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ABSTRACT

2019 Novel corona-virus (2019-nCoV) also referred to as severe acute respiratory syndrome Corona-virus
2 (SARS-CoV-2) emerged as a global risk and put the entire globe into unrest. Unavailability of specific
drug against the virus is more imperative. In silico Molecular Docking revealed that the Phytochemicals,
Dopamine effectively binds at the active pocket of the SARS-CoV-2 main protease.
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INTRODUCTION

The pandemic situation caused due to the 2019-nCoV represents a severe public health calamity across the globe. The
city of Wuhan was the epicentre where the outbreak of this human pathogen emerged, and resulted to human
ailment, termed as COVID-19 [1, 2]. 2019-nCoV encodes at least 27 proteins, including 15 non-structural proteins, 4
structural proteins, and 8 auxiliary proteins. SARS-CoV-2 belongs to the beta corona-virus genus, closely related to
the previously identified severe acute respiratory syndrome corona-virus (SARS-CoV) [3, 4]. Public Health
Emergency of International Concern (PHEIC) was declared by the World Health Organization (WHO) owing to its
fast rate of transmission within the humans [1, 5, 6]. Crystal structure of the Papain-like Protease of SARS-CoV-2
proves to be an exceptional ground for screening specific ligands [7]. Reportedly, MP® and other known viral
proteins are defining features paving the path of virus from entry to infection in the host cell [8, 9, 10].

METHODS

Viral Protein Structure and Phytochemical dataset collection

The 3D structure of Papain-like Protease of SARS-CoV-2 was accessed from Protein Data Bank accession 6W9C. The
phytochemical, Dopamine was obtained and consequently both the protein and the ligands were used for in silico
analysis.
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Molecular docking

For the in silico molecular docking, BIOVIA’s Discovery Studio docking method [11] was used for molecular docking.
The catalytic pocket of the Papain-like Protease of SARS-CoV-2 was specified and targeted for binding of the ligand.
CDOCKER Energy and CDOCKER Interaction Energy signify the affinity of the ligands with the protein receptors.
Basically, high positive values of the CDOCKER Energy, CDOCKER Interaction Energy and a diminutive difference
between the CDOCKER Energy and CDOCKER Interaction Energy are considered to be the most favourable [12].

RESULTS AND DISCUSSION

It was found that Dopamine; a common phytochemical specifically binds to the active pocket of the Papain-like
Protease of SARS-CoV-2 as apparent from higher CDOCKER energy and CDOCKER interaction energy (Table 1).
Since, simple active bio molecule like Dopamine effectively binds into the active pocket of the MP© under in silico
conditions it is quite possible to design pharmacophore molecules based on the structural and functional identity of
Dopamine and eventually can be used in the pharmaceutical sector.

CONCLUSION AND FUTURE PERSPECTIVES

The current in silico molecular docking based study reveals that Dopamine can target the reported Papain-like
Protease of SARS-CoV-2. It would be extremely noteworthy being confirmed in vivo. It is crucial to develop
diagnostic tools, potential therapeutics and antibodies selectively for the COVID-19 proteins. Phytochemicals like
Dopamine is commercially available and thus may be effectively prescribed to circumvent the current global
scenario. Essentially, this study makes an attempt to reveal simple phytochemicals like Dopamine which can be
employed for designing novel therapeutics.
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Table 1: CDOCKER ENERGY and CDOCKER INTERACTION ENERGY values generated for the interaction of
Dopamine with the active site of Papain-like Protease of SARS-CoV-2.

Ligand Receptor Interaction status
. . PDB Docking | CDocker CDocker Interaction
Phytochemical Protein .
Accession|  Result Energy Energy
Papain-like
Dopamine Protease of 6W9C Positive -21.24 -23.87
SARS-CoV-2
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ABSTRACT

2019 Novel corona-virus (2019-nCoV) also referred to as severe acute respiratory syndrome Corona-virus
2 (SARS-CoV-2) emerged as a global risk and put the entire globe into unrest. Unavailability of specific
drug against the virus is more imperative. In silico Molecular Docking revealed that the phytochemical,
Bufotenine effectively binds at the active pocket of the SARS-CoV-2 main protease.
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INTRODUCTION

The pandemic situation caused due to the 2019-nCoV represents a severe public health calamity across the globe. The
city of Wuhan was the epicentre where the outbreak of this human pathogen emerged, and resulted to human
ailment, termed as COVID-19 [1, 2]. 2019-nCoV encodes at least 27 proteins, including 15 non-structural proteins, 4
structural proteins, and 8 auxiliary proteins. SARS-CoV-2 belongs to the beta corona-virus genus, closely related to
the previously identified severe acute respiratory syndrome corona-virus (SARS-CoV) [3, 4]. Public Health
Emergency of International Concern (PHEIC) was declared by the World Health Organization (WHO) owing to its
fast rate of transmission within the humans [1, 5, 6]. Crystal structure of the Papain-like Protease of SARS-CoV-2
proves to be an exceptional ground for screening specific ligands [7]. Reportedly, MP® and other known viral
proteins are defining features paving the path of virus from entry to infection in the host cell [8, 9, 10].

METHODS

Viral Protein Structure and Phytochemical dataset collection

The 3D structure of Papain-like Protease of SARS-CoV-2 was accessed from Protein Data Bank accession 6W9C. The
phytochemical, Bufotenine was obtained and consequently both the protein and the ligands were used for in silico
analysis.
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Molecular docking

For the in silico molecular docking, BIOVIA’s Discovery Studio docking method [11] was used for molecular docking.
The catalytic pocket of the Papain-like Protease of SARS-CoV-2 was specified and targeted for binding of the ligand.
CDOCKER Energy and CDOCKER Interaction Energy signify the affinity of the ligands with the protein receptors.
Basically, high positive values of the CDOCKER Energy, CDOCKER Interaction Energy and a diminutive difference
between the CDOCKER Energy and CDOCKER Interaction Energy are considered to be the most favourable [12].

RESULTS AND DISCUSSION

It was found that Bufotenine; a common phytochemical specifically binds to the active pocket of the Papain-like
Protease of SARS-CoV-2 as apparent from higher CDOCKER energy and CDOCKER interaction energy (Table 1).
Since, simple active bio molecule like Bufotenine effectively binds into the active pocket of the M under in silico
conditions it is quite possible to design pharmacophore molecules based on the structural and functional identity of
Bufotenine and eventually can be used in the pharmaceutical sector.

CONCLUSION AND FUTURE PERSPECTIVES

The current in silico molecular docking based study reveals that Bufotenine can target the reported Papain-like
Protease of SARS-CoV-2. It would be extremely noteworthy being confirmed in vivo. It is crucial to develop
diagnostic tools, potential therapeutics and antibodies selectively for the COVID-19 proteins. Phytochemicals like
Bufotenine is commercially available and thus may be effectively prescribed to circumvent the current global
scenario. Essentially, this study makes an attempt to reveal simple Phytochemicals like Bufotenine which can be
employed for designing novel therapeutics.
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Table 1: CDOCKER ENERGY and CDOCKER INTERACTION ENERGY values generated for the interaction of
Bufotenine with the active site of Papain-like Protease of SARS-CoV-2.

Ligand Receptor Interaction status
Phytochemical Protein PDB. Docking | CDocker | CDocker Interaction
Accession| Result | Energy Energy
Papain-like
Bufotenine Protease of 6WIC | Positive | -15.39 -21.08
SARS-CoV-2
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ABSTRACT

The consumption of fossil fuel increases day by day and it has been seen that the total utilization of fossil
fuels globally is 10 million tons per day. These fuels are being emptied every day as these are present in
finite quantity and it is anticipated that the future generation will face an intense energy supply collapse
in the upcoming years. Again the use of these fuels causes environmental problems as it emits harmful
gases. The use of nonedible oils such as karanja, Jatropha, Kusuma, Neem etc., to produce biodiesel
mainly in tropical country like India is an added advantage due to their wide availability. Several
research works is going on for use of the biodiesel to run diesel engine. In the present work, a diesel
engine was run by using Mahua biodiesel and engine emission was analysed. The amount of exhaust
gases present in engine emission were found to be reduced significantly that supports its use as an
alternative fuel.

Keywords: biodiesel, engine, fossil, hydrocarbons

INTRODUCTION

Air Pollution has become a crucial problem due to rapid growth in population and industrialisation. The combustion
of fossil fuels produces many harmful gases like Carbon Monoxide (CO), Carbon Dioxide (CO2), Oxides of Nitrogen
(NOx), and Hydrocarbon (HC) as well as some organic compounds such as monocyclic aromatic hydrocarbons,
polycyclic hydrocarbons, aldehydes [1]. These poisonous compounds damage the temperature balance of the world,
pollution, acid rain. Due to change in environment many human problems are seen such as cancers, respiration
problems, heart disease etc. Hence it is imperative to find a possible source for fossil fuel which can be obtained from
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biomass(from plant and animal fats) [2]. Now a day, to overcome all these problems biodiesel become one of the
most interesting alternatives because biodiesel are biodegradable, non-polluting and has very similar physical
characteristics with biodiesel. Biodiesel can be produce from non-comestible oils [3].

The use of comestible oil to produce biodiesel in India is not workable because of their high cost and India is self-
insufficient in comestible oils. From the economy point of view non comestible oil can come up with best source for
biodiesel production. India has great capability for the production of biodiesel from non-combustible vegetable oil
seeds [4]. Biodiesel from vegetable oil have a favourable alternative fuel for diesel fuel because of its sustainability,
better quality lighting, the approximate energy fulfilment and a higher safety without restriction of the energy.
Madiwalea and Bhojwanib [5] presented an overview on Production, Properties, Performance and Emission Analysis
of different biodiesels. Ismail et al. [6] studied the production of castor biodiesel from crude castor oil through
transesterification method. Padhi and Singh [7] carried out their work towards the optimization of biodiesel from
mahua oil. However they have not studied their emission characteristics.

Jena et al. [8] carried out their investigation on biodiesel preparation from mahua and simarouba oil.Ogunkunle and
Ahmed [9] carried out their research on optimizing the biodiesel production from sand apple which is widely
cultivated in Africa. Mahua is indigenous plant in India and can easily found in all over India. Hence Mahua oil was
used as the raw material for biodiesel production. Transesterification is the common process to produce biodiesel
from oils. However sometimes esterification is also follow to get better and purified biodiesel. Esterification is the
reaction between the oil and alcohol in the presence of acid catalyst in which glycerol and methyl ester isproduced.
The esterified oil we get here is pure than crude Mahua oil. Transesterification is the reaction between the esterified
oil with alcohol in the presence of alkali catalyst to produce glycerol and ester. The ester we get has molecular weight
one-third less than the crude Mahua oil ratio was taken to get low viscosity. Sometimes high alcohol to oil ratio was
taken to get low viscous biodiesel. Different characteristics of castor oil and castor biodiesel are determined. In this
work, prepared Mahua biodiesel was blended with conventional diesel. Three different blends B10, B20 and B30
were prepared by mixing 10%, 20% and 30% of biodiesel with 90%, 80% and 70% of conventional diesel respectively.
The prepared Mahua biodiesel blends were then tested in diesel engine and emission was observed and compared
with the conventional diesel.

MATERIALS AND METHOD

The Mahua trees are fast growing and can grow easily in any kind of soils. Hence castor trees are shown all over the
India and easy to collect castor seeds and oil directly. All the properties like acid value, viscosity, density of the crude
Mahua oil were determined. In this study, the Mahua oil was converted to castor biodiesel by the two step
transesterification process. Here in the first step the free fatty acid (FFA) in the Mahua oil was converted into methyl
ester by acid-catalysed esterification and the second step was the base-catalysed transesterification using potassium
hydroxide as catalyst. The transesterification was carried out to reduce the FFA of the oil. In the first step the
temperature was maintained about 60-64°C with 200ml methanol and 10gm of concentrated H25Os.After 3hour of
heating process, excess alcohol with impurities was removed after pouring the product into a separating funnel.

After removing the impurities from the lower layer, the upper layer methyl ester was collected from the separating
funnel for the base transesterification process. In the transesterification process,10gm of KOH was dissolved in 200ml
of methanol then poured in the flask. The mixture was heated at constant temperature about 62°C and stirred
continuously for 3hour.After 3hour of heating the mixture was poured into a separating funnel for about 12hour
where two layers were formed. The upper layer contained methyl ester and the lower layer contained glycerol, extra
methanol, catalyst and other by products were removed. The upper layer of methyl ester or Mahua biodiesel was
collected and washed several times with de-sterilized water until the washing water become neutral. The biodiesel
layer was filtered to remove impurities and then heated up to 100°C to remove any remaining water. The biodiesel
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was tightly sealed and kept for storage. The diesel engine was run three times using three different blends of Mahua
biodiesel as fuel. The blending percentages of biodiesel with diesel were10%,20%,30% and they were mentioned as
B10,B20,and B30 respectively. The emission analysis was conducted by analysing the exhaust gas of diesel with the
help of an exhaust gas analyser as shown in Figure 1.

RESULT AND DISCUSSION

The composition of exhaust gases which mainly consists four major pollutants such as CO, CO2 NOxand HC were
recorded during testing of different blends of Mahua biodiesel. The comparison of exhaust emissions was shown in
Table 1-4.

Carbon Monoxide (CO) emission

From Table 1, it is observed that the Mahua biodiesel has lower CO emission than conventional diesel. It is due to the
complete combustion of various blends of Mahua biodiesel as compared to conventional diesel. Table 1:CO emission
of conventional diesel and castor biodiesel at different load. From Figure 2, it is apparent that when load increases
with increasing biodiesel ratio the CO emission of Mahua biodiesel blends decreases. This is mainly due to the
complete oxidation process which was not happening in the case of diesel. At the time of biodiesel is burning the
generation of CO2 may be formed due to the presence of extra oxygen molecule in the biodiesel and this process aids
in minimizing the CO emission.

