT 244 TS TMSAT ATSTHHSAHE! O 3Tee] BId. <erd
TS TR TS (2340) ST dSI2, $R 9 ol ddfie Iefers aifecd
o it Teae AT Jufast ardt. wareest atEt qTeT Al wrfecaret
T FeauT ST ATfevie o7t sTed.

T ifecaygsdy —

TR Aifecam s SHaafauas: st a3 A7 canfawd=r fFra=

UM 3T AT Aifecaiaudas foha Tifecangd a@gd <ard. S@-=n =g,
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=T U9 fITerant BraT. ST=Sid faAegat, avie Frerei @eTeuu=t g, 3ul
STIUT HE<ATHIAT, ATShal, TShHA AT AR o AUST 9T AT S STT-IHTL0T
frar a1 maf=t S evsa g Tmfie o1l Es J THled g
ST, SR € 7 Iodaoia 7%,
FIAHPR V. F. 3T —

s SEs wUE ¥, %, 37 I 99 "Udl @fecard e Scowa
8. A, He M7 diede AT AAdISG A= HARR Tagd 3Te. =T
FETT F IO AT WO T STHa= 379d, 9T a1 @ o= stem
el foftsear ed. SYFI=AT 991 Fal=d a7 YU ATed, T0T ardis
FANTSTH, HIEESTIIN & JhgATed STIUMT  FeSh=aT=aT Fau=l ATSIoT
FEA TZG 1T ViRl ATEr.” A=AT AT A9 SIS WRRS ST HAT TEUE S0
Foo A BET  HEEST (Q2¥R), USHT d@at’ (2%¥), amHEal’
(22%<), TEIEl T TAX FAT (24¥), TARIT AM—2’ (2]4<¢), HMT—R
(@2]uR), T FaT, FaSH FAEUE’, ‘Fraega=l IMA (22¢2), BS ATOT
g3’ (22¢R) FEET IR T TN M T9M AT (228%) T FATHIE
T faga a4,
FHATTETRL - —

wfig 3TN €'l FAEURAH! Hrel [Tass wafaudt faum o7 <asr
ST FHAMATATIL. 9T Tl FHI= [T TASH =ar arad arErsl w1 fas
g grEe GYMET W d S TRer arad.

STgad SqsH’ AT FHAT 3T TR ARATSATAT ST JEART=AT SR
Foqa-d GE=AT TTAT ASA UreAdrd et g gAfaued=ar gEtaTat
IESHTIT AT o THUH UH. oudd=ar Faefl qafad ad gaahir
TH ATHSYO [hald. aidie J[od, 1 IEd SUSHCHE UT - e
AEIFIAT Uhl=desl a0l 0T St 87 S ARYAIa.  SS=l daesl’ ar
FIAT AU FRETIT SR TR AT fRgT I, UHihe SHawaa Sftoemarst
AT AT HFATATHRAT USUS L TTATT . AT=AT AT TTATETES F SRHATEES
T fAfoT 2 R gudes adet 7 Mocdiyes =R fliusoedl § - aed
el ared Teld. ARl AR J ATvITST =912’ a7 &waq faqregel gaar, r
TEraHHie Gl ST ATearcHehdT AT e T Hequr divTesedr=t
FATT AT, TMATdS ARG & SAOTET U TSt M S0 Fem =vepdl
yofss oA onfor Tadt fTod Foreut age’ &€ weT a9 ward 8.
ARETAT AU FOIHR aF [ATE STdl degl e T ARe AT
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THSH aredrst e =l &t sward. ae s9a-ss foqe fHafor ger.

MEAETE 9gIT AT FHUT UgrAel e, TohR, T FHIUATH! 6
STHUMAT UehT HTHISTR HIdhcdicasT HivTedT IR T Imr Sd SHd ar=
TRgs 9 oAt T o AT, T ST TSt WU ST WEiaTer Igor Siser
TGS ST IRARFaIaR Fe=d qresar=T T Fair feqdrd deer O ar
JHMHYA JIEAadT 30T e Tod IFRITHR JAisdid. ‘Hergdd JeSfooT famy” a1
FAIA METdS o] FrEr=n T80T "ergad g+ argd SIdl. JuT Maed FHSTdard
W, T e TSH=AT WIST STHUAT TTASTTE 3T J=ATeel TR HI0aTEral
ST 3TE. B SIHAME, STHLST, N IS qTal 9T FHal.

UG fearedt’ a1 &9die Ja T oEsd TSoo We ST, ol
EEd S@EF Tg TeRT= J@dc, ade=al ARSGAds v, s
TMSST WO 3727, Tradt WA ST 23d FATRR AT Teaesiei fohdt
UFEY BT B HId Bid, T A9 <9 T8d. 3TN &AMl ad JS
Hasd ATHA AT HAGT TSTHRUT BIhl HIAG SE, HRIAM, U TR
qiET FTd T ATSTAT s, ARRESH s Ie AR JodTeHs [adTdl g
FIT VI WAT Fg SAMOT FHIS 379k Grad STUTSedr =R fEeiedey ud
ATHROMT=AT fE9 STard 379f FIcufis Faras] Higd TSAFcAITHe  SIom
fadare ardie aifde faqare feuar fega adama.

i a1 fEAE YT WEuEEE TR EEarET Al fadear
VEArd. INST SHEATde SeM—aeH ATaEl ARG ‘FHoft Seraa Al
Skt o T e gorsar A49fie uear 9 deEt gt o g
TRETEA He0T FEa FIAT THRUT hedT™ ST Ad. TEEH d” IJrAREl
TR FAT A= Ik ISTEWT T, FHSTHT SOA AT FAAS WA AT,
o= F U AT ARG 0T Iaa= FEvIHT FSTE0N aT=dh=am A d FI0TST
TIHT SETMN e, THOTH foAEEdm= HEUREE! Fredal. Jqret Jra= S a1
FAMYA AT TSt 3T & M uad.

‘Ffed GEOT AT INFIT T YIHAST AaE dfed FHOM HYA ST
TTAAT G AT T AT TSR ot 37Ty 3T S0TR. STHAT. 3T
O T ITSHS d @M YT Tl JISS 3. TSH=AT=  THe
ST T ATgenidies ag=ar afsoaial TSST 6T F gi=l sGfthi@l THR Iarel
et fagEr a9’ a1 e wur d fofedd. &= AeHe o ek
W AT HUd fogd A, T’ a1 avA=AT Siodeie ®Ud YRa—aTfehsd
FreEui=ar deui HHer MEMHe TaX 3= Sia a=EauaEre! Id = W&o
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< TAUAT Hh! . B e HEOT FAT ATHATH S ST FHAT fAvT Fana
Ted 9 afymesguf 329,

FATH TEIHT —
3T =T Fefauaes fRmTaut gters fSfeard, ‘Torre FHurrieh
fcahgftaha ITST 3THAl & aTa STSIT=aT UHUTH dAlfecadid o Stiaawdrd

TYgtg Tegdt. T=aT Afthaward ghHl o fexdoaess Tt Jeeledqul gidr. JouT
=T FwoEd Teedl. Iodal Siadrdie T, A0, JrareeT ai-ar Ja+ fisor,
=T e areyEr T, i 37 TSHUATATST T FaTesdl STad €Xor F AT
Td afeard TaH J TeA9Rhl IEd <0 JAREAT HI—Feaida] avdeh
FHUT=AT UIGRINTAT AT SAhAward AT 3THST a0 T °1F Joed.
FAT—FETU=AT GATd HHA WSUIATHIET TITHAT FeAT Wealg=Hl FEUTs
ITYANYT deST WAl TUA W "t St fag St ot war=ar Swer
TSYe ATHIHEET GoT 378 3T =Uldl Ao, ATae ST HATH gfash
TOSIYOT WHSH Har adr.
FHARY  —

Eead: fEAd ST WUE WA o™ JIEUR § difefcas T
T Hewd WOETAET TedT 28l g9k auid 319 3o Arel 79t faum aafqerars
STSTd TSIl FHld. =1 SEUNST Tdh TG AUSHSIU SIS AT
AR TEUTdT Id. 370 Wiefeass, foreuras, fEue fwidr, fresls,
FATARR, TSLSTATE! TThl ATOT TG HER] FSaSdie YT JdT 3TH JgaTarHT
Ffthdd ‘ST AT qai GONd 8. T AT o7 € A3l argHardis
STUTd @@, THIEE TRUH Argdd 953 3.
gedfgt —
?) . %. 3T Hifecd STIOT THET — S, TH. UH. TS,
) AE T ARF AT aIEHd — WL AT &I SIS,
3) oA FueEd T — 3 UES.
¥)  wefyum — W . oot S
W) AT — T. &, .
&) ST o HfecdfoAR — WL . . STE4.

L2 2 4
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'S-ATT YATERTT, HSUS AT A
SHe ATEHT FIIET TSR
PREICH
T TR HETa=ed SaE 5 SerT (FeRTe)

TSERT-

AR STEATIATER NN TR I TATEHTAT Heel Ferepuaret yomett
T-AT WU ST ST STEATIA T {hall JTe STENA 37 ¥k, |I0TR 3707
ST I &1 S-CI-1TaT U T2 3. $-CI-TTell hivied 3MIUT e Aeash-9eTs
XA 3THEN Teeel ST ekl 3107 TeTeTor=r fowor Aigan §&e Urshea i1 Uehre sl

fepalT STeTeedl J3l Shet ST Jall, & HATA @Rl SId Aegd o7 AT Jueime
TITRTOTAIET 3TTava s 3Tqeied el Heshiel HHMAT 3T 3 Teid e¥el Sd eid. ard
TITUTeR-3TTETRE $-CT-T STIOT S-SR -GN 3T JI TNATHe b ST SehRoT
& UBd S 3T WU Uleell SISy Iehd HRUT d SAeeT FIemommgs $-af-immer
R FXd, SATID! I STHHST T TG TR T8l ATReAT AT, $-A-1Te el
TR 59 B CML 37for CAL SiHeATe 8501 STavdes T1el, W adiel o $-al-ime TR
el ST, JoIaqol, S-el-Tea g9 9ol 3Ted: Fashiad, Thdshiag. 31T, g-atren
TS heles feremeier SR AR, X T HHET AT TSTeTv 33 Sregur=aT GeIgRer
el ST, HHAATE! Hived 0T AR H0T FOR SEF B GIRUAERe! 3o
AT TR T~ & W SR, TV SATeAe =71 81 f¥reqor aqfor sxerre
T TR HETdTal Hesh ST 378, ]3% He, Ulgear ol Jeier Iie AANTe. a1
YOS ToReA T W=l Jreol =l STell. TR, 2360 Tel, g UTeATIeh off.Uw.
GeTe IR AT el 2]&0 T Yleell TUTeh SR URTeT0T sk STEHIT
3T BT, €T HT0Teh- ST wieretor shrishe (feham CBT i) PLATO %[ sfics@et
ST
FBIRE- -TAT, TS, WU ST B 2.
TR=E-

TSI HTCATS STHITISHH/ARTEI0T ST TehiUd Siet 3Ted, HRUT Tgeha
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STYAEN, AR ORIl T STUieges 379N TSI §¥ &I, Jgsh IRHHSTHes. T
Ao, SFATE STATTHATE S AT SR, TRATNE (a7T) Ui¥TeTor A1t eiad 21
3T foermeatelt eTee feshe JAUaTaTe! el ATeEmiT STaeid HvaTel YIeT FHd 3R
TS ATV el 1 S15] ST el SHFAFIST, STcATe UISTeTuT 31k 17 37e, X
3TOT TEOT TShTREd T Hetranat 3tfeeh A 3TRd SHiFT TelT HHER! SHiid qrHiet s
3E. aHed FatHd SURerd! T et Wi =31 JTdiel 33 SRSl Garg ATeuad,
Rreag TEva, Hafdd deTaed UTel HuATE ST i IR agedl ST
TS Tashal GURUAT H5d Y. 3Telsd [eI0me Haid diell Tt o b
AT SHITHT TohaT SR STRIHT i e YIehdTd. R JBTTehIae!, TEIET Shid SHuamast
Tohal TATE! STy FRUATAIS! el Hichedl A5 Heg el

3AeTe ae, fommelt o frershistt Hars | Tt @Tes FEl I e,
T AT AR URTeTshTeT [a=Rut 30T &% Ik, HRUT FaTg &1 Tegdl 3Teid
JgfeRTh ST, TqAMY, & SNATTHY A HIRY, THA ST Fedq RS 4 Fad
et vara 1. ST e Ye=el 3] Hevardmel & qard amuRot Suger
T I, Aleh el foraR T ot 2R 9 Halrg G0t 87 {¥1ehvaren Haiwd Jn o7,
FRUT T WERGARET e 3707 TE-ani FUTOE S Idl. 3T YRl wishidnl,
TS A ISt 7T, o 3. AR TaTeodl 9 ST-3e 31y B0, AT TETeiel arare
Taiferd e, e Aifed! eevelie 2iss 9Iehd. 379N YR Siotre fo1eTor & Wieranet
3TTYeh I 3T IThel St AT AT AT I Shid STHAT i 18701 & SadT.
Sfegee-
*g-aAfTen SfaeTarar STy ot
*S-ATTAT STATEROIET 3T 00
*S-ATTTE AU G ST 00
*Z-ATEAT ST 3T 0T
farverwur sufur feerer-

HTaT Reumer. STeRa W Seregieh HRTEAT ARdH 707 Jomet &
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TS AR & S-AT WE Heh e, -CATeA Divied MM T Aah-HerH
FRITROT STHE! el STy Yehel STTVT FTeTume! foeioT Hiean Wed- ATeehe T Ushre deal
fehal ATTeNTeAT B! hel SN, AT YU e RThvaTare! STevash STeied Hal geshie
FHATA 2T 3T Tled &Rl Ted™ o AT @eRel S Aeed. qefy, daaHTdier
T W 37IToT TOTeTor Jomeiiciior ey o 37T ST WhRet 37%.

oA ST 2R -

ToTeToT STATHTE! TR ST 5ol ST i 2¢ %o =T SV TFei UeHA e
et TR RIER TTaeiaH fTshact. Ufdehces oia-Ta &1 WehR oia-Te T GeRuITa
feemesT SFYvaTa 3TeT T 37T o Wiee, TR ST Sa¥ it Sl aid it
Higd YO Aig 9Ot fohaT TREE het. fuerH, St U U freteh g, et Helgi gt
HeTedT STHTSTHS TISavTd Tl BicdT ST MR af caTd YT aTae i STaea
foremelzi=T STl M YU FHIUGTAIRS! UISA. R0 AT VIAHIAT ITRTET S0 31for
T URET MR, $-AT o 3T faawor ggdren foRar eetl. 2¢co =
gETEIeT dfeedt MAC 3 SAaiAT =T B_Id TI0h ST WeTH ohot, SAHeS T
ST, ST TRTETOTT STATeRUT =T 3T TR A TITCH, SATHER TAehiT TeTeH
HIfE 30T -AT-TTeaT Wl U Sedl. 3¢Ro AT JRHIAT Yo, 3 IMeardl
TTOAT OIS Bl AT heled AR AT foaRd shet el &, $eHedn
SR SR AT & M7 S AT & e ¥1ehdl AR caTeaTad RTeqor S7ord gict. it
fifetesh foha e HaTses Helaeerard Sufd TEuard Qetd id. it WIdiges
e STeet SATes 18107 STk HeTshivaid Tieiatauard Had gieet. 1] e, Ufeear
=T AR WY . ]€0 WA Wiget HUTeh LN WiRTET0r s SHEHT
ST BICT. BT WToTeh ST uferetor erishn (fohar CBT viwm) sffemes e simeraarat
PLATO 9iuTs Wit WU 3@l ST 374

fazpa, i me

. TR S-a1-T- TEehiE $-a1 & ReTer-2red AT o7, TEshie Aere, FRrshom
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3ToT f3T8Teh SR ST 37T Uehtal dest STelTesdl {Sahivlie GaTg ATerdrd. o
Hiared, fefestt wiFwmg, Fee fhar egar foneror damem foesia sear anfor ure
FHIAT. AT T TRTRTOMHET TEuHTT AT e oo AT e YTehdTd ST
THHEHIN HATE TTY Ahard 30T AT TURIAaR Je= 3707 Rt fesdrd. gamd
TR 3T $eXe Iefaey e famMa ST ol gl 3Tk, A ®esTe
AR A Tehles [¥Tehe 3.
2. TFGhIAE S-GAT- 3T15h 99 S-A-T wurt TR - amifor-Reeg e weprt feretor. a1 wepr=an
T-ATHed fommelt enfor f¥TeTer UHrE deat e ST Y ARId. SHAhAT T
SHTT, ST, T e ATARE TR a1 &% 3ehd. eBook = CD, DVD, 5. fommeit
FHHE T, TR, HIRUR SISAAIS e IhaTdl STIUT ToTeTanieit 31T Te-Ferersigiad
< THE AT

M AT TR E Ihel ST holdd Fe-egR 3a¥ Sl fadid et
ST UTEATTeh €€ I STciedT sRTUeT. $-eA-iTHed dasiH-ared et (TEL), Hores-
3R e (CBI), Fiores e T, Hores-3Terd rrefor (CBT), Smomes-
FETE gET fehe Hrorh-weTed guer (CAl), Sete-amemia uiverr (IBT), et
Toreor, ag-amrentea ufereror (WBT). sitaetre foreqor, et foreqor, st foreqor acreror
(VLE), 2. ¥ 3191 VbR IRERHEE! 37T &1 el THeAT UTeATaehi N fehell Wbl feremeaistt
STATEAHS ST AU STRIUT FHIUITAIS! HEH! SUNRIT ST HHiehel = 9
Tt STram; 572 Rt "gotereienatl” e 81d oY ohi ITehdl ST UehT (¥ slebd Uehal
HTH HE Ihal. PRIAST O LT IS helel AR 3. -0 Heash- SR,
TeAe- 3R fepar CD-ROM-31enfia 319 viehat. AT Hetahy, feafest, siifeat, stwem
ST ST ATATSROTET FHTEYT 374 ek,
F-Atraes faemeai Jumr=an wwE:

T-ATT, ToTeToTel STErETe T THed, f¥rereh avr fermelt 4 SriEe! e
TG FH 30T oIc ATAGUT STTYAE STHATT, [TRTeiAT SNATTsh T Tt Siehie AT
T FeoTdE GHssT 0 TEvTH R, T-AT FAaqTed e e gme=
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T SEHTE e ST T foRme@ean il wE=mae! arg 39 qigaR dreant
AT 3T ST oY - TRUTRE & 0T FHRIHHT TTTeTsh TrRE Somehe
3R UTRTET0T 3T T TReed™ forneaiara! frervaran SF9e qorgur et gl
o BIUATEIS! T oed AT SHae= Jotedt (CMS) 27ifor Forek-atenfia fereqomen
Tl TRUIRE T Shig Ushot 3TIfoT Hied 8ot STafeta ST, SioteT ==l ol
Tohall 318 Jte TR Xt Feltel SaRUATE TR 3. "TRUTRe" AT STctiedT faemeai-T
RIS S[ege =0T ST STTl; AT, T el Forehvarel aRTerdt Godr 7= 31T
AR TEABREA Uiest. T-A-1Td BT THS HOT 37T e THaawhien ==m
i qHET-

3T TR SeTe STRITESHHIIE! STTavaeh STHeTe 3od Seiagy fhal Hefagd
AT AT HHGAT HIHEHTS STATAHH HATATI YOTeITe UTeT 30T ST gl ST
T TR 3TN HHT Bl TR RTeT, WTih! S8 HrIdaTey Jedrd 1T
T ergeiodr STATHshATEAT T STEeashaiel qaiTd evl Hell ST, iearden
I FHEER THHE U WU [T SNamshiTaiet &A1 JHeh Shivfel TRl i
TEA 3MEvTH 3T & ST B, T8 STAThY FIRARICT JUT SHIUFTATR! Tl GEosT
.
HITUTS |IGRAT- ST ol STerorgut G SRR STe, 37107 ey TIuTeh e
R ST e TTehel ST, T 3T foremelaime TioTeh TreRRe= 3TTe &1 Ueh T e
U 3. G0 HIERAdIel Jord SNadshy foemeaid gisTdiet J aneadTd; T
TEASRT ol T 3T T DIVICATET ST 3T TS esRTaT AT s
T 10Ty TS glect.
A A S-oHadE! do ST € STIHE I 378, HRUT AR Hidde ga
S5 VT &= I F[e T, TI1am, ST Sgcish Wie oiieh e {SShTomdIat S71fvr e
AATEShAAIS Se- SR {8707 SHIRAHHAT U= IaTd, Teamehs el fafay AT

[a o o o ~ o d
Adaslegadred HlHohH dULIAHIS] adldd™ o5 79dr. HamHq RISt &AL AT [T
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el Y H{cl, HROT o AT SNATAHH 307 STAEHTE TRIY IEel 4 HE
Mehdld.
WE-UROT- -UT0T & S-ATe STearaeash Savashdl 37%: a9y, 3 f-ee
ToTehUTT=aITere ATl SHHeRAT 3T1e, T STYe S1Ce. T TOTeTur STTshHATT TarsT HeH.
T RIHUR AW gedrd ST R Yehuaret shodHT s, HRUT qasre Arey
STTEROT FXUITHIS! IROT FHe01 STaeash ST 3TITUT e forequr 3ot shikarweier wiarsardier
SRR Tl AFARET oSS HIU SATIH 3. Holed HHRIHE FRIBH T
TeTRUaTAEIeT STeEHTER HTd HUATE Hed Hct; € Ge H0l 0T 3T8et o, Tammeai &
ESTOT ST 3T h AT RreIvme wres fHesavardre! o STevas 3.
ST aTaTERoT- =T qTiieT Sietforeh STveien foar ST, SgeT, THd g et
TOTeTOT IR UTRER STt FTet. ey, ToTeTomes dsarrel Hidh JrHehT STea, % =T IIdehid
31Teh TehR TTeT0T STATeR 0T STATH STTet 3118, AT Ureg - 8T STeriieT sTidiet ardTeror
HY T ol ST I I 3. TTshvar TR URINe fohar st (fepar =
HAIST) 379 Il T IRT0TeR STeRoT S 3T TR, HeTe 37T grafsrs.
TR SHCTE TR el afTed WieleTy o STed. 3iiHeTe R Ui
3R = SR HISAT JHNT §8e] Vb, AN, o Tequl Farg Qreoarr
FEAIRT JI AT STOTRE T i Jae THIAI0 FHSTle. STTeTe RIehm=amhe
Tormeait fafeTe Set anmia T\t STuferd AT, e, o AATAIE! HAREh deal STIuT
faahIoTt ST 37 AT 3P STAEHS Wil a1, URess fhan Heeien e s
METAH ST, 2127 FHIUITE ST ST ST TS

AR R T =% 19K A e dTd, Ul 9l SiereA
TSR T=A1Ee e JMebdlet T THAT ATEUATd STSE0T T, o P Tedd. ST
3MAYIE 3T el o HE WA, SNATHT AT TAR FHIAT M7 Feci AT Ferehe
TR STITOT SegT FHaloT 3TE deal o g o] SadTd. S o TSTee fohdl Wiell SHideset a¥
T IT U AT, Tl SaeTard T0T J=2T aeT Shard R0l o JeRal gogrer Fer
FIA. MY formeine @ Fifh® ieHal aid Hlel 3R, o TH d3I fehaiet
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M AR R ST, SaTes o STHeed Hid Yo oAl YT e AT
forafera g0 @ g, et e "uE, € 9u e 3% Ihd. a9y, el 5
AT STITISHH TR He] AT AT Y0T STSHoodTeR HIT & Iehal ST 3TTRT AT A=
TAciel 3R ST o Fal g% 3. 3TN e foaRT ST T fquaer wiafsierm
HATE.
foreroTTeier - wrae-

3eATE TOTehuaTel Siell TaTamet AT 3TE. f¥Thvarear YehRTdieT & Shidl 3.
ASSIE A AT AT AR, 0T TR e THIATR! FOTeTor T shet 3. §-eA-T
ToreTeRiaT FafdTor Al faddia sRoamel 3o Seiie Heedst 3d. & Frehvard arde
GHad . & UEd ST ST W ST S-A-T fRRREIaeiR 3. WS UrereTor
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TISTHWT FOATHT Teh F2dcs ATHRAH ST 8. AT A=t gfier
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T AT 3TH Jred AT Hl, YRA o ITad Heldcdish T8 AT, dRarHm
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TL=T AT TS2i=AT ATMfF fedr=r TIoT S Sid. a7 T 3TEaIe
ARAT FTM ST & 8 S[A 03 U e I+ a8 HWMR@U 3Ted. o
TRATITS Tedd ST a7 371,

3. gﬁ@'ﬁ'

gord T SIeIfOTeh, Ssfae J Tigiaes 9T W=oH a7 T sl
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STIfes TI9 SgA ST IRl FBUH 6 Sid. amsd AW so 1dad
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e wasEt
09%.
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3TfOT TgeFa A= qffepr, goT, TR, Rooc.

3. ISHT WS ’ifde 3fF ¢ S, Ro2e.

. http:// www.unitedmations. Of http:// www.unose crudity council org.

G. Bl JHd TIEHL, STAUSE aY, STHaRl, 024,
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T Hdes 'PIIRT I AT TGUATYIAT HATG STACT ATherat i Teare
'SR AT =T Geheq-Hos ST SATIe St 3TT%. fafers TepRei foshraerm TemTet
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T I TeTaTAT0T 3T Shre Sl STEeaeh 3716, WRIhid S ST JRTHehiHT - Teare,
AU T SRISTH g HIVIRE! THIT T FHAT 3MIel HF FHIoeRgo), e o
HIRTHH FHROT TEVTE 3. ASHITT TG SHIUTATE! TSI TeTeN Sifereten Taor
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AR ST fafere HRUTHT TR QaamT= cishie TIeHT &t Savarard a Jende
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¥, oS SERETEde HIChHRI qre HIdle.
G IR Eeh STIeT AT St Mg Mo  Fiee el Wi IR aredie.
TS AT TSTHRUNT T 63 7, THE DU TSTehi GelTd Gat FhRIaT
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TR Efad= 79dn) © e5d wedHe AR, FHT T SO
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FTSTd ATHFNOT TATSTHROT I TSTHRRUT & AT UHHHT Akt HHesT ot
3T &I AT IS TAT &Y HAEUATIST Ushed AT sOdeiihs UTeuar=
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SAEET S TSI HAl STST 378, 306 HAlue Sse a1 iy s15awer
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HATTMET Y2UT—AT e qeuiiar, fT=ar AT RS 3T AlGHIST
SUATS WA g7 ARl FRUT fIeT Fie TR, sTieareT Afysafteardsa ATel
2 faT ST O 9 TR, ff Wk WA I died. of WU CTarereT arer ad
AT AN, AT FwEEddie fAEEt gott 35 9l a1 wxd. of ® faw
FIT Ft WA Mesauarar Arl Ushaar=T A9dl. T Fel <3 o (Hesfaar
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T FIETAAS TSThId ITAE0T, ST, T24T € 9 AFfe aHEsd 9e
e AR, ST auiqai TR SMSST & FIeadl, FHIAT HIvTcTe]
TR efd Ba A, € Fwead YReid Seard? el Shlea STTuTaro
BN ST 7 AY AlCfI0r TEvaF . AT A TS Jfgsar=r 3 ar
FETIT TTSST 3. AT FeadTd TEFGE Faarqre Tedl Jard. Jarares
FAT—ATE=AT AT STOTR ASTHROT, TATRIT TSI ST Fare (erafq
A T S 3, oo @IS I0T Aad e, Saiardi= TSThRuT, Sgai=
T RIS, SRSTY, STE=sdT, © 9N STU=aT a9 3. TR FHEd TS
foTITE, FREA, RS AT SAFATST 9T e 77 g Sd S8 ar<g =3 =1
FETIT AT STMOT ARG STETT Tl

YTHTIOTRTUT=T T deeTel 81 8IdT 3TSTel oI 3. € AN T vTaeraal
T AT, AEET THd TESH AT 2 SEF ATTATST faqdr. qEm=
A= AR Y AT ARGST ATS ATAET, TAdSG, Tarel I
JIATEOT TFATST AGAET T8 3% gy’ = o susH o e,
T TR @7 A |ASGT 8§ dead=ar vEd IvR T e
Tew™ 3TE. a1 Tl =R 8 a7 FHeadd doT 31e.

AUTETST AVE T TGO A wew=l e, od, &, srifauas
faumdar whepA @t Brle. fauader fastg frefacamar guar fFmfr e, smfor
A GHIEAT 9T HI00 HS0T SFTHOMN AR, 8, ARG TAsTaST gd. &1 o
STCAT TTRT0T 20T AR =T 3T, ® o9 el a8 S9e T==d oo Al §
. wferenr Esar I qiflae R, § a7 FHEai J97 RN BN,

FIEaLI=AT TG ST@sTacs gad U faudeel 9eaST Hreaddiq
TEfTSt 3TMed. & T Hae Tadd U FIOATITS U TS aX ol TATSTAY
3TE. A= EATd AT A=A FEad=ar Jdiad= 3Te. GEaTd=l STacsiacs
o UM FIETU=AT FAHET HIOTAEN TH= T 0T, A= WAy Feg
T IO 79f 3TRT. AR foeT=aT AT Yeds UET AT, war=an
WarEaT=T fafay FM—aias WY AT FETARIST 9T MSS AR, a1
TR ATEl. SICad=t 9T <7 <7 YHE=T i T899 eTe. & T
FETIAS TIATIENAET TETHFAT TeIS FId. TSTHT TZATTET ST TSq1d 379
qd SARAHET a1 9O SARRAE U o TS, Headdie e JeY cr=an
CEAISIE aEEAT fegar. € S@er=ar It STaSedr Aieorar s s ITTe.
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fRETasars U7 " RulSl STffthardsr= Hew sTaRRad o,
TSTHIT U2 TTSST FETU 7. 3. ASESHAA OU3t gifecard &STadt .
fafay Toaa focay IEfaumr waudl TS Sead=r yae gagqur e
ST R STEOT Ay, FEE AT, T ISR, W MUt SRTIiE AT ST
FS 3.
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I e arEsE A F Foo TR, ARk sEsie! favmas fHaeT
Tt A TS, A FEor Wi Al SEaNGl, HediEr SAbd U2
Haof —

2) STATST IO T WA A3t FEad & gt 10T Jare. veferon’ TS

U BH. 2%%\9 — R000) (T3h. %)

) iR U T Tear sTHvIaeTdies TSt Ui WUl weaddie

T, TeaT STHvIAedIe AUSl wead’ TUed — fGory @re (T 6.]9)
3) foieR U T Tear sTeviaedies TSt URfEde WUl sweaddie
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IEOT RAr=AT famamed urHeT St et Wes STrerar
T T5AT feaeare Agm
MY FHdl
THU, TH e ETfems). fius

[qIART

2 REQ T URA TIFRA 2% dAhi=l TALATFIOT Fh AT FATHT YRATATS
dfehT FaEade foam gumaer. S dwi=r wd Ghdt el STHedH
TERAFOTaEl <a=ar AThd UTHOT TG Iq QIaST eioar=l IreFadr g,
YA AN 9o AT ATHITT I STESS! THCATHS o T S9M=al HE&d
AMIF Jarerd T FHOT ATEvdF AT AT PR fT=R Fioamdndl
TIFRA 2Ry A TUUEH FHIATMS TATIAT ST, AT HSAHS hded Al
BIRT=AT BATd AT HISTFaTe STNNAT FoigLaaT IO b=l Fh10] ATH{OT
UMTHS Fe3. TRaR 2\l Hed Udh 3TEATCYT g TIHRA &t UrHioT &
MO FAOATAT AT I9RT hal. R STFaEl ey BT Ifedl 338 TITTT ST
T FHIIATT AT Fhi=aT TATTTHNTET & TII0T 9 FST AT dr 7T« WTH0T
O T, SR, JoTsA, I STUT gaX 3cqTedh hri=r faemg &#oT, 312
ST T Idend, I ASX, SRR AT BIE ISR IHAT 0 GIE3T ATT
TAR AfhT gfaem ROur 3 d€ AUl s Tar YIAul. THhishs eadhid dhi=r
VT T ATe@ M0 gOishs AT Fhi=l AGANIHT A=T Iad FAM
UM & I AT ot TSI, WHT 9Tdie Siaed, Iaas SATT
TSR —3TTF gafes =T Id GRAST 0T e e Fhial Jrafquard
TS, A TR a7 Fofame Rardie o SHAT Ta@dd ATSTT It
SIFATST UTHIOT WTFFR FISAT FHelgasars Udh FaiT &F TS oS . IR GIh=]
1 fofarges TeaT vy FUEET TIHUT Sk FTHIOT STedferamsd Hecayul offtenT
FSEST e AT AT=AT STEIET FvIAT=T IIT H AT ST FoT 8.
JEATAAT

YA ThRA WO ool AT e dF & e Taeas &
FOM=T F oA o qLaar FOmd d U s Sedr. e wad Us
ferar < fSeR 3a% walfed 2| oTfT O g TR AR Figd 3G <d.
AT YT AT 9T S 0T STUfad 379e a8 war=ar e 9 Ired
VIl & FI0ATE GG 0T TS, AT si—eh afFTdie Fral dehi-T &=t
TTHOT w7 (RRB) WrAifSta Fear. ar (RRB) =t wo OIS g GISRAT, 34
TSI dchel ST U ST TR 9N A= seoara Arat |ret. areioT
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ST 0 STedt wmTa &fehT Tar Rgvar SEs a1 Fanl U faTeT, 7Aam
grsT= Iaq fIawoT 19f ITEE FH R SHedr. e e Suses FuT,
Sfae wE, wEle TS 0T AT YHIAT T8 dfchT Al <% Sredr. AHoT o7
AT TS ST, TS SO ST T S9dT Fdid T3 3Tes 397 HHl
TRega STHUTd & TeUTST &t UIHIvT ok g, 7Y Tk &k HloTedT ol
TSI &ATdIS o ATAISTd 30T 3TUfd 3T9e dd Todeh 338 Taad 7T
AT a7 TMESET AT A= AT Bl
QA UTHOT Foher R @ gegmmae

M ST gedtaT R ATFIET 2 ey ASH “TAT ek’ AT A1 & il
g ieae TS Ufest UHTT dd g Fodra ATSl. Th gu-aal ar=
feasft AoRET o AT SR T ATEAT. A THEAT 9N IS8T oo FIET FIA
B . FEATA=AT Hledld AT Tl (TR BR SIS ST, =l G &1 aedt,
AMAMEAT TSATT AT & SATAT SO =T VMGG HE&AT e, ¢k
Or&=AT TG AT dh=aT 23,608 TMET BIcAT. il U7 34 YHIUT 2 &4 AT
=T UASER B, T Al SIS Aed UG UfH STOd YT AT
IMET STSTT 3T TS FIHAT FHI TSI AT sl [T, ATHS ST
T SF AT FeIH TSAT. 32 HTH 028 TAd YIAie 4Ry fSieand
%,¥%% IMEHET & FH0ATd 31T,
TETOT STdIHE UTHIUT ARt dohdr  ffrer

IrEfOT WETET WAt e w1 omfaes, ArmifSies, Siarfore aue STy
3TIM HEHIT GUHESST STHAl. a7 il UMHuT fFehmar=ar  a=ar=rem
ISTT AGATT AT FRHAThd TTIIT ST . ATH GG =T STSTEd Tahehst,
M ATOM=AT J=d M9t Fof, fra FHfee w1 21 I 3T T
FOTETST T AT, AT Fa(Ed STadra T FI0ATHS! ol ,gaad Tl
3TOT Tt FIFRIHLOM=AT st AT STIM a1 TR ATSHTATST S FATHA
IR F S, IT HAEAIGE METdie SeEr F TaiaH gafad mar=Em
O B9 THAl. IMEATRST STeR BIOM=AT ShIuTcarel ATSHi=r  sTaeaarfiear
FRr= AT AT, YRA qU= TSISMAAT SR hoedl aTsHT UTHOT qIrad
Tre=faor STfoT Tafaor qraed aroT faer S el Jffer asias! STR.
TTHIOT fahrg SFaTRd THIOT YT Jafaoard I STHSTAT Hecdr=aTl ATsTl
YR TLFRA ATHIOT YT=AT fARaThiar SN el Tioie AIsHi= T AHTGSaSTan
FOAEE UHIOT SR T Aecagol T 1%,

2) frehehst ASMHN: YRA THIT T Juiaed 0 Tsdid ATST 98

109



Power of Knowledge Peer Review Journal,Volume:l, Issue: I April to June 2023 ISSN 2320-4494 Impact factor 2.7286

TeT. fuswri=ar 3cqes ISt Si—faamnr ard d9=F FiSAeTR a3  on=ar
TAld are 2 el T8, TRUTHT Idre! Ideh=aiaT SHT=aT JiSaor= TS]
ISt TR, AT @A Joal HOATATST YR TH TST TIHRA ATHOT ShaThd
T Fsl TG F . T TF &sl a4 g TaAiadd wH Arsnd fHesd
3TGT ST IAFA JSAAT FHel=t TAhs FHIATd TINMAT STSeld Taad aEles
0T AT fesd.

) fFam wE ISEn UF FeieR IaeaE R wE cd@e T S
ST FISUNF IAFT aRAR Fhd TH HUIMEET ST ST e, TR 370
JeeT T FredT IqTd J GHETGT el SHO &t fFamor sfor @d 9949 3a®
MFTIF: Tt WET FHIAT AATT. AT IAFAAT STEATIATTIR IAhdr Tigas
3T FOYET TF FAAT UGS ST, AR Tk TEaFRIST AT TS
YA TAFAAT TEF TEhRIHST YIHATS TS &sl HugT=t TS 9
qEl. IS THIRR A=Al Icaard aI¢ St

3) UAUYE RS WA ATSHET: AT AT THITT VTG ged STIfUT &
SIS faAr AfAfs aRUT U @ FETAd el Hesd AT WHIUT WTTHE
T FIIAT SN & oM@ AGT I IAHIGER. UfhaT S0 SURT=T Ji3aT
9) ARST TISTHIOTATST T UTHOT S{iaar=adt AT IR TLhie=
T AMIAATAAT THOT ATl F9d 12T SAI® Aed ol Sid & odTdA
THOT OIS 3T AfedT d9d I d9+ ST+ 9 THIfsieh o ahivehs
JeATS FHAT T fhcdss F=9d T AU T|ad AT AN FE ko ATed.
qiYcd WHIUT 9T SAT=ehe AT ATl ST SHadr Wasrm=ar qeft famfor
ST T, AT d&= UTHIUT Shi=aT Tefiges TrHI0T sTdeqsgaw=n fasanr
BIA Te.