Oxides of Nitrogen (NOx) emission

The NOx emission increases with the increase in percentage of biodiesel blends as shown in Table 2 and Figure 3.1t is
due to high oxygen content in the biodiesel which cause the formation of NOx in the emission chamber. The NOx
emission is a function of the total oxygen inside the combustion chamber, temperature of combustion chamber,
pressure, and compressibility of fuel. Again, the increase of NOx emission is due to the higher cetane number of
biodiesel which will reduce the ignition delay. The increase of NOx emission is a result of the reduced ignition delay.

Hydrocarbon (HC) emission

Table3 shows, the HC emission of Mahua biodiesel less as compare to conventional diesel. This may be due to
effective combustion process inside the engine cylinder. When the load increases, the HC percentage also increases
since amount of HC varies inversely with NOx. From Figure 4, it is observed that in B30 the HC emission is less as
compare to B20, B10 and the conventional diesel because in B30 there is more biodiesel as compare to B20 and B10.
As B30 contains more oxygen as compare to B20 and B10, it emits less HC.

Carbon Dioxide (CO:) emission

The CO: emission in conventional diesel is more as it contain less oxygen. It is shown from Table 4 that the CO:
emission of B30 was more as compare to B20, B10. It is due to incomplete combustion process of higher blends of
Mahua biodiesel in comparison lower blends. Figure 5 shows that the carbon dioxide emission increases with
increasing biodiesel blends. However the emission is not so more than the diesel. Lower emission of biodiesel blends
is due to high oxygen content than the diesel.

CONCLUSION

The prepared biodiesel from Mahua oil has good inherent properties than the conventional diesel and most of its
properties resembles to that of diesel. From the above result it can be stated that the biodiesel can be used as the
alternative fuel of diesel. The biodiesel contains more oxygen which promotes complete combustion in diesel engine
and it led to lower emission. Due to high oxygen content, biodiesel emits lower CO and CO: as compare to diesel.
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The NOx emission emissions of biodiesel blends of Mahua oil has a scope to check the overall emission level of the
blends by adapting engine modifications. As Mahua biodiesel has lower HC emission than the conventional diesel,
the biodiesel pollutes less as compared to diesel and can be regarded as a green fuel. Hence it is a suitable fuel to be
used as an alternative for diesel engine
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Figure 5: CO2Vs load for conventional diesel and Mahua biodiesel blends.

Table 1:CO emission of conventional diesel and castor biodiesel at different load.

Load(kg) | CO(%) CO(%) CO(%) CO(%)
Diesel B10 B20 B30

2 0.08 0.05 0.04 0.04

4 0.07 0.05 0.04 0.03

6 0.06 0.05 0.03 0.03

8 0.05 0.04 0.03 0.02

Load(kg) | NOx(ppm) | NOx(ppm) | NOx(ppm) | NOx(ppm)
Diesel B10 B20 B30

2 37 51 71 85

4 107 121 144 165

6 156 160 176 193

8 201 218 239 255

Load(kg) | HC(ppm) | HC(ppm) | HC(ppm) | HC(ppm)
Diesel B10 B20 B30
2 19 17 16 14
4 30 19 17 15
6 40 21 18 17
8 42 24 20 18

LOAD | CO2 CO2 CcO2 CcO2
Diesel B10 B20 B30
2 2.7 24 2.6 2.6
4 3 2.6 2.7 2.8
6 3.2 2.5 2.7 2.9
8 3.3 2.4 2.8 3.1
¢ T3
[=]*>

Table 2:NOx emission of conventional diesel and castor biodiesel at different loads.

Table 3: HC emission of conventional diesel and different biodiesel blends at different load.

Table 4: CO2 emission of conventional diesel and different biodiesel blends at different load.
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ABSTRACT

Commercial Banks plays the most important role in Indian financial Institutions. Competition is very
high in the financial institutions and banks. Pressure is not only in Indian banks also from foreign banks
and Institutions. So it is very important for the commercial banks to provide high quality service to their
customers. Now the customers are using many banking products, which are offered by different banks.
So the customer always wants the best product with high quality service. Because of globalization and
liberalization the competition is very high within different banks. Now Indian customers are more
educated and they have all the current information about the banks. As the buying power of the
customers increasing, their expectations for high quality service are also increasing. Now it is the
responsibility of the banks to satisfy their customers to increase their profits. This study will help in
understanding the customer’s expectation from commercial banks and their view regarding service
quality maintained by banks.

Keywords: Service quality, financial services, Expectation &perception, Commercial Banks

INTRODUCTION

Banks are the pillars of Indian financial system. Commercial banks play a major role in the collection and utilization
of financial resources in the Indian economy. Now the service quality of these commercial banks plays the important
role for the survival of these banks. There is always a visible difference between the customer’s expectation and the
service of banks. Private Banks are trying hard to meet the expectations of the customer. It is not only important for
the customers but also equally important for the survival of the banks. But many of the public sector banks are not
able to adopt the changes required in the service quality. Banks are providing different kinds of products to attract
the customers. The banks which can provide best service, can only survive in the long run. So customer satisfaction is
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one of the major factors for the banks and financial Institutions in India. So the banks have to understand the
customer profile, their need and satisfaction from the services given by the banks. As the competition is very high, no
bank can ignore the customer’s satisfaction. Customers will choose other bank where they will get better service. So
the study of service quality of commercial banks is one of the major researches in the present era.

REVIEW OF LITERATURE

Parasuraman. A., Zeithaml, V. &Bery, C. (1988) have used SERVQUAL model for their study. They tried to find out
the customers satisfaction, customers perception and the banks perception to satisfy their customers. They evaluated
the service quality by using the model. They have taken five different factors to measure the service quality. They
have used different factors like tangibility, assurance, reliability, empathy and responsiveness for their study.
Similarly Dhandabani (2010) has done the research to find the relation between quality of the administration and the
customer’s devotion in the Indian banking sector. He has used different factors like reliability responsiveness,
knowledge for the study. He found that when the administration and service quality is good, it leads to high
customer satisfaction and loyalty towards bank. Also Paul.M. k and Barman. A (2010) have studied the customer’s
loyalties towards bank in the state of Assam. They found that the banks are unable to retain their. Customers when
they can’t satisfy them with their service quality. It is also difficult for them to get new customers. So it is very much
important for the banks to give good quality service to retain the existing customers and to get new customers.
Abedniya.A and Zaeim. M. N. (2011) analysed on how the banks are doing the administration and how it is affecting
the loyalty of the customers in the banks of Jordan. They have taken different devices like factor investigation,
relapse examination for their research. They found that Administration quality is very important for the customer
satisfaction and loyalty. Jani. A.S (2012) tried to find different factors which are affecting the customers. Future of E
banking and different advances offered to the clients also analyzed in the study. The analysis disclosed that
innovation gives a positive impact on the customer’s satisfaction.

Objectives of the study

1. To find out the customers’ expectations and perceptions of service quality provided by the commercial banks in
India.

2. To assess customers’ satisfaction towards the service quality of commercial banks in India.

3. To know which factor plays a vital role for choosing any bank.

RESEARCH METHODOLOGY

A descriptive field study was conducted for the research .The information required was clearly defined and data was
collected through questionnaire based on a sample size of 100. A simple random sample has taken from India’s top
five commercial banks (SBI, Indian Bank, OBC, ICICI Bank and Axis Bank).

HO1: - There is no significant evidence that satisfactory service quality will tend to be associated with outcomes equal
to or above expectations.

HO2 :- There is no evidence to indicate that service quality is more important in the selection of a bank by a customer
than other factors, such as location, advertising, recommendation of others.

DATA ANALYSIS AND DISCUSSION

Testing of hypothesis 1

Table -1 shows that there is a positive gap and customers are not satisfied by the services given by the banks. Here
paired t-test has been used for the analysis. It shows a statistically significant difference in all attributes used for the
study. The biggest gaps (21.92) were found in the following attributes; 6 “Employees should always be willing to
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help customers” (-1.92 sig. <1.92), 13 “Employees should understand specific customer needs” (-1.72 sig. <1.72), 12
“Employees of a bank should give customers personal attention” (-1.68 sig. <1.68) and 9 “Employees should
consistently be courteous” (-1.22 sig. <1.22). These are giving negative impact on the bank and require proper
attention and administration in these areas. When the gap is more the service quality of the investors are bad
according to the perception of the customers. Here the total gap 5 score is 1.02 which shows that the commercial are
unable to satisfy the customers. Also the highest gap is 1.81 related to responsiveness followed by empathy (1.40),
assurance (.91), tangibility (0.60) and reliability (0.55).

Findings and managerial implication

It is found from the analysis that the gap is 0.61 and 0.60 in physical facilities and professionalism of banks
employees. Reliability dimension of service quality provide by the commercial banks like the problems solving of
customer, services delivery and error-free records also analysed. The gap for these attributes is 1.01, 0.34 and 0.31.
The gap related to responsiveness dimension of service quality provides by the commercial banks like the helping
nature of banks employees and not too busy for respond is 1.92 and 1.70.1t is also analysed the assurance dimension
of service quality provide by the commercial banks like safe in all their transactions, courteous with customers and
answering the customers' questions, in the sample size of 100. The result found the gap of 0.49, 1.22 and 0.57.

The analysis of empathy, dimension of service quality provide by the commercial banks like convenient operating
hours, personal attention to the customers and understand specific customer needs by the banks employees shows a
gap of 0.85, 1.68 and 1.72. Finally data analyzed overall combines scale of 13 attributes related service quality of
commercial banks and found the gap mean differences between customers’ expectations and perceptions of service
quality in the commercial banks in India (n = 100) is 1.02.

CONCLUSION

So this study is a systematic study of the specific impact of relation between gender, age, income and education
relating to the importance of service quality in the selection of a commercial bank. This study adds to the body of
knowledge by establishing a means to test the relatationship between or any significant evidence on impact of
gender, age, education and income for selection of banks. The results from the test of this study will prove valuable
to banks that are seeking to obtain and retain customers because it demonstrates that all of the outcomes can be
measured and fall above the average level of satisfaction. The banks have to satisfy the customers by increasing their
service quality to sustain in the long run.
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Table 1: Gap mean differences between customers’ expectations and perceptions of service quality in the
commercial banks in India (n =100).

Attributes E P GAP t-value p-value
(mean) (mean) (E-P)
Tangibility
1. Physical facilities of bank should be appealing. 4.22(.786)  3.61(.852) 61 5.369 .000
2. Employees of a bank should be professional. 4.13(.800)  3.53(.893) .60 5.082 .000
Reliability
3. Bank employees should be sympathetic to solving 3.74(.812)  2.73(1.014) 1.01 8.021 .000
customer problems.
4. A bank should deliver services on time. 3.91(.858)  3.57(.847) .34 2.723 .008
5. The bank should insist on error-free records. 3.82(.796)  3.51(.703) 31 4.578 .000
Responsiveness
6. Employees should always be willing to help customers. 4.21(.743) 2.29(.860) 1.92 16.797 .000
7. Employees in a bank should never be too busy to 4.32(.618)  2.62(.850) 1.70 16.507 .000

respond to customer requests.

Assurance
8. Customers should feel safe in all their transactions. 4.06(.763) 3.57(.795) 49 5.556 .000
9. Employees should consistently be courteous 3.91(.749) 2.69(.900) 1.22 10.519 .000
with customers.
10. Employees in a bank should have the knowledge 4.09(.712) 3.52(.797) .57 6.660 .000

to answer customers' questions.

Empathy
11. Operating hours should be convenient to all 3.91(.698) 3.06(1.062) .85 7.180 .000
their customers.
12. Employees of a bank should give customers 4.40(.569) 2.72(.854) 1.68 16.571 .000
personal attention.
13. Employees should understand specific customer needs 4.16(.721) 2.44(.795) 1.72 14.353
.000
Overall combines scale of 13 attributes 4.06(.198) 3.03(.534) 1.02 5.943 .000
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Rank Mean Std. Dev.
Advertising 5 4.75 435
Location 3 241 854
Recommendation from Friend 4 4.22 484
Service Charges/Fees 2 2.12 742
Service Quality 1 1.51 659
Table 3:AdvertisingANOVA
Sum of df Mean Square F Sig.
Squares
Between 000 1 000 000 1.000
4 Groups
Gender Within Groups |  22.000 97 227
Total 22.000 98
Between 1.920 1 1.920 3.602 061
Groups
Age Within Groups | 52.240 98 583
Total 54.160 99
Between 053 1 053 058 810
Groups
Income Within Groups | ~ 89.947 98 918
Total 90.000 99
Between 1.333 1 1.333 1.804 182
4 ) Groups
Education i in Groups | 72.427 98 739
Total 73.760 99
Table 4: Service Charges/Fees ANOVA
Sum of df Mean Square F Sig.
Squares
Between 347 2 174 770 466
Groups
Gender Within Groups | 21.653 9% 226
Total 22.000 98
Between 1.922 2 961 1.785 173
Groups
Age Within Groups | 52238 97 539
Total 54.160 99
Between 1.79 2 898 987 376
Groups
Income Within Groups |  88.204 97 909
Total 90.000 99
W 13
[=]¥=
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Education Between 1.534 2 767 1.030 361
Groups
Within Groups 72.226 97 745
Total 73.760 99
Table 5: Location ANOVA
Sum of
Hm o df Mean Square F Sig.
Squares
Between 1.012 3 337 1.527 213
Groups
Gender Within Groups | 20.988 95 221
Total 22.000 98
Between 457 3 152 273 845
Groups
Age Within Groups |  53.703 9% 559
Total 54.160 99
Between 2322 3 774 848 471
Groups
Income Within Groups |  87.678 9% 913
Total 90.000 99
Between 845 3 282 371 774
] Groups
Education  Fyiin Groups | 72915 96 760
Total 73.760 99
Table 6: Recommendation from a Friend ANOVA
Sum of df Mean Square F Sig.
Squares
B
etween 045 2 023 099 905
Groups
Gender Within Groups | 21955 9% 229
Total 22.000 98
Between 283 2 141 255 776
Groups
Age Within Groups |  53.877 97 555
Total 54.160 99
B
etween 765 2 382 416 661
Groups
Income Within Groups |  89.235 97 920
Total 90.000 99
Between 086 2 043 057 945
] Groups
Education  Fyiin Groups | 73.674 97 760
Total 73.760 99
% 15
[=]¥=
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Sum of df Mean Square F Sig.
Squares
Between 212 2 106 466 629
Groups
Gender Within Groups | 21.788 96 227
Total 22.000 98
Between 1.087 2 544 994 374
Groups
Age Within Groups | 53.073 97 547
Total 54.160 99
Between 2,637 2 1318 1.464 236
Groups
Income Within Groups |  87.363 97 901
Total 90.000 99
Between 1.335 2 668 894 412
] Groups
Education i Groups | 72.425 97 747
Total 73.760 99
% I3
[=]%>
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ABSTRACT

The United Nations” Summit on Environment and Development or the Earth Summit held in Rio in 1992
marked the rise of sustainable tourism development. The growing catastrophe of depletion of natural
assets emphasized the need for resource conservation. Subsequently there has been a shift away from
instrumental ethics as a basis of conduct for the use of nature to a more conservation based ethics in these
countries. Ecotourism recognizes the principles of sustainable tourism. The Costa Rica Certification of
Sustainable Tourism (CST) developed by the Costa Rica Institute of Tourism has also been successful in
improving performance of the ecotourism destinations. Species richness generally increases with
decreasing latitude. Due to this biogeographical phenomenon, majority of the species are located in
developing countries (DCs).

Keywords: Service quality, financial services, Expectation &perception, Commercial Banks

INTRODUCTION

The United Nations” Summit on Environment and Development or the Earth Summit held in Rio in 1992 marked the
rise of sustainable tourism development (Butcher, 2006). With the growing popularity of ecotourism from 1992
onwards, the definitions of ecotourism have also been broadened to include other ethical dimensions rather than
being confined to merely tourism trait (Blamey, 2001). Buckley (2004), for example, developed a framework of
ecotourism based on four main dimensions: ecotourism being nature based; conservation supporting; sustainably
managed; and environmentally educating. In 1996 the International Union for Conservation of Nature (IUCN)
defines ecotourism as “Environmentally responsible travel and visitation to relatively undisturbed natural areas, in
order to enjoy and appreciate nature that promotes conservation, has low visitor negative impact, and provides
beneficially active socio-economic involvement of local populations”.
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Honey (1999) has emphasized the empowerment of local communities through equitable distribution of tourism
benefits when she defines ecotourism as “small scale traveling to fragile, pristine and protected areas with the
fundamental objective of educating travelers, providing funds for conservation, yielding direct benefits for the
economic development and political empowerment of the local communities, as well as fostering respects for
different cultures and human rights” (Cobbinah, 2015: 180). It is the International Year of Ecotourism (IYE) of 2002
that gave ‘ecotourism’ a plethora of possibilities on the basis of its ability to integrate development with conservation
(Butcher, 2006). The Quebec declaration on ecotourism in 2002, the outcome of the IYE, recognizes the principles of
sustainable tourism, concerning the economic, social and environmental impacts of tourism (Wood, 2002). The
declaration says that ecotourism-

» contributes actively to the conservation of natural and cultural heritage

» includes local and indigenous communities in its planning, development and operation, and contributing to their
well-being;

» interprets the natural and cultural heritage of the destination to visitors; and

> lends itself better to independent travelers as well as to organized tours for small size groups.

The accumulative impact of tourism development policies in developing countries are often guided by economic
imperatives neglecting the environmental costs of resource usage. The growing catastrophe of depletion of natural
assets emphasized the need for resource conservation. Subsequently there has been a shift away from instrumental
ethics as a basis of conduct for the use of nature to a more conservation based ethics in these countries. Such a shift
has given rise to ecotourism policies that applies green growth strategy in the ambit of tourism with an intention of
sustainable use of exhaustible natural resources (Holden, 2003). Ecotourism gives the impression of a perfect policy
particularly for the developing countries (DCs) in the sense that it generates much needed foreign currency and also
provides a strong incentive for conservation (Kruger, 2005). The incentives for developing countries lie in the fact
that it can aid in economic development, environmental protection, and preservation of cultural environments (Stone
& Nyaupane, 2015).

The DCs are immensely fortunate to own a vast majority of species because of their biogeographical locations
(Gossling, 1999). Yet the problems like poverty, rapid population growth, workforce-pressure, lack of capital and
foreign debts etc., often lead to over-exploitation of natural resources and consequently loss of biodiversity (Burgess,
1993). The pursuit of achieving higher growth, prompted these countries to stress more on industrialization and in
the process there has been more depletion of traditional sources of energy and raw materials, destruction of
multitude of animal as well as plant species, large scale clearance of forests etc., leading to commotion of natural
ecological balance and corrosion of environment. However, there is no consensus of the evidencesabout the benefits
of ecotourism. There is a huge controversy and debate associated with the impact of ecotourism on local livelihood
and conservation as well (Gezon, 2014; Cobbinah, 2015). Several studies have questioned the authenticity and the
growing buzz of ecotourism. Ecotourism policies are designed to attract consumers’ preferences for recreation. In
that process, revenue generation has become the prime consideration and protection of environmental assets has
been kept aside. This is leading directly to environmental degradation.

The role and efficacy of ecotourism in conservation as well as the promotion of livelihood system of local people in
and around the site are the areas that require further investigation due to the controversies and debates associated
with ecotourism. Some of the addressable questions are: (1) whether the local indigenous communities get benefit
from ecotourism? (2) can ecotourism be a successful conservation tool? These issues may be identified only through
an impact analysis of ecotourism practices. A detailed and intensive study of a particular site can be of much help to
understand the scenario. The present research is an attempt to assess the economic and environmental impact of
ecotourism in some important sites of Odisha, India. Odisha with its rich natural and cultural heritage appear to be
the ones amongst the most attractive tourist states in India. Two famous ecotourism sites from Odisha viz.
Bhitarkanika Wildlife Sanctuary and Chilika Nalaban Sanctuary are considered for the study. The paper is organized

EME 23488

e


http://www.tnsroindia.org.in

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

Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997

Madhumita Das

as follows. Section 2 reviews the literature. Section 3 discusses methodology, followed by results and discussion in
Section 4. Section 5 concludes the paper.

REVIEW OF LITERATURE

Libosada Jr. (2009) believes that ecotourism provides the tangible aspect of conservation as it has been helping save
animals and fragile ecosystems. Particularly for developing countries, poverty and resource degradation are highly
interlinked. Ecotourism provides jobs and opportunities for self-improvement and advancement which can help to
break the vicious cycles of impoverishment, resource degradation, and migration (Durham, 2008). The findings of
Hunt et al., (2015) corroborate the fact that through its commitment for improving local livelihood, ecotourism is
helping in conservation. Reimer & Walter (2013) articulate that the financial benefits from ecotourism that come from
park entrance fees, voluntary donations, environmental conservation levies etc., are targeted directly at conservation.
Nyaupane & Poudel (2011) have finely interwoven the complexity of tourism and biodiversity conservation through
their focus on Chitwan National Park, Nepal. They perceive that as people receive more economic benefits, they take
more pride about their natural resources and tend to preserve these resources. The paper of Abbot et al., (2001)
provides evidence drawn from Kilum-Ijim forest in North West Province, Cameroon. Adoption of Integrated
Conservation and Development Projects (ICDP) has improved the income level and livelihood conditions of the
people. This in turn has positive impact on conservation by changing the attitudes of the people in and around the
forest area.

Ecotourism recognizes the principles of sustainable tourism. It (a) minimizes environmental impact and thus has
a small ecological ‘footprint’, (b) contributes to conservation either through direct effort like reforestation, habitat
restoration, or through financial benefits (Zambrano, Broadbent, & Durham, 2010). Development of forests through
promotion of ecotourism in the reserve also helps in mitigating carbon which can reduce green-house gas emissions,
which is really noteworthy (Badola, 2010). The Costa Rica Certification of Sustainable Tourism (CST) developed by
the Costa Rica Institute of Tourism has also been successful in improving performance of the ecotourism destinations
(Tepelus & Cordobci, 2005). Apparently, such practices have ensured that certain mammals and birds, which became
extremely scarce, can now be observed by residents and tourists with greater frequency (Wunder, 2000).

Julianne & Thomas (2009) endeavor to test the relationship between economic growth, biodiversity loss and efforts to
conserve biodiversity through Environment Kuznets’s Curve (EKC) hypothesis with a combination of panel and
cross section data. The EKC asserts that environmental damage increases initially and then after a certain point of
time it falls with rising income resulting an ‘inverted U’ shaped curve. Nevertheless, a large number of articles posit
ecotourism as not to be very effective in promoting conservation of biodiversity. Many authors consider ecotourism
as an instrument for revenue generation. The word ‘ecotourism’ is to attract customers, and thereby generate more
income. Many PAs in developing countries are found to be poorly planned, with the infrastructure and management
inadequate, and even unsuitable for ecotourism. The following section depicts many problems of ecotourism that
pose threat to successful conservation.

Ecotourism as a business policy

Ecotourism is criticized by several researchers for its inability to insure the long term protection of environmental
assets (Duffy, 2006). The critics claim that ecotourism is only a proxy market designed to attract customers. Ecotourism
policies are designed to attract consumers’ preferences for recreation. In that process, revenue generation has become
the prime consideration and protection of environmental assets has been kept aside. This is leading directly to
environmental degradation. Honey (2008) has therefore claimed in his book “Ecotourism and sustainable
development- Who owns paradise?” that “much of what is marketed as ecotourism is simply conventional mass
tourism wrapped in a thin veneer of green” (pp. 51). The author identifies that ecotourism is still in its “infancy stage’
and therefore a broad set of principles and practices are to be derived that will give a new direction to the so called
ecotourism industry. Many ecotourism sites lack proper infrastructure to consider them as ecotourism sites.
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Scheyvens (2000) cites the case of Himalayan areas, where tourism has resulted in widespread deforestation in some
areas as lodges use wood for heating water and rooms for tourists and cooking meals.

Conflict between biodiversity conservation and ecotourism

The proponents of ecotourism have failed to see the threat caused by such activities. Rise in the number of tourists,
which exceeds the carrying capacity of the place, leads to the very erosion of natural resources for which tourists
come (Drumm, 2008). The more elementary environmental critique against ecotourism is that it is usually based on
extensive use of resources often including overseas transportation with large CO:2 emissions (Buckley, 2004). Lusseau
& Higham(2004) have confirmed that there is a proliferation of tour operators in response to increased tourists’
demand in the case of Doubtful Sound (New Zealand). This has brought tremendous pressures on the population of
bottlenose dolphins the resident in the Sound. With the number of tourists increasing, there is increase in the number
of boats. While many have permits, a large number of vessels do not have permission. It is so because there are
significant commercial disadvantages associated with holding a permit because it ties operators to national
responsibilities. As a result, these vessels venture into the critical zone hampering the habitat and population of
dolphins.

Drum’s viewpoint is awfully perplexing when he considers that conservationists at the ‘Nature Conservancy’ have
identified “tourism as a threat in 78 international conservation area plans because of its effect over the past seven
years” (Drum, 2008: 782). The author has also identified that if the current levels of investment continue, the tourism
boom will simply destroy the biodiversity. Prime habitats will become degraded, wildlife will become scarce, the
quality of the visitor experience will decline, and eventually ecotourism will fail completely as a policy. Even in the
case of Whale watching, Orams (2000) finds that the industry by 1995 has expanded to 65 countries from 12 countries
in 1983. The economic impact from such activities was estimated as more than US$550 million. But the impact of this
industry on the life of these endangered wild animals is very much alarming. The close proximity of the vessels to
the whales, the noise and pollution of the vessels disturb their natural behavioral pattern. Martin’s (2007) review
paper also holds the same notion that the increase of whale shark-based ecotourism has serious impact on their
behavior, habitat, and ecology.

Eijgelaar, Thaper & Peeters (2010) with the example of Antarctic cruise tourism have unfolded that the cruise
passengers tripled from 2000 to 2007. The selling point of such tourism is claimed to create environmental awareness
for the destinations before it disappears and are therefore termed as responsible tourism. However, no evidence of
greater environmental awareness among the tourists after their visit to such places is found by the authors. In many
places increased tourists cause a lot of unsustainable usage (Dixit & Narula, 2010). Moreover such trips produce
higher green-house gasses and result in significant climate change. According to Eijgelaar,Thaper & Peeters (2010),
total emissions per passenger are 7.8 t CO2 per trip and 409 kg CO2 per day. Dawsonet al., (2010) view that the polar
bear viewing industry is estimated to contribute 20,892t/CO: per season which is higher than average activity
emissions. Tourists are more interested to see wildlife, including polar bears, beluga whales, walrus, seals, and
penguins before they disappear completely and in the process also facilitate in the extinction of such endangered
species.

Such paradoxical issues are becoming more important in certain cases as the focus point is more on tourism to
generate revenues in the name of ‘Responsible Tourism’. In the process, environment is getting compromised and
the objective of environmental conservation through ecotourism policy is moving beyond our reach. Thus the role
and efficacy of ecotourism in the conservation of biodiversity and the promotion of livelihood system of local people
in and around the ecotourism spot is a question. The problem is more in a developing country like India where local
communities are dependent on natural resources for their livelihood for ages together.
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The Study Area

Bhitarkanika Wildlife Sanctuary (BKWS),and Nalabana (Chilika) Sanctuary of Odisha have been selected as the
study regions owing to their significance within the ecotourism map of India and specifically in state of Odisha.