W) TATEE ST ATSTHT: TRT ILHIEAT AT AT d TTHIOT YT ie 9a+
TIAe SHdeT AR Tri—gfaar Oaas et SEdfie g6 Ivarg eTot
R. T IisHAIe Wdeld U SRg Tudiadd=ar 37oerq famar enfor sug
30000 AT Sfrad faur fesdr. 9= #90m OT%ha fHerom dqw, gt ad+,
fafaer yrr=ar Tt ed fRar sTae © Ud a9 Wreard ST 2 STdedrd
YLEEN 3] dHvgT Hed ST S yd el TSl ATHOT STa=r
THT Uo7 SR RAr TS ST,

&) oY THEYE FiaeT: A1 gOE=AT AR dh=dr ¥d g Tarde
BT Feh=aT Ffaf=ft AThd faear A . See T+ 3o X I 941
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GTd TS, YIFREHST AR T A9eF faafia o a9+ ¥d gmr=a Sreniada
=T AEATE AETT Fh=aT 9d OdT SUGST 00§ SO GHE giaeEr
IEIT AR
©)  TEEEST fUw faET e U U U ST AT 3Taid We heedal
T JFAE, THECS, ATFS UISHT I T UTdcsiads ATI= argT
GILIUMETST fAT SUs=T 378, & Sahd s sl sard < U faar gw=r
ST T A IdH=ET Al Tebr=r ATel. el IMEAH ¢ Fqarasd dies fomr
SER Fot AR, ATes Ideh=aH=T ATIedT Nhi=aT JHAH=T T ol fHesret
TS
frsemst
TIHUT  oTdfaRET hEfdg TEUTS] WEdid ST 3T 2]y A &
SaTaerd UHIT g dhehs WUfgUATT TSI TR, UTHIT g dhHes
TR T @7 ITYH T dd e 31g WHT A & eifor
TehR aAges ddil faar fSeer, arges, Maduer T3e =, et TS
FEAR AEHTHRS ST HATS TS Fel  JudTeAfdaiies 37 HI0TdTal
T ITGH deedl. Ui HehR Ul e ded vde=ar=t & qHer
SMTT Fellged T FST L. YT TIHR=AT T UHT Skt fAHioT swaoar=ar
IO Il &FTqRd Adifed TGS SR & VRAT=AT WS=aTS=ITaed e=c
3. YT IRRAT S ATSTHed  UTHIUT VTTdie Yigaes I Jarerd SAToTar
TS T TF WisTe WMHOT TR STILAT ST . UTHIUT Sehi=aT a7 SRoTeS
TSI TTHTOT STfeaee fOeadRa TgA ST AlSHT AT Fahi=ar SRumges
TIHOT I AST=AT TaeiT Tt fFafor 8| 1R
e
2) MR, TS U — R Tef=gaeen’, fivergy 3fve &. ufesud, ArTz,
) oW AU SWF ST AR FRHAS STUT ST redd wSeIoT greAre
EEINIE)
3) S g FIE —SIfas AT, HSh TRHIH
%) 9", TITR—SATSThdl IR Geheudr T =aaer fiTergy Jehvm,
AT
W) L, Sf. ST, TT.— ‘YR Af=gawen faeg a9 vafawnas srdfems’
&)  HUl FAAVMETH HSdcd S@F Uled AT M STST U HAENE
TS g fAfad A
\9) JOUATH S 3G M7 daTEals >@ POPPY
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HETHT et A1 Al faeae faamr
=t. forarstt #s,
TR UTEATIeh o 3TIRT Tt v,
T, fomi & anforssr Hetfaemer, REaniTR, e 5. die

WA
YR &1 FUTH 39 3. TRAT FU Y Saeyes Sgaed TN &l
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TR e SRR STl SN FH&- ST, TeTeHT Tet e It foreres faam
T AT TFe§ T GYUT T S foaR o ST QAT qHdT, ST e, FHut
R Tggar 37T FehT Tehar e faar Qe QTeelen 3. 9= Fary
Torspraranat 3ot fospraman ara et efsmen 37T Sras=aien fted ST ATt Sdsh=aie
T U, AU o YR [TaRe Hed VR el aX e faumes 9T Sy
TeeT STHCTSTIAUN STEvde 31, TTHes Iahd T ardret. St TIoT JHiqs Freaterem
FHUT T SR AT Tk TTear AU ATl STl el €RoT gl

HETHT el TR UehiTUTHTEAT TTashidicl Uiy THSTgeRe, YRS S ereqomer
S, Tl WA= 37T gaehid I, STAreRTE! ek, UIEs oiash qae Aaehl-
HER Al TBd SHRUR Ufeel YRl R SoRrel |l S oXel 3Ted. i
IRATSH, HAT TeT0IeT Jod gk ANMawa HelcT %ol ~edl 3T . foreyor &
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R. TR IRl & Yiiea e 3Tvare o,
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3T e IO RUH AR WA arR SUgeR SHEY Fiac™ HHl &%
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I HegemTed AfaReR e shetl. Idh=ai-! SIS hetedl Td ITHTCAT asht FHe
TS V=T IITERT 0T I BT . AR Feld TSUTR Jhie3, HTelie IT, st
HETTE AT Vash=drd! Sa-1g el [ aq el el Arhaeites e qeheihiol
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Abstract

Social media has recently made it easier for people to connect with one another. Social media
Platforms like Amazon, Flipkart, Facebook, YouTube, Instagram, Twitter, WhatsApp, andmany
more are actively contributing to the expansion of businesses in today's rapidly expandingsociety. It
gives businesses a platform from which they can engage and reach a larger audience.This is due to
the internet's fast speed and low cost. The usage of social media for entertainment,research, online
shopping, and other purposes has increased recently. The aim of this paper isthe selection of various
ideas, and plans by organizations using social media platforms like Youtube , Instagram channel on
business growth and brand promotion to achieve business growth.

Keywords:
Social media tools, Brand Promotion, Business Performance, and Organization Growth.

1. INTRODUCTION
In recent years, the use of social media is increasing on social media platforms like YouTube,
Instagram, and others for business growth and expansion. With the widespread availability and
accessibility of the internet, social media has become a crucial tool for companies to connect with
a larger audience and improve their brand recognition and sales. The study focuses on analyzing
the strategies and plans developed by organizations in India, using secondary data from various
sources such as online statistical reports and social media channels. The aim of this paper is to
understand the impact of social media on business growth and the effective use of these platforms
to achieve success. Also study some success stories of organizations that choose social media for
campaigns, and to reach a wide range of customers. The rest of the paper contains literature review,
summary, objectives of the study, methodology, conclusion, and references. Objective of this
paper is to explore the effects and use of social media in business expansion, and to identify best
practices for businesses looking to maximize the benefits of social media.

2. LITERATURE REVIEW
This paper highlights the growing dependency of individuals on social media and its diverse
impacts on different fields. In education, social media has improved communication and
collaboration among students. In business, companies use social media to achieve their goals and
increase their sales and profits. The youth population is highly active on social media.In addition
we can study the overall active user on social media of India.
Research [2] suggests that businesses should incorporate social networking sites into their business
model or promotional mix. Furthermore, we can examine the content of social media to determine
what each organization did in their product campaigns during promotion and get data forpromotion
strategies.
Impact of Social media on business for brand promotion ,set strategies plan ,idea in current
scenario is studied in [3] this research paper .In addition we can get some Indian brands that are
using social media platform for their business growth, product camping or using features of social
media platform.
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3. RESEARCH METHODOLOGY

This research used mixed methods i.e. descriptive and qualitative methods, supporting literature
reviews from a variety of sources like thesis, journals and secondary data derived from observing
online social media applications, channels and some statistical reports from blogs, websites, etc.

4. RESULT AND DISCUSSIONS

Internet users in India are growing at an annual rate of 5.4%, with an additional 34 million new
users per annum. On an average, an Indian person spends more hours per day on social media. In
India, the number of social media users are increasing day by day as internet connectivity passes
the population. Meanwhile, social media has become one of the most important factors in daily
internet usage in India. Table No. 1 shows the data on how many active users are spending average
time in assessing social media for online shopping, news, reading, entertainment and watching you
tube channels for various activities.

Total Population of India 1.4 Billion

Active Social Media User 0.467 Billion

Average time spent online per day using| 7hr 19 min

Internet

Average daily time spent using social media | 2hr 36 min

Tablel:India Social Media Users Data[10]

Facebook, Instagram, YouTube, Twitter and LinkedIn
== Facebook == Instagram YouTube == Twitter LinkedIn

80

40

zo/\/'//\/\

/

0
2022-01 2022-04 2022-07 2022-10

Date

Today India has 80% user on social media like facebook, Instagram,YouTube, Twitter and
LinkedIn fig 1 shows the today indian user numbers along platforms

Fig. 1, The Social Media stats of Indian Users (Dec 2021-Dec 2022) [10]
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Today, most of the businesses aim is raising brand awareness using social media successfully or
by uniquely using characteristics of social media. Such as hash tag title (# tag title) to advertising
videos, making some slogan related to current news or thending subject. There are some cases of
Indian brands that are using these social media for brand promotion, organizing the online camping
with current trends. As illustrated with the following Figures.

a)Mamaearth is a wide range of natural skincare products. It has 1.1M followers on its business
account at Instagram. It uses digital platforms for brand promotion as per Mamaearth's official
website, Amazon, Flipkart, and other digital outlets sell the product. As a result, the company is
establishing a powerful digital existence. Most of its sales comes from online channels.[8]

Instagram [ o |

mama

mamaearthin @  Folow  Message

Fig 2: Instagram Followers of Mamaearth.

b) Amul - India's largest dairy brand, Amul When the Supreme Court ruled to partially ban
firecrackers on Diwali, Amul was the first company to break the news to its customers. Amul posts
the same character on all his social media accounts, which has become a trademark of the company.
Amul has facebook, Instagram and twitter accounts.

& amulindia &

il 6,680 402K 10
Posts Followers Following

Amul - The Taste of India
Food & drink
amul.com/m/amul-milk-purchase-form

R&b‘, Followed by rishtafoods, khichteyraho and 10 others

m Message Email address +2

Fig. 3: Instagram Followers of Amul India.

¢) BYJU'S Itis an online educational organization in India. On the occasion of Teacher's Day, the
video was published on its YouTube channel[7]. The brand focused on using appropriate hash tags
such as #LearnUnlearnRelearn and #KeepLearning fig[4]. This is also the latest example of how
social media can be used to promote the brand.
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O

HAPPY TEACHERS' DAY

#LearnUnlearnRelearn

P> Pl N c0s/92 0 3 E O o

Celebrating Their Spirit To #LearnUnlearnRelearn | Happy Teachers' Day

3,498,202 views * 3 Sept 2021 5 14K CJ DISLIKE 2> SHARE $¢ CLIP =+ SAVE ...
Fig 4: “Byju’s’ ‘Master Ji — A Teacher’s Day Tribute’ Campaign”[8]
5. CONCLUSION

The findings reveal that social media can be a powerful tool for companies seeking to increase
their reach and customer base. But it is important to have a clear strategy and understanding of
the target audience in order to maximize its effectiveness. The results of this study can provide
valuable insights for businesses that are looking for expansion through social media. On an
average of online time, an individual spends 35 to 40% of time online shoppings. Further, due
to some constraints like, risks involved in using social media, and individual’s security
components, this research does not explore the other social media like whatsapp, Linkedin etc.
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INTRODUCTION- The entrepreneurship
development 1s considered as symbol of prosperity
and progress of the nation. To become an
entrepreneur. people h invest and manage
their business on their k towards
making business successful. The entrepreneurs are
kev acts as key agents in transforming a backward
economy intoa progressive one. [n India, most of the
entrepreneur Tuns the micro units engaged in
manufacturing processing, trading and services
sector. “Non=Corporate Small Business Segment”
(NCSBS) and “Own Account Enterprises” (OAE)
includes small scale manufactures, shopkeepers,
11 travel operators, repair shops,

ave to
own risk and wor

street vendors, sma

machine operators, small industries, artisans, food

processors  €tc. Micro, Small and Medium
dynamic

enterprises (MSME) have become most
and vibrant sector of Indian economy in last 50 years
of industrialization. These industries provide a

s. Therefore it

strong backbone to the large industrie
is said that MSME sector contributes in the socio-
ic development of the country. There are two

out these enterprises — a) They

provide employment opportunity to large number of
people in country’s population a very low capital
cost than large industries and b) They are also
helpful in industrialization in the rural and backward
areas. This reduces regional imbalances, assuming
and ensuring equitable distribution of income and
wealth for the country.
Objectives *To understand conceptual building
block of Pradhan Mantri Mudra Yojana (PMMY).
*To uqderstand the trend and progress of the Pradhan
Mantri Mudra Yojana (PMMY). «To understand the
Role of PMMY in Entrepreneurship Development in
gl&ﬁy-'ro study about financial assistance of
— .*To study about loan scheme under PMMY’.
Dv\:;l:e‘; of Ll_teratur.e-Manish Agarwal and Ritesh
017 i, Amity Business School,Amity University
) research paper named “Pradhan Mantri

econom
significant things ab
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Mudra Yojna: A Critical Review” highlighted that
PMMY is a great initiative taken by the GOIL. Due to
it there is a big change in the area of microfinance.,
The scheme will help the weaker section, low
income group and unfunded population and also will
increase the competition. Financial inclusion
through PMMY increases the opportunities for
credit requirement and refinance. The introduction
of the national plan PMMY with other type of
financial inclusion initiative ,yield a valuable result.
The PMMY conspire is certain to take our country
forward to the future. MFIs contributed significantly
for the financing women under PMMY. It perceives
that because of dispatch of this plan, monetary
consideration has expanded towards positive
heading. So it can be say that if it is implemented
properly, it may work as a game changing financial
inclusion initiative of Government of India and may
boost the Indian economy. Dr.Yogesh D Mahajan
research paper named “A Study And Review Of
Pradhan Mantri Mudra Yojana (Pmmy) In The State
Of Maharashtra™ highlighted that Pradhan Mantri
Mudra Yojana (PMMY) continues to be a major
initiative of the Govemnment of India providing
credit to millions of unfunded micro units in thet
country. The programme has benefited 12.27 crore:
loan accounts with a sanction of nearly Rs. 5.71 lakh
crore in the last three years. It has also resulted in
benefiting about 3.50  crore m, gew loan
accounts/entrepreneurs, thereby, + providing
employment to a large number of people across the
country. Also it has helped women’s, SC/ST, OBC
category entrepreneurs in_Indjas Also due to launch
of this scheme financial inclusion has increased
towards positive direction. In Maharashtra, Mudra
scheme has been successful. Taranjeet Kaur Matharu
research paper Qatyed “An Overview of Pradhan
Mantri Mudra Yojana” (December 2020 ) featured ,
The main focus of MUDRA Yojana is to “fund the
unfunded”. This scheme has been implemented to
pr_ovnde support to entrepreneurs. MUDRA Scheme
will deﬁmtnvely .help the Micro, Small & Medium
Enterprises as it involves less documentation to take
the loan at reasonable rate. This scheme will help to
reach the small entrepreneurs who are not in the
general banking system. MUDRA will create
confidence in the small scale entreprencurs and it
also boost young, educated or skilled workers to
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hcc:nmc new entrepreneurs and to expand business
activities. ¥
Research Methodology-This study is based on :“j
secondary data which has been gathered from 2
website of MUDRA and its annual reports. For thig 58
descriptive  study, quantitative and analytical 0
techniques are applied on the secondary or published 0
data. in
Overview of Mudra-The Indian Government set up ¥
Micro Units Development & Refinance Agency Lid!
(MUDRA) in the year 2015. Presently, MUDRA hag i
worth 1000 crores's authorized capital & 750 crore's I
paid up capital, which is fully paid up by the SIDBI. 0
The key responsibility of this agency is to develop I
and refinance micro-enterprises sector by providing
support to the its mémber lending institutions i.e. T
finance Institutions which are lending collateral free
credit to “micro/ small business entities engaged in \
manufacturing,\’trading and service activities”. The
financial _stpport provided by MUDRA to theg
entrepreneurs by means of partnering with Banks, #
MFIs and other lending institutions at state/ regional ¢
Aevel.” Primary objective behind formation of 3
MUDRA is the development of “micro enterprise i
sector” by providing financial assistance in terms of
refinance. It also “monitor the PMMY data by 1
managing the web portal, facilitate oftering .
guarantees for loans granted under PMMY and take
p other activities assigned to it from time to time”. p

)

,Jf

4

Shishu | Covenng loan up 0 10% 1o 12% L

| Rs.50000 ;i \

Kishor Covering loan above 14% to 1 7% )

Rs. 50000 & up to Rs. § '

Lakhges"o N

Tarun Covering loan above Rs § 0% !

\

lakhs & up 10 Rs 10 Lakhs X

The above 3 categories of MUDRA loans are basedy
on the business life-cycle that the loance enterprise

currently is in. These three categories signify the *R

growth, development and funding needs of tha )
- s . e . . . A I o

beneficiaries. The business domain ot MUl)l\.\;;_R

consists of income generating micro eNMErPUISEYE

engaged in manufacturing, trading and service &
~ . \ s a ] .

sectors for loans up to 10 lakh. From fiscal 2016 T

{

17 micro enterprises involved in activities allied to_
agriculture oo have also been brought within the
ambit of PMMY loans. The overdraft amount ofs
'5,000 sanctioned under PMIDY is also treated as;

T SR WIS
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s

'rt of MUDRA loans under PMMY. MUDRA
pd lements the efforts of the existing institutions by
'lr:vidi“g funding support through refinance and
I ization of loan assets, to extend financial
to borrowers from micro enterprises.
al Banks, Regional Rural Banks (RRBs),
Banks. NBFCs and MFIs engaged in

g micro enterprises are eligible for refinance

ecur
sssistance.
Comm Cr? 1
L-Oopcmll\’e

inancin
apport from MUDRA.

MUDRA Guarantee Fund -As a measure to
nitigate the problem of collateral security faced by
(he NEW entreprencurs, GOI has notified the
constitution of Credit Guarantee Fund for Micro
Units (CGFMU) on 18 April, 2016 with “3000 crore
which is operational through NCGTC.

The progress under Refinance support provided by
MUDRA during past 3 years is as under:

Assistance from MUDRA.

o | ansas 2016- 201748
baks | Amount Amount | Amount | " Amount | Amount |
| | cReia | (Raia | (Raja | (Raia | (Rsin | (Rain
B Y BN gror) || cror)
. MFls K12 616 %20 w7 446 5 369 §
im (1] 0 399 399 1.137 00 1.005 00
; RRBs 23928 239 25 181 79 1K1 79 S16 75 51675
?_SI'I: W - - 500 500
Tetal 348325 328725 3287 52 3254 52 7.25598 | 6,796 9%
ia PTCs 49 9§ 49 9§ 271 42 27142 72192 F0407
“Grand '
35332 33372 3558 94 352594 7977 % J 750105
Blse Role Played by MudraMicro Units
velopment and Refinance Agency

h‘:llll?d(MUDRA') is set up under the Pradhan
then Ia Mudra Yojana to extend funds for funding to
e l’lcro and Small entrepreneurs for creating
muagoernf_ur cultl_xre anq strong economic growth_m
rolation:| on _W!tﬂhngmal?cnal Institutions  with
lbrahipm g“cmg with various MUDRA Products(
Subsidi;ries' ? P18 )[l§]. It is one of the
W ompmss of SIDBI anfi it plays a dual role. (1)
Public:sectosugport to_Flnancial Institutions like
ural BanksI’Nanks, Private Sector Banks, Regional
itr0 Finap °“‘B§nk{ng Finance Companies, and
0,000/ 4 nce Institutions loans range from Rs
& .Tarun_ (0)10’&0’0_00 _under Shishu, Kishor and
onitoring the progress, and

; lmplem
€ntatj
loan da ation of PMMY by capturing the lending

- ta of
S“’ Products borrowers. (3) MUDRA Interest rates
ktision oo 1 10 be indicted as per the policy

of

t
he bank. Scheduled Commercial Banks,

'l

RRBs ang Cooperative B

rcﬁnnncing fro
g m M : g
Interest rates, ag rcc‘(”)R/\ will have to pin their
from period to peri ommended by MUDRA L.,
thi iritorest fag ) an(-l mudra refinance to keep
: ate at Marginal Cos ;
Lending R R sy ~ost of Funds Based
v f,{, ate (.MLI_,R)/Hasc rate. (4)MUDRA ha
ormed with primary objecti nas
the micro , Jective of developing
: enterprise sector in
extending  vari the country by
" 5 Various support including financial
upport in the form of refi ’ .
refinance. The GOI Pres
release of 2 March 2015 has laid down the rol y
responsibilities of MUDRA.S e e
also decided th ' Ebse‘q R
that MUDRA will provide refinance
support, monitor the PMMY data by managing the
web portal, facilitate oﬂ'érir;g guarantees for loans
grapted under. PMMY and take up other activities
z;\:slljgned to |t_ from tl-me to time. Accordingly
DRA has be%n carrying out these functions over
the last one year:
MUD]EA g’roc.lucts offered by MUDRA BANK-
MUDRA_prowdes funding needs to Micro, Small
and Medium Entrepreneurs, individuals, Self-Help
Groups, Professionals or Startups in Food processes,
Non-farm activity, artisans, Beauty parlours,
manufacturers and service providers in rural and
urban areas with finance requirements uptol0lakh
under Shishu, Kishor and Tarun to the beneficiaries.
MUDRA offers the Micro Credit Schemes,
Refinance scheme for Banks, Credit guarantee,
Equipment finance and Business Correspondent
(BC) model for funding MUDRA loans. Mudra
plays non-funding development support to MFI in
Accreditation/Rating to facilities capital flow to
Micro Enterprises and support in mitigating issues

relating to the collateral securities to provide fund to

Micro, Small, Medium enterprises throggh Credit
Guarantee Fund and extend the financial literacy and

social support services.
CONCLUSIONOThe stud
Mantri Mudra Yojana (PMMY _
of Government of India to develop and lmprq\-f
enlrc'prencurial culture in the copntr_v b\ P:'.L“It‘]ll:)ét._
collateral free and cheap crgdtt to “mil ;:‘-nbyisc
unfunded micro units”  which w_e're. 'IL":bj‘l'jr[\\, o
struggling to establish due to lack ot av;u : -
funds. The MUDRA Yojna tlllcd' |~“eb \ﬁ;ts =
unfunding or shortage ofthc_ funds. It‘a’ b:w:.r;“ =
morale of *first generation entrepre

anks requiring to avail of

\Y concludes that Prudhun
) is the key initiative

R
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Abstract:

Motivation is an important factor which encourages persons to give their best performance and
help in reaching enterprise goals. A strong positive motivation will enable the increased output of
employees but a negative motivation will reduce their performance. A key element in personnel
management is motivation. Work performance relates to how individuals perform in their job
duties. In addition to training and natural ability, job performance is impacted by workplace
environment factors including physically demanding tasks, employee morale, stress levels, and
working extended hours. Well-designed work environments, low stress, and a supportive
employer can greatly increase job performance. Job performance is an important part of
workplace productivity and safety. Employee Productivity means a balance between all factors of
production that will give the maximum output with the smallest effort.Productivity is an attitude of
mind. It is a mentality of progress, of the constant improvement of that which exists. It is the
certainty of being able to do better than yesterday and continuously. It is constant adaptation of
the economic and social life to changing conditions. It is the continual effort to apply new
techniques and method. It is the faith in human progress. Productivity is depend upon motivation.

Keywords : Motivation, Performance, Productivity, Management, Morale
Introduction

Motivation comes from the root "motive"” and defines the driving reasons behind our actions and
behaviors. It's a physiological desire fueled by specific internal or external rewards or incentives.
There are many variations of motivation best for different situations, but all motivational-types are
comprised of three similar components you can use to increase overall motivation. Motivation is
the word derived from the word *motive’ which means needs, desires, wants or drives within the
individuals. One of the most important functions of management is to create willingness amongst
the employees to perform in the best of their abilities. Therefore the role of a leader is to arouse
interest in performance of employees in their jobs. The process of motivation consists of three
stages:-
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1. A felt need or drive.
2. A stimulus in which needs have to be aroused.
3. When needs are satisfied, the satisfaction or accomplishment of goals.

Therefore, we can say that motivation is a psychological phenomenon which means needs and
wants of the individuals have to be tackled by framing an incentive plan.

Classification of motivation

Intrinsic and extrinsic motivation are the two main types of motivation and represent all
motivational drivers. Intrinsic motivation describes all motivational-types driven by internal
rewards while extrinsic motivation describes all motivational-types driven by external rewards.
However, within these two broad categories are more granular types of motivation that highlight
specific motivating factors.

While it's important to have a baseline understanding of general internal and external rewards, the
motivational-types that fall within these broad intrinsic or extrinsic categories better identify
specific rewards and incentives you can use to motivate. We'll therefore start with the main
categories of motivation and then dive deeper into their various types.

1. Intrinsic Motivation

Intrinsic motivation represents all the things that motivate you based on internal rewards like self-
improvement or helping a friend in need. For example, you may be motivated to get a promotion
because you'll learn valuable skills. Conversely, you might be motivated to succeed because you
want to positively affect the lives of the people around you.

However, while the above examples are positive, intrinsic motivation can also have negative
drivers. For example, you can motivate yourself to learn new things because otherwise you’ll feel
unfulfilled. The outcome of your actions is positive, but the specific type of motivation you used
was focused on stopping a negative outcome rather than creating a positive outcome. For this
reason and more, there are many types of intrinsic motivation that all focus on a specific
motivational reward or driver.

Regardless of positive or negative, intrinsic motivation is typically more sustainable than extrinsic
motivation because it usually focuses on positive or altruistic things you can control. Conversely,
extrinsic motivation typically focuses on things that are given to you by someone else and
therefore is not directly within your control to achieve.

2. Extrinsic Motivation

Extrinsic motivation represents all the things that motivate you based on external rewards like
money or praise. These types of motivation are more common than intrinsic motivators and
include achieving things due to a tangible incentive, fear, or expectation, all of which depend on
external factors. For example, people want to get a promotion because of the expected raise.

Like intrinsic motivation, extrinsic motivation can sometimes be negative. For example, you can
be motivated to perform better at your job due to fear of being fired. This shows that extrinsic
motivation, like its high-level counterpart, has many different motivational-types that highlight a
specific external motivational driver and explains how effective it is at motivation.
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Motivational approach

Keeping employees motivated is the biggest challenge for companies for ensuring that they give a
high productive output at work and help in achieving company goals. A positive motivation
amongst employees helps drive the business positively & enhances creativity. On the other hand,
a demotivated employee will not contribute efficiently and slowdown progress at workplace. The
key elements & top factors which influence employees in business or people in general are as
follows:

1. Salary

Monetary compensation & benefits like gross salary, perks, performance bonuses etc. are the
biggest motivation factors. The better the salary and monetary benefits, the higher is the
motivation level & passion of a person towards a job.

2. Recognition

Rewards, recognition, accolades etc. are important for ensuring high enthusiasm levels for an
employee. If the hard work of an individual is appreciated, it keeps them motivated to perform
better.

3. Work Ethics

Ethical working environment, honesty etc. are important factors for any individual. Good work
ethics in a company helps keep employees motivated at work place.

On the other hand, if the work environment is not ethical, then the workforce might be
demotivated.

4. Transparency with Leadership

The leadership in an organization helps in employee motivation if there are transparent discussion
and flatter hierarchies. The senior management has to ensure that all subordinates are happy,
focused & motivated.

5. Culture at Work

A good, vibrant, positive culture at workplace is always an important factor. People from different
backgrounds, religions, countries etc. working together helps create a social bond at workplace.

6. Work Life Balance

Having a good quality of work life (QWL) helps in the motivation of people. A good work life
balance ensures that a person can give quality time to both office work as well as family.

7. Career Growth Opportunities

Career development opportunities have a positive influence on the motivation of any person. If a
person knows their future & career path is secure, they tend to work with more passion.

8. Health Benefits

Health benefits, insurance & other incentives act as a source of motivation for people. If the
medical bills, hospitalization charges etc. are taken care of by the company, it helps build a strong
trust.
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Effects of motivation on employees performance

Higher levels of productivity

People will produce more if they are encouraged to work faster and more efficiently. This will
enable your company to do more and possibly sell more.

More creativity is needed.

Motivated employees will not only produce more, but they will also improve the product. Because
they are so focused on the product or service, motivated employees will recognize opportunities
for improvement and will feel compelled to work to improve them.

Absenteeism is at a minimum.

Motivated employees are more satisfied with their jobs and have a clear goal in mind. These
employees are less likely to miss work without justification because they believe it will cause
them to fall behind on their tasks.

Staff turnover is reduced.

Employees who are motivated are more likely to stay in their jobs because they can see the results
of their efforts and believe that they can continue to make a difference in the company. Employee
churn can be reduced, resulting in lower training and recruitment costs for the company.

Stronger recruitment and a good reputation

As we all know, people talk about what they like and, more importantly, what they don’t like.
Satisfied employees spread the word, giving the company a positive reputation as an employer. As
a result, attracting top talent is much easier.

Employee performance

Employee performance includes quality and amount of yield, nearness at work, accommodative
and supportive nature, and production timeline. Entrepreneurs make much effort to please their
clients, but do not concentrate on employees.

In any case, the truth of the matter is that the client would not be fulfilled until and except if
employees are motivated. Since, if employees are fulfilled, they will accomplish more work in this
manner and at last clients will be fulfilled. Employee performance is affected by motivation in
such a case that if they are propelled, then, they will accomplish work with more exertion and by
which performance will at last improve. For a company and its employees, motivation is
important. It helps a person to achieve personal objectives. A motivated person is more pleased
with the work, more productive, and determined to succeed. Overall, the morale of workers
becomes extra involved.

Motivated employees are more involved. More unpredictability is dealt with, better dilemma
experts, progressive heights of transformation, invention, and client-centered, more beneficial,
better client gratification, and more employee conservation rates. You can say that they are
generally passionate about it.

Unmotivated workers don’t take an interest in their corporation. They produce ‘rumors’ in
propagation, and they do not comply—strike threats, protests, etc. cause management problems.

As predicted, the greatest damage is done to actively unengaged employees. Such people are
effectively removed from their businesses and, therefore, can work in opposition to their
employers; they are less successful, steal from their businesses, affect their fellow workers
negatively, skip working days and take customers away.
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However, it will be correct to say that employees’ motivation has an important and positive
relationship with the performance of employees. Motivated workers are more successful than
unmotivated workers. This momentum is anticipated to prompt improved employee commitment,
upgraded efficiency, and higher paces of maintenance.

Motivational theory

Motivation is a state of mind, filled with energy and enthusiasm, which drives a person to work in
a certain way to achieve desired goals. Motivation is a force that pushes people to work with a
high level of commitment and focus, even if things are going against them. Motivation translates
into a certain kind of human behavior. In short, motivation is the driving force behind human
actions.

There are many different forces that guide and direct our motivations. It is important to ensure that
every team member in an organization is motivated and meets the best project
management course bottom line. Various psychologists have studied human behavior and have
formalized their findings in the form of various motivational theories. These motivational theories
provide insights into the way people behave and what motivates them.

Motivation theory is a way of looking at the motivation of a person and how this influences their
behavior, whether for personal or professional reasons. It's important to every aspect of society
but is especially relevant to business and management. Motivation is the key to more profitable
employees, as a motivated employee is more productive.

1. Maslow’s Theory of Hierarchical Needs

Abraham Maslow postulated that a person will be motivated when all his needs are
fulfilled. People do not work for security or money, but they work to contribute and to use their
skills. He demonstrated this by creating a pyramid to show how people are motivated and
mentioned that one cannot ascend to the next level unless lower-level needs are fulfilled. The lowest
level needs in the pyramid are basic needs and unless these lower-level needs are satisfied people
do not look at working toward satisfying the upper-level needs.

Below is the hierarchy of needs:

e Physiological needs: are basic needs for survival such as air, sleep, food, water, clothing,
sex, and shelter.

o Safety needs: Protection from threats, deprivation, and other dangers (e.g., health, secure
employment, and property)

e Social (belongingness and love) needs: The need for association, affiliation, friendship,
and so on.

o Self-esteem needs: The need for respect and recognition.

o Self-actualization needs: The opportunity for personal development, learning, and
fun/creative/challenging work. Self-actualization is the highest-level need to which a
human being can aspire.
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2. Herzberg are motivators and hygiene factors.

Herzberg’s Theory of Motivation tries to get to the root of motivation in the workplace. You can
leverage this theory to help you get the best performance from your team.

The two factors identified by Herzberg are motivators and hygiene factors.

1. Motivating Factors

The presence of motivators causes employees to work harder. They are found within the actual
job itself.

2. Hygiene Factors

The absence of hygiene factors will cause employees to work less hard. Hygiene factors are not
present in the actual job itself but surround the job.

The impact of motivating and hygiene factors is summarized in the following diagram. Note that
you will often see motivators referred to as factors for satisfaction, and hygiene factors referred to
as factors for dissatisfaction

Motivating factors include:
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Achievement: A job must give an employee a sense of achievement. This will provide a
proud feeling of having done something difficult but worthwhile.

Recognition: A job must provide an employee with praise and recognition of their
successes. This recognition should come from both their superiors and their peers.

The work itself: The job itself must be interesting, varied, and provide enough of a
challenge to keep employees motivated.

Responsibility: Employees should “own” their work. They should hold themselves
responsible for this completion and not feel as though they are being micromanaged.
Advancement: Promotion opportunities should exist for the employee.

Growth: The job should give employees the opportunity to learn new skills. This can
happen either on the job or through more formal training.

Hygiene factors include:

Company policies: These should be fair and clear to every employee. They must also be
equivalent to those of competitors.

Supervision: Supervision must be fair and appropriate. The employee should be given as
much autonomy as is reasonable.

Relationships: There should be no tolerance for bullying or cliques. A healthy, amiable,
and appropriate relationship should exist between peers, superiors, and subordinates.
Work conditions: Equipment and the working environment should be safe, fit for
purpose, and hygienic.

Salary: The pay structure should be fair and reasonable. It should also be competitive with
other organizations in the same industry.

Status: The organization should maintain the status of all employees within the
organization. Performing meaningful work can provide a sense of status.

Security: It is important that employees feel that their job is secure and they are not under
the constant threat of being laid-of

3. McClelland’s Theory of Needs

McClelland affirms that we all have three motivating drivers, which do not depend on our gender
or age. One of these drives will be dominant in our behavior. The dominant drive depends on our
life experiences.

The three motivators are:

Achievement: a need to accomplish and demonstrate own competence. People with a high
need for achievement prefer tasks that provide for personal responsibility and results based
on their own efforts. They also prefer quick acknowledgment of their progress.
Affiliation: a need for love, belonging and social acceptance. People with a high need for
affiliation are motivated by being liked and accepted by others. They tend to participate in
social gatherings and may be uncomfortable with conflict.

Power: a need for controlling own work or the work of others. People with a high need for
power desire situations in which they exercise power and influence over others. They
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aspire for positions with status and authority and tend to be more concerned about their
level of influence than about effective work performance.

4. Vroom’s Theory of Expectancy

Vroom’s expectancy theory of motivation says that an individual’s motivation is affected by their
expectations about the future. In his view, an individual’s motivation is affected by —

o Expectancy: Here the belief is that increased effort will lead to increased performance i.e.,
if I work harder then it will be better. This is affected by things such as:
o Having the appropriate resources available (e.g., raw materials, time)
o Having the appropriate management skills to do the job
o Having the required support to get the job done (e.g., supervisor support, or correct
information on the job)

e Instrumentality: Here the belief is that if you perform well, then the outcome will be a
valuable one for me. i.e., if | do a good job, there is something in it for me. This is affected
by things such as:

o A clear understanding of the relationship between performance and outcomes —
e.g., the rules of the reward ‘game’

o Trust in the people who will take the decisions on who gets what outcome

o Transparency in the process decides who gets what outcome

e Valence: is how much importance the individual places upon the expected outcome. For
example, if someone is motivated by money, he or she might not value offers of additional
time off.

5. McGregor’s Theory X and Theory Y

Theory X and Theory Y were first explained by McGregor in his book, "The Human Side of
Enterprise,” and they refer to two styles of management — authoritarian (Theory X) and
participative (Theory Y).

Theory X: Managers who accept this theory believe that if you feel that your team members
dislike their work, have little motivation, need to be watched every minute, and are incapable of
being accountable for their work, avoid responsibility and avoid work whenever possible, then
you are likely to use an authoritarian style of management. According to McGregor, this approach
is very "hands-on" and usually involves micromanaging people's work to ensure that it gets done

properly.

Theory Y: Managers who accept this theory believe that if people are willing to work without
supervision, take pride in their work, see it as a challenge, and want to achieve more, they can
direct their own efforts, take ownership of their work and do it effectively by themselves. These
managers use a decentralized, participative management style.

Conclusion

Motivation is the state of mind which pushes all human beings to perform to their highest
potential, with good spirits and a positive attitude. The various motivation theories outlined above
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help us to understand what are the factors that drive motivation. It is a leader’s job to ensure that
every individual in the team and the organization is motivated, and inspired to perform better than
their best. This is neither quick nor easy, but in the long-term, the gains that are derived from
happy employees far outweigh the time and effort spent in motivating them!
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oga experts, as doi ; : . ) .
more problems. p ing such exercise without guidance may result in some
KEYWORDS: S injuri 3
: Sports injuries, Yogic exercises, rehabilitati injuri i
: ; ! itation of sports injuries, preventive
approach, Yogic expert’s advice. . ’ : P |

_ul\il

INTRODUCTION
ks th?l:jrelgﬁ the pastfthree decad@s,. the spo'rts activity has gat}}ered momentum an.d particularly
r the penetration of the digital media the general public can get opportunity to witness
audlo-v1§ual performance of variety of games. This has led to the greater participation of the sports
persons in the various games. The government of India has also encouraged the youths to participate
in sports at all levels including the international level. The Govt. of India has sports ministry which
has increased initiative in popularizing and patronizing several games. This has been paying good
dividend at the international levels say Olympic, Commonwealth Game, ICC Cricket matches etc.
Khelo India is one such initiative of the government.

It is but natural that when participation in sports has increased there is increase in rate of
sports injury has also increased which is a cause of concern. Therefore, preventive measures need to
be adopted by the sports. Sports medical treatment has become a separate branch. I'n the same way of
thinking Yoga exercises has also assumed greater importance as a part of preventive care as well as

recovery of the sports injuries.