Bhitarkanika Wildlife Sanctuary, Odisha

BKWS is located in the Kendrapara District of Odisha in Eastern India (upper segment of the figure). The sanctuary
(declared vide notification No.6958/FF AH Dtd. 22.04.1975) is spread over an area of 672 square kilometers and lies in
the river delta of Brahmani, Baitarani, and Dhamra rivers.

The sanctuary is the second largest mangrove ecosystem in India after the Sunderbans of West Bengal. The park
encompasses an area of 145 sq. km. and has been notified as Bhitarkanika National Park vide Notification No.19686/F
& E dated 16.9.1998 of Forests & Environment Department, Govt. of Odisha. For its rich avi-fauna, it was declared as
a “Ramsar Site” on 19.8.2002.The biodiversity of Bhitarkanika is unique and incomparable in the Country. Out of 72
mangrove and associated species found World over, Bhitarkanika houses 62 of them. The sanctuary in terms of
mangrove vegetation occupies first position in India and second largest after Papua New Guinea. The faunal
diversity in Bhitarkanika is represented by 42 species of reptiles, 5 species of amphibians, 280 species of birds,and 28
species of mammals. Salt water Crocodile (Crocodilus porosus) is the flagship species of Bhitarkanika. Recent report in
Guinness Book of world records suggests that the largest living crocodile in the world is found in Bhitarkanika.
Besides estuarine Crocodile, the Sanctuary is rich in avifauna, mammalian and reptilian population like King Cobra,
Indian Python and Water Monitor Lizard. The avian diversity of Bhitarkanika is unique. As many as 280 species
have been reported from the Sanctuary area. Both resident and migratory birds use this mangrove wetland in some
part of the year or other. Bagagahan, the heronry is largest in Asia according to some sources. About 30,000 resident
water birds nest in a compact area of 4 Ha. The Park attracts about 1, 00,000 migratory birds during winter.
Bhitarkanika has recently made its way to the final list of heritage sites in 2014.(1)

Nalabana (Chilika) Sanctuary, Odisha

Just south of Puri, the sea mixes with the 1100 sq.km inland Chilika Lake to create the largest brackish water lake in
Asia. These shallow waters enclose an immense area of marshes, lowlands, and islands. It abounds with a variety of
fish, crabs, prawns throughout the year and migratory birds make it their home in winter (November through
March). This brackish water lake attracts around 150 species of migratory birds every year during winter and hence
is a bird-watcher's paradise. It is an interesting world of around 158 different species aquatic & wild life including
insects, mollusks, fishes, prawns, amphibians, reptiles, birds and animals. Limbless skink, a rare reptile which was
discovered for the first time from loose soil, attaches much significance to this place. The Lake is dotted with a
number of islands. The Island of Nalabana, 8 km in circumference occupies a unique place in the vast expanse of
Chilika Lake as it happens to be a sanctuary and the central refuge point for the migratory birds.

Kalijai Island is the abode of Goddess Kalijai, venerated by the local fisher folks. This island plays host to a huge fair
on 'Makar Sankranti' held annually in the month of January. The large fishing community adds flavor to the lake.
Rajhansa Island near the confluence of the lake and sea (New Mouth) offers a fantastic beach. The Irawady Dolphins
can be seen playfully cavorting in the channels approaching the sea mouth near Satapada. Some of the Islands bear
romantic names like Honeymoon Island and Breakfast Island.

RESEARCH METHODOLOGY

The study is exploratory in nature and is based on secondary data. Qualitative tools are used in the study for an
elaborate investigation about the impact of ecotourism on the overall development of indigenous communities and
conservation in all four sites. The study has relied on secondary source information for other three ecotourism spots.
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Focus group discussions, thematic and content analysis, and case study methods are used to bring out the contrasts
(if any) at each ecotourism site.

RESULTS

A Case of Nalabana (Chilika) Sanctuary

Nalabana (Chilika) sanctuary is one of the most important natural asset endowments of the State of Odisha.
Managing Chilika entails ensuring conserving its rich biodiversity as well as sustainable livelihoods for communities
dependent on the wetland resource for sustenance. The place was known for Poachers’place due to rampant
poaching activities in the area. The Bird population dwindled to a great extent, but thanks to the efforts of the
conservationists, Chilika has come a long way as narrated by Sharma & Pradhan (2).

The Government of Odisha created the Chilika Development Authority (CDA) in 1991 forunder taking ecosystem
restoration. With financial support of the state government and the Ministry of Environment and Forests,
Government of India, CDA initiated several programs including treatment of degraded catchments, hydro-biological
monitoring, sustainable development of fisheries, wildlife conservation, ecotourism development, community
participation and development and capacity building at various levels. Even ‘An Integrated Management Planning
Framework for Conservation and Wise Use, Kumar & Pattnaik (2012) emphasize on ecotourism for conservation of
Chilika Lake and sustainable development of villagers.

Mangalajodi, a village on the banks of the Chilika Lake now hosts more than 150000 birds reported by Sharma &
Pradhan (ibid). Mangalajodi is now not only home to birds but also represents a critical, one of its kind ecosystem
whose protection is possible because of ecotourism. Through ecotourism, steps have been taken to convert poachers
to conservationists through provision of employment opportunities. Poachers turned conservationists are involved
in regular bird census, habitat management and other scientific studies conducted by State Forest Department and
Other conservation organizations, which helped the locals to earn and also to know more about birds and their
habitats. Protection has benefited not only the participants of ecotourism, but also has benefitted Manglajodi’s birds,
aquatic biodiversity like fishes, snakes, monitorlizards and the elusive Fishing Cat.

Mangalajodi ecotourism aims to inspire, inform and enable communities to turn ecosystems into a sustainable source
of livelihood through well managed tourism instead of exploiting them for short term profits. Project involved
working in three key areas- Capacity Building of the local community through training indomains like Eco-Guiding,
Hospitality and catering, Infrastructure Development and Marketing the venture through different mediums. This
initiative involved establishing an other community based organization called Mangalajodi Ecotourism Society to
caterto larger village needs and involving the youth from the village to manage ecotourismactivities professionally.
The institution is further divided into different teams taking careof different project domains. By protecting,
reconnecting and restoring the life of the Mangalajodi Marshes, this community owned venture is giving a paradigm
shift in conservation.

Mangalajodi ecotourism has tried to follow the principles of ecotourism, by making a positive contribution to
economic betterment of the locals, ecology, and environment. Ecotourism is able to build partnership with different
organizations to initiate development work in different areas. At present Mangalajodi ecotourism has evolved to
support the continuous community conservation initiative. It is now a community owned and managed Ecotourism
initiative started with a vision to support the livelihood of local community without hampering the fragile wetland
Ecosystem. Very recently, Bird protection committee was bestowed with prestigious state “Bijju Patnaik Pakhee
Mitra” (Friends of Birds) Award for conservation and has been designated the status of ‘Important Bird Area’ by
Birdlife International for its importance as a significant global waterfow] habitat (Kumar, Pattnaik & Pattnaik ; 2011).
This shows how successfully ecotourism has been able to manage the nature and local community.
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A case of Bhitarkanika Wildlife Sanctuary

According to a report of Das & Chatterjee (2015) Ecotourism as a policy has been introduced in the era of the 1990s,
when the degradation of biodiversity and natural resources increased and intervention became critical. The major
objective of ecotourism in BKWS is to conserve biodiversity through improved livelihoods of the villagers. After
around two decades, the hotspot is doing really well now in terms of tourism business. The economy of the nearby
villages of Bhitarkanika is characterized by remoteness, absence of electricity and industry, very little development
in terms of infrastructure, communication, market and so on. Villagers have little occupational choice other than
agriculture and fishing. Introduction of ecotourism has undoubtedly opened up different avenues of employment
opportunities for the villagers in such a remote area. As per the authors, locals get an opportunity to work in hotels,
restaurants, patrolling staff, plantation worker, gatekeeper, boat drivers at. Some skilled people work as eco-guides.
Ecotourism has also created opportunity as temporary workers for park related construction and other development
activities With different job opportunities for the villagers, ecotourism has definitely come as an economic rescuer
for many people who do not have a wide avenue of earning due to lack of infrastructure, resources, education,
training and so on. This benefit has led to their dependence on natural resources.

CONCLUSION

Ecotourism aims at the conservation of natural resources through economic development of the indigenous
communities. The protected areas such as wildlife sanctuaries and national parks are formed in remote areas where
the locals depend on the natural resources for their sustenance. The policy measures of ecotourism of Bhitarkanika
and Chillika need to be appreciated for the efforts to link conservation with local development. But there is more
scope to make ecotourism an inclusive approach and therefore the study call for more stringent measures related to
conservation.
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ABSTRACT

Capital structure is connected to corporate financing from various groupings of long term sources which
comprise both insider funds in addition to outsider funds. Capital structure is the most important feature
although measuring the corporate performance for any kind of firm. It is not only significant for the
development of the firms” value but also it is obligatory to continue in the economic situation. Therefore the
assessment of corporate performance of the organization should bring a sign on the way to exploiting
stockholders wealth which is most vital from the investment decision during a particular time horizon. From
the above it is clear that capital structure of an organization have an important impact on corporate’s
performance. Consequently, this study is connected to examine the impact of capital structure on corporate
performance of six software companies in India for last five years from 2015-16 to 2019-20. The study considers
four corporate performance measures as dependent variables two main capital structure ratios are as
independent variables. The data has composed from secondary sources and composed data has been inspected
by different tools like descriptive statistics, correlation and regression analysis for examining the impact of
capital structure on corporate performance of six software companies in India for last five years from 2015-16
to 2019-20.

Keywords: Capital Structure, Corporate Performance, Capital Structure Ratio, Corporate Performance Ratios,
Software Companies, Correlation, Regression

INTRODUCTION

One of the most significant tasks of a finance manager is to make the finest capital structure; which will provide
higher return with lower cost. Capital structure is connected to corporate financing from various sources of long
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term sources which comprise both insider funds in addition to outsider funds. Capital structure is the most
important feature although measuring the corporate performance for any kind of firm. It is not only significant for
the development of the firms’ value but also it is obligatory to continue in the economic situation. Corporate
performance is most important features, which recognize the corporate profitability as well as position from the
company’s investment. Consequently it is significant for the firm to perform better, earn more profit then cost in the
competitive environment (Owolabi and Obida, 2012). The foremost problematic in framing capital structure is to
realize various types of funds in addition to their proportion in the capital structure for achieving higher returns
with less risk (Dada and Ghazali, 2016; Gambo et al., 2016). Subsequently, this study is connected to investigate the
effect of capital structure on financial performance of six software companies in India for the last five years from
2015-16to 2019-20.

LITERATURE REVIEW

Berger and Di Patti (2006) clarified that with the help of financial leverage in the firm cost of capital can be
minimised. Higher debt will reduce the transactions cost in addition to this the firm can accomplish the objectives of
shareholders wealth maximization. Conversely Efobi (2008) defined capital structure is mostly alienated into own
finds in addition to borrowed funds. Firm sale ordinary shares and distributes profit to the owners of the firm.
However Thenetu, Iwo and Ebiware (2016) suggested that firms utilises borrowed fund and funds from the share
holders for the long term investment actions.

While, Owolabi and Obida (2012) analysed and mentioned that there are many measures used by the company to
know the financial performance. Then again Lambe (2014); Odi (2014); Nirajini and Priya (2013); Salawu (2009)
explained that debt ratio of the company can be taken to decide external financing. Company making profit but less
growth opportunities can use moderate debt than issuing shares as debt is less costly than equity share. On the other
hand Oyakhilome, Ibhaguia and Felicia (2018) in their research mentioned there is a positive impact of different
capital structure on financial performance. Correspondingly, Hoang (2015) examined the 150 Vietnamese listed
manufacturing companies and found that the impact of short term debt has positive significant effect on
performance of firm whereas long term debt has insignificant effect on performance of firm. While, Olokoyo (2013)
observed from 101 companies and found that financial structure has positive as well as significant relationship with
firms’ performance.

On the other hand Patjoshi and Nandini (2019) studied the trends of liquidity management and their impact on
financial performance of CIPLA and SUN PHARMA. Similarly Patjoshi and Nandini (2019) examined the
interrelationship between capital structure and financial performance of ACC while Patjoshi and Nandini (2019)
examined the comparative financial performance of Hindustan Unilever and Nestle India. Whereas Patjoshi (2016)
analysed the financial performance of HINDLCO and NALCO similarly Patjoshi (2018) analysed liquidity
management and financial performance practices by ONGC and IOCL. Likewise Patjoshi (2014) investigated
financing pattern and utilisation of fixed assets of fertilizer industries in India. While Nandini (2017) studied the
impact of capital structure on financial performance of Tata Motor similarly Nandini (2013) examined the financing
pattern and utilisation of fixed assets: case on Tata Steel and SAIL.

Objectives of the Study

The objectives of the study are To study the capital structure and corporate performance of sixsoftware companies in

India for the last five years from 2015-16 to 2019-20.

e To analysis the impact of capital structure on corporate performance of software companies in India from 2015-16
to 2019-20.
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METHODOLOGY OF THE STUDY

For reviewing the stated exploration objectives the data has been collected from secondary sources. The data has
been collected from the financial statements, available in different websites of six software companies in India for the
last five years from 2015-16 to 2019-20. The research considers four corporate performance measures, including Net
Profit Margin (NPM), Return on Equity (ROE), Return on Total Assets (ROTA), and Return on Investment (ROI) as
dependent variables and two capital structure ratios including Total Debt Equity Ratio (TDER) and Long Term Debt
Equity Ratio (LTDER) as independent variables. The sample six software companies for the study are HCL
Technologies, Tata Consultancy Services, Infosys, Tech Mahindra, Mind tree and Mphasis.