India is the home of t
regularly practice yoga ar¢ morc p
or surfaces are needed. It is prac

he ancient art, science, and philosophy known as yoga. Pcople who
hysically, mentally, and socially fit. To practice it, no special topls
ticable at home. Yoga exercises, which also include breathing
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_c.\-c.-giscs. meditation. and physical activity, aid athletes in preventing and recovering from. 023
injuries. Sport
_ It is ,-ccogniscd. as a Hindu form of meditation, breathing control, and the adopy
particular postures. While contemporary yoga emphasises physical poses and is occasionanypsg:] of

as

an exercise.
In fact, yoga is a good complement to physiotherapy because they both focus on the h
Whole

person's health and wellbeing.

Because many of us lead sedentary lives and lack mobility, flexibility, postural awa
and strength, many injuries develop gradually. Yoga can aid in preventing such accidents b "o,
< improving range of motion Y
increasing flexibility
strengthening weakened muscles
alleviating pain
enhancing the patient’s general function
injury prevention.

It also works well for treating persistent low back pain. It maintains back flexibility and
strength, which is frequently advantageous for older adults. Additionally, slow movements and .
proper breathing techniques assist in reducing anxiety and depression and improving the emotional
component of back pain. '

Any type of pain, physical harm, or injury sustained while participating in a sport, exercise,
or other physical activity is referred to as a sports injury. Unfortunately, sports injuries are
unavoidable. They depend on how hard a performer trains, how they prepare to avoid injuries, and

how they incorporate rest and recovery into their training and competition schedules. ‘
The age of athletes has increased as a result of the rise in adult-targeted sports and fitness

activities, which is why sports injury prevention is a topic that is more popular than ever. Even
though adults are becoming more active, the physical changes that come with ageing make them

more susceptible to common sports injuries.

LJ
0.0

)
L]

L)
.
.0

*
L)
’0

LJ
0‘0

Sports injuries are:
< Most frequently related to the Musculo-skeletal system, which is made up of ligaments, tendons,

and the muscles, joints, and tissues that support them.
Commonly classified as acute or chronic.
Mild, moderate or severe.
The inability to use or put weig

symptoms.
Acute injuries refer to sports injuries that h

Chronic injuries are characterised by a gra
an excruciating inflammatory condition.

UJ
. .0

o
.0

and other 6

D)

)
.Q

ht on the injured area, along with pain, swelling,

D)

appen in a moment.
dual, ongoing progression of symptoms that results in

L) *
0.0 ..Q

COMMON SOFT TISSUE INJURIES
Any injury to the muscles, ligaments, or tendons is considered a soft tissue injury. Typically,

common soft tissue injuries result from a sprain, strain, or one-time blow that causes a contusion or
bruise (caused when blood vessels are damaged or broken as the result of a blow to the skin). Sports
involving contact, like boxing and rugby, frequently result in contusions. Injuries to soft tissues can
cause discomfort, bruising, swelling, and loss of function.

Yoga has the potential to address both the physical and psychological components of an
injury because it places equal emphasis on the body and mind. In general, yoga increases skeletd
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| o motio lengthens muscle tssuc, and strengthens muscles through the application ol | — N
":“)i: in yarious shapes. e
;m-l;‘ocal Sh‘cngth - |

: wth and stabihity can be nnm-ovcd through regular yoga practisc. In different poses

core stret '
ork on muscles that are (requently underused in other excrcises like running, cycling

you can give your major muscle groups more suppo
h large and small muscles can function at their best

cou can W
and qwimming.
{ muscles. Bot

rt by building up these
and improve yout

underuset
oxCreise pcrlbrmzmcc when they are stronger.
). Balance
ance and coordination arc crucial

For better exercise performance and injury prevention, bal
yoga poses are flown through to improve coordination, balance, and focus.
palance, you ¢ai lower your risk of falling and improve your exercise form, which will cnhance
your performance in general. '
3. F lexibility
Poses L0 INCrease flexibility arc included in a full yoga practise in addition to those that test
strength and balance. Range of motion is significantly ‘hfluenced by joint and muscle flexibility.
When performing exercises like a golf swing, swimming stroke, or baseball pitch, a larger arc of

motion enables the user to exert morc force.

By enhancing vour

4. Mental Focus

Yoga recognises the significance of both physical and mental training. Yoga includes a varicty
of other techniques that can help you focus your mind for exercise of sports even [ meditation 15
not your thing. For instance, many yoga poses work best when breathing and movement are
coordinated. For endurance athletes like runners, cyclists, and swimmers. this may be

advantageous. '
Yoga is @ great way to sup
enhancing physical performance- It is special in that athletes of a
begin a routine at their own pace and benefit from it. So, get on the mat today and step outside of

your comfort zone!
eople looking to keep up their fitness in @ way that w ill support

Another important tool for p
lan is yoga. Yoga has the potential t0 address both the physical

prcvcntion or recovery p
onents of an injury because it places equal emphasis on the body and mind.

d barefoot and builds all the muscles necessary for walking and running
d strains to the ankle. The foot is made up of about 20 ditlerent
pport your movement, balance, and body weight. As a result of being crammed day
ght athletic footweab these muscles frequently undcrdcvcloped. Any participant ina

d the ability to maintain balance whil¢ p;n'licip;\lin:‘.

jue of balance an
h not only decreases falls and hits but also the numbet

plement any exercise programme and has many advantages tor
ny age or level of experience can

their injury
and psychological comp
Yoga 1S practise
while also prcveming sprains an
muscles that st
after day 1Into t
contact spor
in that sport.
of lower body injuries. ‘
In gcneral. yoga increases skeletal range of l‘nOthl\'. |
muscles through the applicalion of hcallthy stress 1N various shapes. .
managing pain and addressing poslural |mbala.n<.;es.lmk'cd (o n\uscmlllos.kclctal disorders an
as well as 1or recovering from overuse muscle injuries like ‘IQ\\. back pain-
' Alance has been shown 10 reduce the risk ol injury 0 athletes becaust il e
Baan body and how it n Pyven mote agnitivant

”Prn[)ri()cc.p\i(m." G aWarencss of ones ‘ l
e @ stress

may be the tact that YO tisol levels, @ stre
effects thal impede injury
A spcrmliwd n'vzmncnl pl' |
i gpecitic YoB
pain condinio! | by I n'm‘)i:u pose
can help them rel

Increased foot and ankle strengt

engthens muscle tissuc, and strengthe™

These qualities a1¢
Jd e,

]

;:lc.ll tot

\‘nll.nhk"

10Ves through space.
hormone linked to a putt

bt ol Ih‘;‘illl\ <

\ l\\‘| NS

|’cl\ubilil;uion
\ whieh

recoveld y
tment P al

an 15 implcmcn\cd as par
| eXereines includ

L ol yogd based
A poses and e in this tred
ir diseon re, nON-InVasive way -
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. . ' . n
vou need for your gpecific mjury vou will need the advice ol  dete

a physic i

) I e YStothepgne. . ¢ what
. ‘ ‘ ted VOR ) at level ol effort s best for X
physiotherapist has suggested VOEd, (ind out what level of effortis best for voyy 'n'mr\m\' I vour

static stretehes or more L|}ll(l|l\ik‘ vogi would be prclcl':\lwlc. then decide onvasiyie 4 whether |
< . \

'dl g()
CS il
recovery stralegy. With vour

(‘()N(‘I.USI()N:
Yoga Is a pmvcrlill form ol exercise that works well in conjunction with Phvsiothe

can help you reach your recovery objectives. In order o be guided and 1o achieve ""clk\:“m and
health. it is crucial that you find an experienced instructor or master. It has now well beep c»\]'nc};\‘- and
that the yogic exercises have proved Lo be very useful in preventing the sports injuries as wéll 'lfhsid
speedy recovery of sports injurics. However. it is important that whilc resorting these yogic c\/c:n‘“h«)r
one should seek guidance / advice from the yoga cxperts, as doing such exercisc without g\lxid'x:%j
may result in some more problems. Now there are trained Yoga teachers available casily. oE

REFERENCES:

» Yoga Therapy: By A. G. Mohan and Indra Mohan
» Light on Yoga, by Bharat Ratna B. K. S. lyengar. d
» lyengar Yoga for Beginners, by Bharat Ratna B. K. S. lyengar

» https://purcsportsmed.com/blou/posts/"bcnclhs—o1’-vo@—fm‘-iriiurv-prcvcmion—:md-rcuwcrv
»

»

https://www.physioing.com “auw/blog/yoga-sporting-injuries
https://elevatephysio.com.sg/yoga-supplemcm—physio/
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Abstract:

The purpose of the present study was to determine the physiological profile status of elite road cyclists. These
selected physiological variables compared with ITT cycling performance of elite road cyclists. Twenty-five
male road cyclists of age (24.69+2.31) years were selected for the study. Selected physiological parameters
like Maximum oxygen capacity (VO2max) was measured by 20-meter Multistage Run Test, Maximum Heart
Rate, Anaerobic threshold, Maximum Power Output were assessed with the help of Cosmed Cycle Ergometer
excremental test and Lactate threshold measured by Pro Blood lactate analyzer. Descriptive and inferential

statistical tools were used for data analysis. Pearson’s product moment correlation was used to find out
association between variables.The results of this stud

y conclude that physiological variables are highly
correlated with cycling performance and road cycling is an extreme endurance sport that places high demands
onthe physiological parameters of cyclists. These results provide specific physiological status of Indian elite
road cyclists, which are important for sports scientists, coaches and cyclists as baseline data to identify
talented athletes. Further, it is recommended that stu

dy could be conducted on a large population and may
contribute some new findings and on different sports events, gender and age groups.
Keywords: Physiology, Performance, Cyclist, Power output, Elite Road Cyclists, PO (watt), VO2 max
(ml/kg/min), HR4 mmol L (beats/min), PO4 mmol L. (watt), Absolute power (watt), HR max (beats/min).

Introduction:

Cycling was used as a competitive sport, recreation and transportation. Cycling is a sport organized for
amateur and professional races, which are held mostly all around the world. In modern times, recreational
cycling has opted for a fitness drive. The Union Cyclist Internationale (UCD) is an independent international
federation of cycling which was recognized by the International Olympic Committee (I0C). It was
established in Paris in 1900, the UCI headquarter is situated at World Cycling Centre (WCC) in Aigle,
Switzerland. The cycling events are organized at the national level by individual national cycling federations,
The cycling competition is categorized as road, track, MTB, cyclo-cross and BMX races.

Indian Scenario in Cycling

Cycling as a sport was introduced in India with the efforts of Shri Janki Das in mid-thirties and first time
participated in the British Empire Games at Sydney (Austra‘ha) in 19.38 with Swam.l. Jagan Nath who
accompanicd as Manager. The 1% Asian Games were held at Nat}onal Stadmm, Nevy Delhiin 1951, E‘l‘le ln.d!;\n
cycling team won Silver Medal in Team Pursuit, Bronze Medal in _1000 m Time Tngl and _segured 4™ position
in 120 miles road race. Presently, the Cycling Federation of India manages cyclmg training a_nd dC\'L‘\OPS
programs at various State units and NCOE SAI Centres. In 2015, the Union Cycliste Internationale (UC1)
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qtoopen satellite center in the New Delhi velodrome which is
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_and host of the 2015 Asia Track Cup. 1t was a collaboration betwee

a U Sports Authority of India (SAI) and Cycling Federation of India (CFI).
N ﬁ 1.¢qm cyclists created history in the Team Sprint event a
men s ™

rrack Cycling Championships in Frankfurt, Germany. Indian |
Track Asia Cup in 2019. And also held the world number 1 rank in Men’s Junio

yme Trial and Keirin at the same time during 2020. The Indians Road riders participated in UCI Road World
Cmmpi\)ﬂSh-\PS in the time trial event in 2016 and finished 55th. The Indian cyclists do not compete at the
international Level much better. A question arises, why are our cyclists lacking behind?

pemands of the Sport

Road cycling is an extreme endurance sport that place

s high demands on the physical and physiological
parameters of individual cyclists.

The racing cyclist typically has low body fat, a maximum OXygen uptake,
good anaerobic capacity and strong lower limb musculature (Mujika, L., Padilla, S. (2001). Th

went through various reviews related to the study and found out the most dominating physiological variables
which affect performance of road cyclists.

Purpose

The purpose of the present study was 10 determine the physiological profile status of elite road cyclists in

order to provide baseline data for identifying talented athletes and to compare with their performance.

Methodology

A correlational and mixed-method of research was used in this s

tudy. Twenty five male elite road cyclists
aged 18 to 30 years were selected using purposive sampling technique. The sample had experience of 3-4
years of cycling at elite level. The data was collected by selecte

d tools to measure the physical and
physiological variables of elite road cyclists.

Collection of Data

Selected physiological parameters like Maximum oxygen capacity (VO2max) Was measured by 20-meter
Multistage Run Test, Maximum Heart Rate, Anaerobic threshold, Maximum Power Output were assessed

with the help of Cosmed Cycle Ergometer excremental test and Lactate threshold measured by Pro Blood
lactate analyzer.

l Statistical tools _ ’ _
Descriptive and inferential statistical tools were used for data analysis. Pearson’s product moment correlation
was used to find out association between variables. After finding relationship between different variables:

rescarcher used stepwise multiple regression analysis to make an equation of prediction.

Result and Interpretation

Table 1 D f Elite Road C clists (N=23)
“Factors ~ HRmaX PO Absolute VO2max: HR-‘m!mul!u :’04--:-;-;!
(beats/min) (watt)  POWer (mV/kg/min) (beats/min)  LOY
Mean 19564 332.00 488 55.36 lo1.04 216.00
218
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TGN
“ 1,50 4.90 0.09 0.60 1.7] 4.76

SEM 24 2449 044 3.01 8.54 23.80

= 0.20 -1.15 036 -0.47 -1.08 0.55

F?rﬁ;s -0.01 0.04  0.65 -0.51 0.09 0.19

ih: 178.00 300.00 4.16 48.00 146.00 175.00

S 210.00 37500 5.91 58.60 178.00 275.00

o | shows the descriptive statistics for physiological parameters as HRmax (1 95.64i7.49 beats/min), PO
T-S:bi*.t‘-w watt). Absolute power (4.88+0.44 Watt kg™"), VO2max (55.36+3.01 ml/kg/min), HR 4 mmol L (
(f;}-_gzs.ﬁ-i beats/min), PO4 mmol L (216+23.80 watt) of Elite Road Cyclists.

-l 2 Correlation of Physiological variable and Cycling Performance 42 km ITT for Elite Road Cyclists
(N=25)
Variables Performance (sec)
PO (watt) 0.763
VO2max (ml/kg/min) 0.534
HR4 mmol L (beats/min) 0.503

PO4 mmol L(watt) 0.444
Absolute power (watt) 0.436
HR max (beats/min) 0.262

Table 2 revels significant relationship of Power Output (watt) (r=.763), maximal oxygen consumption;
VO2max (ml/kg/min) (r=.534), Heart Rate at 4mlmol L (beats/min) (r=.503), Height (m) (r=.482), Power
Output at 4mlmol L(watt) (r=.444), Absolute power (watt) (r=.436), Muscle mass (kg) (r=.417) with ITT
cvcling performance of elite road cyclists at 0.05 significance level of confidence. The maximum heart rate
(beats/min) has not shown a significant relationship (r=0.262 ) with ITT cycling performance of elite road
cyclists at 0.05 significant level of confidence.

Conclusion:

The .resglts of this study concluded that physiological variables affect cycling performance highly and road
cycling s an extreme endurance sport that places high demands on the physical and physiological parameters
of r;ychsts. From this study it is found that the hierarchy of physiological factors affecting cycling
performance is PO (watt)-VO2 max (ml/kg/min)-HR4 mmol L (beats/min)-PO4 mmol L

power (watt)-HR max (beats/min) (watt)-Absolute

Recommendations:

These results i i i i i
s provide specific physical and physiological status of Indian eli :

o PV : elite road cyc i
‘l:p({rwm for sports scientists, Coaches and cyclists as baseline data to identify talented athlbg tl‘sts, dwhlch are
amljmng for elite cyclists. Further, it is recommended that study could be conducted les e et be

may contribute some new findings and on different sports events gender and age gorr(l) @ arge population
: ups.
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ARTICLEINFO ABSTRACT

Keywords:

SbzTes

Narrow bandgap semiconductor
Thin films

Electrodeposition

Material characterization

A conductive and thermally stable material with a high work function is required to produce highly efficient
CdTe-based thin film solar cell (TFSC) devices. In this study, we report the growth of layers of polycrystalline,
stoichiometric, and compact antimony telluride (SbzTe3) by using the wet-chemical aqueous electrochemical
technique. A three-electrode geometry consisting of a working electrode, a reference electrode, and a counter
electrode was used to deposit the Sb;Tes thin films at a low temperature (60 °C + 2 °C). The growth potential
was optimized through cyclic voltammetric measurements with reference to the Ag/AgCl reference electrode.
The structural, morphological, compositional, and electrical properties of the films were studied and correlated.
Their prominent Bragg reflections of (103), (016), and (110) verified the growth of the rhombohedral crystal
structure of SbyTes. The Raman modes Egand Alg, observed at 119.88 and 161.48 cm™}, respectively, confirmed
the formation of the Sb;Te; compound. Compact grain growth with a void-free and well-adherent layer was
observed using scanning electron microscopy. The grain size, surface morphology, and thickness of the Sb,Te,
layers were significantly influenced by variations in the deposition potentials. An EDS analysis of the sample
grown at —0.5 V revealed nearly stoichiometric growth (2:3, Sb:Te ratio). The elemental chemical states were
studied through XPS analysis. The survey scan confirmed the presence of antimony, tellurium, oxygen, and
carbon. The current-voltage characteristics reflected the nearly ohmic nature of the SbyTe; thin films. The
ideality factor and carrier concentration obtained for the sample grown at —0.5 V exhibited nearly ohmic be-
haviors, with a high conductivity that was suitable for back-contact between the buffer layer and CdTe for the
development of CdS/CdTe solar cells.

1. Introduction

Cadmium telluride (CdTe)-based thin film solar cells (TFSCs) have
emerged as a strong competitor for traditional Si-based solar cells owing
to their good chemical and environmental stability as well as the
highest-ever reported efficiency of power conversion (PEC) of 22.1% [1,
2]. Furthermore, the direct bandgap of CdTe, ~1.45 eV, is close to the
Shockley—Queisser limit for single-heterojunction TFSCs. Its high ab-
sorption coefficient of ~10° cm™ and a long minority charge carrier
diffusion length are some of the additional properties of CdTe that
render it suitable for use in the fabrication of TFSCs [3,4]. Its highest
reported efficiency—22.1%, was obtained by using the close-spaced
sublimation technique which can be further improved (close to its
theoretical limit of ~30%) through low-resistive back-ohmic contact
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with CdTe [3]. One of the issues encountered when using CdTe is its high
work function (~5.7 €V), which leads to the formation of non-ohmic
back-contact with the rear metal electrode. The contact resistance be-
tween CdTe and metal electrodes can be reduced by inserting a buffer
layer or by doping its surface with significant amounts of Te or Sb [5,6].
The back-contact buffer provides suitable electrical transportation for
electrons photogenerated from CdTe to the back-electrode by reducing
the height of the barrier. The introduction of a P-type layer with a high
acceptor density allows the holes to tunnel along the confined barrier.
However, the formation of stable and low-resistive ohmic contact with
p-CdTe is a fundamental and crucial challenge in this context [7].
Sb,Tej3 is a semiconductor with a narrow band gap (0.33 eV) that has
been investigated as the back-contact material for CdTe for developing
high-performance CdTe/CdS solar cells. SbyTez is a p-type
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Aracle history A low-cost solution-processable electrochemical technique was used to deposit the Zinc telluride (ZnTe)
Available online xxxx thin films. The growth potential —0.9 V was optimized by using cyclic voltammetry. The samples were
—— annealed at 400 °C for 20 min. to improve the crystallinity and particle size suitable for the development

of CdS/CdTe solar cell devices. The as-prepared and annealed samples were characterized thoroughly
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1. Introduction treatment conditions were optimized. The as-prepared and

annealed samples were investigated and the results are correlated.

Group II-VI semiconductors have been the focus of great inter-
est for photovoltaic and photoelectrochemical cell applications due 2. Experimental details

to their high absorption coefficients and direct optimum energy
bandgap | 1). ZnTe is a p-type material with a wide and direct band- A conventional three-electrode system was & far the sloc:

gap of 2.21 eV - 2.26 eV at room temperature with an electrgn trodeposition of ZnTe films with Ag/AgCl as a reference, fluorine-
affinity of 3.53 eV [2]. It is used as a p-type doped window mater'lal doped tin oxide (FTO) as working, and graphite plate as a counter
[3], interface layer over p-CdTe for achieving low-contact resis-  ejectrode, ZnTe thin films were cathodically electrodeposited onto
tance in CdS/CdTe photovoltaic heterojunctions [4], switching glass/FTO substrate at room temperature using an aqueous solu-
devices, and infrared and X-ray detectors [5]. Various methods tjon at pH 2.5 containing 0.5 mM TeO;, 0.2 M ZnSO,, 0.1 M Na3C-
are used for the synthesis of ZnTe thin-films such as metal-organic Hs07, and 0.1 M C¢HgO. ,
chemical vapor deposition (MOCVD) [6], RF sputtering [7], thermal The samples were annealed in a preheated muffle furnace at a
evaporation [8], pulsed laser deposition [9], and electrodeposition temperature of 400 °C for 20 min under ambient conditions. The
[10]. The electrodeposition method is considered to be cost- sample was cooled to room temperature naturally. The as-
effective, and highly efficient, with large-area deposition, high prepared and annealed samples were characterized using X-Ray
throughput, and a reasonably high growth rate. The deposition of diffractometry, UV-Vis-NIR spectrophotoscopy, scanning electron
ZnTe thin films was first reported by Neumann-Spallart and Konig- microscopy, energy dispersive x-ray analysis, Raman spectroscopy
stein [11] by single-step electrodeposition using an acidic bath. X-ray photoelectron spectroscopy, and electrical measurement to
Herein, we have reported the growth of ZnTe layers at room study the various properties.

temperature using the electrodeposition technique. Hifhl}:j com-

act and uniform layers are grown which can be utilized as a
E:»w—resistive buffer {ayer for CdTe-based solar cells. The heat- 3. Results and discussion

3.1, X-ray diffraction

tion pattern of as-prepared and annealed ZnTe

X-ray diffrac
y own in Fig. 1. The
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Accepted: 30 August 2022 Cadmium telluride (CdTe) thin films have been prepared using a low-cost
Published online: potentiostatic electrochemical technique from an aqueous electrolyte. A stan-
13 September 2022 dard three-electrode geometry was employed for the deposition of the samples.

~ The possible growth potentials for the electrodeposition of CdTe were opti-
© The Authors)) under  mized using cyclic voltammetry. The samples were grown at potentials — 0.5,
— 0.6, and— 0.7 V with respect to Ag/AgCl reference electrode and annealed at
450 °C for 20 min. The optical, structural, morphological, compositional, and
electrical properties were studied with a range of analytical techniques. The as-
prepared samples exhibited amorphous behavior and the polycrystalline nature
with cubic crystal structure was revealed after annealing. The annealed sample
grown at -0.7 V exhibits pure CdTe reflections without the TeO, phase. The
Raman analysis confirms the reduction in the A1 mode of Te systematically with
increasing the growth potential and vanishes completely for the sample grown
at — 0.7 V. Uniform, densely packed, and spherical surface morphology with
stoichiometric CdTe (Cd:Te composition ratio 1:1) layers were obtained at
— 0.7 V. The Te-Cd and Te-O bonds were revealed in XPS core-level spectra;
however, the increased peak intensity ratio of Te 3ds/, and Te 3d3,, confirms the
reduction of the TeO, phase in CdTe. The increased carrier concentration and
flat band potential calculated for the sample grown at — 0.7 V demonstrate the
growth of low-defective and highly crystalline CdTe layers.
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1 Introduction absorption coefficient ~ 10° em™! [1]. Further, the

absorption edge is considerably sharp there-
CdTe has been considered to be one of the most fore ~ 90% of the incident light (visible light of
suitable absorber materials for the development of  golar spectrum) absorb within a 1.5-2 pm thick
thin-film solar cell (TFSC) devices because of its layer of CdTe. CdTe has also been widely used for
direct bandgap ~ 145eV  and high  optical gamma-ray detectors [2], infrared detectors [3],
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The present paper reports the thermoluminescence properties of 6 MeV electron irradiated Dy doped CaFa
nanophosphors (NPs), at different doses from 25 Gy to 1.2 kGy. Here, the chemical co-precipitation method was
used to prepare the CaFy:Dy nanophosphor with an optimized concentration of Dy dopants. The structural and
morphological configuration of the nanophosphor were investigated by using X-Ray Diffraction (XRD) and Field
Emission Scanning Electron Microscope, which confirms the FCC phase exhibiting crystallite size ~54 nm and

particle size of 88 nm, respectively. In the case of thermoluminescence properties, it is observed that 1 mol %
doped NPs possess a simple and single glow curve at 230 °C at the electron fluence of 75 x 10'! e/cm? (750 Gy).
The linearity of absorbed dose-response is found to be linear with increase in electron fluence (dose) from 25 x
10% e/em? (2.5 Gy) to 75 x 10'! e/cm? (750 Gy). The fading and reproducibility characteristics have been
explored and the kinetic parameters were calculated by using GCD and peak shape method etc.

1. Introduction

Electron (e™) beam irradiation is one of the unique systems to alter
the material properties because the interaction of electrons with matter
varies with kinetic energy and the Z number of the target material. Thus,
by precisely controlling the energy and energy-dependent interaction
process one can tailor material properties [1-3]. A large number of
pieces of literature are available on the study of the effects of electron
beam irradiation on various materials at different energies and fluencies.
To name a few materials such as P-Type Conduction in Mg-Doped GaN
[4], electrical characteristics of the Au/n-Si/Al Schottky diode [5],
Particle Size control [6], processing industrial applications [7], devel-
opment of radiation-hard graphene-based electronic devices [8],
Transistor-Based Dosimeters [9], etc. Apart from the material science
and industrial fields, electron beams having different energies also play
a crucial role in medical fields, especially in radiation therapy [10,11]
and solid state lightning and high-temperature dosimetric applications
[12].

Especially in radiation therapy, with the advent of high-energy

* Corresponding author.
E-mail address: sanjay@physics.unipune.ac.in (S.D. Dhole).
1 Mahesh S. Bhadane and Kishor H. Gavhane contributed equally to this work.

https://doi.org/10.1016/j.optmat.2023.113452

particle medical accelerators, the electron beams are commonly used
for cancer treatments and therefore have become extremely important
to measure the precise electron dose at and nearby sights of the tumor.
The scientific understanding and methodology of clinical dosimetry
modality is still incomplete [13] and hence, the precise dose measure-
ment requires new innovation to measure the electron dose which is
deposited or transmitted during the radiation therapy. Specifically, the
dose measurement system called Vivo-dosimetry or medical dosimetry
and certainly has great importance as far as the absorbed dose is
concern. The key challenge and requirement in the clinical applications
of electron therapy is to determine and locate the precise dose in the
entire irradiated volume. Among all the different techniques used for the
measurement of electron dose, thermoluminescence dosimetry (TLD) is
the most significant one. Therefore, with taking proper care and mo-
dalities, the TLD system is very effective for the Vivo and medical
dosimetry [14]. So far, a lot of TLDs have been developed and used as a
dosimeter such as LiF: Mg, Ti, CaFy:Dy/CaFy:Mn, Li;B407, CaSO4:Dy,
Al;03:C, etc., and among all of them, CaFy:Dy (i.e. TLD-200) is very
important and much sensitive for photon therapy. Moreover, other

Received 16 July 2022; Received in revised form 26 December 2022; Accepted 5 January 2023
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fluoride-based phosphor materials are also used for dosimetric appli-
cations [15-17].

Calcium Fluoride (CaF3) exhibits a fluorite structure having a unit
cell of simple cubic which is formed by F~ and Ca?" ions. The lattice
structure is an FCC with 3 sub-lattices and the lattice constant is a =
5.451 A. CaF, has a wide band gap of 11 eV having high transparency in
the wider wavelength window ranging from VUV to NIR region [18]. In
thermoluminescence gamma dosimetry, CaF; is one of the most sensi-
tive TL materials being used. Wiedemann et al. first time studied its TL
properties and used CaFo:Dy as a gamma dosimeter [19] and CaFs:Eu in
luminescence applications [20]. Although Calcium fluoride (TLD-200) is
not a tissue equivalent material (Zegr. = 16.57), but as compared to the
previously developed TLD-100 i.e. LiF (Zegr. = 8.2) (developed earlier
than CaF2:Dy) its sensitivity for the photon is ~30 times greater and
provides wide linear dose-response [21]. The investigations and im-
provements are still being made to develop the new low and high-range
TLD’s by different synthesis routes and optimization techniques.
Annealing-quenching, and most importantly the variation of activator
concentrations are prime optimization parameters for the development
of new TLD’s. Thus, the commonly used activators (i.e. dopants) in CaFy
are the rare earth ions like Eu, Dy, Tb, Er and sometimes mixed dopants
are also used in the host materials [22-25]. CaFy:Dy phosphor shows
better sensitivity than CaFy:Mn [26]. A Both the materials, CaF:Tm and
CaFg:Mn, features the TL glow curves at quite lower temperature than
CaF3:Dy, therefore, commercially Harshaw used it as a sensitive photon
dosimeter. Bhadane et al. [22] studied the complex peaks of CaFs:Dy,
optimized it by thermal treatment and obtained the single prominent
glow peak with slightly better sensitivity. As per the literature survey,
there are several research groups actively working on the TL properties
of CaFy:Dy for different ionizing radiations, especially, for beta, gamma,
UV, neutron, heavy as well as low energy ions [22,27-31], but very few
research groups have paid attention on the electron dosimetry [32-34].

CaF:Dy phosphor is well known and widely used as a TLD phosphor
as mentioned above, but its application in the field of vivo or medical
dosimetry using the electron beam is very rare and still required to be
studied to enhance the dosimetric properties for low to high doses. We
have found that the CaF,:Dy phosphor also shows sensitivity and a wide
range of linearity for the 6 MeV electrons. Therefore, in the present
paper, the TL dosimetric properties of CaFy:Dy phosphor at different
fluences have been studied thoroughly to see the response and sensi-
tivity. TL glow curves of the phosphors are deconvoluted to separate
various glow peaks using Kitis GCD functions [35]. Along with activa-
tion energy and other parameters, theoretical parameters are also
calculated via peak shape method using Chens empirical formulae.

2. Experimental details
2.1. Synthesis and dose conversion

A simple chemical co-precipitation route was used to synthesize the
CaF:Dy nanoparticles using the following reaction.

CaCl, + 2NH,F — CaF, + 2NH,CI

In this method, AR grade CaCly-H20 (5 g for 50 ml) and NH4F (3.37 g
for 50 ml) along with the desired impurity of Dy (1 mol %) in the form of
DyCls (104 mg) dissolved in a double-distilled water (DDW) for the
overall reaction. In the first step, NH4F was added into the CaCl, solution
dropwise (drop point set as 1/5 s) under continuous stirring conditions
and then DyCl; was added as an activator. The solution was stirred
continuously for up to 3 to 4 h to obtain the precipitation (ppt). After
that, the precipitate was removed using the funnel and washed repeat-
edly with DDW plus ethanol to remove the trace chlorine and other
unreacted impurities. Then filter out the wet compound and was dried in
an oven at 120 °C for 5 h. The dried product thus obtained in powder
form was crushed in a pestle mortar. At last, the fine powder was
annealed at 400 °C/2 h in a quartz crucible under the natural
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atmospheric condition and quenched it from the furnace. The final ob-
tained phosphor (i.e. CaFy:Dy) was used for further structural,
morphological, and dosimetric characterizations. For the study of dosi-
metric properties, the CaFy:Dy was irradiated with 6 MeV electrons at
different fluences over the range from 25 x 10'%e/cm? (2.5 Gy) to 12 x
10'2 e/cm? (1.2 kGy). Further, the TL glow curve was recorded at a
heating rate of 5 C/Sec. Using a TLD reader.

The electron fluence was converted to dose in Gray (Gy) using ma-
terial density and stopping power (-%) obtained from E-STAR software
for respective phosphor [36] and the calculations were made by using
equation (1) [37] and it is shown in Table 1

0 1 dE 2
D(Gy) =1.602 x 107" x — x (7) (MeVCm® gm™) x n (€h)
P X
where, n — particle fluence (cm™~2), p — density of irradiated material (g/
cm3).

3. Results and discussion
3.1. X-Ray Diffraction

The X-Ray Diffraction spectrum of the CaFy:Dy (1mol%) phosphor
shown in Fig. 1 Exhibits a cubic FCC structure. All the ‘hkl’ planes i.e.
(111), (200), (220), (311), (222), (400), (331), and (420) are closely
match with standard JCPDS data collection code 77-2245. The average
crystallite size of the nanoparticles is calculated from the broadening of
the diffraction peaks using Scherer’s formula and found to be around 55
nm. No other XRD peaks due to the impurity phases are observed in the
sample, which confirms the phase purity of the as-prepared samples.
Also, the absence of any second phase in the XRD pattern reveals that the
dopant ion is effectively doped into the CaF; host lattice. Moreover, the
EDS spectrum of Dy doped CaFz phosphor is shown in Fig. 2., where the
signature of Dy is also recorded significantly along with Calcium and
Fluoride mentioned in the adjacent Table. The EDS is an analytical
method used for the elemental analysis or chemical characterization of
the sample and hence, we also report the atomic concentration of the
sample as given in the table.

Table 1
Conversion of electron Fluence (e~/cm?) to Dose in Gary (Gy).
Sr. No. Electron Counts Gray (Gy)
1 25 x 10'% e/cm? 25
2 50 x 10" e/cm? 50
3 75 x 10'° e/cm? 75
4 10 x 10" e/cm? 100
5 20 x 10! e/cm? 200
6 30 x 10" e/cm? 300
7 40 x 10" e/cm? 400
8 50 x 10" e/cm? 500
9 75 x 10" e/cm? 750
10 10 x 10'2 e/cm? 1k
11 12 x 10'? e/cm? 1.2k
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Fig. 1. XRD spectrum of as-prepared CaF5:Dy fluorite nanophosphors.
3.2. Transmission electron microscopy (TEM)

The sample was prepared for TEM by taking a few ‘mg’ of CaFy:Dy
phosphor powder dissolved in 5 ml of ethanol and ultra-sonicated for 3
to h to disperse the particles uniformly. After that, a drop of sonicated/
dispersed sample was put on a Cu-grid having 200 mesh and allowed to
dry under atmospheric conditions. Using the TEM image, particle size
and shape were determined. Fig. 3 shows the particles of CaF,:Dy have
no agglomeration and they possessed asymmetrical spherical shapes
having an average diameter of around 85-90 nm.

3.3. Thermoluminescence characteristics

3.3.1. Glow curve and linear dose-response

Thermoluminescence glow curve readout was carried out using
Nucleonix TLD reader at 5 °C/s heating rate with temperature profile set
to 400 °C. The TL glow curve of CaF,:Dy phosphor exhibited two glow
peaks, first one located at 193 °C and the second one at higher tem-
perature 228 °C as shown in Fig. 4 (a). The two TL glow peaks indicates
that there are two trapping levels available to store the absorbed radi-
ation. Fig. 4 (a) indicates irradiated CaFo:Dy NPs showing TL area under
the curve increases as the dose increases up to 1.2 kGy, however, it
started saturating from 750 Gy. Therefore, it is clear that CaFo:Dy shows
a good TL performance with linear response from 25 Gy to 750 Gy, and
then after that saturation occurred as depicted in Fig. 4 (b).

3.3.2. Fading

TL signal fading as a function of time was studied and shown in
Fig. 5. For fading experiment, we prepared 7 mylar wraps of CaF2:Dy
NPs samples, irradiated at 400 Gy and these NPs mylar wraps were
stored in a black paper under the natural conditions. This was done in
order to avoid the natural light induce annealing. After every five days
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interval, the TL of sample was recorded and it was noticed that, the
radiation loss around 4.22% is observed for 1.5 months as shown in
Fig. 5. Since, recombination possibility of electrons is very rare, as a
result less fading occurred.

3.3.3. Reproducibility

After TL reading, the used CaF:Dy NPs was collected back from the
TL reader and again exposed to electron radiation to check its repro-
ducibility. If the possible TL signals are stable as shown in Fig. 6, and
could not change any physiochemical properties throughout the cycle
such as repeated annealing, repeated exposure, and TL readout, then the
requirement for the application of dosimetry is completely fulfilled. To
confirm this, we took three reading for each sample irradiated at the
dose of 400 Gy. We calculated the error bar (by using the standard de-
viation) of repeated number of cycles under the same radiation dose and
TL reading conditions. At this exposure and complete cycle, the CaFy:Dy
NPs confirms a completely steady behavior, as can be seen from Fig. 6.

3.3.4. Glow curve deconvolution

Thermoluminescence glow peak analysis has a theoretical model and
therefore, using a common Microsoft Excel spreadsheet program
developed by fouxenidis et al. (2012) [38] we successfully carried out
glow curve deconvolution with the help of Tm (Max. Temperature) and
Im (Max. Intensity) of the experimental glow peak as shown in Fig. 7. By
using Kitis General Order equation, we put the Tm and Im values and
evaluated the trapping parameters such as activation energy (E), Order
of kinetics (b), and frequency factor (s). Also, the Figure of Merit was
determined as given in Table 2. More detailed information and equa-
tions regarding the glow curve deconvolution are explained in our
earlier article [39,40]. Hence, the simulated experimental glow curve
indicates three activation energy of 0.62 eV at 166 °C, 0.89 at 205 °C,
and 0.995 eV at 230 °C, and these energies indicate the deeper trap

100 nm

Fig. 3. TEM images of CaF:Dy (1mol%) nanophosphors.

Element Weight% Atomic%
FK 75.31 86.67
CakK 24.36 13.29
DyL 0.33 0.04
T T T
Totals 100.00 0 1 2 3 4 5 6 7
[Full Scale 4562 cts Cursor: 0.000 ke

B Beckon image 1 |

Fig. 2. EDS spectrum and the respective table of CaF5:Dy phosphor at an ideal concentration of 1 mol% of Dysprosium.
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Fig. 4. The TL glow curve of CaF,:Dy NPs (a) and Linear dose response (b) irradiated by 6 MeV energy electron at different doses.
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Fig. 5. Fading of 6 MeV e~ irradiated Dy doped CaF, NPs samples stored at
room temperature.

levels.

3.3.5. Peak shape method

The trapping parameters of the TL glow curve are also determined
with the help of geometry and the shape of the TL glow curve known as a
peak shape method [41]. In this method, we are extracting some di-
mensions of TL glow peak as shown in Fig. 8. In addition to that, Chen’s
empirical formulae were applied over that parameters to know the
activation energy (E) of the particular peak. In the present study, we
have chosen the TL glow curve of CaFy:Dy NPs irradiated at 400 Gy of 6
MeV electrons for peak shape analysis as follows:

T=Tn-T.8=Ts-Tp 0 =T,-T)
cr = 1.51 + 3.0 (ug - 0.42), by = 1.58 + 4.2 (ng - 0.42)
cs = 0.976 + 7.3 (ig - 0.42), bs = 0
Co = 2.52 + 102 (g - 0.42), b, = 1
The order of kinetics calculated via form factor pg,

L2

pe= @

[

As equation (2), mention g factor which has been considered a
symmetry factor, for general order kinetics this factor should lie between

104

- -
o (=] (=
o o N
4 4 3

©
v

% Peak Intensity (a.u.)

©
S

—

2 3 4
No. of Measurements

5

Fig. 6. Reproducibility of the normalized TL signals of CaF,:Dy NPs irradiated at the dose of 400 Gy for 5 cycles. Error bars indicate to a standard deviation.
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Fig. 7. Glow curve fitting of CaF,:Dy NPs irradiated at the dose of 400 Gy of 6
MeV electrons using excel spreadsheet. Inset image shows the residue spectra of
fitted glow curve. The residue is nearly linear and FOM is less, then, experi-
mental and theoretical fitting is considered to be superior.

Table 2
Evaluated trapping parameters for CaF,:Dy doped NPs irradiated at the dose of
400 Gy.

Sample Peak  Peak Order of Trap Frequency FOM
name Temp. Kinetics DepthE  Factor (s™1) (%)
Tu(Q) () (eV)
CaF,:Dy P1 166 1.08 0.62 1.3 x 108 1.36
(400 P2 205 1.70 0.89 2.9 x 10'°
Gy) P3 230 1.44 0.995 1.1 x 10!
30000
................. H, =6/w
250001 Imax
3
8 20000 4
>
=
» 15000 4
- 172(..) i ‘
£ 10000{ ™ Tl
_ 1T '8
- P
5000 + - !
0 Ty Tl
50 100 150 200 250 300 350 400

Temperature (°C)

Fig. 8. Plotting parameters of TL glow curve of CaF,:Dy NPs irradiated at the
dose of 400 Gy of 6 MeV electrons for peak shape method.

0.42 and 0.52.

2
Ec<"TT;'> ~bu(T,) ®)

where o = 7, 5, and .

Equation (3) is used to find out the activation energy of the peak from
the parameters extracted by the peak shape method and it is shown in
Table 3.

4. Conclusion
CaFy:Dy NPs was synthesized by using chemical co-precipitation

method and were irradiated by 6 MeV energy electrons for the appli-
cation of electron dosimetry. The XRD spectra clearly shows a FCC
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Table 3
Trapping parameters of CaF»:Dy NPs by using peak shape method.
Nano Peak shape method
phosphor
CaF,:Dy Order of Kinetics Frequency Factor Trap Depth Energy
®) (o] (eV)
1.45 1.16 x 10° 1.7 + 0.005

structure and the crystallite size calculated around 55 nm. The particle
size confirmed by TEM around 65-70 nm. The CaF; crystal structure has
been simulated and an attempt has been made to justify the experi-
mental findings through computational study. From the TL studies of
CaFy:Dy NPs, the observed dosimetric glow peak appeared at around
228 °C. The other dosimetric properties of CaF,:Dy such as linear dose-
response, fading, and reproducibility shows good results. Trapping pa-
rameters determined from the GCD and peak shape method are in good
agreement with each other. From all the measurements, it can be
concluded that CaF:Dy is deserving material to be used for electron
dosimeters from 25 Gy to 750 Gy.
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Comparison of the normalized difference moisture index and tasseled cap wetness
in the detection of soil moisture based on Landsat Satellites
in the Upper Mutha basin, Pune District
Kishor R. Sonawane Dr. Jyotiram C. More

Abstract

In order to regulate the movement of water and heat energy between the ground surface and
the atmosphere through evaporation and vegetation transpiration, soil moisture is a crucial factor.
Studies on the location of actual soil moisture have normally been used as suitable sites for
reforestation and plantation of new vegetation. This work has calculated the Normalized Difference
Moisture Index (NDMI) and Tasseled Cap Wetness (TCW) using a statistically established correlation
technique. The Landsat-8 satellite database's NDMI and TCW had excellent correlations (r2 = 0.85).
The use of multiband data in spatial indexing is more trustworthy than the use of standard ratio
indices. The NDMI is less accurate than TCW for identifying soil moisture. Near-infrared (NIR) and
short-wave infrared (SWIR) bands have been employed in NDMI, whereas visible bands like blue, red,
green, NIR, and two SWIR, among others, have been used in TCW calculation. The findings of this
study show that the area exceeded by 7.41% very low moisture class , which contains a small amount of
rocky and barren land classes, and the area underestimated for low moisture class by 14.50% for
grassland, micro plants, etc. The medium moisture class is closer to medium vegetation and soil
wetness. High moisture class 28.14% contains dense vegetation, forests, and Very high moisture class
about 25.87% for dense to very vegetation cover and waterbodies, etc. with excellent overall accuracy
82.81% and 0.91 Kappa Coefficient.
Keywords: NDMI, Wetness, Landsat, Correlation, Tasseled Cap Coefficient

Introduction

Moisture affects the physical properties of the soil as well as its capacity to break down and
transport nutrients, which in turn restricts microbial activity Jain and Kothyari (2000). Moisture in the
soil is essential for plant growth since it is both a nutrient and a solvent for other nutrients like salt,
potassium, carbon, and nitrogen. It has a significant impact on heat transfer, plant health, infiltration,
evaporation, and microbial soil organic matter breakdown Liao et al. (2013). A crucial element in the
development of the plant is soil moisture. Microbes need water to carry out their metabolic functions.
Applications for hydro, landscaping, geology, agriculture, and climatology all rely substantially on the
moisture content of the top layers of soil. The TCW detect the enormous amount of vegetation into
account when processing data from many bands Sonawane and More (2022). Soil moisture is a key
element in controlling the flow of water and heat energy between the ground surface and the
atmosphere through evaporation and vegetation transpiration Su et al. (2018). However, the different
plant species cover the Earth's surface, including the land, oceans, and spaces below the sea. Even the
soil's water acts as a fertiliser. Under perfect circumstances, plants have an endless potential for
growth. They have the capacity to gradually change over time from single cells to multicellular
organisms Sugihara et al. (2017). A vegetation cover is a grouping of various plant types. Because of
its diversity in density, root types, root depths, height, leaf types, leaf colours, patterns, and trunk
patterns, vegetation is a distinctive feature in the formation of forests. A canopy of vegetation that
nearly completely covers the surface of the land is what forms forests. Vegetation growth is closely
related to the amount of soil moisture, which is essentially the amount of water in the soil. It is an
intricate network of living things with the capacity to regenerate itself that, among other things,
interacts, works with, and mitigates against the physical environment Taylor et al. (2009). Contrarily,
when moisture levels are extremely low, fertilisers and fertiliser that has leaked into the water may
cause groundwater pollution, which will reduce plants' capacity to absorb nutrients and increase soil

88




Peer Reviewed International Research Journal of Geography

Maharashtra Bhugolshastra Sanshodhan Patrika
ISSN : 0971-6785 {Impact Factor 4.567 Renew (lIFS)} Vol. 39, No.2, Jul-Dec 2022. pp 37-45
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forest covers and correlation with them in Maharashtra State
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Abstract

The present study is focus on Administrative region wise area under forest covers and
correlation with them in Maharashtra State. There are six (6) administrative region (Included 36
districts) in Maharashtra state. Thus, District wise geographic area and area under forest cover data
is collected from Annual forest of Maharashtra- 2019 for further study. Results shows that huge
inequality and poor and negative correlation is found among the area under forest cover and
geographic area of Western Maharashtra, Nashik Region, and Aurangabad administrative region. On
the contrary of, other administrative region of Maharashtra shows good condition regarding area
under forestin Maharashtra.

The kokan, Amravati and Nagpur regions have indicates a very strong positive correlation
between geographic area and area under forest. Highest Geographic area is cover under forest in
Kokan Region i.e. 42.70. Followed by Nagpur region and Amravati region, it is occupies the area
under forest covers 38.48%, 15.22% respectively. Lowest area under forest cover occupies by
Aurangabad Administrative region. i.e. 2.96%. Gadchiroli district is cover 68.81% geographic area
under the forest, followed by Sindhudurg and Ratnagiri. i.e 54.31% and 51.33% respectively. Whereas
Latur district is occupies very lowest geographical area under the forest. i.e. 0.18%. Although the
amount of plantation has increased in the last one-two years, but the expected has not becoming under
the forest area. About 297.56 sq.km forest area has increased from 2017 - 2019. Highest forest is
increased in Kokan region in Maharashtra. On the contrary of from 2017 to 2019, about 194.6 Sq.km
areas are deforested in study region. This indicate serious problem of different consequences
regarding the deforestation in state of Maharashtra. There are different types of causes behind
declining forest cover mention in present study. For coming out from this situation some
recommendation are necessary.

Keyword: Administrative region, Geographic area, area under forest cover

Introduction

Forest is a one of the important natural resource on the earth surface. It plays a most
significant role for maintain a balance of the earth. They helps to reduce environmental pollution,
increase the ground water level, quality of soil and also proportion of rainfall. Some of the revenue is
achieved from the forest products. It is helps to improve the economy of country or a state. Many
number of tribal people subsistence is depending on the forest or forest product.

The Indian Forest Act 1865 defines 'forest' as in dictionary meaning as 'land covered with
trees, brushwood and jungle'. Subsequent amendment of the Act in 1878 led to areas under plantation
on barren land also included as forest. In the famous T. N. Godavaraman Thirumalpad versus Union of
India case in 1996, the Honorable Supreme Court of India referred to forest as in dictionary meaning,
irrespective of nature of ownership and classification thereof. The Forest Survey of India (FSI)
considers all land parcels greater than 1 ha in size and with more than 10% canopy cover for assessing
area under forest cover in India. The National Forest Policy 1988 proposed that India should have at
least 33% of its geographical area under forest/tree cover. The FSI in its 2017 assessment, reported
forest and tree (trees outside forest) cover in India at 24%, and to achieve the target of 33%, it would
require adding about 28 m ha under forest/ tree cover. (Govindrajulu )

In 2021, the total forest and tree cover in India is 80.9 million hectares, which is 24.62% of the
geographical area of the country. . Madhya Pradesh state is occupies the highest area under forest
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Study Of Urban Fringe In Pimpri Chinchwad City
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Abstract

Pimpri Chinchwad city is the larger urban center in terms of area coverage and population
size and is experiencing the highest growth rates among Maharashtra urban. The City is experiencing
massive Urbanization on account of a rapid population increase caused by natural growth and mass
migration from rural to urban areas in search of better living and employment opportunities and also
due to merger of several villages as a result of spatial expansion of the city from time to time. The rural-
urban fringe area stands for the spatial extension between a city and a rural area. Looking into the
complex structure of transformation, the delineation of rural-urban fringe areas becomes very
important. This area is a dynamic spatial zone caused by the effect of the process of urbanization at the
outer limit of the city, and beyond the municipal or any other administrative boundary of a city. This
occupies an important place in the field of urban geography, because it forms a complex identity of
physical expansion of urban area and social, cultural, economic and environmental transforming
conditions over a period of time. This paper is based on the works carried out by researcher to study
dynamic nature of rural urban fringe area of Pimpri Chinchwad. This study tried to assess and
monitor the spatiotemporal dynamics of PCMC urban area.

Introduction:

Rural-Urban fringe is an important concept in settlement geography. An urban boundary is a
boundary area outside the appropriate urban area where rural and urban land uses intermix. (Dr.
Jyostna Pandey, Rural-Urban Fringe in Indian Cities). It is the area where the city meets the
countryside. It is an area of changing from agricultural land uses to urban uses (Models in geography).
Properly located in the area of urban influence the edge is reflected in a variety of land uses including
residential areas occupied by middle-income commuters working in the city center. Over time the
edges of the fringe change from the rural to the larger cities. Urbanization occurs within the municipal
boundary of a rural-urban fringe area.

Urban fringe area shows the characteristics of both rural and urban land uses together. It is a
transitional zone between city and its suburbs and countryside (Dr. Jyostna Pandey, Rural-Urban
Fringe in Indian Cities). There are some distinct characteristics of rural urban area like garden centers,
sewage works, vegetables and flowers fields, airports, social amenities, transport, etc. It means it is
neither truly urban nor truly rural area. Some major characteristics are Encroachment of residential
and industrial estate. This is the area into which the city is physically expanding.

Pimpri Chinchwad lays between 18°25'to 18 ° 42' North latitude and 73 ° 42'to 73 ° 57' East
longitude it covers 171.59 sq. km. Pimpri - Chinchwad has grown from an area of 86.01 sq. km. in
198210 170.52 sq. kmin 1997 i.e. it has increased by 84.51 sq. km in the last 30 years. In 1982, the area
of old PCMC was 86.01 sq. km. which increased to 170.52 sq. km. in 2011, with the inclusion of the 18
villages.( pcmcindia.gov.in )

Pimpri Chinchwad is located in one of the biggest industrial belts in Asia and particularly in
India having a geographical area 171.59 sq. km. It is rapidly growing city towards the metro due to the
growth of IT industries. Rate of urbanization in PCMC area is very high. Growth rate of this area
between 1991 and 2007 was 62.17%, it was doubled in comparison of Pune district. Within these 20
years this city has rapidly grown along with its fringe area, e.g. Bhosari Hinjewadi, Chankan, Dehu
etc. Hence the study of the urban fringe of PCMC area is an attraction for researchers. Study of the
growth of urban areas, its causes, planning of development, its problems, etc. is the need of time.
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A Geographical Analysis of Spatial Pattern of Female Work Force
Participation in Ahmednagar District (MS)
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Abstract

Present research paper has attempted to understand the female work force participation rate
in Ahmednagar district of Maharashtra state. Basically, the entire study is based on secondary data.
The secondary data have been collected from the district census of Ahmednagar district for the year
2011, study intend to a spatial pattern of female work force participation in Ahmednagar district. Work
participation rate highlights the occupational distribution of the study area and the distribution of
work participation and it also presents data related to Main, Marginal as well as Non-workers.
Population of working female and work participation rates highlight the female occupational
distribution of the study area. In recent times, due to the progress made in various aspects in the field of
study and education, availability of facilities in the medical field and awareness on social media,
active participation of women in all fields is seen to be increasing. Microsoft Excel, SPSS was used to
analyze the data on female work force participation in urban and rural areas. Software like GIS
ArcMap-10.4 has used to create the maps.
Key Words: Work Force, Spatial Pattern, Female Work Participation Rate, GIS ArcMap-10.4.

I. Introduction:

The workforce is a very important parameter of production that contributes to the economic
development of any region. The economic development of any nation depends on the quality of its
workforce. An analysis of workforce statistics can answer many questions in terms of social welfare. It
is only through such studies that national plans for social and economic development can be
formulated and therefore considered important for policymakers and planners. Population, workforce,
and employment are closely related to each other. The demographic structure of the workforce varies
due to Population size, composition, and population distribution will change. On the other hand, there
is a difference between cultural, age group, and gender according to the stage of economic
development. The economy of India is mainly agricultural, this economy contributes about one-third
of'the total economy and employs more than half of the workforce. Work participation rate highlights
the occupational distribution of the study region and works participation distribution also presents
data regarding the numbers of main and marginal workers. The time series data on the workforce
distribution by category of workers like cultivators, agricultural workers, workers in household
industries, etc. Also, present a picture of structural change occurring in the economy. According to the
2011 Census of Ahmednagar district, the workforce participation rate is 48.53 percent, while the
female work participation rate is 41.10 percent and the male work participation rate is 55.50 percent.

Study Area:

Ahmednagar district is located in central part of Maharashtra state in India. Geographical
location of Ahmednagar district is between 18°20'N and 19°59'N north latitudes and 73°40'E to
75°43'E longitudes. The area of Ahmednagar district is 17048 sq. km., it is the largest district in
Mabharashtra in terms of size. Administratively, Ahmednagar district has 14 tehsils which are mainly
divided into two parts namely North and South Ahmednagar. Considering the location and extent of
the district, out of 14 tehsils, about eight tehsils are permanently drought prone. According to 2011
census Ahmednagar district has a population of 4543159 with about 51.57 percent males and 48.43
percent females. The study area is mainly divided into three physical divisions, the Sahyadri Range,
the Plateau and the Plains
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Abstract
Agriculture accounts for one-fifth of India's gross domestic product and considered as

economic lifeline of India and will continue to be agriculture. However, regional differences
in productivity and development in agriculture need more research. Agriculture productivity
of Junnar tahsil is calculated with the help of Enyedi’s method for the year 1995, 2005 and
2015 using Agriculture Census data and District Socioeconomic Abstract. The Junnar tahsil
is northernmost tahsil of the Pune district and characterized by diverse physiography and
climatic condition which causes variation in agriculture productivity. The research shows that
agricultural production has changed over time.

Keyword: Agriculture Productivity, Junnar Tahsil, Enyedi’s Agriculture Productivity.
Introduction

Agricultural productivity is influenced by a variety of factors including physical
factors such as relief, altitude, climate, and soil, socioeconomic factors such as holding size,
tenancy system, population occupational structure, literacy level, and technical factors such
as irrigation, chemical fertilizers, high yielding varieties of seeds, and mechanization. Due to
this Spatial-temporal variance in agricultural output, all of the aforementioned components
are extremely variable and dynamic both in space and time (Munir, 1995).

Several researchers have characterized agricultural production using their particular
perspectives and disciplines. According to their goals, geographers, agronomists,
agriculturalists, and economists have interpreted it in various ways. Agricultural productivity
is defined as "output per unit of input™ or "output per unit of land area” in agricultural

geography. Agricultural productivity, according to Mohammad, N. (1992), is defined as "the
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Abstract

The study was carried out to prepare, characterize, and investigates the pharmacological evaluation of Bauhinia
variegata lauha bhasma (BVLB). The Lauha bhasma (LB) was prepared according to the reported standard method
that involved the destruction of metallic state followed by conversion of crude product into bhasma state. The
purification was done using Triphala extract prepared in cow-urine. The destruction of the metallic test was carried
out using process juice of BV. At the last, the preparation of BVLB is subjected to a closed crucible system to get
the final product. The characterization of BVLB was done by some preliminary examination followed by specific
methods viz. X-ray diffractometry (XRD), Infrared (IR) spectroscopy, and UV-visible spectrophotometry. The In-
vitro anti-inflammatory, anti-arthritic and antioxidant activity was carried out for BVLB at different concentrations
of 50, 100, 200, and 250pg/mL. The said In-vitro activities were screened using percent inhibition of heat-induced
hemolysis, the percent inhibition of protein denaturation, proteinase inhibition, and DPPH free radical scavenging
activity. BVLB preliminary investigation showed 1.53 % aqueous and 3.95 % HCL solubility whereas specific
characterization methods showed the formation of micro and nanocrystals of F2CO3. The BVLB showed %
inhibition of hemolysis of in between 5.26 + 0.95 to 31.20+4.12 whereas percent inhibition of protein denaturation
in between 12 + 1.22 to 52.22 + 4.69. The percent proteinase inhibition of BVLB at a different concentration from
50, 100, 200, and 250pg/mL was estimated and found in between 3.26 + 0.86 to 51.22 + 3.12. The free radical
scavenging activity of BVLB was found from 10.11 1 + 0.89 to 52.05 + 2.05. From the current investigation, it can
be conducted that BVLB has significant In-vitro anti-inflammatory, anti-arthritic and antioxidant activity. The
formed nanocrystals and presence of BV active constituents would be the underlying intermediaries for significant
activity.

Keywords — Bauhinia variegate, Lauha bhasma, Anti-inflammatory, Anti-oxidant, DPPH



Introduction

Indian Ayurvedic system of medicine has tremendous potential to treat several clinical aliments. The scientists are
much interested and keen to explore the medicinal value of plant based medicines. Amongst some potent plants
Bauhinia variegata (BV) Linn. (Leguminosae) is an essential component of several ayurvedic preparation used for
several clinical treatments’. Bauhinia variegata L have a broad spectrum of activities such as antibacterial,
anticancer and antioxidant activity of bark"? Hepatoprotective, antioxidant and anti-hyperlipidemic activity reported
using the bark preparation®*. Antitumor activity was screened against dalton's ascitic lymphoma®, Novel flavonol
and glycosides isolated form Bauhinia variegata Linn showed significant anti-inflammatory activity ®’. Significant
immunomodulatory?, anti-ulcer® and anti-nephrotoxic activity'® of Bauhinia variegata Linn. was screened using In-
vivo and In-vitro pharmacological models. Bauhinia variegata Linn is known as “kanchanara” in Ayurveda and one
of the commonly used folk medicine in India. In Ayurveda LB have important consideration in treatment of several
acute and chronic blood related diseases conditions. It is a complex of herbal minerals extensively used as hematinic
agent. Along with that is has a potential curative effect against treatment of chronic fever, breathlessness, for
enhancing strength and anti-aging properties '*. Combination of LB along with BV Linn will have additive effect
and improved outcomes in significant way. The modern medicines are effective to counter the acute diseases and
treatment approaches are symptomatic, however chronic treatment with allopathic medicines in conditions like
diseases like arthritis pose for severe toxic effects. It was advocated by several studies that chronic consumption of
NSAID will leads to hepatotoxicity, nephrotoxicity, disturbed acid-base balance, ulceration and bleeding®.
Immunosuppressants like corticosteroid are commonly prescribed in inflammatory conditions. But chronic
consumptions leads to acquisition of infections, disturbed hormonal balance, weight gain etc™. Disturbed
endogeneous anti-oxidant mechanism and uncontrolled free radical generation is an underlying cause for several life
threatening diseases like diabetes, arthritis, cancer, and organ damage and diseases related to nervous system*.
Considering the benefits of BVLB following study was designed to prepare, characterize and screen for
pharmacological activities of the same.

Material and Methods

Raw material and chemical agents used

The raw material was selected based upon the studies previously mentioned the same. This includes pure iron
powder or thin iron sheets, magnetite or naturally occurring Fe304, rusted iron (known as mandur), Iron pyrites
(FeS2 ) (known as makshika) and naturally occurring FeSO4 (kasis). The chemical used in the different assay
methods were procured from the institutional stores. All the agents used were AR grade with the highest purity.

Preparation and purification of BVLB

The reported standard methods were adapted for the preparation of LB. The preparation of LB is carried out
primarily in three steps which involve purification of iron by Ayurvedic process, destruction of metallic state
followed by conversion of crude product into bhasma state. The purification process was carried out using Triphala
extract prepared in cow-urine. The obtained iron powder was heated to red heat and then dipped again in Triphala
extract successively seven times. The destruction of the metallic test was carried out using the process of “marana”
in the juice of BV (Kanchnar). Which involves the purified iron powder was mixed with BV plant juice in a mortar.
Further, the mixture was triturated till to get a homogeneous paste. The last step in the preparation of BVLB
involved subjecting the formed powder into the closed crucible system to get the LB™.

Characterization of BVLB

The prepared BVLB was subjected to some preliminary examination which includes solid-state, colors, solubility in
aqueous, organic solvents, and dilutes HCL. The specific characterization of BVLB was carried out using X-ray
diffractometry, Infrared spectroscopy, and UV-visible spectrophotometry. For R-RD pattern of BVLB powdered
samples was spread as a thin layer on cavity mounts and recorded on Phillips X pert pro powder diffractometer in
the diffraction angle range (10-90) 26. The crystalline size of BVLB was calculated using the Debye-Scherrer
equation. Solid-state IR spectra BVLB were recorded in KBr pellets using FTIR Perkin-Elmer infrared
spectrophotometer in the normal region (4000-450) cm-1. For UV-Visible 1.00 mg of BVLB was taken and
observations were recorded in the region (400-100) nm on a Shimadzu UV spectrometer model against pure KBr
pellets as the blank.

Pharmacological investigation of BVLB
Preparation of sample and erythrocyte suspension



BVLB was prepared by dispersing in distilled water. The different concentrations ranging from50 pg/ml to 250ug/ml
were prepared and taken for the assay purposes. For screening of anti-inflammatory activity, the erythrocyte
suspension was prepared according to the methods reported previously with slight modifications **". The whole
blood sample of about 2.5ml was taken from the healthy human volunteer who has not taken any NSAIDs for the
past 15 days and did not have any inflammatory symptoms. The collected blood was subjected to centrifugation for
5 minutes at 3000rpm in presence of heparin. The supernatant was removed and tube content was washed two to
three times with an equal volume of normal saline solution (0.9% NaCl). The packed blood cell was suspended 10%
(v/v) in an isotonic buffer (10 mM sodium phosphate) solution of pH 7.4

Heat-Induced Hemolysis

The heat-induced hemolysis of erythrocyte assay was carried out by using reported methods with slight modification
171819 The method involves 50ul of blood cell suspension, 50ul of test sample mixed with 2.9 mL phosphate buffer
(pH 7.4). The formed mixture was incubated at 540C (the temperature was controlled using a thermostat with +0.1°
C) for 25 min in a shaking water bath followed by centrifuging at 2500 rpm for 3minutes). The supernatant was
separated and absorbance was measured at 540nm using a Shimadzu UV-2600i spectrophotometer. The
concentration viz. 50, 100, 200, and 250 mcg/mL of BVLB were used to study the effect on heat-induced hemolysis
19. The degree of hemolysis was calculated using the following equation

% inhibition of hemolysis = 100 X (Al - A2/Al)

Where Al = absorption of the control, and A2 = absorption of the test sample mixture.

Effect on Protein Denaturation

Protein denaturation assay was carried out according to the method described earlier with slight modification
The assay mixture (3mL) consisted of 20ul of 1% bovine albumin, 2.8 mL of phosphate-buffered saline (pH 6.4),
and different concentration of BVLB (50, 100, 200, and 250 mcg /mL). The assay mixture was mixed well and
incubated for 20 minutes at 37°C. Further, the reaction mixture was heated at 70C for 5 min. After getting the
reaction mixture at room temperature the degree of protein denaturation incubated as turbidity was measured at 660
nm using a Shimadzu UV-2600i spectrophotometer. The Phosphate buffer solution served as the control. The
percentage inhibition of protein denaturation was calculated by using the following formula:

% inhibition of denaturation = 100 X (Al - A2/A1)

Where Al = absorption of the control sample, and A2 = absorption of the test sample.

17,18

Proteinase Inhibitory Activity

Proteinase inhibitory activity was carried out according to the method described earlier with slight modification
The assay mixture 2 mL contains 0.06 mg trypsin, 1mL of 20 mM Tris-HCI buffer (pH 7.4), and 1 mL test sample
(50 ul of BVLB and 0.95mL methanol). The reaction mixture was incubated for 5 minute at 37°C followed by
addition of 1 mL of 0.8% (w/v) casein. Further the assay mixture was incubated for 20 minute for same temperature.
The reaction was terminated with addition of 2 mL of 70% perchloric acid. The reaction mixture was subjected to
centrifugation for 10 minute at 2500rpm and supernatant was separated. The absorbance was measured at 210 nm
against buffer as the blank. Phosphate buffer solution served as the control. The percentage inhibition of protein
denaturation was calculated by using the following formula:

% inhibition of denaturation = 100 X (Al - A2/Al),

Where Al = absorption of the control sample, and A2 = absorption of the test sample.

18,19

DPPH Free radical scavenging activity

The free radical scavenging activity of BVLB was carried out according to the previously reported methods with
slight modification %, The stable 1,1-diphenyl-2- picrylhydrazyl (DPPH) free radical assay involves a reaction
mixture of BVLB (50, 100, 200, and 250 ug /mL) added in 3ml of a 0.004% methanol solution of DPPH. The
change in the absorbance at 517nm was measured after 30 min. The percent DPPH scavenging activity was carried
out using the following formula and the inhibition curves were prepared and IC50 values were obtained. The
standard antioxidant used was a-tocopherol (a-Toco)

% DPPH scavenging = 100 X (1 - A2/Al),

Where Al = absorption of the control sample, and A2 = absorption of the test sample/Standard.

Results
Preliminary examination of BVLB



The state of BVLB was found solid with dark brown coloration. The aqueous solubility of BVLB was carried out for
the sample weight of 1gm and added in 10 mL of distilled water and subjected for boiling. After 15 minutes the
mixture was filtered and the water solubility was found as 1.53 %. The acid solubility in HCI (0.3 %) was also
determined in the same way and found at 3.95 %. The solubility in common organic solvents like methanol, ethanol,
acetone, chloroform, n-naphthalene, benzene was and found practically insoluble.

X-ray diffractometry
The XRD is useful to examine the different crystal modifications of iron oxide and understand the medicinal
properties and of LB against pure iron oxide. The XRD patterns with relevant details are illustrated in figure the

summarized results and conclusion of XRD investigations are given in Table 1.
Table 1. Crystallographic parameters from XRD patterns of BVLB

Nature and Crystal Crvstallite
System Major constituents ysize Space group | Space group | Space group | Space group
from XRD
Microcrystalline; Hamatite 039.7 nm R-3C R-3C R-3C R-3C
Rhombohedral

cous

From the examination of XRD patterns and the data obtained by the analysis of XRD and crystallite size
determinations, it can be reported that the BVLB is a microcrystalline and nanocrystalline solid. XRD lines are not
distinct and sharp due to mixtures of heterogeneous particles of different crystallite sizes and predominantly of iron
oxides (Fe203). The crystal symmetry of Fe203 is rhombohedral.

WLEWAWII]IIIH ||

T T T
30 o 50 @ 70 10 2 30 o S0 60 70 80

PosRON [2The ] POs MY [2The ]

Figure 1. Crystallographic parameters from XRD patterns of BVLB

Infrared spectroscopy

There significant peaks in the IR spectra obtained for BVLB was showed in figure 2 and table 2. The most important
and characteristic peak is in the region (1205-1215) Cm-1 was observed known to represent C-O. However, such
peaks are absent in the standard IR spectra of pure Fe203 hence, BVLB carries a significant difference in potential
investigation The second peak recorded in the region (765-785) Cm-1 is not resolved at all, and therefore, it is
difficult to make any assignment. The third distinct peak in the region (500-510) Cm-1 is also characteristic because
its position and intensity are similar. In literature, this peak is assigned to Fe203 and its identity is confirmed in
infrared spectra of Fe203. Therefore, in structural analysis of BVLB, which is composed of Fe203 predominantly,
this peak may be considered as a diagnostic peak for BVLB.

Table 2. Significant IR frequencies Cm™ and their assignment for BVLB

C-0 Si-O Fe-O
Stretching Stretching Stretching
BVLB 1208.0 771.8 502.3
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Figure 2. Significant IR frequencies Cm™ and their assignment for BVLB
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UV-visible spectrophotometry
UV visible spectrophotometry was rarely attempted for the characterization of solid-state compounds. We have

adapted the KBr as it's been recorded successfully and the same transparent- pellets are found to be useful for UV
spectra. Significant absorption was observed in the ultraviolet region (250-360 and visible region (390-480) nm for
BVLB. Both these peaks are attributable to m - n* electronic transitions and the nature and presence of these peaks
provide additional support in favor of incorporation of organic components in BVLB, through the process. The
origin of this m - n* transitions will be understood only when the exact solid-state structure of the LB will be

elucidated.
Table 3. Significant absorption maxima (A max) of BVLB
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Figure 4. Significant absorption maxima (A max) of BVLB



Effect of BVLB on heat-induced hemolysis

The effect of BVLB percent inhibition of heat-induced hemolysis of erythrocyte at a different concentration from 50,
100, 200, and 250pg/mL is shown in figure 5a. BVLB showed percent inhibition of hemolysis in a dose-dependent
manner. Inhibition % of hemolysis from BVLB was within the range from 5.26 + 0.95 to 31.20+4.12. The BVLB at
250ug/mL showed maximum percent inhibition of heat-induced hemolysis of erythrocytes.

Effect of BVLB on percent proteinase inhibition

The effect of BVLB on percent proteinase inhibition is shown in figure 5b. The BVLB can inhibit proteinase
inhibition in a dose-dependent manner. The percent proteinase inhibition of BVLB at a different concentration from
50, 100, 200, and 250ug/mL was estimated and found in between 3.26 + 0.86 to 51.22 + 3.12. The BVLB at
250pg/mL showed maximum percent inhibition of protein denaturation.

Effect of BVLB on percent inhibition of protein denaturation

The effect of BVLB on the percent inhibition of protein denaturation was shown in figure 5¢c. The BVLB is able to
inhibit percent protein denaturation in a dose-dependent manner. The percent protein denaturation of BVLB at a
different concentration from 50, 100, 200, and 250pug/mL was estimated and found in between 12 + 1.22 to 52.22 +
4.69. The BVLB at 250pg/mL showed maximum percent inhibition of protein denaturation.
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Figure 5a-Effect of BVLB on heat-induced hemolysis Figure 5b-Effect of BVLB on percent protein
denaturation
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Figure 5c-Effect of BVLB on percent proteinase Figure 5d - Effect of BVLB on DPPH Free radical
Inhibition scavenging

Values are expressed as mean * SD, n=3, ICs, for % inhibition of hemolysis was found 400 ug/mL; ICs, for % proteinase inhibition was found
2.44.04 pg/mL; ICs for % inhibition of protein denaturation was found 239.37 pg/mL; ICs, for DPPH scavenging activity was found 240.3
png/mL



Effect of BVLB on DPPH Free radical scavenging

The effect of BVLB on free radical scavenging activity is shown in figure 5d. The free radical scavenging activity of
BVLB and a-tocopherol (standard) at a different concentration from 50, 100, 200, and 250pg/mL was estimated and
found in between 10.11 1 + 0.89 to 52.05 + 2.05 and 25.15 +1.20 to 83.12 + 2.45 respectively The BVLB showed
dose-dependent free radical scavenging activity.

Discussion-

LB is one of the ancient preparations commonly used as folk medicines with a combination of several plant juices or
decoction. The Ayurvedic medicinal system uses metals and metallic preparations that are unique and known as the
Indian subcontinent recommended for the treatment of chronic ailments'®. A Bhasma stands for ash derived from
incineration where raw materials are subjected for processes like purification, metallic taste masking, and combining
with active plant constituents. Bhasma mainly contains Fe, Cu, S have a particle size (1-2 p) which facilitates
absorption and bears the characteristics of nanomedicines*®®. LB is recommended for different ailments like
anemia, hemorrhoids, bleeding disorders, the pain of different origins, fevers, diseases of liver and spleen, dropsy,
rheumatic arthritis, gout, skin disorders, obesity, cough, and dyspnea, etc ?. In consideration of the potential of LB
we have combined it with the plant juice of BV as an additive significant active constituent. The characterization
studies showed the fine microcrystals rhombohedral and nano-crystals of BVLB, Fe present in the elemental form as
hematite. To explore the potential benefits of several compounds various in-vitro anti-inflammatory, anti-arthritis,
and antioxidant methods are reported %. In the inflammatory response, the leukocytes plays important role in the
cellular infiltration. As a cascade of inflammation leukocytes releases lysosomal enzymes which cause tissue
damage and further progression inflammation. Erythrocytes membranes are similar to that of lysosomal membrane;
inhibition of erythrocyte hemolysis may offer insights into the inflammatory process *%’. Percent inhibition and
stabilization of erythrocytes cell membranes may inhibit or delayed the lysis and subsequent release of the
cytoplasmic contents. Which is further responsible to minimize the tissue damage and confirms the probable anti-
inflammatory effect. The current investigation showed that BVLB has the potential to stabilize the cell membrane
and inhibits hemolysis which confirms its anti-inflammatory activity. Several studies reported that the denaturation
of protein molecules is one of the common cascades in arthritic inflammation®"*%, One of the principal mechanisms
of action of NSAIDs is the protection against protein denaturation as reported in some of the earliest studies 28.
Inhibition of protein denaturation may be an important strategy to prove the anti-arthritic activity of an
investigational compound. Along with that proteinases have been reported they are a significant contribution to the
development of arthritic conditions. The neutrophils contain several serine proteinases in their lysosomal granules
and are responsible for inflammatory processes. Studies advocated that inhibition of proteinases may delay the
inflammation and progression of join degradation ?°. Elaborated generations of free radicals have been reported in
several studies and their pathophysiological role has been explored. The disturbed endogenous anti-oxidant
mechanism is mainly responsible for the development of numerous clinical conditions. To explore the potential anti-
oxidant activity of test compound DPPH free radical scavenging activity is commonly used. Radical scavenging
activities are significantly essential to inhibit the injurious starring role of free radicals in the number of diseases.
Several studies have advocated that DPPH free radical scavenging is well an established and accepted method for
screening of antioxidant activity as it is relatively simple and requires less time. The current study result revealed
that the BVLB have free radical scavenging activity when compared to standard anti-oxidant. In the conclusion, it
can be stated that the BV along with LB have a respectable in-vitro anti-inflammatory, anti-arthritic, and anti-
oxidant ability and can be recommended in inflammatory diseases. Further animal studies are needed to explore and
confirm the potential benefits of BVLB.
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ABSTRACT:

A

’
v

Thc. study was carricd out to preparc, characterize, and investigates the pharmacological cvaluation of Bauhinia
variegala \agha bhasma (BVLB)» The Lauha bhasma (LB) was prepared according to the reported standard
method that involved the destruction of metallic state followed by conversion of crude product into bhasma statc.

The‘puriﬁcation' was donc using Triphala cxtract prepared in cow
carricd out usipg process juice of BV. At the last, the preparation of BVLB is subjected to a closed crucible

-urine. The destruction of the metallic test was

system to get thc_ final product. The characterization of BVLB was donc by some prcliminary cxamination
followed by specific methods viz. X-ray diffractometry (XRD), Infrared (IR) spectroscopy, and UV -visible
spectrophotometry. The In-vitro anti-inflammatory, anti-arthritic and antioxidant activity was carried out for

BVLB at diffcrent concentrations of 50, 100, 200,

and 250pg/mL. The said In-vitro activitics werc screened

using percent inhibition of heat-induced hemolysis, the percent inhibition of protein denaturation, proteinasc
inhibition, and DPPH free radical scavenging activity. BVLB preliminary investigation showed 1.53 % aqueous
and 3.95 % HCL solubility whercas specific characterization methods showed the formation of micro and
nanocrystals of F2CO3. The BVLB showed % inhibition of hemolysis of in between 5.26 & 0.95 to 31.20+4.12
whereas percent inhibition of protein denaturation in between 12  1.22 to 52.22 + 4.69. The percent proteinase
inhibition of BVLB at a different concentration from 50, 100, 200, and 250pg/mL was estimated and found in
between 3.26 + 0.86 to 51.22 + 3.12. The free radical scavenging activity of BVLB was found from 10.11 1 =
0.89 to 52.05 + 2.05. From the current investigation, it can be conducted that BVLB has significant In-vitro anti-
inflammatory, anti-arthritic and antioxidant activity. The formed nanocrystals and presence of BV active
constituents would be the underlying intermediaries for significant activity.