DATA ANALYSIS AND DISCUSSION

Descriptive Analysis of Capital Structure Ratio and Corporate Performance Ratio of six Software Companies in
India

From the table-], it can observe that the two independent variables TDER and LTDER of six software companies have
logged mean value of 0.42 and 0.05and standard deviations of 0.13 and 0.05respectively for the study period Both
TDER and LTDER variables are positively skewed. LTDER has recorded positive kurtosis value while TDER has
recorded negative kurtosis value for the study period. From Table-, it revels among four dependent variables of six
sample software companies that measure the firms’ performance, NPM has the lowermost mean (0.16) but ROI has
the uppermost mean (0.29). Conversely ROI has the higher volatility which equal to 0.12 while the volatility of NPM
is the lower (0.05). All profitability ratios are positively skewed. ROE as well as ROI have much superior excess
kurtosis than NPM in addition to ROTA.

Analysis of Correlation of Capital Structure Ratio and Financial Performance Ratio of top six Software
Companies in India

Correlation result does the association among capital structure and financial performance ratio of six software
companies discussed in Table-IL. It can find out that both capital structure ratios TDER and LTDER of software
companies are negatively correlated to all corporate performance ratios (NPM, ROE, ROTA and ROI). While NPM (-
0.79) correlation is found to be lowermost as compare to other corporate performance ratios for the study period.

Regression Analysis Net Profit Margin and Capital Structure Ratio

Table-III shows the regression result considering NPM as dependent variable with the capital structure ratios as
independent variables. The goodness of fit significances of standard linear multiple regressions through NPM as the
dependent variable and various factors as predictors, the model result and model coefficients have shown in table-
III. The R Square (0.64) in addition to adjusted R Square (0.61) indicate that there is moderate deviation in NPM is
expressed by the independent variables involved in the model. The ANOVA result shows that there is a statistically
significant association as the F value of 23.49 and a P-value < 0.05. TDER has a negative coefficient and P value of
0.00(less than 5%) means that there is a negative but statistically significant relationship between NPM and TDER at
5% levels. Whereas LTDER has a negative coefficient and P value of 0.56(more than 5%) indicates that there is a
negative and statistically insignificant relationship among NPM and LTDER at 5% levels.

Regression Analysis Return on Equity and Capital Structure Ratio

Table-IV shows the regression result considering ROE as dependent variable with the capital structure ratios as
independent variables. The goodness of fit significances of standard linear multiple regressions through ROE as the
dependent variable and various factors as predictors, the model result and model coefficients have shown table-IV
The R Square (0.26) as well as adjusted R Square (0.21) designate that there is very low deviation in ROE is
formulated by the independent variables involved in the model. The ANOVA result shows that there is a statistically
significant association as the F value of 4.86 and a P-value < 0.05. TDER has negative coefficient as well as P value of
0.52(more than 5%) indicates that there are negative and statistically insignificant relationship between ROE and
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TDER. Similarly LTDER has a negative coefficient and P value of 0.24(more than 5%) indicates that there is a
negative as well as statistically insignificant relationship between ROE and LTDER at 5% levels

Regression Analysis Return on Total Assets and Capital Structure Ratio

Table-V shows the regression result considering ROTA as dependent variable with the capital structure ratios as
independent variables. The goodness of fit significances of standard linear multiple regressions through ROTA as the
dependent variable and various factors as predictors, the model result and model coefficients have shown table-V
The R Square (0.37) in addition to adjusted R Square (0.32) designate that there is low deviation in ROTA is
expressed by the independent variables involved in the model. The ANOVA result shows that there is a statistically
significant association as the F value of 7.94in addition to a P-value < 0.05. TDER has a negative coefficient as well as
P value of 0.51(more than 5%) indicates that there is a negative as well as statistically insignificant relationship
among ROTA and TDER at 5% levels. Similarly LTDER has a negative coefficient in addition to P value of 0.10(more
than 5%) indicates that there is a negative as well as statistically insignificant relationship between ROTA and
LTDER at 5% levels.

Regression Analysis Return on Investment and Capital Structure Ratio

Table-VI shows the regression result considering ROI as dependent variable with the capital structure ratios as
independent variables. The goodness of fit significances of standard linear multiple regressions through ROI as the
dependent variable and various factors as predictors, the model result and model coefficients have shown table-VI.
The R Square (0.32) as well as adjusted R Square (0.27) show that there is low deviation in ROI is expressed by the
independent variables involved in the model. The ANOVA result shows that there is a statistically significant
association as the F value of 6.28 in addition to a P-value < 0.05. TDER has a negative coefficient as well as P value of
0.24(more than 5%) indicates that there is a negative as well as statistically insignificant relationship between ROI
and TDER at 5% levels. Similarly LTDER has a negative coefficient in addition to P value of 0.37(more than 10%)
indicates that there is a negative and statistically insignificant relationship between ROI and LTDER at 5% levels.

CONCLUSION

Capital structure is the most important feature for measuring the corporate performance for any kind of firm.
Therefore, this study is connected to examine the impact of capital structure on corporate performance of six
software companies in India for last five years from 2015-16 to 2019-20. The study considers four corporate
performance measures as dependent variables two main capital structure ratios are as independent variables. The
capital structure ratios TDER and LTDER of software companies are negatively correlated to all financial
performance ratios (NPM, ROE, ROTA and ROI). It can observe from regression analysis for NPM with capital
structure ratios designate with both TDER and LTDER have negative coefficient while TDER is statistically
significant relationship with NPM and LTDER has statistically insignificant relationship with NPM at 5% levels.
Whereas it can observe from regression analysis of ROE, ROTA and ROI with capital structure ratios designate that
both TDER and LTDER have negative and statistically insignificant relationship withROE, ROTA and ROI at 5%
levels.
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Table-I Descriptive Analysis of Capital Structure Ratio and Corporate Performance Ratio of six Software

Companies in India

Particulars | Mean | Standard Deviation | Kurtosis | Skewness
TDER 0.42 0.13 -0.44 0.11
LTDER 0.05 0.05 0.32 0.88
NPM 0.16 0.05 -1.41 0.10
ROE 0.23 0.06 0.74 0.74
ROTA 0.22 0.07 0.40 0.79
ROI 0.29 0.12 1.22 1.56

Table-II Correlation Matrix of Capital Structure Ratio and Corporate Performance Ratio of six Software

Companies in India

Particulars | TDER | LTDER | NPM | ROE | ROTA | ROI
TDER 1.00
LTDER 0.82 1.00
NPM -0.79 -0.69 1.00
ROE -0.47 -0.50 0.73 | 1.00
ROTA -0.55 -0.60 0.77 | 0.99 1.00
ROI -0.54 -0.53 0.69 | 0.89 0.90 1.00

Table-III Regression Results for Net Profit Margin as Dependent Variable

Multiple R R Square Adjusted R Square | Standard Error
Model Summary

0.80 0.64 0.61 0.03

Goodness of Fit — SS MS F Significance F
ANOVA 0.04 0.02 23.49 0.00

Regression Coefficients
Particulars Coefficients | Standard Error t Stat P-value

Intercept 0.26 0.02 11.08 0.00
TDER -0.25 0.07 -3.39 0.00
LTDER -0.12 0.20 -0.60 0.56

Table-IV Regression Results for Return o

n Equity as Dependent Variable

0

Multiple R | R Square Adjusted R Square | Standard Error
Model Summary

0.51 0.26 0.21 0.06
Goodness of Fit - | SS MS F Significance F
ANOVA 0.03 0.02 4.86 0.02
Regression Coefficients
Particulars Coefficients | Standard Error | tStat P-value
Intercept 0.28 0.04 6.33 0.00
TDER -0.09 0.14 -0.65 0.52
LTDER -0.46 0.39 -1.20 0.24
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Table-V Regression Results for Return on Total Assets as Dependent Variable

o
Y

Multiple R R Square Adjusted R Square | Standard Error
Model Summary
0.61 0.37 0.32 0.06
Goodness of Fit - SS MS F Significance F
ANOVA 0.05 0.02 7.94 0.00
Regression Coefficients
Particulars Coefficients | Standard Error t Stat P-value
Intercept 0.28 0.04 6.44 0.00
TDER -0.09 0.13 -0.66 0.51
LTDER -0.64 0.38 -1.69 0.10
Table-VI Regression Results for Return on Investment as Dependent Variable
Multiple R R Square Adjusted R Square | Standard Error
Model Summary
0.56 0.32 0.27 0.11
Goodness of Fit — SS MS F Significance F
ANOVA 0.14 0.07 6.28 0.01
Regression Coefficients
Particulars Coefficients | Standard Error t Stat P-value
Intercept 0.45 0.08 5.29 0.00
TDER -0.31 0.26 -1.20 0.24
LTDER -0.67 0.73 091 0.37
%
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ABSTRACT

Stock market plays significant role of economy development of the country. Investors use to invest in
various financial securities in the Stock market by expecting a high return in future. Investment in stock
market involves future uncertainties as well as unexpected risks. Irregularity in stock market also called
as volatility. The stock market comprises maximum volatility which leads to maximum risk in the stock
market. Consequently, this study mainly related to measurement of volatility pattern of the banking
companies in Indian stock market. The study considers the daily closing price of different indices of
Sensex as well as selected banking companies in India. For investigating the objectives the data has been
self-possessed from secondary source (BSE website) over a period of 10 years from 1*January 2010 to
31stDecember 2019.

Keywords: Volatility, Sensex, Banking Companies, Beta, Correlation and Regression

INTRODUCTION

Stock market plays significant role of economy development of the country. Investors use to invest in various
financial securities in the Stock market by expecting a high return in future. Two most significantvariablesshould
consider while investing in the stock market are risk and return. Investment in stock market involves future
uncertainties and unexpected risks. Irregularity in stock market also called as volatility. The stock market comprises
maximum volatility which leads to maximum risk in the stock market. When the deviation between actual return
and expected return is more volatility is more. So measurement of volatility is very important for the investors for
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investment. In India Bombay Stock Market (BSE) in addition to National Stock Market (NSE) are two significant
stock markets. Once there is arising or sliding drive in the Indian stock market the stock prices similarlydisplays up
and downs movements.

REVIEW OF LITERATURE

Samanta (2003) examined the volatility in Indian stock market over a period from 1993 to 2002. The study shows that
historical prices of stocks affect the volatility in stock market. And while volatility is bigger the return is also higher
during the study period. Although Chang-Jin, James and Charles (2004) studied the stock market volatility by
considering from 1996 to 2000 and strained to discover whether there is any positive associationamong equity
premium and volatility. Conversely Balaban and Bayar (2005) explored by investigating 14 countries. The study has
taken stock market return as well as made the forecast of volatility during 1987 to 1997. Correspondingly Sarkar and
Banerjee (2006) inspected the Indian stock market by considering the day wise stock prices in each five minutes break
from NSE. They considered from 1% June 2000 to 30" January 2004 and used GARCH model for the analysis. While
Tripathy, Prakash and Arora (2009) examined in the Indian Stock market by captivating data of BSE Sensex from
January 2005 to June 2009. This research considered various variables like leverage, stock returns, trade and volatility
for the investigation. Conversely Nicholas and Nicholas (2011) examined in European stock market for finding the
variation of volatility in the disasters situation and found the stocks demonstrate negative as well as statistically
insignificant leverage possessions. Whereas Gahan, Mantri, Parida and Sanyal (2012) examined the volatility in
Indian stock market for both pre as well as post derivative period and found that the present news cast has
additional effect in the volatility.

Conversely Patjoshi (2011) examined volatility in Indian stock market by taking various indices of BSE and NSE.
Similarly Nandini, Patra, Mishra (2012) studied the volatility by finding month of the year effect and also day of the
week effect. They have used statistical techniques and GARCH (1,1) model for the analysis. They found there is a
significant difference in the return of the days of the week. Similarly Nandini (2013) analysed to find the volatility in
the Indian stock market. She also found that there is a significance difference in the return of days of the week in
different stock exchanges. Conversely, Patjoshi (2016) has done the research in Indian stock market. He has taken
Sensex and banking stocks indices to find the risk and return for the analysis. Similarly; Patjoshi and Tanty (2016)
analysed the stock market volatility in BSE and NSE of India while Patjoshi and Tanty (2017) scrutinizes the volatility
of 30 companies of BSE SENSEX. They have taken daily return into consideration to find the volatility.

Alternatively Patjoshi (2016) investigated the issue and challenges faced by the Indian Stock Market while Patjoshi
(2016), scrutinized suitable day in a week for investment, in the BSE. On the other hand Patjoshi and Nandini (2020)
have done their research by taking the closing value of Sensex and different steel companies for the period from 2010
to 2019. They have used descriptive statistics, t test and correlation for the analysis. They found that Sensex average
daily return is positive whereas all the sample companies return is negative. Also the volatility is more for the
sample companies than Sensex. Similarly Patjoshi and Nandini (2020) analysed the day of the week effect in Indian
stock market from the period 2000 to 2018 by taking the returns of Indices of BSE. They have used descriptive
statistics and GARCH model for the study. They found a statistically significant return in the days of a week.
Therefore, this study mainly related to measure measurement of volatility pattern of the banking companies in
Indian stock market.