KEYWORDS: Bauhinia variegate, Lauha bhasma, Anti-inflammatory, Anti-oxidant, DPPH.

INTRODUCTION:

Indian Ayurvedic sysiem of medicine has tremendous
potential to treat several clinical aliments. The scientists
are much interested and keen to explore the medicinal
value of plant based medicines. Amongst some potent
plants Bauhinia variegata (BV) Linn. (Leguminosae) is
an essential component of several ayurvedic preparation
used for several clinical treatments': Bauhinia variegata
L have a broad spectrum of activities such as
antibacterial, anticancer and antioxidant activity of
bark2.
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Hepatoprotective, antioxidant and anti-hyperlipidemic
activity reported using the bark preparation®*. Antitumor
activity - was screened against dalton’s ascitic
lymphomta®, Novel flavonol -and- glycosides isolated
form Bauhinia variegata Linn showed significant anti-
inflammatory activity®’. Significant
immunomodulatory®, anti-ulcer’ and anti-nephrotoxic
activity'® of Bauhinia variegata Linn. was screened
using In-vivo and In-vitro pharmacological models.
Bauhinia variegata Linn is known as “kanchanara” in
Ayurveda and one of the commonly used folk medicine
in India. In Ayurveda LB have important consideration
in treatment of several acute and chronic blood related
diseases conditions. It is a complex of herbal minerals

extensively used as hematinic agent. Along with that is

has a potential curative effect against treatment of
chronic fever, breathlessness, for enhancing strength and
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1 Combination of LB along with

: ) it 'y . . )
anli-aging propertic and improved

additive effect
BV Linn bl -liﬂ.\,/ct ::,(‘l,d;“},;g modern medicines are
outcomes 1N s:gmflum,  aeite discases and treatment
cliectici B B9 m’lt‘ic however chronic treatment
approdches ar¢ sy,n;!)'li(:::sf in ’condilions like discases like
“’“h.n.l{()psg;]?'(:::(cl\fcrc‘loxic effects. Tt was udvo‘czllcd
g;llrcl:/l:rfl studics that chronic consumplion ()F]'NS/I\”)]
will leads to hepatotoxicity, n.cphroloxwlly, ustgr)?;
acid-basc  balance, ulccrn'non z'm(l blccdmg :
Immunosuppressants like corucostcjr.oul arc commonl.y
prescribed in- inflammatory conditions. Bl{l chrﬁomc
consumptions leads {o acquisition  of infections,
disturbed hormonal balance, weight gain ete™, Disturbed
endogencous anti-oxidant mechanism and uncontrolled
free radical gencration is an underlying cause for scveral
life threatening discascs like diabetcs, arthritis, cancer,
and organ damage and discases related 1o nervous
system'* ¥, Considering the benefitg of BVLB following
study was designed (o prepare, characterize and screen
for pharmacological activitics of the same.

MATERIAL AND METHODS:

Raw material ang chemical agents used:

The raw material was sclected baged upon the studics
previously mentioned the same, Thig includes pure jron
powder or thin irop sheets, magnetitc or naturally
oceurring Fe304, rusted iron (known s mandur), Iron
pyrites (FcS2 ) (known as makshika) and naturally
oceurring  FeSQ4 (kasis). The chemical used jp the

procured from fhe

institutional stores, All the agents ugeq were AR grade

with the highest purity,

Preparation ang purification of BVLB:
The reported standard

state. The purificatiop process was ¢
Triphala extract prepared in cow-uripe, The obtained
iron powder was heated to req
again in Triphala extract successi
destruction of the metallic test wq i
process of “marana” in the juic
Which involves the purified iro
with BV plant juice in a morta
was triturated til] to get a homo
step in the preparation of B¥1R
formed powder into the closed ¢
LB,

I. Further, tpe Mmixture
BENCous paste, The last
involved subjecting the
rucible systep, to get the

Characterization of BVLB: ‘

The prepared BVLB was vsubJe(.:tcd to some PrCliminary
examination which includes sohd—state,‘ colors, solubility
in aqueous, organic solvents, and dllutc§ HCL, Thc
specific characterization of BVLB was carried oyt using

% inhibitjop of hemolysis =

X-ray difractometry, lnﬁ'ur‘cd Spectroscopy, y Uy
visible spectrophotometry. For R-Rl).pzlncm of by,
powdered samples was spread as a thin layer o, .
mounts and recorded on Phillips X perl pro p, |
diffractometer in the diffraction angle range (10-9y A
The crystalline size of BVLB wag calculated Using lhé
Debye-Scherrer equation. Solid-state IR spectry Bhy
were recorded in KBr pellets using FTIR I’cx‘kin-};‘]mcr
infrarcd spectrophotometer in the normal regiop (400,
450) cm-1. For UV-Visible 1.00 mg of BVLB wyg takey
and obscrvations were recorded i (he region (400-1p
nmon a Shimadzu UV spectrometer model againg pure
KBr pellets as the blank.

vy

Pharmacological investigation of BVLB:
Preparation of sample and erythrocyte suspension.
BVLB was prepared by dispersing in distilled waler, T
different concentrations ranging  from5() ng/ml o
250pg/ml were prepared and taken for fhe assay
purposes. For screening of anti-inflammatory activity,
the crythrocyte suspension was prepared according (g
the  methods reported previously — with
modifications 2 The whole blood sample of aby
2.5ml was taken from the healthy human volunteer who
has not taken any NSAIDs for the past 15 days and djq
not have any inﬂammatory Symptoms. The collected
blood was subjected (o centrifugation for 5 minutes af
3000rpm in presence of heparin, The supernatant was
removed and tybe content was washed two to threc
times with an cqual volume of normal saline solution
(0.9% NaCl). The packed blood ce]] Was suspended 10%

(VIV) in an isotonic buffer (10 mM sodium phosphate)
solution of pH 7.4

slight

Heat-Induceq I-Icmolysis:

induced hemolysis of e
carried out by using reporte methods with slight
Modification 192021 The methog involves 50pl of blood
cell suspension, S0u] of fegt Sample mixed witp, 7 9 mL
phosphate buffer (H 7.4). The formed mixtyre was
Incubated ot 540C (the temperat

a thermogtat with £ |o (@)
bath  fo]loy,

were used to study
19. The degree of
OWwing equation

100X (] - A2/AD)

Where_/\l = absorption of the
absorptiop of the test 5

culated using the fo[|

) control, and A2 =
ample Mixtyre, "
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gifect on Protein Denaturation:

protein dcnnlurali(_)n assay was carried out according to
the method described carlier with slight modification
n22 The assay mixture (3mL) consisted of 20pl of 1%
bovine a\bumin_, 28 mL of phosphate-buffered saline
(pH 6.4), and diffcrent concentration of BVLR (50, 100
200, and 250 meg /mL). The assay mixture wag mixcd
well and incubated for 20 minutes at 379C. Further, the
reaction mixture was heated at 70C for 5 min. /iﬂér
getting the reaction mixture at room temperature the
degree of protein denaturation incubated as turbidity was
measured at 660 nm using a Shimadzu UV-2600i
spectrophotometer.  The  Phosphate  buffer  solution
scved as the control. The percentage inhibition of

protcin  denaturation was calculated by using the
following formula:

% inhibition of denaturation = 100 X (A1'- A2/A1)

Where Al = absorption of the ¢ontrol sample,
and A2 = absorption of the test sample.

Proteinase In}iibitory Activity:

Protcinasc in}iibitory activity was carricd out according
to the method described carlier  with  slight
modification?*#2*, The assay mixture 2 mL contains
0.06 mg trypsin, ImL of 20 mM Tris-HCI buffer (pH
74), and 1 mL test sample (50 pl of BVLB and 0.95mL
methanol). The reaction mixture was incubated for 5
-minute at 37°C followed by addition of 1 mL of 0.8%
(w/v) casein. Further the assay mixturc was incubated
for 20 minute for same temperature. The reaction was
terminated with addition of 2 mL of 70% perchloric
acid. The reaction mixture was subjected to
centrifugation for 10 minute at 2500rpm and supernatant

* was separated. The absorbance was measured at 210 nm

against buffer as the blank. Phosphate buffer §<?1uti0n
served as the control. The percentage inhibition of

protein denaturation was calculated by using the
following formula:

% inhibition of denaturation = 100 X (A1 - A2/Al),

Where Al = absorption of the control sample, and A2 =
absorption of the test sample.

DPPH Free radical scavenging activity: '
The free radical scavenging activity of BVLB was
carried out according to the previously reported methods
with slight modification?*?5?¢. The stable 1,1-diphenyl-
2- picrylhydrazyl (DPPH) free radical assay involves a
reaction mixture of BVLB (50, 100, 200, and 250 pg
ImL) added in 3ml of a 0.004% methanol solution of
DPPH. The change in the absorbance at 517nm was
measured after 30 min. The percent DPPH scavenging
activity was carried out using the following formula and
the inhibition curves were prepared and IC50 values
Were- obfained, The standard antioxidant used was a-
tocopherol (¢-Toco)

% DPPH scavenging = 100 X (1 - A2/Al),

S Pharm, and Teeh, [5¢11): November

022

Where Al = absorption of the control sample, and A2
absorption of the test sample/Standard.

RESULTS:

Preliminary examination of BVLB:

The state of BVLB was found solid with dark brown
coloration. The aqucous solubility of BFLB was carricd
out for the sample weight of 1gm and added in 10 mL of
distilled water and subjected for boiling. After 15
minutes the mixture was filtered and the water solubility
was found as 1.53 %. The acid solubility in HCI (0.3 %)
was also deicrmined in the same way and found at 3.95
%. The solubility in common organic solvents like
methanol, cthanol, acctone, chloroform, n-naphthalenc,
benzene was and found practically insoluble.

b oL b 1l
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Figure 1. Crystallographic parameters from XRD
BVLB

T vpevinieriy yed -
10 2 n 1] s 60
Poskor [TMety

patterns of

X-ray diffractometry:

The .XRD is useful to examine the different crystal
mod}ﬁ-cations of iron oxide and understand the
medicinal properties and of LB against pure iron oxide
The XRD patterns with relevant details are illustrated in'

flgure_ the' summarized results ‘and conclusion of XRD
Investigations are given in Table 1.
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BVLB

X atterns of
Tuble 1 Crystallogra Jhic parameters from XRD patte
uble sG -
—\:;H;r_(- and Crystal System from XRD
Microerystalline: Rhombohedral

¢ examination of XRD patierns and the data

the analysis of XRD and crystallitc :s'ize
d that the BVLB 1s a

¢ solid. XRD lines
to mixturcs of

From tl

obtained by
determinations, it can be reporlc

microcrystalline and nanocrystallin
arc not distinct and sharp duc
hetcrogencous particles of different crystallit sizes and
predominantly of iron oxides (Fc203). The crystal
symmetry of Fe203 is rhombohcdral.

Infrared spectroscopy: .
There significant pcaks in the IR spectra obtained for

BVLB was showed in figure 2 and table 2. The most
important and characteristic peak is in the region (1205~
1215) Cm-1 was obscrved known to represent C-O.
However, such peaks are absent in the standard IR
spectra of pure Fe203 hence, BVLB carrics a significant
difference in potential investigation The sccond peak
recorded in the regioni(765-785) Cm-1 is not resolved at
all, and thercfore, it is difficult to make any assignment.
The third distinct peak in the region (500-510) Cm-1 is
also characteristic becausc its position and intensity arc
similar. In literature, this pcak is assigned to Fe203 and
its identity is confirmed in infrarcd spectra of  Fe203.
Thercfore, in structural analysis of BVLB, which is
composed of Fc203 predominantly, this peak may be
considered as a diagnostic peak for BVLB.

Table 2. Significant IR frequencies Cm™ and their assignment for
BVLB

Pharm. and Tech.

Sample C-O Stretching | Si-O Stretching | Fe-O Stretching
BVLB 1208.0 771.8 502.3
[T 5ot w2 | T | BT 22T B I1
100.09
R s
|.|l‘
04

20 2080

1000

030 | s, B0oneg, [T Jpree

[t % =3

;J

C _ Detault Regfons £ sen
— 1 [re]
()
PEAKTABLE X 44000 450.0
threshold  2.00%; emigsion band
7;“1".: 100,00 s !
. ; 502.3 &
2 peaks found 3100

Figure 2. Significa A o
Bl%LB ignificant IR frequencies Cm™ and their assignment for

. The effect of py1B on percent

15(11): November 2022

UV-visible spcclrophotomctry: ‘
UV visible spcctrophotomc!ry was rarcly attempted for
the characterization of solid-statc compounds. Wc have
adapted the KBr as it’s been recorded successfully g
the same transparent- pellets arc found to be uscf.u] for
UV spectra. Significant absorption Was ol?scrvcd n the
ultraviolet region (250-360 and visible region (390-480)
nm for BVLB. Both thesc peaks are attributable to 7 -
clectronic transitions and the naturc and Vprcscncc of
these peaks provide additional support in favor of
incorporation of organic componcnts in BI./I.JB, lhr'ough
the process. The origin of this m - ¥ transitions will be
understood only when the cxact solid-state structure of
the LB will be clucidated.

Table 3. Significant absorption maxima (A max) of BVLB

Sample No. | Absorption maxima_(in nm)
1 - n* Transition Izr— ' Trunsiﬁon]
(BB 259 [475 |
I
ainm
S GrTH FPICERSHAG YN 7
T
LA I
.« 2 i
¢ 2
Cola
'L H
& ;
! :
H !
g 0
e R
PPN
R R
R
¥ X
a
by
:
.
e
L i
|
1

Figure 3. Significant absorption maxima (A max) of BVLB

Effect of BVLB on heat-induced hemolysis:
g‘he effe.ct of BVLB percent inhibition of heat-induced
frzlflq?(l)m[()()f erythrqcyte at a different concentration
I V?B S},lo O,d 200, and.ZSQp.g./mL 1s'shown in figure 4a.
b endentwe percent m}}ﬂ?xpon of hemolysis in a dose-
¢ [BL i manner.  Inhibition % of hemolysis from
T 20i4was within the range from 5.26 + 0.95 to
-20+4.12. The BVLB at 250pg/mL showed maximum

percent inhibiti . .
erythrocytes. o of - heat-induced hemolysis ~ of

Efi
fect of BVLB op Percent proteinase inhibition:

proteinase inhibition is

shown i
own i figure 4b. Thé ByLB can inhibit proteinase

mhxb.ition in a dose-dependent
proteinase inhibition
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gi?.?i é%%ﬂt:“;l‘- 2\;6: :lcnzlm;‘r.atn)l‘lon was shown i'} figure 4¢. The BVLB is able
il 1 o inhibit percent protein denaturation in a dose-
maximum  dependent manner, The percent protein denaturation of
BVLB at a different concentration from 50, 100, 200,
R and 250pg/mL was estimated and found in between 12+
‘ ent inhibition of protein 122 to 52.22  4.69. The BVLB at 250ug/mL showed
‘ maximum percent inhibition of protcin denaturation.

% Inhibition of Hemolysis % Protinease Inhibition
100
80~
{ =
9 60-
¢ 2
£
ot 2 40+
20
1 I 0
S
BVLB pg/m BVLB pg/ml
re da-Effect of BVLB on heat-induced hemolysis Tigure 4b-Effect of BVLB on percent protein denaturation
o Inhibition of Protein Denaturation % of DPPH Scavening Activity
7/
100
1 @ 5009
80- m oo 100pg
= 200yg
- < am 250ug
=
S &
BVLB pg/m
Inhibition Figure 4d - Effect of BVLB on DPPH Free radical scavenging

4c-Effect of BVLB on percent proteinase io :
g 4 %% inhibition of hemolysis was found 400 pg/mL; 1Cs, for % proteinase inhibition was found

re expressed as mean & SD, n=3, ICs, for ) A
1. pg/m{; 1Cso for % inhibition of protein denaturation was found 239.37 pg/mL; ICso for DPPH scavenging activity was found 240.3

f BVLB on DPPH Free radical scavenging: DISCUSSION: ]

ect of BVLB on free radical scavenging activity LB is one of the ancient preparations commonly used as
own in figure 4d. The free radical scavenging folk medicines with a combination of several plant
ty of BVLB and a-tocopherol (standard) at @ juices or decoction. The Ayurvedic medicinal s l;tem
B oncentration from 50, 100, 200, and uses metals and metallic preparations that are u)xll'
mL was estimated and found in between 10.11 I and known as the Indian subcontinent recommend <;qfue
10 52,05  2.05 and 25.15 4120 to 83.12+2.45  the treatment of chronic ailments's. A Bha % et zr
ively The BVLB showed dose-dependent free  for ash derived from incineration \'Nhere ra“slmrﬁa:e??alz
ical scavenging activity. ‘ ©oare subjecte'd for processes like purification, metallic
taste masking, and combining with active plant
constituents. Bhasma mainly contains Fe, Cu, S have a
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rht;mbohcdml and nano-crystals 0

f BVLB, Fe present in

tal form as hematite. To cxjplorc- thc‘polcnnql

the clemera | compounds vartous in-vitro anti-
beefis of Sc::trizfarlchritiz, and antioxidant methods are
,nﬂamrgatgga In the inflammatory response, the
rcplf(lrtc s piays important role in the cellular
ilslfl“;gjon, As a cascade of i{\ﬂammatio'n leukocytes
releascs lysosomal enzymes which cause tissue damagc
and further progression inflammation.  Erythrocytes
membranes are similar to that of lysosomal membrane;
inhibition of crythrocyfc hemolysis may offer insights
into the inflammatory;process 3'233. Percent inhibition
and stabilization of erythrocytes cell membrancs may
inhibit or delayed the lysis and subscquent release of the
cytoplasmic contents. Which is further responsible to
minimize the tissue damage and confirms the probable
anti-inflammatory effect. The current investigation
showed that BVLB has the potential to stabilize the cell
membrane and inhibits hemolysis which confirms its
anti-inflammatory activity. Several studies reported that
the denaturation of protein molecules is one of the
common cascades in arthritic inflammation2*2'3, Qpe
of the principal mechanisms of action of NSAIDs is the
protection against protein denaturation as reported in
some of the earliest studies **3. Inhibition of protein
denaturation may be an important strategy to prove the
anti-arthritic activity of an investigational compound.
Along with that proteinases have been reported they are
a significant contribution to the development of arthritic
conditions. The neutrophils contain several serine
proteinases in their lysosomal granules and are
responsible for inflammatory processes. Studies
advocated that inhibition of proteinases may delay the
inflammation and progression of join degradation %8,
Elaborated generations of free radicals have been
reported in several studies and their pathophysiological
role has been explored. The disturbed endogenous anti-
oxidant mechanism is mainly responsible for the
development of numerous clinical conditions. To
explore the potential anti-oxidant activity of test
compound DPPH free radical scavenging activity is
commonly used®. Radical scavenging activities are
significantly essential to inhibit the injurious starring
role of free radicals in the number of diseases. Several
studies have advocated that DPPH free radical
scavenging is well an established and accepted method

’
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for screening of antioxida.nt activity as it i rc"‘livel
simple and requircs less time. "lth current gy cgly
revealed that the BVLB have frec rzquca] Sca\,c“éillh
activity when compared to standard anti-oxidany A I
conclusion, it can be stated that the BV along with LIL
have a rcspectable in-vitro anti-inﬂammu(o;y,
arthritic, and anti-oxidant ability and ¢y,
recommended in inflammatory diseases. Further a“ima(;
studies are needed to explore and confirm the Poteniy
benefits of BVLB.

dnj,
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Abstract

Aim: To study the effect of hydro-ethanolic extract of Flueggea virosa on Streptozotocin-induced hyperglycemia
in rats with respect to kidney function parameters and histology.

Methods:

Daily single oral doses of Flueggea virosa extract (100 and 200 mg/kg) and the anti-diabetic drug Metformin (500
mg/kg) were administered for 21 days to three groups of rats rendered diabetic by a single injection of Streptozotocin
(60mg/kg). The body weight and blood glucose levels were recorded every 7t day. On the 21% day, the rats were
euthanized and blood collected for testing kidney functions.

Results: Treatment of Flueggea virosa extract and metformin significantly reduced fasting blood glucose levels,
blood urea, creatinine, uric acid, blood urea nitrogen and increased the levels of total protein. Histological studies
showed metformin and hydro-ethanolic extract of Flueggea virosa retard the onset of glomerular hypertrophy,
mesangial expansion, tubular dilation, collagen fiber deposition and inflammatory cells accumulation. Thus
indicated delayed effect of hydro-ethanolic extract of Flueggea virosa on progression of diabetic nephropathy.

Conclusion: Rats rendered diabetic by Streptozotocin, were administered hydro-ethanolic extract of Flueggea
virosa (200 mg/kg) and metformin. These treatments reduced hyperglycemia and progression of diabetic
nephropathy.

Keywords: Wistar Albino rats, hydroethanolic extract of Flueggea virosa, Metformin, Streptozotocin-induced
hyperglycaemia, hypoglycemia, nephropathy.

Significant findings of the study
Significant reduction in blood glucose, increase in body weight of treated diabetic rats, decrease in blood sugar level

and improved kidney functioning as revealed in histological and biochemical studies indicated renoprotective and
hypoglycemic effects of a hydro-ethanolic extract of Flueggea virosa and metformin.
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Introduction

Diabetes has recently emerged as one of the world's leading metabolic diseases, causing significant morbidity and
mortality. Obesity, sedentary lifestyle, diet, family history, insulin resistance, age, and lack of exercise are all
contributing factors [1]. The disorder and its treatment are major contributors to the nation's high economic loss [2].
Herbal anti-diabetic medicines have gained popularity in both developed and developing countries due to their
natural availability, lack of side effects, and, most importantly, low cost.

Herbs and herbal products have been widely studied as complementary and alternative medicines over the last few
decades. Natural products have already been shown to be a potential source for the treatment of many diseases, but
they frequently lack scientific validation and data to back them up. Due to a lack of scientific data, the World Health
Organization (WHO) has placed a premium on scientific evaluation of the efficacy of plant-based drugs [Ref A].
There is a lot of interest in the search for plant-based remedies with antiglycation activity. This is because these
remedies have the potential to inhibit the formation of Advanced Glycation End Products (AGES), thereby delaying
and preventing the onset of diabetic complications with minimal side effects. Free radicals have been shown to play
a role in the formation of AGEs [Ref. B,C], just as they do in the development of a variety of diseases. Metformin
is currently recommended as the primary anti-diabetic medication for overweight patients. Thiazolidinediones have
been approved for use as monotherapy or in combination with a variety of other drugs [10-12]. Metformin,
sulfonylureas, biguanides, and dipeptidyl peptidase 4 inhibitors are among the other medications. Several plant
extracts have been studied in order to develop alternative diabetes treatment strategies [13-16]. This is done in an
effort to reduce the severity of diabetic complications and the negative effects of current pharmacological agents. A
variety of plants demonstrated hypoglycemic, hypotriglyceridemic, anti-lipid peroxidative, and anti-atherogenic
properties in diabetic rats treated with streptozotocin (STZ) [17].

Flueggea virosa (Euphorbiaceae), also known as Chinese water berry, grows wild in many parts of the world,
including tropical Africa, tropical Asia, Japan, the Middle East, and Australia. F. virosa's various organs are used to
treat a variety of illnesses, including arrhythmia, hepatitis, diabetes, HIV-related infections, fever, malaria, and
epilepsy, among others. Other biological effects of the Flueggea virosa include antiplasmodial, trypanocidal, and
antioxidant properties (ref C). Flueggea virosa has been found to contain a wide range of chemical components,
including alkaloids, triterpenoids, resins, steroids, cardiac glycosides, bergenin, menisdaurin, and anthraquinones
(ref D). Flavonoids, saponins, 11-O-acetyl bergenin, virosecurinine, ent-phyllanthidine, kaempferol, quercetin,
gallic acid, daucosterol, and -sitosterol have also been discovered in Flueggea virosa (ref D). (ref. E). F. virosa and
other Flueggea species can be used to treat malaria, jaundice, and a variety of other conditions [ref D]. An extract
made from the leaves of the Flueggea virosa plant contains anti-diabetic properties due to the presence of flavinoid
Rutin(ref D). It's possible that the extract promotes glucose uptake and metabolism while suppressing hepatic
gluconeogenesis (ref E). The Anti-diabetic potential of Flueggea virosa needs to be further explored and studied
extensively.

The goal of this study was to learn more about the anti-diabetic potential (preventing or delaying the development
of diabetic complications) of a hydro-ethanolic extract of Flueggea virosa and to compare its efficacy to that of
metformin, a well-known diabetes treatment.

Materials and methods

Chemicals and reagents

Streptozotocin (STZ) and all the reagents and chemicals used in the present work were of analytical grade.
Plant Extract preparation

Fresh leaves and twigs of Flueggea virosa were collected from Koyana forest, Maharashtra and identified by
Botanical Survey of India, Western Regional Centre, Koregaon Road, Pune, Maharashtra, India. (Voucher No.
BSI/WC/Tech/2015/309)
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The fresh aerial parts of Flueggea virosa were washed under running tap water dried and ground to a fine powder.
The powder (20 g) was extracted with distilled water and ethanol mixture (40:60%) in a Soxhlet apparatus for 8 h.
The extracts were subjected to evaporation with Rota-evaporator (LABOROTA 4000WB HeidolpH) and then oven-
dried at 37°C. The extracts were stored at - 4°C until use.

Experimental animals

Male Wistar albino rats 8-12 weeks old weighing 190 to 200g were obtained from National Institute of Bioscience,
Shirval, Pune, and the present study was carried out in animal house facility of Smt. Kashibai Navale College of
Pharmacy, Kondhwa, Pune. A protocol was approved by the Institutional Animal Ethical Committee of Smt
Kashibai Navale College of Pharmacy, Kondhwa, Pune, Maharashtra, India and as prescribed by the Committee for
the Purpose of Control and Supervision on Experiments on Animals (CPCSEA), India was used in the present study.
The rats were maintained in the laboratory under standard environmental conditions of temperature (25+2°C) and
optimum humidity (40-60%), light and dark cycles of 12 h with 325 lux (light on at 8.00 & off at 20.00). The
animals were kept individually in cages under clean and hygienic conditions. Autoclaved rice husk was spread at
the bottom of each cage and replaced every morning. The rats were fed with unlimited supply of standardized
pelleted diet and water. Only during fasting period the feed was taken out from the cages at night but water was
available ad libitum.

Induction of diabetes

Diabetes was induced by a single intra-peritoneal (IP) injection of STZ (60 mg/kg) in freshly prepared citrate buffer
(pH 4.5) to overnight (14 h) starved rats. They were subsequently given drinking water with sucrose (15 g/l) for 48
h to overcome the drug-induced hypoglycemia. This prevents immediate mortality as insulin is released by the
damaged pancreas [20]. Five days later blood was collected from the tail to measure glucose using Glucometer [21].
All rats which had a blood glucose level exceeding 200 mg/dl were considered as being diabetic and were used for
further studies.

Experimental protocol

Acute oral toxicity study of on healthy adult female Wistar albino rats was done as per OECD (Organization for
Economic Cooperation and Development, 2006) guideline # 423. The rats were given a maximum dose of 2000
mg/kg body weight of Flueggea virosa extract. Dose progression was done in a sequence of 1.75, 5.5, 17.5, 55, 175,
550 and 2000 mg/kg per oral route. The rats were observed for mortality up to 14 days. Based on this pilot study
of acute oral toxicity, the male rats were divided into five groups, each of six animals (n = 6). All the groups were
treated as per following specifications.

Normal Control Group: Rats were non diabetic. These animals were only injected with the citrate buffer
vehicle, on the same day the animals from other four groups were injected with STZ. Thereafter they were provided
with the normal food and water.

Diabetic Control Group: The rats were injected with STZ (60 mg/kg, IP; single dose) and kept under
observation for 48 h to check mortality. During this period they were provided with food and sucrose fortified
drinking water (as prescribed above), thereafter they were given the normal food and water.

Metformin Group: The rats were first rendered diabetic with STZ as above. After 48 h they were force fed
metformin (500 mg/kg) every morning for the next 21 days [22]. Metformin was used as a standard reference drug
and as the positive control.

Plant Extract Group 1 The rats were first rendered diabetic with STZ as above. After 48 h they were fed 100
mg of hydro-ethanolic extract of Flueggea virosa /kg of body weight orally every morning for the next 21 days.
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Plant Extract Group 2 The rats were first rendered diabetic with STZ as above. After 48 h they were fed
200 mg of hydro-ethanolic extract of Flueggea virosa /kg of body weight orally every morning for the next 21 days.
Metformin and hydro-ethanolic extract of Flueggea virosa (100mg & 200 mg) were given orally once in a day for
21 days through a vehicle. Blood glucose was measured before treatment (0 day), and on 7 14", and 21% day after
treatment. Other biochemical parameters were measured after completion of the three weeks of treatment.

Experimental design

The body weight and fasting blood sugar of all animals were measured over the three weeks period of study. Blood
glucose was measured using Glucometer (ACCU-CHEK Active Glucometer Monitor, Roche Diagnostic Australia
Pty.Ltd.31 Victoria Avenue, Castle Hill, NSW 21, Australia.), by the glucose oxidase-peroxidase method [23]. All
biochemical parameters were measured after the completion of the 21 days of treatment. Blood was collected by
cardiac puncture after sacrificing the rats and was tested for effect of extract of Flueggea virosa on urea and blood
urea nitrogen using the Berthelot method [24]. Creatinine was analyzed by Jaffe’s colorimetric-kinetic method [25-
26] and uric acid was measured by Urease—POD enzymatic colorimetric-kinetic method [27]. Total protein was
measured by Biuret method [28-30]. After the completion of the treatment period all the rats were sacrificed by
cervical dislocation, dissected and the pieces of kidney tissues were removed, weighed and fixed into 10% formalin
solution. The tissues (4-5 mm3) were cut, dehydrated in alcohol gradation and embedded in paraffin wax (54°C to
58°C). Paraffin wax embedded tissue blocks were prepared and sectioned at 5pum on a microtome (Weswox Senior
Rotary Microtom, Spencer 820 Type MT-1090A). The tissue sections were stained by haematoxylin and eosin [31]
and stained slides were observed under Motic Digital Biological Microscope and photographed (Model No. BA 210
with colour corrected infinity optical system and imaging software).

Statistical analysis

The data obtained were expressed as mean + SEM. Statistical analysis was performed on commercial software
INSTAT 3.0, a demo version (Graph Pad Software, San Diego, CA). Unpaired t-test with two tail p value was used
for statistical analysis. Significance level was at p< 0.05.

Results

1. Acute oral toxicity study

A hydro-ethanolic extract of Flueggea virosa was fed to the rats at maximum dose level of 2000 mg/kg. It was
noted that this dose also did not induce mortality within 14 days. We also did not notice any adverse acute or chronic
effects on the activity of the animals when tested in a locomotor activity instrument (INCO Make). During the
experiment, the animals were healthy and active.

2. Effect of Flueggea virosa extract on body weight of Streptozotocin treated rats
Body weights of rats in the five groups were monitored during the 21 days of experimental period. As compared to
control, significant decrease in body weight was observed on 7% (18.7%), 14" (23.55%) and 21°t (30.64%) days in
diabetic group. (Tablel). Metformin treated animals showed 4.62% increase in body weight on day 21 as compared
to initial weight and 34.50% significant increase compared to diabetic group. Administration of Flueggea virosa
extract at the dose of 200 mg/kg resulted in a significant 30.17% increase in body weight on day 21 when compared
to diabetic group and 6.16% increase in body weight than that of the initial weight of rats. When 200mg extract
treated group was compared to metformin treated group then it was observed that extract (200mg/kg body weight)
treated group (6.16%) showed slight increase in body weight of the rats on the day 21. Extract of Flueggea virosa
at the dose 100 mg/kg showed less increase in the body weight (16.41% (P<0.001)) on day 21 when compare to
diabetic group of the rats on day 21 and this group showed 9.76% reduction in body weight of rats when compared
to the initial weight. The results have shown that Flueggea virosa extract at the dose 200 mg /kg and metformin
significantly increase body weight in diabetic rats.

Table No. 1. Effect of Flueggea virosa extract on body weight of Streptozotocin treated rats.
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Body weight (g)
Groups 0 Day 7t Day 14" Day 21% Day
Control 204.23 +4.25 | 212.81 + 3.97 217.82+2.72 223.24 + 3.52
Diabetic 191.71 + 6.56 | 173. 05 + 5.28*** | 166.51 + 3.67™" 154.82 +3.24™
Metformin 196.02 + 3.31 | 192.83 + 9.48 243.00 +14.37%# | 228. 25 + 1.86"
Extract 200mg | 189.80 + 4.65 | 186.24 + 7.26 192.04 + 6.72 201.51 + 4.91%#
Extract 100mg | 199.72 + 2.74 | 211.80 + 2.57# 183.30 + 6.22 180.23 + 4.88

n = 6 rats/group. Values are mean + SEM. *** indicates (p<0.001) compared to control group. * indicates (p<0.01),
## indicates (p<0.001) as compared to diabetic group.

As compared to control, significant (p<0.001) decrease in body weight was observed on 71, 14™ and 21% days in
diabetic group. Metformin treated animals showed significant (p<0.001) increase in body weight as compared to
diabetic animals. Extract of Flueggea virosa at the dose 200 mg/kg showed significant (p<0.001) increase in body
weight on day 21 when compared to diabetic group. The apparent decrease in body weight of 100mg/kg F. virosa
treated rats at 21 days was however not significant in comparison with the initial value (Table 2).

3. Effect of hydro-ethanolic extract of Flueggea virosa on blood glucose level

As compared to the control group, significant increase in blood glucose level was observed in diabetic animals on
7t day, 14™ and 21° days (p<0.001) (Fig. 1). At the dose of 200mg/kg of Flueggea virosa after 21 days, there
occurred significant decreased in blood glucose level on 7%, 14" days (p<0.001), and on 21% day (p<0.05) as
compared to the diabetic rats. There was no significant reduction in blood glucose levels at a dose of 100mg/kg of
Flueggea virosa compared to the diabetic group and 200mg/kg of Flueggea virosa (Fig. 1). Metformin treated group
as expected showed decrease in blood glucose on 7% (p<0.05),, 14" and 21% (p<0.001), days when compared with
diabetic group. A dose of 100mg/kg of Flueggea virosa did not show any significant effect on blood glucose levels
compared to the higher dose of extract of 200mg/kg.

Figure 1: Effect of hydro-ethanolic extract of Flueggea virosa on blood glucose level
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Values are mean + SEM. * indicates (p<0.05), *** indicates (p<0.001) compared to control group. * indicates
(p<0.05), #* indicates (p<0.001) as compared to diabetic group.

4. Effect of hydro-ethanolic extract of Flueggea virosa on urea, creatinine, uric
acid, total protein and Blood Urea Nitrogen

Blood urea, creatinine, uric acid and blood urea nitrogen levels were elevated in the diabetic group as compared to
control group by 82.19%, 163.77%, 100.43% and 151.59% respectively. The blood urea, creatinine, uric acid and
blood urea nitrogen levels were significantly decreased (p<0.001) in Metformin treated animals by 32.11%, 52.20%,
45.14% and 47.86% respectively, when compared to diabetic group. The blood urea, creatinine, uric acid and blood
urea nitrogen levels were significantly decreased (p<0.001) in 200mg/kg of Flueggea virosa extract treated animals
by 34.26%, 42.86%, 46.44% and 49.18% respectively, as compared to diabetic group. The creatinine, uric acid and
Blood urea nitrogen levels of rats treated with Flueggea virosa at dose of 100mg/kg also showed significant decrease
(p<0.001) than that of diabetic rats by 27.47%, 47.52% and 37.80%.

Diabetic group showed significant decrease (p<0.001) in total serum protein by 31.94 % than the normal control
rats, whereas rats treated with metformin and Flueggea virosa (dose of 200mg/kg and 100mg/kg) exhibited
significant increase (p<0.001) in total protein level by 28.44 % and 42.42 %, 37.80% respectively when compared
to the diabetic group.

Table 2. Effect of hydro-ethanolic extract of Flueggea virosa on several biochemical parameters in the blood
of diabetic rats.

Groups Blood Urea Creatinine Uric acid Total Protein | Blood urea
(gm/dL) nitrogen
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
Control 43.18+1.39 0.69+0.16 2.31+0.20 6.20+0.04 16.94+0.53
Diabetic 78.67+2.29*** | 1.82+0.02*** | 4.63+0.09*** 4.22+0.09*** | 42.62+0.33***
Metformin 53.41+2.21### | 0.87+0.02### | 2.54+0.30### | 6.01+0.13### | 22.22+0.43###
Extract 200mg | 51.72+2.66### | 1.04+0.02### | 2.48+0.0.35### | 5.42+0.08### | 21.66+0.224##
Extract 100mg | 66.42+2.21## | 1.32+0.02### | 2.43+0.15### | 4.82+0.08## | 26.51+0.36###

Values are mean + SEM. *** indicates (p<0.001) compared to normal control group. * Indicates (p<0.01), ##
Indicates (p<0.001) as compared to Diabetic group.

5) Effect of hydro-ethanolic extract of Flueggea virosa on histology of Kidney.
Section of kidney through cortex and medulla of control rats (Fig. 2A) did not show any pathological changes,
except for a slight degree of cellular infiltration. Section of the kidney of diabetic rats (Fig. 2B) showed severe
tubular swelling, dilatation of tubules, vascular changes, and moderate cellular infiltration, necrosis and tubular
degeneration and casts formation. In the diabetic group severe glomerulopathy was also observed. In the diabetic
group (Fig. 2B) Kkidney tissue showed proteinaceous casts in the tubular lumen of uriniferous tubules. Basement
membrane of tubular cells were detached in some tubules, this showed tubular damage. The cellular infiltration,
vascular changes were slightly lesser in rats treated with Metformin (Fig. 2C) as compared to other groups (Fig. 2
B, D, E). Moderate necrosis, tubular dilatation and degeneration were found in rats treated with 200mg/kg (Fig. 2
D) and 100 mg/kg (Fig. 2 E) Flueggea virosa. Mild to moderate tubular necrosis in the proximal tubule, was found
in the sections of kidney of the Metformin, 200mg, and 100 mg extract treated rat groups (Fig. 2 C, D, E). In
Flueggea virosa extract (200 and 100mg/kg body weight) treated (Fig. 2 D, E) diabetic kidney, tubular walls showed
increase in the thickness and glomeruli and tubules were without proteinuria and hemorrhage. Moderate to mild
glomerulopathy was found in Metformin, 200mg/kg and 100 mg/kg Flueggea virosa treated groups (Fig. 2 D, E).
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6) Effect of extract of Flueggea virosa on histological changes in progression of
diabetic nephropathy in diabetic rats.