Objectives of the Study:

The study is based on the following objectives.

a) To study the measurement of volatility pattern of the banking companies in Indian stock market.
b) To analyse effect of volatility pattern of selected banking companies on Indian stock market.
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Methodology and Tests Used in the Study

The main objective of the study theme asurement of volatility pattern of the banking companies in Indian stock
market and their effect on Indian stock market. Sensex has been considered as an indicator of Indian stock market
while ten selected banking companies i,e. HDFC Bank (HDFC), State Bank of India (SBI), ICICI Bank (ICICI), Axis
Bank (Axis),, Kotak Mahindra Bank (Kotak) ,Indusind Bank (Indusind), Yes Bank (Yes), Punjab National Bank
(PNB), Bank of Baroda (BOB) and Bank of India (BOI) have been well-thought-out for the study of measurement of
volatility pattern of the banking companies in Indian stock mark. The study considers the daily closing price of
different indices of Sensex as well as selected banking companies in India. For investigating the objectives the data
has been self-possessed from secondary source (BSE website) over a period of 10 years from 1¢ January 2010 to 31%
December 2019. Different tools like Mean, Standard deviation, Skewness, Kurtosis correlation and regression are
used to study the measurement of volatility pattern of the banking companies in Indian stock mark.

Data Analysis and Discussion

Descriptive Analysis of Sensex and Selected Banking Companies in India

Table-1 shows the descriptive analysis of Sensex in addition to selected banking companies in India. It can find out
from table-1 that, out of ten banking stocks two banking stocks have positive mean returns although eight stocks
have negative mean returns designed for the study period. It can be experiential that the mean return of Indusind
bank (0.10) is upper most and mean return of PNB (-0.11) is bottommost compare to other banking stocks.
Consequently top two better players in banking industry are Indusind bank (0.10) and Kotak bank (0.03). In contrast
the bottom most two players in banking industry are PNB (-0.11) and SBI (-0.08). On the other hand, the standard
deviation (volatility) logged maximum for SBI where as it is minimum for Indusind bank then other banking stock
over the period under study. It also can be found from the table that the two larger volatile banking stocks are SBI
(5.02) and Yes bank (4.48),however two slighter volatile banking stocks are Indusind bank (1.99) and Kotak bank
(2.52). Although by examining the Sensex related to banking stock return, it can practical that Sensex has provided
healthier return than all sample banking stock except Indusind bank and Kotak bank during the study period.
Alternatively Sensex return include slesser volatile then as related to all sample banking stock over the study period.

Analysis of Correlation between Sensex and Selected Banking Companies in India

Table-2 pronounces the correlation amongst Sensex and banking stocks in from 1sJanuary 2010 to 31t December
2019. It can depict from table-2 that Sensex is positively correlated with all banking stocks’ returns. The upper two
banking stocks those are exceptionally correlated with Sensex are Indusind bank (0.58) and BOI (0.55). Whereas, the
bottom two banking stocks those are less correlated with Sensex returns are SBI and (0.26)and HDFC (0.25).

Analysis of Beta with Reference to Sensex

The betas (market volatility) of sample banking stock in India related to Sensex haveexplained in table-3. It found
from table-3 that the two less risky banking stocks with smaller Beta are HDFC bank (0.99) and Kotak bank (1.05)
whereas the two high risk banking stocks with maximum Beta are BOI (1.54) and Yes bank(1.55).

Analysis of Regression Results for Returns on Sensex Dependent Variable and Various Banking Companies in
India as Predictors

Table-4 replicates the regression study between Sensex returns as dependent variable with the sample banking
stocks returns from Bombay stock market in India as independent variables. It reveals from table-4 that F-statistics
value of 308.04(P<0.05) demonstrate that the independent variables are jointly statistically significant at 5% level. The
regression study specifies that the coefficients of Indusind bank, BOI and Kotak bank’s stocks noted higher
coefficients where as SBI, Yes bank, BOB and PNB stocks have notedsmaller coefficients. Therefore the returns of
Indusind bank, BOI and Kotak bank’s stocks are really impact the Sensex return. Nevertheless SBL, Yes bank, BOB
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and PNB banking stocks return have slighter impact on Sensex return. The regression model discloses that all
banking stocks’ returns are statistically significant association amongst Sensex return (Sig. < 0.05) except PNB.

CONCLUSION

This study is associated to examine the measurement of volatility pattern of the banking companies in Indian stock
market. The study considers the daily closing price of different indices of Sensex as well as selected banking
companies in India. For investigating the objectives the data has been self-possessed from secondary source (BSE
website) over a period of 10 years from 1% January 2010 to 31t December 2019. The descriptive consequence shows
that the two better stocks in banking industry are Indusind bank and Kotak bank while the bottommost two stocks in
banking industry are PNB and SBI. On the other hand the two larger volatile banking stocks are SBI and Yes bank;
however two slighter volatile banking stocks are Indusind bank and Kotak bank. Sensex has provided healthier
return than all sample banking stock except Indusind bank and Kotak bank also Sensex return includes lesser
volatile then as related to all banking stock over the study period. Correlation result displays that Sensex is positively
correlated with all banking stocks” returns. It found from beta anslysis that the less risky banking stocks are HDFC
bank and Kotak bank whereas the high risk banking stocks with maximum beta are BOI and Yes bank.The regression
study specifies that the coefficients of Indusind bank, BOI and Kotak bank’s stocks noted higher coefficients whereas
SBI, Yes bank, BOB and PNB stocks have noted smaller coefficients. Therefore the returns of Indusind bank, BOI and
Kotak bank’s stocks are really impact the Sensex return. Nevertheless SBI, Yes bank, BOB and PNB banking stocks
return have slighter impact on Sensex return. The regression model discloses that all banking stocks” returns are
statistically significant association amongst Sensex return (Sig. < 0.05) except PNB.
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Table 1: Descriptive Analysis of Sensex and Selected Banking Companies in India

Particulars | Mean | Standard Deviation | Kurtosis | Skewness | Minimum | Maximum
Sensex 0.03 0.95 2.00 -0.10 -6.12 5.19
HDFC -0.01 3.74 1415.00 -34.41 -160.39 8.67

SBI -0.08 5.02 1726.97 -37.92 -228.23 24.36
ICICI -0.02 3.78 1297.12 -30.58 -160.05 13.71
Axis -0.01 3.83 1274.85 -30.22 -161.31 14.53
Kotak 0.03 2.52 407.60 -15.21 -70.08 8.51
Indusind 0.10 1.99 2.12 -0.04 -8.90 10.20
Yes -0.07 4.48 669.83 -18.83 -160.60 28.49
PNB -0.11 4.01 945.26 -23.82 -156.98 37.98
BOB -0.07 4.05 1023.06 -25.46 -161.69 27.36
BOI -0.07 2.68 8.24 0.55 -17.19 29.24
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Table-2: Correlation of Sensex and Selected Banking Companies in India
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Particulars | Sensex | HDFC | SBI | ICICI | Asis | Kotak | Indusind | Yes | PNB | BOB | BOI
Sensex 1.00

HDEC 0.25 1.00

SBI 0.26 0.06 1.00

ICICI 0.38 0.08 0.13 | 1.00

Axis 0.36 0.10 013 | 0.19 1.00

Kotak 0.39 0.12 0.04 | 0.14 0.16 1.00

Indusind 0.58 0.18 0.19 0.24 0.26 0.31 1.00

Yes 0.33 0.10 0.12 0.15 0.17 0.17 0.35 1.00

PNB 0.29 0.06 0.18 0.15 0.14 0.13 0.22 0.17 | 1.00

BOB 0.30 0.06 0.18 0.17 0.13 0.13 0.21 0.17 | 0.26 | 1.00

BOI 0.55 0.13 0.30 0.27 0.27 0.23 0.41 0.31 | 044 | 043 | 1.00

Table-3: Beta Coefficient of Banking Companies in India

Particulars | Beta | Rank
HDEC 0.99 1
Kotak 1.05 2

Indusind | 1.21 3
PNB 1.23 4
BOB 1.26 5

SBI 1.35 6
Axis 1.44 7
ICICI 1.49 8

BOI 1.54 9

Yes 1.55 10

Table 4: Regression Results for Sensex as Dependent Variable and Various Banking Companies in India as

Predictors
Model Multiple R R Square Adjusted R Square Standard Error
Summary 0.75 0.56 0.55 0.64
Goodness of SS MS F Significance F
Fit—- ANOVA 1246.29 124.63 308.04 0.00
Regression Coefficients
Particulars Coefficients Standard Error t Stat P-value
Intercept 0.03 0.01 2.27 0.02
HDEFC 0.03 0.00 7.83 0.00
SBI 0.01 0.00 4.46 0.00
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ICICI 0.04 0.00 11.07 0.00
Axis 0.03 0.00 8.68 0.00
Kotak 0.07 0.01 12.13 0.00
Indusind 0.14 0.01 18.69 0.00
Yes 0.01 0.00 3.48 0.00
PNB 0.01 0.00 1.55 0.12
BOB 0.01 0.00 2.28 0.02
BOI 0.09 0.01 13.46 0.00
S 1
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ABSTRACT

From the review of extant literature, we came to believe that there are empirical evidences on the existing
interrelationship between macroeconomic variables on international trade and movement of capital
market. On the basis of movements in macroeconomic variables of any economy, we can actually predict
the capital market. Now, in order to identify how macroeconomic variables in relation to international
trade in this context, and explore relationship of these with capital market the present study has been
undertaken.

Keywords: Indian Economy, Cointegration, Granger Causality

INTRODUCTION

For many years, the focus of literature in the field of financial economics has been on the interrelationship between
capital market and the macroeconomic variables in the economies. Every one of us knows it well that stock markets
being a legitimate representative of the capital market in the country enhances liquidity and provides fund for
industrialization which acts as the life blood of economic development. Stock market positions are essentially
random which are generally believed to be affected by national and international news related to the economy.
Consequent to the daily stock market positions, investors’ daily gains or losses are determined and these are
basically a variety of events which are not possible to anticipate those actually establishes the stock market positions.

It is however true that the stock index positions are determined by demand and supply of stocks listed in it. Price of
a stock increases if its demand increases and conversely if people lose confidence on a particular stock, then its price
declines. Hence, the price of a stock reflects its demand and peoples’ confidence on it. Overall demand for stocks and
confidence of people on them is determined by many factors including macroeconomic variables in the country. In
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order to identify and measure the relationship between macroeconomic variables and stock market movement, usage
of regression analysis by the technique of ordinary least squares (OLS) is not recommended because neither
macroeconomic variables nor stock market positions are generally found to be stationary over time. In such a
situation when we deal with non-stationary time series data sets, there is an extremely useful econometric tool
developed by Granger (1986) that facilitates to analyze long-run relationships and that is popularly known as ‘the
cointegration approach’. Additionally, the vector error correction mechanism (VECM) which is generally accepted as
a useful extension of the cointegration approach allows for examining the adjustments among cointegrated time
series data sets those are happening in the short run while they are moving towards the long run equilibrium. Apart
from it the implementation of Granger causality models gives insights about the cause and effect relationships
between time series data sets in context.

Research Objectives

The present study has been undertaken with the following objectives:

1. To identify the most useful macroeconomic variables on international trade in the context of present study; collect
data on them and on stock indices of India.

2. To explore relationship between selected macroeconomic variables on international trade and the stock market
movements in India.

Research Hypotheses
The following null (HO) and alternative (H1) hypotheses have been formulated in the present study to be tested in
this study:

1. HO: Time series return of the selected indices and macroeconomic variables on international trade follow

normal distribution with skewness and kurtosis  as zero and three  respectively.
H1: Time series return data of the selected indices and macroeconomic variables under consideration do
not follow normal distribution with skewness and kurtosis different from zero and three respectively.

2. HO: The returns distributions of the selected indices and macroeconomic variables on international trade are not
stationary i.e. mean, variance or both are not constant.
H1: The returns distributions of the selected indices and macroeconomic variables are stationary i.e. mean,
variance or both are constant.

3. HO: There is no co-integration between selected indices of India and macroeconomic variables on international
trade.
H1I: There is co-integration between selected indices of India and macroeconomic variables.

4. HO: There is no causality between selected indices of India and macroeconomic variables on international
trade.
H1: There is causality between selected indices of India and macroeconomic variables.

Variables on International Trade and Capital Market

After the review of extant literature, the following macro economic variables on international trade have been taken
into account so that the cointegration between can be explored. The following are the meaning of the above listed
macroeconomic variables as described by World Bank.

Export value index (2000 = 100): Export values are the current value of exports (f.0.b.) converted to U.S. dollars and
expressed as a percentage of the average for the base period (2000). UNCTAD's export value indexes are reported for
most economies. For selected economies for which UNCTAD does not publish data, the export value indexes are
derived from export volume indexes (line 72) and corresponding unit value indexes of exports (line 74) in the IMF's
International Financial Statistics.
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Import value index (2000 = 100): Import value indexes are the current value of imports (c.i.f.) converted to U.S.
dollars and expressed as a percentage of the average for the base period (2000). UNCTAD's import value indexes are
reported for most economies. For selected economies for which UNCTAD does not publish data, the import value
indexes are derived from import volume indexes (line 73) and corresponding unit value indexes of imports (line 75)
in the IMF's International Financial Statistics.

Lending interest rate (%): Lending rate is the bank rate that usually meets the short- and medium-term financing
needs of the private sector. This rate is normally differentiated according to creditworthiness of borrowers and
objectives of financing. The terms and conditions attached to these rates differ by country, however, limiting their
comparability.

Along with the above variables, as a representative of the stock market the BSE 500 has been taken. The period for
which the analysis has been done is 20 years starting from 1999 and ending on 2018.

Research Design

For the test of normality of each of the above time series data sets the Jarque Bera (JB) Test has been implemented.
Then in order to test the stationarity of the series in consideration Augmented Dickey Fuller (ADF) Test has been
implemented. Further, in order to cross verify the results Philips and Perron (PP) Test has been implemented. After
it, for detecting cointegration the technique developed by Granger (1986) has been implemented and then the
Granger causality got implemented for knowing the cause and effect relationships.

Key Findings

The following is the data on the four variables considered in the present study. The JB Test results revealed that
none of the time series under consideration are following a normal distribution. Hence, the first null hypothesis that
Time series return of the selected indices and macroeconomic variables follow normal distribution with skewness
and kurtosis as zero and three respectively has been rejected.