Diabetic rats exhibited glomerular hypertrophy as significant decrease (p<0.001) was seen in glomerular length,
width and area when compared to normal control group. Diabetic group showed significant increase in (p<0.001)
thickening of glomerular membrane (GM), proliferation of mesangial cells and thickening and dilation of renal
tubules (Table 3 A). Metformin and 200mg Flueggea virosa extract treated groups exhibited significant
improvement in glomerular architecture and significant decrease (p<0.001) in GM thickness, mesangial
proliferation (p<0.01) and tubular dilation (p<0.001) when compared to diabetic group (Table 3 A).

Table 3. A. Summary of histological renal injury in normal, diabetic and Metformin and Flueggea virosa
treated groups.

Group Glomerulu | Glomerulu | Glomerulus | Membrane | Mesangial Tubular Tubular
s Length | s Width | Areapum thickness proliferatio | thickening | dilatation
pum pum pm npm pm pum
Control 10.78+0.09 | 9.70+ 0.04 | 104.1+0.65 0.05+0.002 | 0.33+0.00 | 0.17+0.0 |0.17+0.0
7.80+ 4.94+0.22* | 38.45+3.761* | 0.16+ 2.62+ 2.21+
Diabetic 0.41*** o fald 012%** 0.12%** 0.28*** 3 +0.0%**
9.99+ 6.52+ 64.78+ 0.082+0.002 1.75 +
Metformin | 0.20%# 0.40% 3.33## ik 1.88+0.20* | 1.33+0.09% | 0.08%#
200 mg | 10.63+ 6.47+ 0.084+ 1.66 + 1164 + | 1.62 +
Extract 0.06%## 0.34# 67.3 + 3.24%# | 0.004%# 0.092# 0.039 0.03##
0.092+ 1.82+
100 mg | 8.46+0.45 | 4.70+0.29 | 40.03 +4.36 | 0.004%# 1.95+0.25% | 1.79+0.25 | 0.25%#
Extract

Values are mean + SEM. *** indicates (p<0.001) compared to normal control group. #indicates (p<0.05), #
Indicates (p<0.01), ## Indicates (p<0.001) as compare to Diabetic group.

Table 3. B. Summary of histological renal injury in normal, diabetic and Metformin and Flueggea virosa

treated groups.

Group Cast in | Necrosis | Collagen | Inflamm | Capillar | congestio | glycogen | Crescen
lumen % | and fiber atory y n % depositio | formatiq
degenera | depositio | cells thickeni n %
tive n in | /HPF ng um
changes interstiti %
% um %
Control 0.17+0.0 | 0.17+0.0 | 0.17+0.0 | 0.63 +| 028 +|0.17+0.0|0.17+0.0 | 0.00+0.
0.03 0.03
Diabetic 2.07 +1293 +|214 +|1374 +|253 +]272 +|190 +|271+
0.25*** 0.07*** 0.04*** T3Fr* N R 0.03*** 0.13*** 0.10**
*
Metformi | 113 +|179 +|138 +|558 +|129 +|146 +|133 +| 15+
n 0.20% 0.08### 0.25% 0.69%# 0.15%# 0.15%# 0.12% 0.23%##
2000 mg |15 +119 +|158 +|685 +|158 +]151 +]| 1633 +|1.72+
Extract 0.054 0.03### 0.04 0.11%# 0.11% 0.11%# 0.034 0.060%
100 mg | 1.77 +(201 +(18 +|726 +[18 +[190 +|165 +|1.91+0
Extract 0.23 0.22### 0.26 0.47%# 0.25* 0.22# 0.14 22%
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Values are mean + SEM. *** indicates (p<0.001) compared to normal control group. *indicates (p<0.05), *
Indicates (p<0.01), *# Indicates (p<0.001) as compare to Diabetic group.

Diabetic rats developed the histological changes of early diabetic nephropathy, such as significant increase
(p<0.001) in collagen fiber deposition in interstitium, thickening of blood capillaries, glycogen deposition, crescent
formation and congestion in kidney tissue in association with a progressive increase in kidney leukocytes or
inflammatory cells (Table 3 B). Diabetic group exhibited elevated cast deposition in lumen and significantly high
percentage of necrosis or degenerative changes in renal tissues when compared to normal control group.
Metformin treated group showed significant reduction (p<0.001) in cast deposition in lumen, collagen fiber
deposition, thickening of blood capillaries, number of inflammatory cells, glycogen deposition, crescent formation
and congestion in kidney tissue, this group also showed significant decrease (p<0.001) in necrosis or degenerative
changes in renal tissues (Table 3 B).

The 200mg and 100mg Flueggea virosa extract treated groups showed significant decrease (p<0.001) in number of
inflammatory cells, congestion and necrosis of renal tissues.

Discussions

The practice of using of medicinal plants to cure various diseases has been a reliable source of medication in several
Asian countries [3]. Though ancient, the practice is still acknowledged and widely used in various countries under
various names such as Ayurveda, Unani etc. Extensive research in this field has shown that particular extracts of
the medicinal plants have specific effects on digestive, circulatory, respiratory systems [32]. In developed and
developing countries, the focus in the field of herbal medicines has gained popularity because of ease of availability
and perhaps minor side effects. This has led to the use of alternative medicines naturally available for treatment of
diseases such as diabetes.

During the experimental period of 21 days, the control rats appeared healthy, active and gained body weight.
Diabetic group showed mortality rate of about 50%. Body weight loss in diabetic group was due to reduction in
intake of food [33-35] and by degradation of body proteins and muscle wasting caused by diabetes [36]. This finding
is also corroborated by the present study showing a significant decrease of the total blood protein in the diabetic rats
(Table 2). Metformin and 100 mg/kg of Flueggea virosa extract treated groups showed 33% mortality rate which
was less than diabetic rats. The 200mg/kg of Flueggea virosa treated group showed low mortality rate (25%) than
that of any other group.

Our studies revealed that the rats rendered diabetic by streptozotocin underwent progressive weight loss (Table 1.
p< 0.001) as compared to the control animals which gained body weight. This is a common finding for all diabetic
animals as shown for example by Zafar Naqvi [37]. On the other hand Metformin and 200mg/kg extract of Flueggea
virosa treated animals showed significant increase in body weight, probably due to improved glucose metabolism.

The hypoglycemic activity of plants is due to the presence of compounds which has insulin-like substances [38].
Some plants may stimulate B cells to produce more insulin [39]. Plants have high amounts of fibers which delay
carbohydrate absorption [40] while some plants have a regenerative effect on pancreatic tissue [41-44]. The oral
treatment of 200mg/kg of Flueggea virosa and Metformin once daily resulted in significant reduction in blood
glucose level in STZ-induced diabetic rats. Insulin promoting activity of Flueggea virosa is similar to Metformin
[45]. Similar activity has also been observed earlier by Rahuja et. al [46].

The findings of the present experiment suggest that Metformin and extract of Flueggea virosa decrease blood
glucose by increasing the pancreatic secretion of insulin from the remnants of B cells of the pancreas or its
responsiveness. [47]. Based on the results of the present study it can be concluded that hydro-ethanolic extract of
Flueggea virosa has anti-diabetic, anti-hyperglycemic properties. The extract of aerial parts of Flueggea virosa
caused a significant decrease in blood glucose level and the extract has potential as hypoglycemic agent equally
effective as compared to standard drug Metformin.
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Diabetic nephropathy is one of the most serious microvascular complications of diabetes mellitus. In present study,
STZ induced diabetic rats showed significant high levels of blood urea, serum creatinine, blood urea nitrogen, uric
acid and low levels of total protein. The increased protein breakdown and renal dysfunction might be the reason
for high levels of urea and creatinine in the serum [48]. Diabetic rats treated with a hydro-ethanolic extract of
Flueggea virosa (100mg/kg and 200mg/kg) showed significant reduction in the levels of blood urea, serum
creatinine, blood urea nitrogen and uric acid when compared to diabetic group (Table 2). This indicated that the
extract of Flueggea virosa significantly prevented the development of renal damage in diabetic rats.

Urea is the major metabolic product of protein metabolism and blood urea nitrogen acts as a significant marker of
renal dysfunction [49]. Blood urea nitrogen has declined significantly in the Flueggea virosa and Metformin treated
rats.

Previously several studies have shown that serum protein levels decrease in diabetic rats [50, 51] and protein
metabolism is also changed, it reduces the utilization of amino acids by tissues, increases proteolysis and decreases
protein synthesis, it increases urea production in liver [52]. Protein glycosylation is associated with excess urea and
glucose in blood. Renal vascular changes severely damage kidney; this condition causes excretion of protein in the
urine [53].

In STZ-induced diabetic rats reduction in serum total protein was observed in the present study. It may be due to
decreased amino acid uptake or decreased concentration of essential amino acids or excess glycogenic amino acids
get converted into carbon dioxide and water or due to reduction in protein synthesis due to unavailability of
sufficient mRNA or due to combined effect of all these factors [54]. On the other hand, in the Flueggea virosa
extract treated group and standard Metformin treated diabetic rats the total protein levels in the blood were close to
the normal control (Table 2). Flueggea virosa and Metformin treated groups showed decreased levels of blood urea,
uric acid, blood urea nitrogen and creatinine as compared to diabetic rats. In the Flueggea virosa treated groups and
standard Metformin treated diabetic rats the protein levels were near to normal range (Table 2).

Glomerular hypertrophy, thickening of the glomerular basement membrane, proliferation of the glomerular
mesangial cells and obstruction in glomerular capillaries may develop end stage renal disease in diabetes mellitus
[55, 56]. In the current studies, kidney histo-pathological results exhibited dilatation of proximal and distal tubules
in the cortex (Figure 2 B), it was associated with the primary effect of diabetic state of the kidney. The secondary
effect or the individual response factor was associated with inflammatory processes [57].

Diuresis is a common pathological condition associated with diabetes which was caused due to structural changes
in glomerulus [58]. Metformin and 200mg Flueggea virosa extract treated rats exhibited improvement in glomerular
architecture and significant reduction in Glomerular thickness, mesangial proliferation, collagen fiber deposition,
thickening of blood capillaries, number of inflammatory cells, glycogen deposition, crescent formation, tubular
dilation and congestion in kidney tissue. Metformin and 200mg Flueggea virosa extract treated animals showed
significant decrease in necrosis or degenerative changes in renal tissues (Table 3 A & B).

Flueggea virosa extract caused showed reversal of changes in the diabetic state at the cellular level. It indicates anti-
diabetic potential of the extract. The clinical pathology of diabetic nephropathy is strongly related to the
morphological changes, which are associated with the mesangial expansion in kKidney section of diabetic rats [59,
60]. The mesangial expansion is a serious destructive structural change leading to loss of renal function in diabetes.
The mesangial proliferation increase glomerular volume which decreases the filtration surface of glomerulus. Due
to such glomerulopathy, animals developed renal end stage disease [44, 61].

In present study, kidney sections of STZ induced diabetic rats treated with Metformin and 200 mg/kg Flueggea
virosa extract have showed improvements indicating moderate to mild glomerulopathy, reduction in tubular
swelling and dilation. Thijs W. Cohen Tervaert et al. a classified diabetic nephropathy, as class | and class Il type
[62]. The diabetic rats had both glomerular basement membrane thickening (class- | DN) and the mild mesangial
expansion (class I1- DN) and mild mesangial expansion (class 11-DN) classes of diabetic nephropathy. Metformin
and 200mg Flueggea virosa extract treated groups showed mild glomerular basement membrane thickening and
mesangial expansion as compared to the diabetic rats. It appears that the destructive morphological changes partially
reversed to normal in the kidney of the treated animals.

Conclusion
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It may be concluded from the study that (a) the hydro-ethanolic extract of Flueggea virosa has significant
hypoglycemic effect, moderate renoprotective and delaying effect on progression of diabetic nephropathy, (b)
similar results were obtained when the STZ-induced diabetic rats were treated with 200mg/kg/day of plant extract
for 21 days. The results of this study suggest that Metformin and Flueggea virosa extract lower blood glucose by
increasing the pancreatic secretion of insulin from the remnants of 8 cells of the pancreas or its responsiveness [47].
This resulted in low mortality and a significant increase in body weight, most likely as a result of improved glucose
metabolism. Flueggea virosa extract significantly reduced the development of renal damage in diabetic rats. Treated
rats exhibited improvement in glomerular architecture and decrease in necrosis or degenerative changes in renal
tissues. Flueggea virosa extract reversed changes in the diabetic state at the cellular level. The destructive
morphological changes appear to have been partially reversed in the kidneys of the treated animals [58-60].

In conclusion our study demonstrates that the hydro-ethanolic extract of Flueggea virosa thus reduces
hyperglycemia significantly and diabetic nephropathy moderately.

Figure 2: A- Normal Control, B- Diabetic, C- Metformin, D- Extract 200mg/kg, E- Extract 100mg/kg

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 9 | 2022 6684




Figure 2: A- Normal Control, B- Diabetic, C-
Metformin, D- Extract 200mg/kg, E- Extract
100mg/kg

Photograph  showing, tubular swelling and
dilatation of tubules (yellow arrow), vascular
changes (red arrow), cellular infiltration (blue
arrow), necrosis and tubular degeneration and
casts formation (black arrow), glomerulopathy
(white arrow) H& E stain 100X
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Abstract:

The quinones are a class of compounds that exhibit a variety of applications in the field of applied as
well as the biomedical field.[1]This paper includes the preparation of 1,4 benzoquinone-based polymer
along with aromatic amines by using microwave radiation as a source of energy and comparison
between derivatives on the basis of reactivity, response to reaction condition, and percentage yield and
characterization.[2] As microwave radiations heat the matter with fast speed to get easier, faster
synthetic approach to design the synthesis by using solid-solid phase synthesis [3].

Keywords: Microwave synthesis, quinine derivatives, aromatic amines and comparison.
I Introduction

The quinones and corresponding derivatives interact with 1,4 phenylene diamine to produce a class of
copolymers. In the literature, many methods are available by using conventional as well as non-
conventional energy sources.[4] Most of the conventional energy source methods are time-consuming
there so there is a need to modify the routine process for the synthesis of polymers. This paper details
the preparation of polyquionic compounds by using microwave radiations as a non-conventional
source of energy to speed up the reaction within a short interval with less number of chemicals.[5]The
used quinone compounds vary with the speed of reaction and the percentage yield due to the presence
of substituted groups on the parent structure. The influence of structural effects like resonance effect,
inductive effect, structural parameters interfere with the kinetics of reaction mechanism as well as final
product formation.[6] The most important probable reason behind this was the interaction of
microwave radiation with the matter with changes the absorption rate and influenced on structural
reactivity of the compound. Inside the microwave reactor, we tried quinone derivatives-based polymer
synthesis under the solid-solid-phase method and end up with good results.[7]
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The rest of the paper is organized as principle in section II. The procedures and experimental in section
III. The observations achieved during experiment in section IV. Characterization in section V.The
results achieved are discussed in section V.The conclusion, acknowledgement and referencing in
sections VII, VIII, IX respectively.

IT Principal

Microwave irradiation involves electromagnetic waves in the range of 300MHz-300GHz. The
maximum reactions in microwave reactors were carried out at a frequency of 2.45GHz. [8] Microwave
radiations are highly energic electrical field waves that interact with matter allowing it to rotate and
transfer the thermal energy with high speed within a short interval of period. Therefore activation of
the compound takes place at faster rate and thereby enhances the speed of reaction.[9] Again kinetics
of reaction depends on the absorptivity of media. It was observed that under polar media rate of
radiation absorption is more as compared to other media due to the charged ionic system.

III Experimental
3.1 Chemicals used:

1,4 benzoquinone, 2 chloro derivative of 1,4 benzoquinone, 2,5 dichloro derivative of benzoquinone,
1,4, phenylenediamine, dimethylformamide, acetone, ethyl alcohol etc.

All the chemicals are used of sigma Aldrich laboratory grade chemicals.
3.2 Apparatus:
Round bottom flask, test tubes, Whatman filter paper, sample holders, capillary tubes, motor, etc.

All the glass apparatus used for the conduction of the experiment are tested and certified for use under
microwave radiations were made from borosilicate material used as the norm.[10,11].

3.3 Instruments:

Wensar digital weighing balance, MRS 6 microwave reactor, Bucher funnel, economical binder
drying oven, Wensar UV spectrometer, NMR spectrometer, NISCO infrared lamp, etc.

3.4 Scheme:

Before starting the experiment all the required chemicals were collected on the table. The required set
of apparatus was washed along with water followed by alcohol and made dry at the oven. The dried
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cooled and sterilized apparatus was kept ready for the procedure. The required quantity of
benzoquinones and 1,4 phenylene diamine were weighed by using a digital weighing balance and kept
aside.

All the chemicals are activated in the motor for 15-20 minutes to increase the interaction rate. After
activation 1,4 benzoquinones and 1,4 phenylene diamine were transmitted to the round bottom flask
under the desired setup for synthesis. The microwave instrument was locked and required reaction
conditions were set up like temperature, pressure, and power supply conditions were adjusted with the
instrument. Monitoring was carried out throughout the process. Various settings of radiations and
temperature are carried out for specific time intervals.

The product was allowed to cool outside the microwave After cooling dissolved in solvents like
acetone, alcohol followed by being washed with water. Then this product was filtered on Buchner
funnel multiple washings. At the end of the process, the product was allowed to air dry. This dried
product was weighed on a digital weighing balance.

The percentage yield of polymer was calculated on the basis of theoretical yield and weight of product
achieved. The percentage of product and correlation between time interval and energy provided during
the process are as follow.

IV Observatios

Tablel: For applied condition and percentage yield with time interval

Amount of energy used in Watt along with percentage
Compound | Time in | yield
Minutes | 50 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500
1 8 8 12 (15 (15 |15 |15 |15 |19 |20
2 5 9 9 13 (16 (16 |16 |16 |16 |20 |21
3 9 9 13 |16 |16 |16 |16 |16 |20 |21
1 15 17 |19 |21 |23 |28 |31 |34 |35 |38
2 10 17 19 (21 |23 |25 (30 |33 |36 (37 |40
3 18 20 |22 (24 |26 |31 |34 |37 (38 |41
1 19 21 |24 (27 |32 |35 |39 |41 (44 |47
2 15 23 25 |28 (31 |36 |39 (43 |45 |48 |51
3 24 27 |30 (33 |38 |41 (45 |47 |49 |53
1 28 30 |33 (36 (39 |44 |47 (49 |53 |55
2 20 34 36 |39 |42 |45 |50 |53 |55 |59 |61
3 35 37 |40 |43 |46 |53 |54 |56 |60 |62
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35 35 |37 |42 |47 |57 |58 |56 |60 |62
25 40 40 |42 (47 |52 |62 |63 |61 (65 |67
42 42 |43 (49 |54 |64 |65 |63 |67 |69
40 41 |43 |50 |56 |61 |63 (60 |65 |65
30 47 48 |50 |57 |63 |68 |70 |67 |72 |72
48 49 |51 |58 |64 |69 |65 (64 |66 |69

W[ D[ [ L[ DN | bt

V Characterization

For the product, spectroscopic analysis was carried out by using a Wensar UV spectrometer. HINMR
analysis was carried out on an NMR spectrometer. Elemental analysis was carried out for the
compound.

VI Result and discussion

6.1: U.V. visible characterization is carried out for the product and shows absorption under a range of
250-400nm. All the polymers prepared by this process are highly conjugated in nature and therefore
shows intense absorption in U.V.region.

Elemental analysis was carried out which shows the existence of C,H, N, and O.

6.2: The proton magnetic resonance was done on an instrument that shows1the following information
about the product in a sequence of compounl, compound 2, compound 3

I TR SN B

FRU

Compound 1
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Compound 2

Compound 3

6.3: Analysis for thermal effect and % yield with respect to time

The product was obtained and analysed at various reaction conditions of the applied energy field at
specific time intervals. It was observed that with respect to time and temperature there is a change in
the interaction between matter and microwaves to obtain the yield. At the initial stage during the first
5 minutes, the time span yield was very low and as soon as it moves towards 25 to 30 minutes there is
an increase in yield. This change is observed for all most all applied reaction conditions. In addition
to this it was noted that on increase in polarity, there is an increase in percentage yield of the final
product for polar mono chloro and dicholoro derivatives.
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Graph of temperature effect with time and percentage yield.

Effect of Temperature & Time Vs. % Yield
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VII Conclusion

This method provides an alternative path for the synthesis of 1,4 benzoquinone and corresponding
derivative polymer preparation with a minimum amount of energy and time factor. This method saves
atom economy of the process.
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Abstract

Quinone and corresponding compounds available in literature shows remarkable bioactivity against various
microbes which include bacteria, fungi and the most prominently viruses. The bioactivity of any biomolecule
is rest on on various parameters like compound itself, target system, surrounding excreta. This paper has
enlightened on bioactivity of quinone based polymers and structural effects how they emphasize, work
effectivity against microbes. During the experimental condition different prepared polyquiones and their
derivatives are used to check the bioactivity against various pathogenic cultures of bacteria, viruses and
fungi. For the few targeted pathogenic cultures extremely, good results are obtained which also justifies the
QSAR of the molecule.

Keywords

Quinone, quinonic derivatives, bioactivity, structural effect, pathogenic activity

Introduction

Quinones are the class of compounds which responds against wide range of pathogens. Along with quinones
amines are also showing bioactivities against special range of pathogens. [ 5] The polymers prepared with
the help of these compounds were tested for bioactivity against various reaction conditions. [8] For the
checking of bioactivity different methods are available like disk diffusion method, microdilution technique,
borth method and agar method [10]. Among all listed methods for the experiment Agar dilution and
microdilution method is used. For the checking of bioactivity during the experimental condition we have
used three different types of fungi namely Asperillus flavus, Candida albicans [2] and Aspergillus niger and
three bacteria which include two-gram positive bacteria and one-gram negative bacteria. The gram-positive
bacteria include staphylococcus aureus and Bacillus subtilis. The gram negative strain of Escherichia coli .
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Experimental

During the experimental condition synthesized desire compounds were subjected for testing of invitro
antimicrobial activity. As per described in introduction, the antifungal activity was evaluated against three
fungi stains A. flavus [NCIM-539], C.albicans [NICM-3471] and A. niger [NICM-1196]. The two gram
positive bacterial strains of S.aureus[ NICM-2901], B.subtilus [ NICM-2063] and gram negative bacteria e.
coil [ NICM-2256]. For studying antimicrobial properties of compounds, Minimum Inhibitory Concentration
(MIC, pg/mL), Minimum Bacterial Concentration (MBC) and Minimum Fungicidal Concentration (MFC)
were studied by modified microdilution technique. For Fungal strains agar dilution technique, on Potato
Dextrose Agar (PDA) Medium were used for MIC determination. The MBC and MFC of compounds were
determined by serial sub cultivation after inoculated for 72 h with tested compounds dissolved in saline
containing 5% DMSO. The lowest concentration with no visible growth was defined as MBC/MFC
indicating 99.5% killing of the original inoculums. [ 6] All the experiments performed in triplicates and mean
reading is taken as final reading. 5% DMSO was used as a negative control along with Fluconazole and
Miconazole as the standard antifungal drugs and Ciprofloxacin as the standard antibacterial drugs For
bacterial strains MIC determination were done by a serial of microdilution technique using 96-well microtiter
plate reader. Compounds are prepared in saline (0.8% NaCl) solution containing 5% Dimethyl sulfoxide
(DMSO) for dissolution. All microbial strains were incubated with different concentration of each compound
in 96-well microtiter plate for 20 h at 37 oC on Rotary shaker (160 rpm). After incubation the lowest
concentration value without growth were defined as MICs.

The compounds used for the analysis has structure like

kN NH—
R4 '

Table 1: Details about compound substituents

Compound R1 R2 R3 R4
1 H H H H
2 Cl H H H
3 Cl Cl H H
4 H H Cl H
5 H H Cl Cl

The polyquinone prepared with the help of quninone and phenylene diamine along with mono chloro,
dichloro derivatives are used to check the bioactivity. All above polymeric species vary with polar group
substituents therefor they show variation in bioactivity as their mode of interaction varies. Polarity of the
compounds influences more for binding of compounds with pathogens and therefore various results are
observed.
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Table 2: Observations for antipathogenic activity

Observations

ISSN:2061-2710

MIC values® (ug/ml)

Compounds C. Albicans A. Flavus A. Niger E. coli B. subtilis S. aureus

1 65 80 80 65 48 85

2 29 32 35 28 27 29

3 39 25 26 27 26 25

4 80 60 40 52 38 58

5 36 31 40 41 36 39
Ciprofloxacin - - - 26 26 25
Fluconazole 36 23 23 - - -
Miconazole 13.5 13.5 13.5 - - -

All the values are taken as average of three readings.
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Table 3 : Individual graphs for interaction of various compounds against pathogens

MIC valuesa (pg/ml) C. MIC valuesa (pug/ml) A.
Albicans Flavus
100 100
80 80
60 60
40 40
20 20
0 0
0 2 4 6 3 0 2 4 6 8
MIC valuesa (ug/ml) A. Niger MIC valuesa (pg/ml) E. coli
100 80
80 60
60
40
40
20
20
0 0
0 2 4 6 8 0 2 4 6 8
MIC valuesa (ug/ml) B. MIC valuesa (pug/ml) S.
subtilis aureus
60 100
80
40 \_—/\ 60
40
20 20
0 0
0 ) 4 6 3 0 2 4 6 8

During the experimental conditional it has been observed that all the polymeric compounds are bioactive in
nature but vary or interact differently to show minimum inhibitory concentration [MIC], minimum bacterial
concentration [MBC], minimum fungal concentration [MFC]. All the compounds differ with results due to
the variation in structures, substitution effect, polarity of compound, interaction of compound with media
and binding with pathogen. QSAR plays important roll. [7]. Along with this nature of pathogen, size of
pathogen and its activity all together impacted on MIC values [ 3]. The concentration of pathogen has impact
on MIC value [ 4] Base polymeric compound is less polar in nature and shows least bioactivity as compared
to all reaming treated polyquinonic compounds whereas compounds 2 and 3 has showed highest bioactivity
and both are chloro-substituted compounds. As compared compound 2, compound 3 has shown more
pathogenic activity with minimum MIC as it the dichloro-derivative and more polar as compared to
compound 1 and 2. Again among compound 4 and 5, dichloro-derivative has shown more bio activity as
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compared to monochloro-derivative. The second polymer shows highest bioactivity against C. Albicans
whereas Fourth polymer shows least bioactivity as compared to fluconazole. For A. Flavus polyquione three
shows good inhibitory activity followed by second and fifth polymers has showed comparable bioactivity
and for A. Flavus first polymer has showed least inhibitory activity. For the fungi A. Niger strain compound
three is most effective followed by surprisingly polymer four and five has shown same interaction. In case
of gram negative Bacterial E.coil , it has been observed compound three shows comparable bioactivity with
Ciprofloxacin but remaining all compounds were less effective. For remaining two-gram positive bacteria
B. subtilis and B. subtilis compound three has showed comparable inhibitory activity. S. Aureus has showed
least pathogenic activity as compared to standard antibiotic.

Conclusion

After performing experiment and testing bioactivities for synthesized polymeric compounds it has been
observed that all polymeric compounds show bioactivities and vary with MIC due to structural effects along
with this polarity influences the pathogenic activity. Among all developed compounds Compound three has
showed satisfactory bioactivity as compared to all remain compounds.
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Abstract: Plants have many and diverse uses which have direct or indirect bearing on the civilization
of human society. India is the second largest country in Asia and seventh in the world. Over and above,
with diversity of climate, soil and topography with almost all types of ecosystems found anywhere in
the world and hundreds of biotopes -each supporting rich characteristic floristic and faunistic elements.
The general survey of medicinal plants from Nagzira wildlife sanctuary shows total 229 species
comprising 71 families, 190 Genus including 207 species of dicots and 22 species of monocots. More
stress has been given on plants used by tribals and locals for their medicinal purpose. There are ¢ 19
species which are over-exploited because of economic products such as gum, edible fruit, medicinal
use and Bidi vapors.

KEY Words: Overexploitation, wildlife, drug, phytochemical, biotopes

Introduction: From ancient time man is dependent on the plants product to fulfill the basic needs such
as food shelter and clothing, still today we human are depend on various plants product such as wood,
gum, honey, tannin, resins, dye, wild fruits, edible corms, tubers, rubber, Bidi vapors and various
ayurvedic medicine etc. because of unsustainable use forest and its product many species of plants are
become extinct/ vulnerable or overexploited. The rich floristic diversity in India is not withstanding i.e.,
€ 1700 spp. of Indian flowering plants are threatened with extinction to-day (c 7 percent of 26,106
globally threatened spp. are from India). During last 400 years ¢ 654 spp. have become extinct (WCMC,
1992). During past two centuries, India has lost about 17 spp. like Sterculia khasiana and number of
other spp. also could not be relocated due to natural (abiotic) and manmade (biotic) causes (Jain &
Sastry, 1984; Nayar and Sastry, 1990). Conservation of bio wealth in India initiated dates back to 4%
century B.C. and is attributed to Acharya Kautilya who in Arth-shastra underlined the need for setting
aside forested areas for not only protection of Wildlife, but also to provide goods and services to the
society (Rangrajan,1992). Similarly, the Emperor Ashoka,in 252 B.C. laid down ‘Stone edicts’ for
conservation of Wildlife (Saharia ,1981;Mackinnon et al., 1986). Since the vedic periods, every form
of life was loved, worshipped and even sheltered in the ashrams of sages (hermitages), there by
nurturing the philosophy of nature conservation (Jain and Sastry, 1981). The importance of the forests
in remote areas of Kutch (Gujarat , India) was realized much earlier by Maharaja (King) of Kutch who
demarcated certain areas (Chadua Rakhal & Nadibaug) as reserved protected forests where biotic
activities like hunting of wild animals, felling of trees, Grazing etc. were strictly prohibited( Kothari &
Singh,2002).

113


http://www.jrps.in/
mailto:info@jrps.in

© INTERNATIONAL JOURNAL FOR RESEARCH PUBLICATION & SEMINAR

h ISSN: 2278-6848 | Volume: 13 Issue: 04 | July - September 2022
£ Paper is available at http://www.jrps.in | Email : info@jrps.in
Refereed & Double Blind Peer Reviewed

N | B] Bi

Materials and Methods: To study the plants diversity, plant exploration tours were conducted in
different seasons. The area was surveyed extensively and intensively. The flowering and fruiting
specimens were collected. Field observations regarding habit, habitat, color of flowers, local names,
relative abundance, associated plants etc. were noted. Close up of flowering/ fruiting material along
with their associated plants were photographed. Information about the medicinal uses of each plant to
cure various diseases also noted from local peoples and confirmed with the help of authentic reliable
literatures. Plants were processed in customary way in the laboratory and identified in regional
herbarium of Botanical Survey of India, Pune (BSI).
About the Study Area: Nagzira Wildlife Sanctuary, Maharashtra, India.

The wildlife Sanctuary (Biogeographical Provience 6D) was constituted as per the notification
No. WLP/1669/22860/Y/dt.3/6/1970, covering an area 152.81 sq. km. The Sanctuary is miraculously
preserved as ‘Green Oasis’ in the eastern most part of the Maharashtra State and has a great importance
from bio-diversity conservation point of view. The name Nagzira Wildlife Sanctuary is based on idol
Nagdev and Nagzira lake.
Location: The Sanctuary is situated in Sakoli tahsil of Bhandara district and Arjuni (Sadak), Goregaon
& Tiroda tahsil of Gondia District (Maharashtra State) under the Nagzira range at 79°58” E to 80 ° 11’E
longitude and 21 °12° N to 21 ° 21 N latitude.

The Sanctuary is surrounded externally by the Reserve forests of Gondia forest division and
Bhandara Forests Division on the Northern and Eastern side and by Reserve Forests of FDCM of
Bhandara Division on the Southern and Western side. The length of internal range of boundary is 104.53
km. ‘Thadezari’ is the only village geographically situated inside the Sanctuary, coincide the
Compartment boundary. Ecologically, the forest area surrounding the Sanctuary is a self-sufficient

ecosystem with it’s living fauna & flora.

Area of Nagzira was declared as Wild life Sanctuary vide Govt. Notification No.
WLP/1669/228601-y dt.3/6/70. As per the memo. no. WLP/Gen/HPA/ 45(7071/B/8360, dt.23/7/70)
from Chief Conservator of Forests, Maharashtra State, felling’s have been suspended in the coupes
falling within the area of Sanctuary and Grazing is also prohibited. Shooting of tigers is prohibited vide
Govt. Resolution No. WLP/1570/45404-Y, dt.25/7/1970.

Geology and soil: The Sanctuary exhibits amazing diversity of terrain and altitude ranges from nearly
30 m to 560 m above sea level.

Soil: Soils are laterite texture varies from sand to sandy-loam in plains and lower slopes, sandy to
Murram on the steep slopes and rocky on the precipitous slopes. Calcareous soils found in patches and
foot hills along the nasal and near villages, where top soil is removed. The laterite soils are well suited

for Tectona grandis.
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Climate: The temperature varies between 6° ¢ during December and 46° ¢ during May.

The mean annual rainfall observed is 1200 mm. The maximum rainfall about 1600 m occurs during

July-August. Maximum wind velocity is observed from June-August.

Drainage: The seven important lakes in the adjoining areas are Chorkhamara, Bodalkasa, Balapur,
Ledezari, Malujunga, Murpar and Rangepar. There are two big water reservoirs within the Sanctuary at
Nagzira and Thadezari lakes.

Fauna: The Nagzira wildlife Sanctuary has a number of fishes, ¢ 34 species of mammals, 166 species
of birds, 36 species of reptiles and four species of amphibians. Wild animals to spot are the Tigers,

Panthers, Bison, Sambars, Nilgais, Chitals, Wild boars, sloth bears and dogs.

Vegetation: The vegetation of the area is of South Indian Moist deciduous type (Champion & Seth,
1968) and distributed in three different zonation. The top canopy of the forest includes tree species like
Anogeissus latifolia, Bridelia retusa, Cleistanthus collinus, Diospyros melanoxylon, Sterculia urens,
Xylia xylocarpa etc.

Result and Discussion: The general survey of medicinal plants from Nawegaon National Park shows
total 229 species comprising 71 families, 190 Genus including 207 species of dicots and 22 species of
monocots. Local tribes are “Gond” More stress has been given on plants used by tribals and locals for
their daily needs, economic and medicinal purpose.

There are ¢ 27 plants which are either vulnerable, endangered or threatened if over-exploited for
commercial or other purposes. Among them 2 spp. viz. Iphigenia magnifica, and Sphenostylis bracteata
are vulnerable and c 6 endemic species are endangered viz. Barleria prattensis ,Chlorophytum
glaucum, Curcuma inodora, C. pseudomontana, Eulophia ochreata, Zingiber neesanum etc. and there
are ¢ 19 species which are not endemics but over-exploited for medicinal and other purposes viz.
Andrographis paniculata, Caesalpinia bonduc, Diospyros melanoxylon, Embelia basaal, Emblica
officinalis,Entada rheedei, Gardenia gummifera, Indigofera constricta, Justicia adhatoda, Madhuca
longifolia var. latifolia, Mimusops elengi, Plumbago zeylanica, Pongamia pinnata, Rauvolfia
serpentina, Semecarpus anacardium, Sterculia urens, Tectona grandis, Tinospora cordifolia, Vetiveria
zizanioides information is collected from tribals and local people from the area studied and present
status is based on information and literature.

Conservation: To conserve plants in their natural habitat (In situ conservation) 13 biosphere reserves,
89 National parks and 489 Wildlife Sanctuaries including 5 National parks and 35 Wildlife Sanctuaries
(Area 14747.84 sg. km) in Maharashtra have been declared by Govt. of India.

The faunistic diversity depends on rich floristic diversity. This inter dependence was

emphasized by Gilbert (1980) stating that loss of a Keystone mutalist (typical plant) would cause loss
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of mobile links (animals) followed by link of dependent plants. A noted conservationist Myer (1984)
also concluded that at least one species is disappearing each day in tropical forests alone and in a few
more years there will be species loss each hour. The disappearing plant can take with it 10-30 dependent
species such as insects, taller animals and even other plants (Jain & Sastry, 1980). Hence to preserve
the animal diversity, it is essential to preserve plant diversity.

International Union for conservation of Nature & Natural Resources (IUCN) with the advice of

co-operation & financial support of the United Nations, Environmental Programme (UNEP) and the
World Wildlife Fund (WWF) has prepared a world conservation strategy on 5 March 1980 with 3 main
objectives viz.1) Maintenance of essential ecological processes and life- support systems; 2)
Preservation of Genetic Diversity and 3) Sustainable utilization of species and ecosystems. Through the
efforts of IUCN, The Indian Wildlife (Protection) Act 1972 has also further been amended to include
plants for their conservation.
Discission: To save the biodiversity of Nagzira Wildlife Sanctuary from biotic man-made threats such
as overexploitation for its edible fruits, medicine, food, Bidi Vapor, forest fire, overgrazing,
construction of roads and abiotic factors like heavy rain fall, land slide. it is our moral duty to create
awareness among the common people through all medias (Radio, Television, Newspapers), flower
shows etc. Starting from children education. For conservation and awareness, Botanical Survey of India
has published 4 volumes of the Red Data books of Indian plants (Singh & Singh, 2002).

Main water
resource
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Ethnobotanical studies of Nawegaon National Park, District - Gondia,
Maharashtra, India.

Devidas N. PATIL, BJS’ ASC College, Wagholi, Pune.
E.Mail-dnpatil2030@gmail.com

Abstract:

Indigenous knowledge of medicinal plants is scarcely recorded. Knowledgeable people have either
died without divulging their knowledge on medicinal plants to others or refuse to part with Indigenous
knowledge system for reason best known to them. Probably it was a sort of keeping secrecy. Ethnic
people found in the areas are ‘Gond’ Protection of traditional medicinal knowledge is most important
in the present scenario. Ayurveda, Unani and Homeopathic systems of medicines rely heavily on
medicinal plants and therefore, scientific cultivation of medicinal plants and extensive phytochemical
research is being carried out. Present work deals with about 239 medicinal plants in the study areas,
details of 34 medicinal plants are given here.

KEY Words: Ethnobotany, wildlife, drug, phytochemical, cultivation

Introduction:

According to WHO, 3.5 billion people in developing countries used plant-based medicines for their
primary healthcare, it is also experienced during pandemic crise of COVID-19, human respiratory tract
infection of corona virus. WHO further indicates that over 30% of World’s plants species have at one
time or another been used for medicinal purpose. Over 35,000 plants are used in various human cultures
around the world, while about 20,000 plants are marked for medicines and cosmetics. The cultivation
of medicinal plants are for food, healthcare and cure dates back to the late Mesolithic to early Neolithic
age, roughly about 10,000 B.C. Assyrians recorded 250 medicinal plants and Sumerians 1000 plants.
Civilizations of ancient China, India, Egypt, Greece, Arabia, Europe, Africa, North America and Latin
America, all recorded the use of medicinal plants in their traditional medicines. From time immemorial,
the people of India have been using thousands of medicinal plants for curing various diseases. Ancient
Indian medical heritage is based on 7000 plant species and about 8000 herbal remedies have been
codified in the Ayurveda. The earliest mention of the medicinal use of plants is found in the Vedas
(1500 BC); the most important of which was the Regveda (4500-1500 BC) which lists 67 plants of
therapeutic values. likewise, the Yajurveda lists 81 medicinal plants followed by the Atharvaveda
which mentions 290 medicinal plants. The Vedas were followed by the Charaka samhita (700 BC)
which provides a list of 395 plant drugs and their products for use in health management. The three
great works of Ayurveda viz. Charaka samhita, Sushruta samhita and Ashtanga hridaya mention 19,000
plant names. However according to Srivastav & Mudgal (1995), there are 2000 medicinal plants
recorded in India. Present work deals with about 239 medicinal plants in the study areas.
About the Study Area: Nawegaon National Park ,Maharashtra ,India .

The National park (Biogeographical Province 06D) established on 22 November 1975 as per the Govt.
Gazette Dec. 4,1975/ AP. Shake 1897, covering an area 133.884 sg. km under Wildlife Protection Act
1972. The name Nawegaon National Park is based on the Nawegaon bandh lake. It has water spread
over 11 sq.km., surrounded by seven peaks known as the “Sat Bahini”or seven sisters. The lake is a gift
to bird watcher given by the Dongarwar family. Their descendants even today contribute a major efforts
for Biodiversity conservation.Hence as a tribute the Kolasur island (“Maldonger”) with the Samadhi of
Shri.Kolu Patil Dongarwar,who was the instrumental in establishment of this tank in the 13" centuary
and is still revered by the local. The area around the lake is known as ‘Dr.Salim Ali Bird Sanctuary’in
memory of the noted ornithologist.
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Location: The area is located towards South of Bhandara in Gondia district of Maharastra State (India)
under the Gondia forest division. It includes a forest range viz. Pratapgarh and a few villages (
Kawlewada, Zankargondi, Nishani, Tumdimendha and Malkazari) and 4 Reserve forest compartments.
Geology: The geological formation of the National Park gives rise to numerous natural springs, streams,
water holes which have maintained diverse living forms in the area. The National Park is popular
forest Resort with picturesque low lying undulating hills fringing the lake of Nawegaon. Geologically
the area has varied rocks ranging from Precambrian gneiss and granite to laterite and alluvium.
Soil: Most of the soil in Maharashtra formed from Deccan trap. The soils are black, dark, brown or
reddish in color (black cottons soils or Regur’s) are derived from Vindhyan and Gondwana formations.
Climate: The climate is quite pleasant for the greater part of the year with only short span of hot
weather. The temperature ranges from 5°C during January to 48°C during May. The average rainfall
varies from 1100 to 1600 mm
Vegetation: The vegetation of the area is of South Indian moist deciduous type (Champion & Seth,
1968) .The plants are distributed in three different Zones.
Materials and Methods:
To study the plants diversity, plant exploration tours were conducted in different seasons. The area was
surveyed extensively and intensively. The flowering and fruiting specimens were collected. Field
observations regarding habit, habitat, color of flowers, local names, relative abundance, associated
plants etc. were noted. Close up of flowering/ fruiting material along with their associated plants were
photographed. Information about the medicinal uses of each plant to cure various diseases also noted
local peoples and confirmed with the help of authentic reliable literatures. Plants were processed in
customary way in the laboratory and identified in regional herbarium of Botanical Survey of India, Pune
(BSI).
Results: The general survey of medicinal plants from Nawegaon National Park shows total 229 species
comprising 71 families, 190 Genus including 207 species of dicots and 22 species of monocots. More
stress has been given on plants used by tribals and locals for their medicinal purpose. Ethnobotanical
data collected from tribals and local people from the area studied and incorporated under each plant
based on information and literature.
Table:-1-_General Survey

Families Genus Species
Dicot 61 170 207
Monocot 10 20 22
Total 71 190 229

Medicinal plants: There are number of plants used for medicines, few of them are (c34) are mentioned

in Table-II.
Table -II

S. | Name of the plant & family Local Parts used for cure

N names

0.

1. | Abrus precatorius L. Gunja Roots-Cold, cough, sore throat.
FABACEAE

2. | Abutilon indicum (L.) Sweet Petari Leaves-Diabetes.
MALVACEAE Seeds-Cough, piles, laxative.

3. | Acacia catechu (L.f.) Willd. Khair Bark-Asthma, Bronchitis, blood purifier,
MIMOSACEAE skin diseases.
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4. | Achyranthes aspera L. Aghada | Roots,Seeds—Bronchitis, rheumatic , tooth
AMARANTHACEAE ache.
Whole plant- Cough,, piles.
5. | Argemone mexicana L. Pivla- Roots,Leaves,Seeds-Scabies.
PAPAVERACEAE dhotra Whole plant- Jaundice.
6. | Aristolochia indica L. Sapasan | Roots-Diarrhoea.
ARISTOLOCHIACEAE Whole plant-Snake-bite.
7. | Bombax ceiba L. Sawar Fruits-Pain killer. Water extract of thorns
BOMBACACEAE for pimples.
8. | Bridelia retusa (L.) Spreng. Asana Leaves, Fruits-Diabetes.
EUPHORBIACEAE
9. | BoswelliaserrataRoxb.ex Coleb. Salai Bark-Antiseptic,cold, stomach pain.
BURSERACEAE
10 | Buchanania cochinchinensis  (Lour.) | Charoli Seeds-Digestive, brain tonic.
Almeida Seed oil-Protection against white ants.
ANACARDIACEAE
11 | Butea monosperma (Lam.) Taub. Palas Root bark-Blood Pressure.
FABACEAE Leaves-Eye diseases.
Flowers-Cough, leprosy.
Seeds-Dysentery, ring worm.
12 | Caesalpinia bonduc (L.) Roxb. Sagargot | Seed oil-Rheumatic pains, skin diseases.
. CAESALPINIACEAE a
13 | Capparis sepiaria L. Kanthata | Bark, roots-Dropsy, Gout.
CAPPARACEAE ra,
Pachra
14 | Careya arborea Roxb. Kumbhi | Bark-Fistula, Stomach pain, snakebite
LECYTHIDACEAE Flowers-Tonic after delivery to women.
Calyx-Cold, cough..
15 | Celastrus paniculatus Willd. Malkang | Bark-Wounds.
CELASTRACEAE oni
Cleistanthus collinus (Roxb.) Benth. ex | Garari Bark- Wound healing and
16 | Hook.f. skin disease.
EUPHORBIACEAE
17 | Cordia dichotoma Forst. f. Bhokar Bark-Cough, sore throat.
. BORAGINACEAE Fruits-Cough, Chest pain, Urinary disorder.
18 | Elephantopus scaber L. Rantamb | Roots-Tooth-ache, Vomiting, ulcer.
ASTERACEAE aku Roots, Leaves-Snake bhite, Eczema,
Dysentery.
19 | Gardenia gummifera L.f Dikemali | Gum-Antiseptic, constipation.
. RUBIACEAE , Kamarri
20 | Gloriosa superba L. Khadyan | Roots-Leprosy, scabies, piles, snake bite.
. LILIACEAE ag
21 | Helicteresisora L. Murud- Roots-Diabetes.
. STERCULIACEAE sheng Bark, fruits-Dysentery.
22 | Hemidesmus indicus (L.) Schult. Anantvel | Roots-Stomach cure, skin disease.
. PERIPLOCACEAE
23 | Holarrhena pubecens (Buch.-Ham.) | Pandhra- | Roots-Spleen, Urinary cure.
Wall. ex G. Don kuda Bark-Bronchitis.
APOCYNACEAE Flower, seeds-Skin disease.
24 | Jatropha gossypifolia L. Mogli- Stem-Tooth ache.
. EUPHORBIACEAE Erand
25 | Lannea coromandelica (Houtt.) Merr. Moya, Bark-cough, wounds.
ANACARDIACEAE Shimti Leaves-swelling, Elephantiasis.
Gum-edible.
26 | Mallotus philippensis (Lam.) Muell.-Arg. | Kumkum | Bark-Leprosy.
EUPHORBIACEAE Fruits-Abortion, purgative.
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27 | Plumbago zeylanica L. Chitrak Roots-Spleen, skin disease, piles, liver cure.
. PLUMBAGINACEAE Root-bark-antiperiodic.
28 | Pongamia pinnata (L.) Pierre Karanj Leaves-Diarrhoea, fever
FABACEAE Bark-piles, stomach pain
Seeds,Seed-oil-Skin diseases.
29 | Pterocarpus marsupium Roxb. Chikna, Gum-Asthama in children
FABACEAE pale-asan | Stem, bark-Bone fracture, tonic.
Leaves-skin disease.
Flowers-Urinary disorder.
30 | Rauvolfia serpentina (L.) Sarpgand | Roots-Blood pressure.
Benth. ex Kurz ha Leaf juice-vomiting.
APOCYNACEAE Whole plant-snake bite.
Solanum virginianum L. Kate- Berries vapour-Tooth ache.
31 | SOLANACEAE ringni
. Ran-
wangi
32 | Soymida febrifuga (Roxb.) Rohan Bark-Diarrhoea, dysentery.
A. Juss.
MELIACEAE
33 | Terminalia bellirica Roxb. Beheda Fruits,Seeds-Asthma, Bronchitis, stomach
COMBRETACEAE disorder, piles, leprosy.
34 | Woodfordia fruticasa (L.) Kurz Dhayti Flowers paste-Injuries, dysentery, cough,
LYTHRACEAE small pox.
Fruits-Tonic.

Discission: Indigenous knowledge of medicinal plants is not properly documented or is scarcely
recorded. Knowledgeable people have either died without divulging their knowledge on medicinal
plants to others or refuse to part with Indigenous knowledge system for reason best known to them.
Probably it was a sort of keeping secrecy. Protection of traditional medicinal knowledge is most
important in the present scenario. Indigenous people and societies have not been able to obtain enough
legal protection for their traditional knowledge and resources for various reasons. Industries/ academics
somehow obtain legal rights for their application of traditional knowledge and resources. Thus,
depriving the genuine beneficiaries for any benefit. The technologically poor but biodiversity-rich
countries of the worlds lack the capacity/ facilities and money to adequately and immediately exploit
the commercial potential of their traditional knowledge or to defend such knowledge. However, GATT
(General Agreement on Tariffs and Trade) accord provides Intellectual Property Rights (IPRS) for
formal innovators but not for informal innovators. Biodiversity prospecting is under taken by
pharmaceutical and chemical industries based on the traditional knowledge of indigenous communities
and seed companies earn high profits through royalties of seed of improved varieties.
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ARTICLE INFO ABSTRACT

Keywords: This paper reports a novel, highly sensitive room temperature operable and reusable ammonia (NH3) gas sensor
PANL-Ag ) based on Polyaniline-silver nanocomposite (PANI-Ag). The nanocomposite was synthesized by in-situ, sono-
Nanocomposites chemical oxidative polymerization methods by using ammonium persulphate. Aniline was used as a dispersant
X:;r;ll;:?:nw“y and stabilizer, D-glucose was chosen as an efficient reducing agent for the formation of Ag nanoparticles in the
Sensor sol. The structural and optical properties of PANI-Ag nanocomposite were studied by FTIR spectroscopy, X- ray

diffraction (XRD) and scanning electron microscopy (SEM). Morphological analysis of PANI-Ag nanocomposites
revealed a cluster of PANI nanofibers with uniformly distributed silver nanoparticles having an average particle
size of about 6 nm. The performance of PANI-Ag based sensor was evaluated at different concentrations of
aqueous ammonia at room temperature. The sensor is highly sensitive at low ammonia concentration (less than
100 ppm). The sensor showed fast response and recovery time in the range of 30-120 s from 1 ppm to 100 ppm of
ammonia concentration. The sensor showed an optimum response of 57% for 100 ppm ammonia. Due to
excellent reversibility, reusability and long term environmental stability, PANI-Ag sensor provides a promising
simple and efficient sensor system for wide-range ammonia concentration detection at room temperature.

Ultra-sonication

1. Introduction

The development of detection methods for toxic and harmful
chemicals has attracted considerable interest in recent years because of
the growing emphasis on human health and environmental issues. The
pH sensing property has a significant importance in biological processes,
food, medicine, environmental and agriculture fields. The PANI-PEDOT
copolymers are widely used in the detection of analytes such as
ammonia, HyS, CO», uric acid [1,2]. Among gases, ammonia is one of the
most harmful environmental pollutant which produces deleterious ef-
fect on human health associated with chronic lung diseases and respi-
ratory inflammations [3,4]. Due to its wide spread use in refrigeration
system, food processing, agrochemicals, fertilizer industries, a variety of
detection methods and sensing strategies for ammonia have been
developed. These existing sensing methods have limitations such as low

* Corresponding author.

E-mail address: vvchabukswar@nowrosjeewadiacollege.edu.in (V. Chabukswar).

https://doi.org/10.1016/j.synthmet.2022.117237

detection limit and sensitivity, poor selectivity, high cost, low stability,
complicated instrumentation, high operable temperature etc. In addi-
tion, recovery performances of these sensors are very slow and poor at
room temperature [5-8].

Gas sensors operating at room temperature are among the emerging
application fields of conducting polymers [9]. Simple, cost effective and
efficient gas sensor which can detect ammonia gas at various concen-
trations at room temperature are urgently needed [10]. Numerous gas
sensors used for ammonia detection are polyaniline metal oxide com-
posite systems which are based on change in resistance on exposure to
the analyte gas [11-16]. Recent studies have shown that metal nano-
particles incorporated in a conducting polymer improve the response
time of the sensor at room temperature. Such type of sensors behaviour
of conducting polymer metal nanocomposite is based on doping and
undoping mechanism [17-21].
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The present work focused on ultrasonic synthesis of PANI-Ag nano-
composite as a sensor with enhanced response, recovery time and
reproducibility at room temperature. PANI-Ag nanocomposite has high
surface area which improves the sensitivity and reproducibility due to
its hierarchical morphology and porous structure [22]. The present
PANI-Ag sensor shows ultrafast response and recovery time as compared
to reported sensors [10,23].

2. Experimental methods
2.1. Synthesis of silver nanoparticles (Ag NP)

Ag nanoparticles were synthesized by Chrom Tech Ultrasonic Pro-
cessor. Synthesis of nano Ag was performed in two steps. 0.1 M D-
glucose was first dissolved in double distilled water and stirred uni-
formly for 10 min. Aqueous solution of AgNO3 (0.001 M) was added
gradually into the mixture with constant stirring at room temperature
for 30 min to obtain a uniform dispersion. The carbon black coloured
solution was kept in an ultrasonic processor for 30 min at 100% intensity
with 6 s pulse on and 3 s pulse off. Silver nanoparticles were obtained
with pure silver look. Similarly, Ag nanoparticles were prepared by
using 0.01 M and 0.02 M concentration of precursor AgNOs,

2.2. Synthesis of PANI-Ag nanocomposite

PANI-Ag nanocomposite was synthesized by an in-situ oxidative
polymerization method using ammonium persulphate as an oxidising
agent. Monomer aniline (0.1 M) was dissolved in 100 ml of 0.1 M HCl
solution and the resulting solution was stirred uniformly for 10 min. An
aqueous solution of the oxidant ammonium persulphate was added to
the above mixture at temperature between 0 and 5 °C with constant
stirring. Ag nanoparticles (5 mol%) synthesized by ultra-sonic processor
at 0.001 M concentration of precursor AgNO3 were added and stirring
was continued for 4 h at room temperature. Finally, the reaction mixture
was centrifuged, and the dark green precipitate obtained was washed
several times using double distilled water. The product PANI-Ag nano-
composite was vacuum dried at 60 °C in an oven for 48 h. Similarly,
PANI-Ag nanocomposites were prepared by using 5 mol% of Ag nano-
particles synthesized by ultra-sonic processor at 0.01 M and 0.02 M
concentration of precursor AgNOg,

2.3. Characterization

Fourier transform infrared spectroscopy (FTIR) analysis was per-
formed with Perkin-Elmer 1600 spectrophotometer in the wave number
ranging from 4000 to 400 cm ™. X- ray diffraction pattern was obtained
on Rigaku X-ray diffractometer using CuKo radiation. The morphology
of nanocomposite was characterized using FEI Nova Nano SEM 450
microscope operating at accelerating voltage of 1 kV. The solutions were
sonicated using Chrom Tech Ultrasonic processor.

The sensing performance of polymer nanocomposite was tested by
exposing nanocomposite pellet to ammonia vapours in a closed system
at room temperature using Keithley electrometer (Model E2450).
Sensing measurements were carried out at different concentrations of
aqueous ammonia from 1 ppm to 100 ppm.

3. Results and discussion
3.1. Structural studies

FTIR spectroscopy was used to compare and characterize the struc-
ture of the synthesized PANI and PANI-Ag nanocomposites. The FTIR
spectrum of PANI, Fig. 1(a) shows the main bands at 1564 cm~! and
1504 cm~! which were attributed to C=C stretching vibrations of
quinoid and benzenoid ring respectively. The absorption bands at 1246
em ™! and 1309 em™! corresponded to C—N and C=N stretching mode.
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Fig. 1. FT-IR spectrum of (a) PANI and (b) PANI-Ag nanocomposite.

The peak at 1159 cm ™! was assigned to the characteristic Q=NH™—B.

The absorptions bands at 758 cm ™! and 509 cm ™! were attributed to
bending vibrations of C—N for 1, 4 di-substituted position of the benzene
ring and bending vibrations of the benzene ring, respectively [24]. All
the characteristic peaks of PANI are present in PANI-Ag spectra. Fig. 1(b)
shows the FTIR spectrum of PANI-Ag nanocomposite which was com-
parable to PANI spectrum, even if some peaks were not fully identical.
Vibrations of quinoid and benzenoid showed a red shift from 1564 cm™!
and 1504 cm™! to 1610 cm™! and 1508 cm™! respectively, indicating
that a large number of electrons around the silver atom tend to conju-
gate the quinoid and benzenoid structure, due to electrostatic interac-
tion between electrons and the aniline cation. A large electron cloud is
formed between silver and aniline, which leads to a shift of absorption to
longer wavelength.

The XRD patterns of PANI and PANI-Ag nanocomposite are shown in
Fig. 2(a) and (b), respectively. The XRD results of PANI and PANI-Ag
nanocomposites exhibited various peaks at a specific 20 which are
indicative of PANI and PANI-Ag nanocomposite formations.

The XRD of PANI exhibited two weak broad peaks at 20= 22 and 26
which are assigned to the partial crystalline nature of PANI [Fig. 2(a)]
[25]. XRD of PANI-Ag nanocomposites [Fig. 2(b)] shows intense
diffraction peaks at 20= 37.90°, 44.10°, 62.30°, 77.30° and 81.70°,
which correspond to Bragg’s reflections (111), (200), (220), (311) and
(222) silver planes, respectively. An extra peak in XRD pattern of
nanocomposite confirms the presence of silver nanoparticles in poly-
aniline matrix. A peak relatively larger in nanocomposite than PANI
arises, due to increase of effective delocalization in polymer chain
through higher conjugation length which increases conductivity [26].

All the diffraction peaks are in good agreement with the standard
values JCPDS card No. 04-0783 indicating the presence of face cantered
cubic metallic silver in PANI-Ag nanocomposites.
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Fig. 2. XRD pattern of (a) PANI and (b) PANI-Ag nanocomposite and JCPDS
card No. 04-0783 of Ag nanoparticles.

3.2. Morphological studies

Morphological features of PANI-Ag nanocomposites were verified by
SEM and EDX analysis as shown in Fig. 3(a). PANI-Ag nanocomposites
exhibit a dominantly agglomerated fibrous structures. The silver nano-
particles appeared at the tip of PANI nanofibers as well as dispersed in
polymer matrix with average particle size ranges between 10 and 20 nm.
[Fig. 3; al. Also from the SEM Figures, it can be seen that PANI-Ag
nanocomposites display agglomerated fibrous morphology. [Morpho-
logical results were well supported by XRD and EDX analysis].

The FESEM image 3(b) of PANI-Ag nanocomposite reveals an
agglomerated fibrous morphology of PANI with uniform distribution of
silver nanoparticles with an average particle size from about 8-20 nm.
The FESEM image 3(c) shows irregular clusters of PANI nanofibers. The
observed nanofibers have a diameter from 12 to 19 nm. Meanwhile, a
deep irregular air cavity is also observed in PANI-Ag nanocomposites.

o

~
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Average Crystallite size of Ag nanoparticles, PANI- Ag nanocomposite
and PANI have been calculated by Scherrer equation. The crystallite size
of Ag in PANI-Ag nanocomposite is 22.4 nm at peak position 20= 38.23.
This morphological observations suggests the presence of a high surface
area with several air cavities enhancing the gas sensing properties of
PANI-Ag nanocomposites. It has been confirmed that the concentration
of Ag nanoparticles strongly influences the morphology of PANI-Ag
nanocomposites.

3.3. Ammonia sensing studies

Ammonia gas sensing property of the prepared PANI-Ag nano-
composite was studied using pellets made up of well dried PANI-Ag
nanocomposite powder. The pellet sensor was placed in the lab made
sockets and opposite faces of pellet were connected to the electrodes.
The PANI-Ag pellet sensor was purged every time for 1 h with Ny before
placing it in the socket to remove the ambient impurities i.e. humidity
and/or adsorbed gases. The sensor was placed in a tight glass measuring
chamber into which different concentrations of aqueous ammonia so-
lution were introduced [1 ppm to 100 ppm]. The sensing measurements
were performed using a Keithley Electrometer [Model 2450] using two
probe method. Recovery of sensor was carried out by removing the
sensor from glass chamber to air. Concentration of aqueous ammonia
chosen for the sensing study were 1, 5, 10, 25, 50, 100 and 200 ppm.
Sensing performances were tested for water kept in analyte chamber and
no significant change in resistance was observed [27-31].

3.3.1. Ammonia sensing mechanism

Polyaniline based materials are most widely used for tuning the
optical sensing properties [32], for improvements in electrochromic
devices [33], detection of various gases due to high specific surface area
and charge transmission which shows characteristic change in resistance
property. PANI and PANI-metal nanocomposites has been used as sen-
sors for the detection of a variety of toxic gases like NOy, HyS, CO, NHg
etc. Due to high toxicity of NHj, it is necessary to develop ultra-sensitive
and room temperature operable sensor system to monitor environmental
NHj in the air. NHg gas sensing property of PANI-Ag sensor was inves-
tigated by measuring its change in resistance on exposure to different
NHj concentrations (1-100 ppm) at room temperature [Fig. 4(a)]. The

e
5> 200-nm—

Fig. 3. SEM images of PANI-Ag nanocomposite (a) 0.001 M AgNO3 (b) 0.01 M AgNOs and (c) 0.02 M AgNOs.
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concentration.

resistance of PANI-Ag sensor decreases gradually with the increase in
the concentration of NHs. The sensor shows considerable changes in the
resistance for lower concentration (1 ppm) of NHs (AR = 120) with the
response time to be 100s and short recovery time as 40s. With
increasing NHs concentration, response time decreases drastically from
100 sto 30 s from 1 ppm to 100 ppm [Table 1]. The maximum change in
the resistance is observed for 100 ppm of NH3 (AR= 369) with short
response time (30 s). The sensor shows excellent sensing performance
and reversibility on exposure to air at room temperature. On the con-
trary the recovery time prolonged from 40 s to 120 s with increase in
NHj concentration. The sensor performance at high concentration from
100 to 500 ppm shows decrease in % response and reversibility as
shown in Fig. 4(b). At high concentration (100-500 ppm) continuous
interaction between the adsorption site of PANI-Ag sensor and NHj
molecules leads to decrease in the response time (30 s). It is clear that
the physical adsorption and desorption of NH3; gas molecules on
PANI-Ag is enhanced by increasing the surface area and interaction. To
investigate the reproducibility of sensor, PANI-Ag sensor was exposed to
NH;3 at 1 ppm and 100 ppm concentration as shown in Fig. 5a and b. The
sensor was cycled more than five cycles. Fig. 5(a), b clearly demonstrates
that PANI-Ag sensor showed excellent reproducibility and reversibility
for a number of cycles. These results are well matching with our pre-
viously reported work. [34-36].

3.3.2. Sensing response and sensitivity studies

The response and recovery behaviour is one of the characteristic
property of gas sensor. Response time and the recovery time are defined
as the time required for a polymer sensor resistance to reach/ achieved
maximum 90% of the equilibrium value from the original resistance on
exposure to gas and removal of the gas, respectively. To compare sensing
performance of PANI and PANI-Ag nanocomposite for different gases,
the change in resistance was measured in the presence of air and the test
gas at room temperature. For the measurement of resistance, two silver
contact electrodes were pasted on a sensor using silver paste. The change

Table 1
Sensor response and recovery to the various NH3 concentrations.
Conc. of AR=Ra- % Response Response Recovery
NH;3 (ppm) Rg AR/R X 100 Time (Sec.) Time (Sec.)
1 120 18.84 100 40
134 20.75 100 40
10 184 28.5 60 60
25 219 34 30 90
50 317 49.68 30 120
100 369 57.66 30 120

in resistance was measured using Keithley electrometer (Model 2450
Source Meter). The sensor was installed inside a glass chamber having
an inlet and outlet. The sensor was flushed with dry air before every
measurement. To test the responses of sensor to the volatile solvent
vapours, the volatile compounds were injected into a gas chamber. Test
gas vapours of methanol, ethanol, isopropyl alcohol and acetone were
injected at room temperature using a syringe in the gas chamber. The
recovery of the test gas was initiated exposing the sensor to air by
removing it from the glass chamber. The change in resistance of the
sensor was measured as a function of time and % response was calcu-
lated using Eq. (1).

%S = Ra— Rg/RaX100 — — — — — — 1)
Where, Ra is resistance in air and Rg is resistance of sensor in test gas
ammonia.

Fig. 6(a) shows response (%) of PANI-Ag sensor on exposure to NH3
for different concentration (1-100 ppm). The result demonstrate that
the PANI-Ag sensor shows maximum (57%) sensitivity for 100 ppm
NH;s. At low concentration (1 ppm) the sensitivity observed was 18%.
The observed sensitivity (%) of PANI-Ag sensor is better than reported
sensor. This suggest that the PANI-Ag nanocomposites are superior
materials for NH3 detection at various concentrations.

The response and recovery time of the PANI-Ag sensor towards
various NH3 concentrations were calculated and shown in Fig. 6(b). It
represents that at lower concentration of NHs (1 ppm and 5 ppm)
response time was 100 s, while recovery time was 40 s. The response
time shortened from 100 s to 30 s with an increase in NH3 concentra-
tion, while very short recovery time (40 s) was recorded at lower NH3
concentration (1-5 ppm). Whereas, the sensor showed higher recovery
time (120 s) at concentration of 50-100 ppm. From the response and
recovery observation, it can be evident that room temperature operation
of PANI-Ag sensor decreases the desorption rate, hence higher recovery
time is observed as concentration increases (100 ppm).

Fig. 6(c) shows the selectivity of the PANI-Ag sensor against various
test gas at 100 ppm concentration of NH3, methanol, ethanol, isopropyl
alcohol and acetone. It was distinctly observed that the PANI-Ag sensor
exhibited a high sensitivity selectively to NH3 as compared to other
analyte gases at room temperature. The stability of PANI-Ag sensor was
further examined upon exposure to 100 ppm of NH;3 for 180 days is
shown in Fig. 6(d). The sensor showed original response with less than
5% change after 180 days. Generally, conducting polymer shows slow
degradation due to humidity and temperature. As compared to other
polyaniline nanocomposites, PANI-Ag sensor exhibits an excellent
sensitivity, reproducibility and stability.

The prepared PANI-Ag sensor demonstrated the maximum response
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to ammonia gas (57%) as shown in Tables 1 and 2, when compared to

Table 2
Sensor resistance in air and in NH;3 of various concentration.
Conc. of NH3 Resistance in air Resistance in gas AR Ra -
(ppm) (Ra) (Rg) Rg)
1 639 519 120
5 639 505 134
10 639 455 184
25 639 420 219
50 639 322 317
100 639 270 369

PANI sensor. Therefore, it was selected for gas sensing study. The
excellent response of PANI-Ag sensor was due to metallic Ag nano-
particles present in the polymer chain, which might offer more chemical
reactions increasing gas response. The significant change observed in
the response might be due to more gas molecules offering more chemical
reactions which results into decrease in response time (30 s). The sig-
nificant change observed in recovery might be due to more gas mole-
cules, which might require more time for desorption, increasing
recovery time (120 s).
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4. Conclusion

In this study, the synthesis of PANI-Ag nanocomposites by econom-
ical in-situ route is explained. This method involves a green approach of
one-step oxidative polymerization under ultrasonic irradiation without
use of harsh acids and reagents.

Using various concentrations of Ag nanoparticles caused a change in
the morphology and ammonia gas sensing properties of PANI-Ag
nanocomposites. SEM observation revealed that fine spherical Ag
nanoparticles with an average particle size of 8-10 nm were uniformly
incorporated on the PANI nanofibers. The synthesized PANI-Ag sensor
exhibited improved sensing properties for various hazardous gases
compared to the existing PANI composites. The sensing response value
of the sensor increased with ammonia concentration from 1 ppm to
100 ppm. Significantly, a sensitivity of 57% was achieved at 100 ppm
ammonia concentration at room temperature. The sensor showed a
quick response (30 s) and recovery time (120 s) towards ammonia at
1-100 ppm concentration. Sensing performance of PANI-Ag sensor
showed excellent stability, repeatability, and sensitivity over period 90
days. The presence of Ag NP’s during polymerization of PANI improved
the conductivity of formed PANI-Ag nanocomposite and shortened the
response time of the developed sensor. In conclusion, PANI-Ag nano-
composite-based sensor system will be a promising material to develop
an economical, highly sensitive, room temperature operating gas sensor
device for the detection of specific harmful environmental pollutants
such as HyS, N2Os and volatile organic vapours. In addition PANI-Ag
nanocomposite may become advanced functional material as bio-
sensors to detect dopamine.
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INTRODUCTION

Ultrasound irradiation has been widely accepted as a modern
tool in synthetic organic chemistry. The ultrasound synthesis
has several advantages such as enhanced reaction rates, pure
products with high yields, minimum wastage and short reaction
time when compared with the conventional methods [1-4].
The use of ultrasound in conjunction with a heterogeneous
catalyst is one of the innovative strategies that has lately drawn
alot of attention [5]. Thus, the development of ultrasonic wave
mediated synthesis route for the chemical transformations under
milder reaction conditions is highly desirable to avoid harsh
reaction conditions followed in conventional routes of synthesis
[6-8]. The use of sound energy to promote organic transfor-
mations has developed enormously over the last two decades.
A variety of ultrasonic mediated cross-coupling reactions feat-
uring good atom economy have emerged as efficient methods
for the construction of C—C bonds [9].

Polymeric semiconducting organic materials like polyani-
line (PANI) and their transition metal nanocomposites find

Published online: 30 March 2023; AJC-21194

In this research work, a new PANI/a-Fe,O; (PANI = polyaniline) nanocatalyst was prepared and applied to ultrasound-assisted Knoevenagel |
condensation reaction using ultrasound waves at ambient temperature. The ultrasound-assisted synthesis is a quick, green and efficient C— |
C bond formation reaction method. Many parameters of the condensation reaction were optimized, such as irradiation time, types of
solvent, screening of catalyst and its amount. The results showed that the yields from the ultrasound-assisted reactions were higher than |
from non-irradiated responses as well as other conventional routes of synthesis. The prepared catalyst was characterized via SEM-EDS, |
FTIR, DLS and XRD studies. The stability and catalytic performance of the PANI/o-Fe,O3 were good and it could be reused six times |
without loss in catalytic activity. The dinitrile molecules were synthesized by Knoevenagel condensation and characterized by FTIR and |
NMR techniques. Compared to the reported work, the present protocol has numerous benefits such as economical, simplistic workup,
high yields and, an environmentally gentle method with a shorter reaction time. :
|

Keywords: Hematite, PANI, Catalysis, Reusability, Nanocomposite, Condensation.

extensive applications in sensors, catalysis, solar batteries, anti-
corrosion coating, supercapacitors [10-12]. Transition metal
oxides and their polyaniline based nanocatalytic systems have
the potentiality to provide an eco-friendly route for various
commercially and biologically important organic molecules
[13]. Due to the enormous commercial significance of organic
catalysts in recent years, many researchers have concentrated
on enhancing their efficiency [14]. The Knoevenagel conden-
sation is one of the best reactions in organic chemistry for the
syntheses of small molecules and valuable intermediates of
many interesting molecules. The carbon-carbon (C-C) bond
formation is the essence of synthetic chemistry and provides
the basis for the preparation of more complicated building blocks
of organic molecules from simpler ones [15]. The C-C bond
formation using transition metal catalysis finds applications
in a wide variety of areas such as agrochemicals, pharmaceuticals
and organic synthesis [16-19]. The Knoevenagel condensation
of carbonyl compounds with active methylene compounds is
a classic general method for the preparation of valuable inter-
mediates. Recently, various methodologies have been developed

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.
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for Knovenagel condensation [20-22], particularly because of
the disadvantages associated with some of the reported proce-
dures. The reported protocols face limitations such as the
requirement of hazardous solvents, expensive reagents, higher
temperature, longer reaction time, costly, moisture-sensitive
catalysts and poor yields. It is desirable to develop efficient,
economical and environmentally benign synthetic protocols
in neutral media.

The o-Fe,O; (HAM3) nanoparticles coated with polymer
as catalysts have gained much interest in organic transformations
[23]. The nature of supporting materials on which nanoparticles
are stabilized plays an important role in catalysis as it provides
a highly active catalyst surface, which increases the rate of
reaction and helps to decrease the use of an amount of catalyst
in reaction [24-26]. Unsaturated dinitriles display various bio-
logical properties such as antitumor, antimalarial, antifungal,
analgesic, antiallergic and antiproliferative [27]. They act as
synthetically important intermediates in the synthesis of various
biologically important heterocyclic molecules like benzopyran,
pyran derivatives, pyridine, cyanohydrins, chromene and also
for many other commercially important organic molecules.
Herein, an competent ultrasonic cost-effective path in a neutral
medium for the synthesis of o,f-unsaturated dicyano comp-
ounds via Knoevenagel condensation by using PANI/o-Fe,O;
nanocomposite as catalyst in aqueous ethanol at room temper-
ature is reported. It was observed that ultrasonic condensation
of malanonitrile with various aromatic aldehydes in presence
of recyclable PANI/HAM;, gives highly pure aryl malono-
nitriles with good yields in a short period. The heterogenous
PANI/HAM; catalyst was prepared by the facile and eco-friendly
ultrasonic method. The catalyst can be recycled at least up to
six cycles without loss in its efficiency for minimum five times.
The products i.e. o,B-unsaturated nitriles synthesized by the
ultrasonic method have remarkable viable applications in the
synthesis of biologically active heterocyclic compounds as
precursor.

EXPERIMENTAL

All the chemicals required in the experimental work were
of analytical grade (AR) grade and used without further purifi-
cation except aniline, which was double distilled before its use
in the polyaniline composite synthesis. Ferric chloride hexa-
hydrate (FeCls-6H,0), cetyl trimethyl ammonium bromide
(CTAB), aniline (99% monomer), ammonium persulphate
(APS), HCl, aromatic aldehydes, malononitrile were purchased
from Sigma-Aldrich, USA. Deionized water was used for the
preparation of all solutions required for catalyst synthesis.

Characterization: Fourier transform infrared spectro-
scopy (FTIR) analysis was performed with Perkin-Elmer 160

FeCl; (aq.) + NH; (ag.)

FTIR Spectrophotometer in the range of 4000-400 cm™. Powder
X-ray diffraction (XRD) studies were done on Philips PW
172Q X-ray diffractometer with CuKo radiation (A = 1.54 A).
The nanodimensions and morphology were investigated by
field emission scanning electron microscope (FESEM) by FEI-
Nova Nano SEM 450 and transmission electron microscopy
(TEM) in JEOL, JEM2200FS. The 'H NMR (500 MHz) spectra
obtained on Bruker AV 500 spectrophotometer in DMSO-d,
chemical shifts are reported in ppm from tetramethyl silane
(TMS).

Hydrothermal synthesis of o-Fe,Os; (HAM;) nano-
particles using CTAB as template: Aqueous solution (10 mL)
of cetyltrimethylammonium bromide surfactant (0.01%) was
stirred by adding to 0.1 M (50 mL) aqueous solution of FeCls-
6H,0. Then aqueous NHj3 (25%) was added dropwise to it till
the pH of solution becomes alkaline (pH ~10) by keeping the
solution in an ultrasonic bath for 30 min. The brown-red slurry
obtained was sonicated further for 30 min and then heated hydro-
thermally at 200 °C for 6 h. The brick-red precipitate obtained
was cooled and sonicated for 15 min, filtered, washed several
times with deionized water followed by ethanol and dried. The
sample was then kept in an oven at about 60 °C for 24 h to get
dry red iron oxide i.e. HAMj3 nanoparticles (Scheme-I).

Ultrasonic synthesis of PANI/HAM; nanocomposites:
An aqueous (1 M) solutions of aniline and HCI (1:1 molar ratio)
were mixed by cooling in an ice bath (0-5 °C) and stirred ultra-
sonically for 30 min. To this solution, HAM; nanoparticles
(20%w/w) were dispersed uniformly via ultrasonication to avoid
agglomeration of nanoparticles. An aqueous solution of APS
(1.6 mmol) was added gradually to the above mixture with
constant stirring and cooling at 0-5 °C. Then, the solution was
continuously sonicated for 6 h at room temperature to get the
polyaniline/o-Fe,Os; nanocomposite. The resulting dark green
precipitate was filtered, washed with deionized water and dried
in vacuum at 60-70 °C for 24 h to get dark green dry powder
of PANI/HAM; nanocomposite (Scheme-II).