Then, the ADF Test and PP Test both revealed that the time series under consideration are integrated of order ‘1" i.e. I
(1). It means the data sets are becoming stationary after taking their first difference while they are remaining non-
stationary in their original forms. But, since all the data sets are found to be integrated of same order it is a green
signal for going forward for a test of cointegration. Then, the test of cointegration by taking BSE 500 as dependent
variable and individually the macroeconomic variables as independent variables one by one shown that there is
cointegration between BSE 500 and Lending interest rate (%), export and import. And the Granger causality test
results shown that lending interest rates granger causes the stock market positions.

CONCLUDING REMARKS

From the above findings, it is evident that there is a relationship between macroeconomic variables on international
trade and capital market. It has been also found that stock market positions are affected by lending interest rates in
Indian economy and not by the level of exports and imports. However, there is a limitation of this study which is
that it has not considered much number of macroeconomic variables on international trade for analysis. This
limitation is expected to be fulfilled in future researches.
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Table 1 Data on Selected Macroeconomic Variables on International Trade and Capital Market
Years Variables
International Trade Capital Market
Export Import Interest Rate BSE 500
1999 84.16 91.18 12.54 1791.44
2000 100.00 100.00 12.29 1304.66
2001 102.32 97.81 12.08 1005.82
2002 116.21 109.69 11.92 1176.73
2003 139.13 140.83 11.46 2366.36
2004 180.86 193.65 10.92 2779.65
2005 235.06 277.29 10.75 3795.96
2006 287.42 346.27 11.19 5270.76
2007 354.32 445.18 13.02 8592.43
2008 459.73 623.09 13.31 3596.85
2009 389.13 499.20 12.19 6842.25
2010 534.11 679.76 8.33 7961.06
2011 714.75 901.47 10.17 5778.68
2012 700.41 950.44 10.60 7581.57
2013 74293 903.28 10.29 7828.34
2014 761.44 898.45 10.25 10721.62
2015 631.07 76251 10.01 10634.22
2016 623.29 701.06 9.67 11036.44
2017 706.18 870.34 9.51 15002.73
2018 768.21 991.14 9.45 14540.39
Source: www.worldbank.org and www.bseindia.com
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Table 2 Descriptive Statistics and JB Test Results of Variables

Var. Mean Median SD Skew. Kurt JB p
Export 431.54 42443 260.45 -0.05 -1.72 2.14 0.34
Import 529.13 561.14 335.92 -0.07 -1.67 2.06 0.35

Interest Rate 11.00 10.83 1.33 -0.01 -0.67 0.53 0.76
BSE500 6480.40 6310.47 4343.05 0.49 -0.68 1.21 0.54
Note: Null Hypothesis: The time series data set follows normal distribution Alternative
Hypothesis The time series data set do not follow normal distribution Source:
www.worldbank.org and www bseindia.com, Compiled from E-Views Output
Table 3 ADF Test Results of BSE 500 and Selected Macroeconomic Variables
Var. Level Data First Difference
Critical Critical
CO‘I;; I;:;Ed Value@ Null Hyp. CO‘I;; Il)]?:ed Value@ Null Hyp.
5% Level 5% Level
Export -3.45 -3.67 Accepted -3.91 -3.67 Rejected™
Import -1.83 -3.67 Accepted -3.71 -3.67 Rejected*
Interest -3.41 -3.67 Accepted -4.64 -3.67 Rejected”
BSE500 -3.89 -3.67 Accepted -5.34 -3.67 Rejected*
Note: Null Hypothesis: There is unit root, Alternative Hypothesis: There is no unit root *’ Integrated

of Order 1, Source: www.worldbank.org and www.bseindia.com, Compiled from E-Views Output
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ABSTRACT

The purpose of the article is to carry out an in-depth analysis of career development theories and to know
the practical implications in modern organizations. Content analysis method has been implemented for
studying published literature on career theories. The outcome of the study shows that no single theory
can be applicable to all situations and necessitates a combination of approach. Moreover, the factors
emphasised by different theories that regulate a person changes very often with the changing
organizational contours in this volatility, uncertainty, complexity, and ambiguity (VUCA) world. As a
result, the organizations need to adapt with the changing scenario with an appropriate modified model
to reap the benefit of career development. The study is limited to only five career development theories
and the theories are analysed on the evidences collected from secondary sources. This study provides an
insight into the changing professional world with individual coping strategies to the volatile work
environment. It prescribes a path towards occupational growth and professional wellbeing for an
individual. It also attempts to provide systematic steps to create a platform for career development of
employees.

Key words: Career development, process theories, content theories, process-content theories

INTRODUCTION

Career development theories show the various paths towards improving professional growth and the career
trajectory followed by individuals for an overall job satisfaction and goal achievement. Understanding these theories
is an essential step in determining the strengths, weaknesses, fundamental values, and desirable path that are
operative while choosing a career. There are various types of career development theories that focus on different
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factors, and quite dissimilar to one another. Still all the theories recognise the importance of cultivating a positive emotional
relation with work or work environment for developing and achieving a meaningful professional goal. Career development
theories can be divided into four categories: by using trait factor, a proper match between individual traits to
occupations is focused upon (like trait and factor theory by Frank Parson); it can be based on psychological structure,
where the personality should correspond with the work environment (like Holland theory); it can be grounded on
decision - situational factors (like social cognitive career theory); and it can be constructed on self-concept (like life
span theory of Super). Besides this categorisation, another type of division can be noticed in the theories that are:
process theories, content theories, and process-content theories. The process theories emphasise on communicating
about the interaction and changes that occurs over a period of time. These theories deal with a sequence of stages
through which people proceeds (example: Super's life-span, life-space approach to career development,
Gottfredson'’s circumscription and compromise theory). The content theories are connected with the features of an
individual and the environment they live in. The impact on career development are thought to be either intrinsic to
the individual or it is initiated from the context or surrounding in which they live. For example: Theory of Work
Adjustment. The content and process theories have been moulded in response to accommodate with the
requirements of process theory and content theory. These theories embrace both the characteristics of context and
individuals, and the advancement and dealings between them (example: Krumboltz’s social learning theory of career
decision-making, social cognitive career theory, Roe’s theory of personality development and career choice).

Objectives and Methodology of the Study

The study is carried out to gain knowledge about the philosophy and theoretical underpinnings behind career
development. Effort is also made to identify the various empirical research conducted by using these theories. As
intrinsic as well as extrinsic factors impact career development, attention is provided to understand the same from
existing literature. Finally attempt is made to understand the career path or stages adopted by the theories. Content
analysis method has been implemented for studying published literature on career theories.

Content Theories

(a) Theory of Work Adjustment or Person- Environment Correspondence Theory

The Theory of Work Adjustment (TWA) is based on the difference of individuals and vocational behaviour (Dawis,
2002, 2005; Dawis & Lofquist, 1984). It views career choice as an unbroken process consisting of adjustment and
accommodation. The theory declares two processes that an individual adheres to. In the first case, an individual or
person (P) searches for a work environment (E) that can match with his requirement. In the second phase E searches
for P having the skills that can tally with the needs of the organization. The amount of satisfaction of P depends on
his needs and satisfactoriness of E is based on the operational skills of P helps to forecast the tenure of P. There are
four types of adjustment maintained by person and environment (Dawis, 2005). The first one is flexibility that
denotes to a person level of tolerance in environment. Next is activeness where P tries to modify E. The third is
reactiveness where P adopts a self-modification to the difficult situation without transforming E. The fourth is
perseverance in which P determines to adjust before choosing to leave E.

The prime strength of TWA is that it measures many variables like satisfaction, satisfactoriness, needs and values,
indexes of correspondence, skills and abilities (Dawis, 2005). TWA try to explain career development and satisfaction
in terms of person-environment correspondence. Many international studies have been performed on this theory
based on satisfaction/satisfactoriness, needs/abilities and work adjustment and tenure. Tziner, Meir, and Segal (2002)
conducted a study on Israeli military officers on personality, vocational interest, and general ability; and similarity
between interest and job were measured. The findings displays that extroverted personality and congruence were
related to a greater level of performance, which was stable with TWA likelihoods. Feij, van der Velde, Taris, and
Taris (1999) in their survey on Dutch young adults (ages stretched from 18 to 26) in two time points found
connection between vocational interest and perceived skills with job satisfaction. The finding was in tune with
TWA'’s affirmation that vocational interest becomes steady in adulthood, as the interest and skills among participants
grew during the course of time and developed into a stable pattern of interest. Similarly, Griffin and Hesketh (2003)
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in their survey found that adaptive performance was linked with self-efficacy for adaptive behaviour. The work
requirements and adaptability personality projects for the adaptive performance, which is similar with the notion of
TWA. TWA can be tested to know career development and satisfaction in cross-cultural surroundings even if it was
initiated in USA.

(b) Holland’s Theory of Vocational Personalities in Work Environment

The theory of Holland can be applied in career counselling and career guidance. Holland expressed that vocational
interest and personality is organised in hexagonal structure in the order of RIASEC and can be codified into Realistic
(R), Investigative (I), Artistic (A), Social (S), Enterprising (E), and Conventional (C). Generally, this six types of
interest and personality can take two type of forms by producing three-letter code e.g., RIA, SIA that symbolises
one’s career interest. The first letter of these two codes shows the chief interest of the person and the second and
third alphabets denotes significant but secondary interest in the course of career choice. Holland used the word
“congruence” to show the person-environment interaction where the personality and interest of the person and the
work environment produces vocational stability and satisfaction and a low congruence causes vocational instability
and dissatisfaction.

Many studies have been conducted on Holland hypothesis and its frame of vocational interests was effective through
many cultures (e.g., Rounds & Tracey, 1996). Tak (2004) administered a survey and found good fit in the model of
interest but the interest that was organised was not clearly hexagonal. Sverko and Babarovic (2006) conducted a
research and supported the Holland hexagonal model. Leung and Hou (2005) directed a study and found six first
order factors clustered into three groups Realistic-Investigative, Artistic-Social, andSocial-Enterprising-Conventional.
This cluster reproduces a definite cultural value and perception. There is a diversified support for Holland’s
structure of vocational interests found across the cultures.

Process Theories

(a) Self-concept Theory of Career Development

Among various theories of career development, the theory given by Super has received abundant attention in USA
and other nations. Super established that career development and career choice is related with the self-concept of the
person. A self-concept is a complex dealing among the mental and physical growth, environmental features,
personal experience etc. (Super, 1990). Super (1990) established a framework for life stages consisting of growth,
exploration, establishment, maintenance and disengagement. One has to manage development of vocation in the
chronological age. The idea of “career maturity” represents the amount that an individual can achieve the vocational
developmental task during each stage. Due to mixed results on career maturity, various studies have suggested to
substitute the concept with adaptability (e.g., Herr, 1997; Savickas, 1997, 2002, 2005). The vocational stages are like a
mini cycles that shows career transitions as compared with maxi cycles of other theories.

A sufficient number of international level of research have been made on Super’s theory (Patton & Lokan, 2001).
Patton et al, (2002) organised a study and found that those students having greater level of career maturity,
proceeded to full time study, achieve more and fit in psychological balance as compared to other students. Creed and
Patton (2003), and Repetto (2001) also studied on career development interventions where the results were regular
with the developmental assumptions suggested by career maturity. Watanabe-Muraoka et al., (2001) stated that
super theory has gained very widespread attention in Japanese academic and business surroundings.

(b) Gottfredson’s Theory of Circumscription and Compromise

Gottfredson’s theory of career development is a new input in the theory of career development. Gottfredson (1981,
1996, 2002, 2005) supposed that the process of career choice demands for a greater level of cognitive ability.
Gottfredson’s (2002, 2005) expounded on the interplay between the concept of genetic makeup and environment.
Genetic features performs a vital role by influencing the attributes of a person like skills, values, and interest and
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these traits are moderated when one is open to an environment. Gottfredson informed that person is a dynamic
agent who can modify the environment and hence viewed career development as a process of self-creation. Instead
of the customary view that holds career choice as a method of selection, this theory viewed career development and
career choice as a process of circumscription or eliminating occupations. There are four stages of circumscription that
are, orientation to size and power, orientation to sex-roles, orientation to social valuation, and orientation to the
internal, unique self. Another process of career development is compromise where an individual makes occupational
choice that are truly achievable in the world. Here a person reacts to the numerous realities and restraints that are
external in nature like labour market, family obligations, economic depression etc.

The theory have got little attention as it is problematic to test it empirically Swanson and Gore (2000) because (a) its
variables like prestige, circumscription, compromise, sex type are tough to implement (b) the developmental process
is suitable for longitudinal studies which requires ample time. But still the theory can be used for career guidance
like gender stereotype found in the cultures of Asia, where a person chooses a profession which he consider suitable
for his gender (Leung, 2002)

Theory of content and process

(a) Social Cognitive Career Theory

Social Cognitive Career Theory (SCCT) (Lent, Brown, & Hackett, 2002; Lent, 2005) proposed a model having three
segments of career development that elucidates the vocational interest, career choices, and career performance and
stability. This three sections emphasised on personal goals, self-efficacy, and outcome expectations. Personal goals is
the intentional engagement in certain activity or to engender a particular outcome (Lent, 2005). Lent (2005) defined
self-efficacy as “a dynamic set of beliefs that are linked to particular performance domains and activities” (p. 104).
Lent el al, (2002) defined outcome expectations as “personal beliefs about the consequences or outcomes of
performing particular behaviour” (p. 262).The theory considers that the development of career goals and career
choices are the functions of the interface among interest, self-efficacy, and outcome expectations over time. The
Career choice model suggested in the theory shows the interaction and influence between the person and the
environment upon each other. The theory postulated that compromise in personal interests may be required during
the career choice process due to factors that act as a barrier in choice making like contextual immediate to the person
lack of support, social barriers, and cultural beliefs.