Ultrasonic synthesis of control reaction: A Pyrex-glass
closed vessel was charged with p-chloro benzaldehyde (1
mmol), malononitrile (1 mmol) and PANI/HAM; (20 mg) in
50% (v/v) aqueous ethanol (5 mL) and irradiated in an ultra-
sonic bath (45 kHz). The reaction mixture was sonicated at
room temperature for the appropriate time. The progress of the
reaction was monitored by TLC (petroleum ether:ethyl acetate
20:80). After the completion of the reaction, PANI/HAM; nano-
catalyst was separated by centrifugation followed by filtration.
The filtrate obtained was poured in cold water to get a solid
precipitate of product. The crude solid product obtained was
further purified by simple recrystallization and then dried in
oven at about 60-70 °C for 24 h (Scheme-III).

200 °C/6 h/CTAB

25%

r o Fe 203

Sono-hydrothermal

Scheme-I: Hydrothermal synthesis of HAM;
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Scheme-III: Knovenagel synthesis

Spectral analysis of selected molecules

2-(3-Nitrobenzylidene malononitrile) (3a): FTIR (KBr,
Vmecm D): 3107, 2225, 1610, 1595, 1529, 1479; 'H NMR (500
MHz, DMSO-dy): 6 8.76 (s, 1H), 8.48 (d, 1H), 8.33 (d, 1H), 7.
92 (t, 1H), 7.89 (s, 1H); *C NMR (500 MHz, DMSO-d;): &
159.71,148.47,136.30, 132.89, 131.62, 128.38, 125.32, 114.10,
113.05 and 85.35.

2-(4-Chlorobenzylidene malononitrile) (3b): FTIR (KBr,
Vmwecm ): 3183, 2135, 1604, 1584, 1560, 1014; "H NMR (500
MHz, DMSO-dy): 6 8.56 (s, 1H), 7.95 (d, 2H, J = 8.0 Hz), 7.74
(d, 2H, J = 8.0 Hz); “C NMR (500 MHz, DMSO-ds): 6 159.22,
139.50, 131.86, 130.51, 129.31, 114.11, 113.70, 84.66.

2-(4-Hydroxy-3-methoxybenzylidene malononitrile)
(3¢): FTIR (KBr, Vi, cm™): 3188, 2125, 1606, 1582, 1550,
1012; '"H NMR (500 MHz, DMSO-ds): 8 8.26 (s, 1H), 7.65 (d,
1H),7.51 (dd 1H), 6.98 (d 1H), 3.80 (s 3H); *C NMR (500 MHz,
DMSO-dy): 6161.02, 154.50, 148.38, 128.20, 123.46, 116.64,
115.61, 114.84, 113.54, 75.28, 55.92.

2-(4-Ethoxybenzylidene malononitrile) (3d): FTIR
(KBr, Vi, cm™'): 3188, 2225, 1606, 1582, 1550, 1014; '"HNMR
(500 MHz, DMSO-ds): 6 8.38 (s, 1H), 7.98 (d, 2H), 7.18 (d, 2H),
4.18 (q, 3H), 1.37 (t, 3H); *C NMR (500 MHz, DMSO-d;): 6
161.22,158.3,131.21, 129.50, 124.86, 114.11, 113.70, 84.66,
68.11, 43.12.

2-(4-Hydroxybenzylidene malononitrile) (3e): FTIR
(KB, Vi, cm™): 3356, 3331, 3094, 3078, 3031, 2933, 2226,

1565, 1495; '"H NMR (500 MHz, DMSO-d): 6 11.02 (1H, br.),
8.31 (s, 1H), 7.90 (d, 2H), 6.97 (d, 2H); “C NMR (500 MHz,
DMSO-ds): 6 164.42,160.98, 148.38, 134.35, 123.36, 117.61,
115.58, 114.67, 75.52, 40.48.

2-(4-Fluro benzylidene malononitrile) (3f): FTIR (KBr,
Vi, cm ™)z 3500, 3331, 3094, 2224, 1615, 1489, 1226, 686;
'"H NMR (500 MHz, DMSO-d;):  8.55 (1H, s) 8.05 (d, 2H),
7.50 (d, 2H).

2-(4-Ethyl benzylidene malononitrile) (3h): FTIR (KBr,
Vi, )z 3340, 3094, 2224, 1620, 1489, 1233; 'H NMR (500
MHz, DMSO-dy): 6 8.49 (1H, s) 7.89 (d, 2H), 7.47 (d, 2H), 2.71
(q, 2H), 1.20(t, 3H).

2-(3,4,5-Trimethoxy benzylidene malononitrile) (3i):
FTIR (KBT, Vi, cm™): 2943, 2225, 1568, 1500, 1249, 1128;
'"H NMR (500 MHz, DMSO-dy): 8 8.41 (1H, s) 7.38 (s, 2H),
3.81 (s, 9H).

2-(2-Cyano benzylidene malononitrile) (3j): FTIR (KBr,
Vi, €M ): 3043, 2224, 1560, 1500, 1249; '"H NMR (500 MHz,
DMSO-ds): 6 8.90 (s, 1H), 8.33 (1H, d) 7.88 (s, 1H), 7.80 (dd,
1H), 7.79 (d, 1H).

2-(Benzylidene malononitrile) (3k): FTIR (KB, Vi, cm™):
3182, 2224, 1691, 1592, 1090; 'H NMR (500 MHz, DMSO-ds):
4 78.56 (s, 1H), 7.96 (d, 2H), 7.69 (t, 1H), 7.63 (t, 2H) J =
7.60 Hz), 7.64 (t, 1H, J = 7.60 Hz), 7.27 (t, 2H, J = 7.60 Hz),
7.12 (s, 1H); *C NMR: 8 159.98, 134.35, 130.89, 129.45, 113.56,
112.55, 82.78.

RESULTS AND DISCUSSION

Efficiency of ultrasonic synthesis: A control reaction was
performed under various reaction conditions by conventional
and ultrasonic green route. Table-1 compares the efficiency of
an ultrasonic synthesis concerning time, yield and temperature
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TABLE-1
EFFICIENCY OF ULTRASONIC
SYNTHESIS THAN OTHER METHODS
Entry Reaction conditions Time (min)  Yield (%)
1 Reflux at 60-70 °C 100 60
2 Magnetic stirring at room temp. 80 72
3 Magnetic stirring at 60-70 °C 85 68
4 Ultrasonic at room temp. 12 98
5 Ultrasonic at 60 °C 20 97

‘Reaction conditions: Aromatic aldehyde (1 mmol), malononitrile (1
mmol), PANI/HAM, (20 mg) and 5 mL aqueous ethanol (50% v/v)

with the competence of other methods of synthesis for control
reaction. The results obtained showed that time taken for the
ultrasonic reaction was much shorter and the yield of the product
obtained was greater under ultrasound irradiation reaction cond-
itions than the conventional methods.

Screening of catalyst and its amount: A control reaction
experiment was performed without catalyst resulting in low
yields of products and high reaction time (Fig. 1). Various nano-
materials such as o-Fe,O; prepared without any capping agent
(HAM,), hematite prepared by sol gel method (HAM,), HAM;,
PANI, PANI/HAM;, magnetite (Fe;O.), maghematite (y-Fe,Os)
nanoparticles and reaction without catalyst were investigated
and compared for yields of the product and time required for
the reaction completion under ultrasound irradiation. The control
reaction in the presence of PANI/HAM:; afforded the product
quickly with higher yield in aqueous ethanol under ultrasound
conditions.

100+ =o=Time (min) =0=Yield (%) 100
90 90
80 80
70 170
L 60 {60 5
250 150 2.
s 40 140 2
30 130 ~
20 20
10 10
‘ ‘ : : : ‘ : 10
& @S \Q*‘§N \@M &
SRR @‘bo" N
< T F &q

Fig. 1. Screening of catalyst

The effect of PANI/HAM; catalyst loading on the yield
of product was investigated by varying the amount of catalyst
from 5 to 30 mg (Fig. 2). The result showed that the yield of
the product increased with an increase in the amount of catalyst
up to 20 mg and then thereafter no change in practical yield
was observed with an increase in the amount of catalyst up to
30 mg.

Effect of solvent and temperature: The control reaction
was carried out in solvent-free conditions as well as in the
presence of various solvents. The solvent-free conditions i.e.
solid-state reaction provided a very poor yield of the product.
Fig. 3 compares the results obtained for yield and time taken
for the reaction and confirms that (50% v/v) aqueous ethanol
is the best choice of solvent for control reaction. The effect of

100
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T 60
o
o
> 40
£
20 -
0 r : - .
5 10 15 20 25 30
Amount of catalyst (mg)
Fig. 2. Amount of PANI/HAM; catalyst
== Time (min) -O-Yield (%)
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E 40 - -40 &2
'_
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- : - : . -0
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free (50%)
Type of solvent

Fig. 3. Solvent effect

temperature (Table-2) was studied by carrying out the control
reaction at different temperatures in the presence of PANI/
HAM; nanocatalyst in aqueous ethanol. It was observed that
the maximum yield in a short time was obtained at about 25-
30°C.

TABLE-2
EFFECT OF TEMPERATURE
Temp. (°C) Time (min) Yield (%)
Room temp. (25-30) 12 98
30-40 12 98
40-50 18 97
50-60 20 97

Recycling efficiency of PANI/HAM; as catalyst: The
catalytic efficiency of PANI/HAM; was investigated in repetitive
reaction cycles. To investigate efficiency, after each cycle, the
catalyst was separated, sonicated and washed with ethanol and
deionized water, then subsequently used for the next reaction
after drying. It is observed that the catalytic activity remains
unchanged for the first five cycles and then a slight decrease
in the yield was observed up to six cycles (Fig. 4). This suggests
that PANI/HAM; remains active at least up to five cycles with-
out much loss in its catalytic activity.

FTIR studies: The chemical composition of the prepared
nanomaterials i.e. o-Fe,O; (HAM;) and PANI/HAM; was conf-
irmed by FTIR spectroscopic analysis. FTIR spectra of o-Fe,Os
shows (Fig. 5a) characteristic peaks at 486 cm™ and 585 cm™
were attributed to stretching vibration frequency of Fe-O bond
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Fig. 4. Recycling efficiency of PANI/HAM; catalyst

in HAM; nanoparticles. The broad peak at 3385 cm™ observed
due to the O-H stretching vibrations [28,29]. FTIR spectrum
of PANI/HAM; nanocomposite (Fig. 5b) shows the character-
istic bands at 1590 cm™ and 1510 cm™ attributed to quinoid
and benzenoid ring stretching vibrations, respectively confi-
rming the structure of PANI [30-32]. The absorption band at
1250 cm™ and 1320 cm™ correspond to the C-N stretching of
PANI. The absorption bands at 760 cm™ and 510 cm™ were attri-
buted to the bending vibrations of C-N for 1,4-disubstituted
benzene ring and bending vibrations of benzene ring, respec-
tively. The peak at 590 cm™ indicated the presence of Fe-O
stretching frequency in PANI/HAMj; nanocomposite [33,34].

XRD studies: In order to confirm the composition and
phase of iron oxide prepared, X-ray diffraction (XRD) study
was carried out. The XRD pattern of o-Fe,O; (Fig. 6a) show
the sharp diffraction peaks indicating good crystallinity and
rhombohedral structure of most stable form of iron oxide i.e.
hematite nanoparticles. All the diffraction peaks of hematite
nanoparticles are in excellent agreement with JCPDS no. 33-
0664 [35]. No characteristic peaks for impurities were detected
indicating pure form of o-Fe,O;. XRD diffraction patterns of
PANI/HAM:; nanocomposite (Fig. 6b) show broad reflection
at 25.33°, which is a characteristic peak of PANI. Apart from
a broad peak of PANI, major diffraction peaks for the hematite
corresponding to (104), (113), (110), (024) and (116) planes
at appropriate 26 were observed, which confirms the formation
of PANI/HAM; nanocomposite. The particle size was found
to be 30-50 nm determined by Schererr’s formula:

0.891A

Scherer formula (D) =
cosO

where, D is the average particle size, A is the wavelength (1.54
A) of X-rays, 6 is the diffraction angle and B is the full-width
at half maximum of an observed peak. The broadening of the
peaks in PANI/HAM; point out that the composite particles
obtained were of nanometer scale. It is also observed that there
is a slight shift of peaks for characteristic peaks for polyaniline
in PANI/HAM; composite to higher 20 indicating an inter-
action of PANI with hematite in the nanocomposite.
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Fig. 6. XRD (a) HAM; (b) PANI/HAM;
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Morphological and particle size studies

FESEM studies: The SEM image and particle size distri-
bution of synthesized o-Fe,Os;and PANI/HAM; are shown in
Fig. 7. The images obtained for hematite shows the spherically
rippled cauliflower like microstructures containing slightly
agglomerated o-Fe,Os nanospheres with a uniform diameter
of 30-50 nm (Fig. 7a). The SEM micrograph of PANI/HAM;
nanocomposite (Fig. 7b) indicates the formation of fibrous
material of PANI, with uniformly dispersed nanospheres of
hematite. The ultrasonication during synthesis of hybrid comp-
osite material helped in the better particle separation and uniform
distribution of hematite nanoparticles in the fibrous matrix of
PANI [31-33].

5 oo KDl MDD | e w

Dynamic light scattering (DLS) technique: Fig. 8
demonstrates the plot of DLS for HAM; and PANI/HAM; nano-
composite. The hydrodynamic diameter of the hematite nano-
particles is 922.5 nm and that of composite particles is 66.39
nm. Due to the hydrophilic nature of hematite and aggregate
formation, its particle diameter is much greater than that of PANI/
HAM; nanocomposite. The polydispersity index of hematite
is very low indicating the narrow size distribution of hematite
nanoparticles [36-38].

Ultrasonic synthesis of Knoevenagel condensation: The
PANI/HAM; was used as a heterogeneous catalyst for C-C bond
formation, Knoevenagel condensation reaction over various
substituted aromatic aldehydes (Scheme-III). The yields, time

o0y | 00000 | MO I 20 | 50w

— 0 —
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Fig. 7. FESEM (a) HAM; (b) PANI/HAM;
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Fig. 8. DLS images of (a) HAM; (b) PANI/HAM;
and physical constants of various products obtained were charac- TABLE-3

terized. It was observed that the reaction proceeds almost exclu-
sively at room temperature (25-30 °C) under ultrasonication.
For all the substrates, very high yields of the condensation
products were obtained within 8-20 min. It was observed that
aromatic aldehydes containing electron-withdrawing groups
react at a faster rate than aromatic aldehydes containing electron
donating groups under base-free i.e. neutral conditions.

Comparison of PANI/HAM; nanocatalyst with recently
published works for the Knoevenagel condensation of
benzaldehyde and malononitrile: In present study, our aim
was to develop an ultrasonic mediated quick condensation in
neutral reaction medium in ecofriendly solvent at room temper-
ature by using reusable efficient economical catalyst system
than existing choices [39,40]. Viswanadham et al. [41] intro-
duced a vanadium containing PMA (PMoV5;) catalyst system
for the Knoevenagel reaction under a solvent free conditions,
which required longer time to achieve 86% yield of product.
Lee et al. [42] reported a sluggish Knoevenagel condensation
by using MOF-NH, as catalyst in the presence of DMF as solvent
at 80 °C in 270 min with 51% yield. A new expensive MOF-
Pd catalyst was developed by Ezugwu et al. [43] for quick
condensation reaction. Shirini et al. [44] reported application
of 2-aminoethanesulfonic acid as catalyst for condensation in
water under reflux conditions with poor yields. Maleki et al.
[45] reported a magnetically separable Fe;O4-cysteamine hydro-
chloride catalysis, with longer reaction times. Sakthivel et al.
[46] reported the reaction catalyzed by using chitosan in ethanol
at 40 °C for 360 min attaining 99% conversion. Sen &
Dhakshinamoorthy [47] utilized a complex and expensive Rh-
Pt/TC@GO system at room temperature for the fast conden-
sation reaction with excellent yield. Lolak et al. [48] exploited
highly luxurious palladium-nickel alloy catalyst at room temp-
erature for quick condensation reaction, whereas Patel et al.
[49] recycled FeNPs /PPD @rGO for the Knoevenagel reaction
in toluene at 40 °C in 180 min to get 100% yield of the conden-
sation product. As demonstrated in Table-3, it was perceived
that the ultrasonically prepared, PANI/HAM; nanocatalyst was
used first time and has offered one of the best catalytic perfor-
mances for the quick Knoevenagel condensation with high
yields as compared with that of other catalyst systems reported
in the literature.

Plausible mechanism: Ultrasound spreads via a chain of
expansion and compression cycles induced in a liquid medium.
Accordingly cavities grow and collapse in different stages.

ASSESSMENT OF THE PANI/HAM, NANOCATALYST WITH
RECENTLY PUBLISHED WORKS FOR THE KNOEVENAGEL
REACTION OF BENZALDEHYDE AND MALONONITRILE

Catalyst ;l;;rlrrlle; Reaction conditions Y(;zl)d Ref.
PMoV, 46 Solvent free/70 °C 86 [41]
MOF-NH, 270 DMF/80 °C 51 [42]
MOF-Pd 05 DMSO/RT 43 [43]
Taurine 14 Water/100 °C 86 [44]
Fe.O,-cysteamine 20 aq. EtOH/50 °C 93 [45]
hydrochloride
Chitosan 360  EtOH/40 °C >99 [46]
RhPY/TC @GO 10 aq. MeOH/RT >99 [47]
GO @ PdNi 08 aq. EtOH/RT 95 [48]
FeNPs/PPD@rGO 180  Toluene/40 °C 100 [49]
PANI/HAM, 15  aq. EtOH/RT 98 Present

work

Eventually, cavities collapse energetically, producing high
pressures with local heating for very short lifetimes [50]. The
formation of cavities or bubbles generating shock waves, are
responsible for most of the ultrasonic physical and chemical
effects [51]. These effects cause the dispersion of nanoparticles
and can avoid their agglomeration. Also, the separation of the
materials (reactants) attached to the active surface leads to an
increase in the rate and efficiency of the reaction. Hence, ultra-
sound assisted methods are a green methodology under mild
reaction conditions, leading to high reaction yields and lower
levels of pollution. In heterogeneous systems, the reactions
are influenced primarily through the mechanical effects of
cavitation, such as surface cleaning, particle size reduction
and improved mass transfer. When cavitation occurs in a liquid
near a solid catalyst surface, the dynamics of cavity collapse
change intensely [52,53]. The efficiency of the ultrasonic
method is explained in Table-1, which makes it the best suitable
process for Knoevenagel condensation than other reported
methods. A plausible mechanism explaining the aforemen-
tioned results as illustrated in Scheme-IV. The process represents
a typical cascade of Knoevenagel condensation reaction in
the presence of a new recyclable PANI/HAM; nanocatalyst,
acting as a Lewis acid efficiently under ultrasound waves. The
catalyst acts as an electron acceptor and ultrasound waves
facilitate the condensation reaction between aldehyde and
malononitrile. The dipolar form of PANI also increases the
acidic characters of the catalyst which stabilizes the tautomeric
form of malononitrile as shown in Scheme-IV. A lone pair on
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Scheme-1V: Plausible mechanism

the oxygen of carbonyl group forms a coordinate bond with
electron-deficient sites of catalyst and increases the nucleo-
philic character as well as the reactivity of the carbonyl group.
The ultrasound cavitation keeps the catalyst particles well
dispersed throughout the reaction mixture and also minimizes
the agglomeration of the nanoparticles, which increases the
surface area of the catalyst and hence increases the rate of
condensation as well as improves the yield of the reaction.
The ultrasound irradiation accelerates the spherical nanoparticles
significantly by the shockwave that occurs during the explosive
growth of a cavity on the particle surface. Ultrasound also acti-
vates the reaction mixture by inducing high local temperature
and pressure generated inside the cavitation bubble when it
collapses and enhances the rate of the reaction. The active sites
of catalyst can be attributed to Lewis-base-type species located
in the PANI/HAM; matrixes. Initially, an acidic proton is abstr-
acted from the active methylene group by a Lewis-base site,
yielding a stable anion. Spontaneously, the original base site
is converted into a protonated position (conjugate acid). Conse-
quently, this anion makes a nucleophilic attack on the carbonyl
carbon atom of the aldehyde, generating an oxyanion. Subse-
quently, abstracting H" from the protonated position of catalyst
and removing an H,O molecule, the oxyanion goes into the
corresponding condensation product under ultrasonic condi-
tions at ambient temperature in aqueous ethanol [54].

Conclusion

In this work, an ultrasound-assisted modest green synthetic
method was introduced, using a new PANI/HAM; nanocatalyst
and applied to the Knoevenagel condensation reaction of a
wide range of aromatic aldehydes with malononitrile. The
PANI/HAM; heterogeneous catalyst system showed an exce-
llent catalytic performance and can be recovered easily via
centrifuging. It can also be reused six times for the aforemen-
tioned transformation with no considerable loss of activity.
To analyze the catalytic activity of the prepared catalyst, many
parameters of the condensation reaction were examined, such
as the types of catalyst, the dosage of catalyst and solvent. On
the basis of the results observed, ultrasonic conditions at 25-
30 °C, the use of ethanol/water (1:1) as solvent and PANI/HAM;
nanocatalyst were selected for carrying out the C-C bond form-
ation reaction via condensation reaction. Ultrasound, due to
cavitation effects, can generate effective intensity in the reaction
process; causing physical and chemical effects. These effects
cause the dispersion of PANI/HAM; nanoparticles, which can

avert them from agglomeration. Also, the separation of the
reacting materials attached to the active surface leads to an
increase in the rate and efficiency of the reaction as compared
to other conventional methods of synthesis.
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ABSTRACT

Herein presented work describes the catalytic potential of NbCls+AgClO4 as a combined and convenient catalyst
system for a straightforward, safe, quick, and single-pot synthesis of 1, 4-dihydropyridine (DHP) scaffolds. It was
investigated that a small amount of NbCls+AgClO; is sufficient and potential enough to bring out the solvent-free
synthesis of 1, 4-dihydropyridine scaffolds from a three-components, the cyclic reaction between substituted
aldehyde(s), ethyl-3-oxobutanoate, and ammonium ethanoate. It is noteworthy to mention that good to excellent
yields of DHPs were achieved by developing an environmentally compatible, sustainable, mild, and simple synthetic
protocol. A range of differently substituted aldehydes was observed to undergo herein developed catalytic protocol
smoothly to offer good yields of DHPs in 3 to 5 h at room temperature. Representative DHPs are characterized by
adequate analytical techniques such as FTIR, 'HNMR, *CNMR, and mass spectrometric techniques.

Keywords: Solid-State, Combined Catalyst, One-Pot Synthesis, DHPs
RASAYANJ. Chem., Vol. 15, No.4, 2022

INTRODUCTION
It is recognized that most of the heterocyclic molecules like DHPs are analogous to vital drug
categories.!Substituted DHPs exhibit numerous remedial solicitations that comprise anti-aggregator, and
anti-ischemic agents in the management of Alzheimer’s disease, as well as a chemical sensitizer in cancer
chemotherapy.>> Some of these instances illustrate the notable perspective of DHPs as a precursor or
source of valued drug contenders. These 1, 4-dihydropyridines are then oxidized to pyridines.®The
conventional process of the preparation of 1, 4-DHPs is a single versus multi-constituent response of
ammonium ethanoate, aldehyde with ethyl-3-oxobutanoate in the presence of either some acid or by
heating in alcohol.”Nevertheless, the yields of 1, 4-DHPs obtained by the conventional processes are
commonly very low. The well-known Hantzsch synthesis process for 1, 4-DHP derivatives includes
severe reaction circumstances, longer synthesis durations, and stumpy product yields.*'*Many improved
synthetic approaches have been reported in the literature, but most of them have a number of drawbacks,
including low yields, longer reaction times, the use of toxic catalysts, the need for specialized equipment,
and the use of large amounts of harmful solvents.!*!* Consequently, the development of new alternative
routes, which avoid the usage of toxic, expensive catalysts, and hazardous solvent to construct DHP
derivatives, is of great commercial interest. To prepare substituted DHP derivatives, traditional heating,
solar thermal energy, ionic liquid, grinding, p-TSA, L-proline, nanoparticles, and other advanced methods
have been used.'>*Despite the fact that many of the developments have distinct advantages, their
application is limited due to the use of elevated temperatures, luxurious metal salts, ecologically
hazardous catalysts, punitive reaction requirements, extended reaction epochs, and huge quantities of
organic solvent systems. Recently, robust Lewis acids like NbCls have been employed as an innovative
catalytic agent in man-made chemistry due to their permanence, reduced moisture-absorbing character,
and stress-free handling compared to reported Lewis acids. Several organic reactions catalyzed by
NbClshave been formerly testified.?**” Keeping in mind the importance of solid-state synthetic organic
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chemistry and in the extension of our previous research work in multi-component synthesis, here we
describe a new, eco-friendly, mild, facile, and efficient solvent-free approach for the synthesis of 1, 4-
DHPs obtained by using various aldehydes, ammonium ethanoate and, ethyl-3-oxobutanoate with NbCls
and AgClO4 combined catalyst system. All the synthesized substituted DHP molecules were characterized
by various techniques like FTIR, NMR, and mass spectrometry. The present protocol gives excellent
yields in a short reaction time with great purity.

EXPERIMENTAL
Materials
Ethyl acetate, ammonium ethanoate, aldehydes, NbCls, and AgClO4 were obtained from SD Fine
chemicals, India. All-inclusive chemicals procured (AR grade) cast-off as obtained without any
refinement.

Multicomponent Preparation of 1, 4-DHPs

A combination of aldehydes, ammonium ethanoate, and ethyl-3-oxobutanoate in 1:3:2 molar ratios was
taken in a single flask and agitated for about three to five minutes at room temperature. Then, to the above
reaction mixture, NbCls and AgClO4 a combined catalyst system (5 mmol) was added and stirred more in
a single pot for the suitable interval (scheme-I). The development of the process was examined using TLC
every 10-minute intervals. After the execution of the reaction, the blend was transferred to 20 g of
crushed ice with continuous stirring. The precipitate obtained was isolated by vacuum filtration and then
air-dried. For oily products, the reaction blend was added to 50 mL of ice-chilled water and then extracted
by using ethyl acetate. All collective organic layers were parched over anhydrous Na,SO, before the
isolation of the product. The physical constants of all the derivatives were recorded.

(0) R 0]

0O O NbCletadd C,Hs0 | | OC,H;
+additi
R-CHO + JJ\/U\OCZHS +  NH4O0Ac stadditive

r.t., stirring H,C 171 CH,

1 2 H
4a-n
Scheme-1
Characterization
Altogether chemicals obtained were analytical grade and cast-off, with no additional refinement. The IR
spectra were recorded on the SHIMADZU FT-IR 8400 by means ofKBr pellets. The '"H-NMR was
verified in CDCl; on BRUCKER (300 MHz) and the LC-mass spectra were recorded on the SHIMADZU
MODEL-8045.
RESULTS AND DISCUSSION

Optimization of Reaction Controls
For catalytic evaluation of NbCls and AgClOs as Lewis acids, control reaction of benzaldehyde,
ammonium ethanoate, and ethyl-3-oxobutanoate under several reaction situations (Table-1). The reaction
proceeding without a catalyst produces less quantity of product even after 20 hours of long duration.
(Table-1). The sub-standard product yields were gained with various polar and non-polar solvents (Table-
1, 2-5) than the solvent-free reaction carried in the solid state.The optimization of the amount of NbCls
and AgClO; catalyst system at ambient temperature in solid-state conditions for control reaction (Table-1,
entries 6-11) was carried out. It was perceived that the consumption of just Smmol of combined catalyst
was adequate for the accomplishment in 3 to 5 hours with a 90% yield of the resultant product (entry-9).
It was critical to note that increasing the amount of catalyst did not increase product yields or reaction
duration (Table-1, entries 10-11). It was also perceived that with less than a catalyst concentration of 5
mmol, the reaction was incomplete resulting in a poor amount of the product (Table-1, entries 6-8).The
results offered in Table-2 specify the opportunity and overview of the present protocol, which is efficient
for an extensive series of substrates. Furthermore, aromatic aldehydes bearing either electron-releasing or
extracting substituents reacted intensely under the reaction protocol to produce the corresponding 4-
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substituted 1, 4-dihydropyridine derivatives in decent to great yields with extraordinary purity. The vital
significance of the present approach is the capability to allow deviations in all three constituents as well
as the persistence of a variety of functional assemblies. In comparison to earlier reported approaches,
which are only applied to aromatic aldehydes, the currently reported process is superior and is operative
even with aliphatic aldehydes.

Table-1: Reaction Optimization Parameters

S. No. Solvent Catalyst Time Yield
(mmol) (Hrs.) (%)
1 solid -state: without catalyst --- 20 25
2 CHCl, 5 15 55
3 THF 5 12 69
4 CH3;CN 5 12 61
5 CHCl;3 5 15 64
6 solid -state 2 10 51
7 solid -state 1 10 63
8 solid -state 3.5 7 81
9 solid -state 5 4 90
10 solid -state 6 4 90
11 solid -state 7 4 90
Table-2: Synthesis of 1, 4-dihydropyridine Derivatives
Time | Yield | Physical MP
Entry Reactant aldehyde Product (hrs) %) state °C)
CcHO
Solid 157-158°C
4a ( j 4.35 90
CHO
4b
©\ 520 96 Solid | 150-151°C
NO,
Ho 118-120°C
Solid
4 4.00 89
OCH;
OCHj
CHO
102-104°C
4d <j 4.15 88 Solid
NMe,
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140-142°C
4 Solid
© 4.00 93
Solid 128-130°C
4t 430 38
CHO e
‘e i i 5.00 92 , .
o ocun, Solid 107-108°C
NO, HsC CHj
CHO
4h 4.15 94 128-130°C
Solid
Cl1
CHO
4i i o
4.15 90 Solid 139-140°C
OH
OCH;
CHO
4i 3.45 96 188-190°C
e Solid
OCH3
CHO a
[¢] (0]
4k cl .
CH0 ‘ 0C,H; 430 89 Solid 157-158°C
HyC N CH,
!
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Solid
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Spectral Analysis
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Fig.-9: LCMS of 4e
Characterization
The products obtained were recognized by matching with the physical constants, FT-IR, IHNMR, and
Mass (LC-MS).

Spectral Analysis

4a: FTIR (KBr): 3341, 2976, 1688, 1485 cm™!; 'THNMR: & ppm = 1.26 (6H, t, 7.38Hz, 2CHj3), 2.28 (6H,s,
2CHs), 4.10 (4H, ¢, 7.4 Hz,20CH:), 4.90 (1H,s, CH), 5.62 (NH), 6.98-7.1 (5H,m, Ar); MS(m/e)= 330
(MH"); Obtained: C, 69.24; H, 7.07; N, 4.23.

4b: FTIR (KBr): 3328,2986,1685,1527 cm™'; 'HNMR: & ppm = 1.24 (6H, t, 7.8 Hz, 2CHj), 2,32 (6H,s,
2CH3), 4,20 (4H, q, 7.8 Hz, 20CH, ), 4.95 (1H,s, CH), 5.68 ( NH), 7.15-7.30 (1H,m, Ar), 7.50 (2H,m, Ar
), 7.80 (1H,d, 8.6 Hz, Ar); MS(m/e) = 375 (MH").; Obtained: C, 60.92; H, 5.90; N, 7.45.

4¢: FTIR (KBr): 3330,2976,1686,1530 cm™; 'THNMR: & ppm= 1.23 ( 6H.t, 7.8 Hz, 2CH3), 2.28 (6H,s,
2CH3), 4.02 (3H,s, OCH3), 4.10 (3H,s, OCHs), 4.23 (4H,q,7.8 Hz, 20CH» ), 4.90 ( 1H,s, CH), 5.70
(NH), 7.70 (1H,s, Ar) 7.81 (2H.,d, 8.3 Hz, Ar); MS(m/e) = 390 (MH").; Obtained: C, 64.74; H, 6.96;
N,3.56.

4d: FTIR (KBr):3349, 2969, 1617, 1570, 1302 cm™'; 'THNMR: 6 ppm = 1.11 (6H, t, 7.4 Hz, 2CHj3), 2.28
(6H,s, 2CHs3), 2.99 (6H,s, NCH3), 4.09 (4H, q, 7.4 Hz, 20CH, ), 4.98 (1H,s, CH), 5.78 (NH), 7.49 (2H.d,
8.1Hz, Ar), 8.06 (2H, d, 8.3 Hz, Ar); MS(m/e)= 373 (MH"); Obtained: C, 67.69; H, 7.59; N, 7.49.

4e: FTIR (KBr): 3432, 3025, 1689, 1468 cm™!'; "THNMR: § ppm = 1.22 (6H, t, 7.1 Hz, 2CHj3), 2.26 (3H,s,
CH3), 2.30 (6H,s, 2CH3), 4.04 (4H,q, 7.2 Hz, 20CH> ), 4.91 (1H,s, CH), 5.65(NH), 7.13 (2H.d, 8.1 Hz,
Ar), 7.59 (2H, d,8.0 Hz, Ar); MS: m/e =344 (MH").; Obtained: C, 69.91; H,7.37; N,4.03.

4f: FTIR (KBr): 3347, 2976, 1687,1480 cm™'; '"HNMR: § ppm = 1.20 (6H, t, 7.5 Hz, 2CHs), 2,32 (6H,s,
2CHs), 4.05 (4H,q, 7.5 Hz, 20CH,), 4.90 (1H,s, CH), 5.60 ( NH), 6.11 ( 1H,d, 6.0 Hz, sp’CH) 6.43 ( 1H,
d,15.2 Hz, sp*CH), 7.13-7.41 (SH,m, Ar); MS(m/e)= 356 (MH"); Obtained: C, 64.74; H, 7.02; N, 3.62.

4g: FTIR (KBr): 3320, 2947, 1696,1485 cm™'; "THNMR: & ppm = 1.17 (6H, t,7.2 Hz, 2CHj3), 2.32 (6H,s,
2CH3), 4.07 (4H,q,7.2 Hz, 20CH> ), 4.98 (1H,s, CH), 5.67 ( NH), 7.42 (2H,d, 8.3Hz, Ar) 8.03 (2H, d,
8.3Hz, Ar); MS(m/e)= 375 (MH"); calculated for [C19H22N206] C, 60.94; H, 5.92; N, 7.48; Obtained: C,
60.92; H, 5.90; N, 7.45.

4h:FTIR (KBr): 3354, 2952, 1647,1333 cm™'; 'HNMR: & ppm = 1.15 (6H, t, 7.8 Hz, 2CHs), 2,24 (6H,s,
2CHs), 4.03 (4H,q,7.5 Hz ,20CH, ), 4.80 (1H,s, CH), 5.76 ( NH), 7.08 ( 2H, d, 8.1 Hz, Ar) 7.71 (2H, d,
8.1 Hz, Ar); MS(m/e)= 364 (MH").; Obtained: C, 62.70; H, 6.10;N, 3.82.

4i:FTIR (KBr): 3353, 2982, 1681,1505,1371 cm™; "THNMR): & ppm = 1.20 (6H,t, 7.0 Hz, 2CHs), 2,31
(6H,s, 2CH; ), 3.82 (3H,s, OCH3), 4.01 (4H,q,7.0 Hz, 20CH, ), 4.96 (1H,s, CH), 5.30 (1H,s, OH), 5.70(
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NH), 7.40-7.41 (2H,m, Ar), 7.75 (1H,d,8.2Hz, Ar); MS(m/e) = 376 (MH").; Obtained: C, 63.96; H, 6.73;
N, 3.71.

4j:FTIR (KBr): 3335, 2976, 1693, 1498 cm™!; 'HNMR: & ppm = 1.18 (6H.,t,7.3Hz, 2CH3), 2.30 ( 6H,s,
2CHas), 3.80 (3H, s, OCH3), 4.10 (4H,q, 7.3Hz, 20CH: ), 4.80 (1H,s, CH), 5.76 (NH), 7.01 (2H, s,8.1Hz,
Ar), 7.20 (2H,d,8.1Hz, Ar); MS(m/e) = 360 (MH").; Obtained: C, 66.81; H, 7.04; N, 3.87.

4k: FTIR (KBr): 3347, 2982, 1681,1498,1377 cm™!; 'THNMR: & ppm = 1.20 (6H,t,7.8 Hz, 2CH3), 2.34
(6H,s, 2CH3), 4.10 (4H,q, 7.4Hz, 20CH>), 5.01 (1H,s, CH), 5.60 ( NH), 7.30-7.92 (4H,m,Ar); MS(m/e)=
364 (MH").; Obtained: C, 62.00; H, 6.12; N, 3.81.

41: FTIR (KBr): 3349, 2992, 1695,1490,772 cm™'; 'THNMR: & ppm = 1.30 (6H,t, 8.4 Hz, 2CH3), 2.21 (6H,
s,2CH3), 4.16 (4H, q,8.4Hz, 20CH>),5.22 (1H,s, CH), 5.94 (NH), 6.78-6.98 (3H,m, Ar); MS(m/e)= 336
(MH™).; Obtained: C, 60.85; H, 6.29; N, 4.17.01;S, 9.53.

4m: FTIR (KBr): 3346, 2993, 1698, 1493 cm™'; 'HNMR: & ppm = 1.20 (6H.t, 8.6 Hz, 2CH3), 2.40 (6H, s,
2CH3), 4.20 (4H,q, 8.2 Hz, 20CH>»), 5.32 (1H,s, CH),5.96 (NH), 7.01 -7.23 (3H,m, Ar); MS(m/e) = 320
(MH™).; Obtained: C, 63.90; H, 6.65; N, 4.35.

4n: FTIR (KBr): 3350, 2995, 1770, 1686, 1245 cm™'; 'THNMR: & ppm = 0.86 (6H.t, 8.3 Hz, 2CH3), 1.10-
1.49 (11H,m), 2.20 (6H,s, 2CHs), 3.87 (1H, t,8.3 Hz, CH)4.16 (4H,q,7.6 Hz, 20CH,), 5.76 (NH);
MS(m/e) = 324 (MH").; Obtained: C, 66.81; H, 9.07: N, 4.30.

CONCLUSION
A facile, advanced, appropriate, and green route for the preparation of 1, 4-dihydropyridines has been
developed.The multi-component approach by using various aldehydes, ethyl-3-oxobutanoate, and
ammonium ethanoate with NbCls and AgClO4 as a combined catalyst system was developed successfully.
The important features of the reported protocol are stress-free work-up, easy isolation of products by
simple filtration, a cleaner reaction profile, and an accessible process towards the synthesis of 1, 4-DHPs
of biotic importance.
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