The theory has been used in many researches at international level (e.g., Arulmani et al., 2003; Hampton, 2005; Patton
et al,, 2004). Nota et al,, (2007) used a SCCT structure and found a positive association between the career search self-
efficacy of participants and family support, and a negative relationship between career search self-efficacy and career
indecision. These findings were harmonious with the career choice models of general SCCT, and exemplified the
prominence of social support for career decision and efficacy.Creed et al., (2006) used SCCT and their findings were
dissimilar to the theoretical anticipation. They found that changes in career decision-making self-efficacy during a
period of time were not related with parallel changes in career indecision, and vice versa.

Analysis of the theories

The theories of career development served a prominent role by encouraging research activity. By analysing the above
mentioned theories of career development, it is found that most of them are related to the career behaviour of an
individual. The theories are mostly descriptive in nature rather than explanatory even though they are tested by
several researchers. Some theories has been applied much more (e.g. super theory of self-concept) as compared with
other theories have got a mixed result (e.g. Holland theory). There exist some contrasting factors among the theories.
Holland's theory (1959) identifies the factors that trigger the vocational behaviour of a person while other theories
deal with the purpose and development of vocational behaviours. Trait factors associated with Holland’s theory
explains very little about vocational behaviour. This theory is also having certain limitations.
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The theory needs to settle up the inconsistencies of personality required for a proper operation in an occupation. The
concept of role identification in career development has been approved by empirical evidences whereas the idea of
psychic energy for vocational activity has acquired little support.A substantial amount of research on Super’s theory
has provided experimental confirmation of self-concept and career development task that is identified with a specific
vocational decision. One of the noticeable limitation of the theory is related to its restricted range of use, when we
compare the career of nursing that is having enormous amount of personal involvement for exercising the self-
concept with that of the career of a clerk working in a dry clean store. Super theory interprets interest as a part of
self-concept whereas Holland interest is related with the comparison of person occupation, which can be assessed
but it is difficult to be analysed. Because an individual may be poor to judge his own talents and may opt for a career
which may be challenging for him to carry out or too low in scope to practise his talents.

Generally all the theories have its origin in the theories of personality but its range varies from one extreme to other
extreme as typified in Holland theory. Besides personality, the other area that has exerted impact on the theories of
career development is developmental psychology. The effect of developmental notion can be found in Super’s
(1963a) concepts of vocational developmental task. Gottfredson theory and Super theory, we can find the importance
of self-concept and how a work can provide meaning and purpose in an individual’s life. Similarly, Social-cognitive
career theory mentions the role played by personal, environmental, and behavioural factors that acts as a stimulus
for a person through personal goals, self-efficacy, and outcome expectations with the impact of optimal adjustment
(Lent, 2013).

The Theory of Work Adjustment is based on satisfaction and satisfactoriness of person and environment.But this
theory does not shows what the individual learn during his work life. In the developmental theories like Holland
theory, emphasis on the psychic nature of an individual that affects the career choice is shown. Besides the above
mentioned theories there are other theories that play up a vital part in career development. There are numerous
manifestations of career theories like Systems Theory Framework otherwise known asSTF (Patton & McMahon, 1999,
2006), which delivers a structure for career counseling. Krumboltz's social learning theory to career decision,
whichelaborates that individual personalities and behaviour is the collection of learning experience rather than
psychic process (Mitchell & Krumboltz, 1990). Task approach skills, environmental conditions and events, genetic
endowment and special abilities, and learning experiences are the four factors that influence a person while making a
career choice and career development.Another theory named as Tiedeman's Theory developed by Tiedeman and
O'Hara (1963) considered that the process of career development takes place through a repetitive process of
differentiation and reintegration. Differentiating is concerned with separating experiences; and integrating is related
with structuring the experiences into an all-inclusive whole.Levinson theorydeveloped by psychologist
Daniel Levinson, shows the role performed by present circumstances of individual that is strictly regulated by age
factor.

The dominant part of Levinson's Theoryis that human being develops through specific stages of life irrespective of
their background and occupation. If we compare this theory with the career stage model of Super’s theory then we
can find that in the Super theory people can recycle the career stages regardless of their age while Levinson theory
considers career development to be a linear process that advances according to the individual’s age. Levinson theory
explains the behavioural intentions and individuals' attitudes that are external to work like promotional aims,
preparedness to quit the company but Super model gives attentions on attitudes related to the work like job
involvement and satisfaction. Roe’s theory of personality development and career choice shows the influence of
family on the personality of a child. The theory mentions the kind of profession a person chooses but doesn’t clarifies
the vocational development following the choice of occupation. It neglects the circumstance when the child is not
treated in a similar way by either parent who may have two dissimilar ways of nurturing a child.
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Findings:

e The theories generally focus on individual, environment and interrelation between the two.

e The study of theories shows that no particular theory can be suitable for every situation and every person.

¢ One type of theory cannot be applicable to all types of individuals or environment.

e A particular theory may not be applicable in long run. When the needs of a person changes or the requirement of
an organization changes then the theory lacks its ability to influence.

Concluding Remarks

By studying the above mentioned career related theories, we can find that these theories discourses about the career
related outcome (Chen, 2001; Dik, Duffy, & Eldridge, 2009). The study gives a detail vision into the various factors
like personality, professional growth, self-concept, social situation etc. that sometimes performs as a source of
encouragement and other time acts as barriers for an individual while choosing a career. The varied perspectives of
career development theories offer valuable evidence that reflects employee development. These theories help to
acquire knowledge about the ways by which an individual develops his career remaining in an organization and the
methods that an individual adopts to adjust and achieves knowledge and skills accordance with various
circumstances, needs, and social situations. It is suggested that while implementing a theory an organization should
know about its employees’ needs and should consider on the practicability of applying the theory.

This study complements with Super (1992) who advised that no single theory is sufficient enough to show the career
progress of a person, rather each theory advocates certain idea and neglects the other part of individual career choice
(Krumboltz, 1994). This study concludes that one particular theory may be operative for a person in a particular time
but may be dysfunctional during other time. But still all the theories are valuable as they perform as an outline for
dealing with several subject matters of a person related to his career.
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ABSTRACT

Medicinal plants have been used in human healthcare as a source of medicine. Assurance of the safety,
quality, and efficacy of medicinal plants and herbal products has now become a key issue in
industrialized and in developing countries. Medicinal Plants have been used for thousands of years to
flavour and conserve food, to treat health disorders and to prevent diseases including epidemics.
Active compounds produced during secondary metabolism are usually responsible for the biological
properties of plant species used throughout the globe for various purposes, including treatment of
infectious diseases. Products derived from plants may potentially control microbial growth in diverse
situations and in the specific case of disease treatment, numerous studies have aimed to describe the
chemical composition of these plant antimicrobials and the mechanisms involved in microbial growth
inhibition, either separately or associated with conventional antimicrobials. Medicinal plants play vital
roles in disease prevention and their promotion and use fit into all existing prevention strategies. These
approaches present interesting and emerging perspectives in the field of medicinal plants.
Recommendations are proposed for strategising the future role and place for medicinal plants in disease
prevention.

INTRODUCTION

The term “medicinal plant” include various types of plants used in herbalism ("herbology" or "herbal medicine"). It is
the use of plants for medicinal purposes, and the study of such uses. The medicinal plants include a various types
of plants used in herbalism and some of these plants have a medicinal activities. Medicinal plants are the
"backbone" of traditional medicine, which means more than 3.5 billion people in the less developed countries
utilize medicinal plants on a regular basis.[1]. The foundations of typical traditional systems of medicine for
thousands of years that have been in existence have formed from plants. The plants remain to offer mankind with
new medicines. Some of the beneficial properties ascribed to plants have recognised to be flawed and medicinal
plant treatment is based on the experimental findings of hundreds to thousands of years.[2] The earliest reports
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carved on clay tablets in cuneiform date from about 2600 BC are from Mesopotamia; among the materials that were
used were oils of Commiphora species (Myrrh), Cedrus species (Cedar), Glycyrrhiza glabra (Licorice), Papaver
somniferum (Poppy juice) and Cupressus sempervirens (Cypress) are still used today for the cure of diseases extending
from colds and coughs to inflammation and parasitic infections [2]. The traditional medicine practice is widespread
in China, India, Japan, Pakistan, Sri Lanka and Thailand. About 40% of the total medicinal consumption is attributed
to traditional tribal medicines alone by China.[1] The use of traditional medicine and medicinal plants in most
developing countries, as a basis for the maintenance of good health, has been widely observed by UNESCO,
1996[3]. Furthermore, an increasing reliance on the use of medicinal plants in the industrialized societies has
been traced to the extraction and development of several drugs and chemotherapeutics from these plants as well
as from traditionally used rural herbal remedies [4]

The therapeutic properties of medicinal plants are conditioned by the presence in their organs of active substances, s

uch as alkaloids, flavonoids, glycosides, vitamins, tannins, and coumarin compounds, which physiologically affect th
e bodies of humans and animals or which are biologically active in relation to the causative agents of various disease

s. A special group of medicinal plants are antibiotics [5] Medicine, in several developing countries, using local
traditions and beliefs, is still the mainstay of health care. As defined by WHO, health is a state of complete
physical, mental, and social well being and not merely the absence of disease or infirmity. Medicinal plants can
make an important contribution to the WHO goal to ensure, by the year 2000, that all peoples, worldwide, will
lead a sustainable socio-economic productive life [6]

Africa is a rich source of medicinal plants. Perhaps, the best known species is Phytolacca dodecandra. Extracts of
the plant, commonly known as endod, are used as an effective molluscicide to control schistosomiasis [7]. Other
notable examples are Catharanthus roseus, which yields anti-tumour agents such as vinblastine and vincristine;
and Ricinus communis, which yields the laxative--castor oil. In Botswana, Lesotho, Namibia and South
Africa, Harpagophytum procumbensis produced as a crude drug for export. Similarly, Hibiscus sabdariffa is
exported from Sudan and Egypt. Other exports are Pausinystalia yohimbe from Cameroon, Nigeria and Rwanda,
which yields yohimbine; and Rauwolfia vomitoria, from Madagascar, Mozambique and Zaire, which is exploited to
yield reserpine and ajmaline[8]

Role of medicinal plants in human health care

Medicinal plants have been used as a source of drugs by mankind for several thousand years. Medicinal plants have played
an essential role in the development of human culture, for example religions and different ceremonies. Many of
the modern medicines are produced indirectly from medicinal plants, for example aspirin. Many food crops
have medicinal effects, for example garlic.[9]

Primary metabolites of plant

Organic compounds produced in the plant kingdom have metabolic functions essential for plant growth and
development produced in every plant. Include carbohydrates, amino acids, nucleotides, fatty acids, steroids and
lipids

Secondary metabolites of plant

Organic compounds produced in plant kingdom Don’t have apparent functions involved in plant growth and
development. Produced in different plant families, in specific groups of plant families or in specific tissues, cells
or developmental stages throughout plant development. Include terpenoids, special nitrogen metabolite
(including, on-protein amino acids, amines, cyanogenic glycosides, glucosinolates, and alkaloids), and
phenolics[10]
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Diseases of the cardiovascular system
Plants used to treat diseases of the cardiovascular system include adonis, hawthorn, Erysimum, sea kale, lily of the v
alley, oleander, rauwolfia, Sal-sola Richtera, Strophanthus, cudweed, skullcap, Eucommia, and Ephedra equisetina [11]

Diseases of the central nervous system

Plants used to treat diseases of the central nervous system include garden heliotrope, ginseng, Rhaponticum cartham
oides, the Chinese magnolia vine, motherwort, nux vomica, Eleutherococcus, and the Japanese angelica tree (Aralia
mandshurica). A small tree that grows wild, the Japanese angelica tree has roots that yield an infusion containing sap
onins (aralosides A, B, and C), which is used as a stimulant to treat hypotonia, exhaustion, asthenic syndrome, and ot
her conditions[12]

Respiratory diseases

Plants used in treating diseases of the respiratory organs include marshmallow, ledum, ipecac, milkwort, coltsfoot, j
uniper, licorice, and Thermopsis. A preparation from the roots of the wild herb elecampane (Inula helenium) is an ex
pectorant for bronchitis and coughing and has antiseptic and anti-inflammatory properties

Diseases of the gastrointestinal tract

Plants used to treat diseases of the gastrointestinal tract include aloe, marshmallow, buckbean, wild marjoram, Rham
nus, snakeweed, centaury, calendula, Sanguisorba, Frangula, sea kale, flax, alder, juniper, dandelion, plantain, sunflo
wer, wormwood, Rheum, senna, polemonium, restharrow, cudweed, bald cypress, and whortleberry.

CONCLUSIONS

Demand for a wide variety of wild plant species is increasing with growth in human needs, numbers and
commercial trade. Plants have provided humans with many of their essential needs, including life-saving
pharmaceutical agents.[15] However, medicinal plants are threatened as a result of human impact and that will
enhance the effectiveness, efficacy and rational use of medicinal plants, especially through the integration into
national, regional and local health policies and programmes.
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ABSTRACT

An attempt is made in this paper to ascertain the roles of community-based organizations (CBOs) in
disaster risk reduction (DRR) in rural Odisha. A panchayat specific study was carried out in Alanda
gram panchayat of Nimapada Block, Odisha which witnessed large scale devastation during the
extremely severe cyclonic storm ‘Fani’ in the month of May 2019. Based on the data collected through
focus group discussions and key informant interviews, the study highlighted the activities of CBOs in
information dissemination, comprehensive understanding of the risk and risk assessment, resource
mobilizing, support in evacuation, providing first-aid, assigning roles and responsibilities during crises,
establishing connectivity and supporting district administration in distribution of relief materials. It also
provides some suggestions as to how CBOs can be better leveraged to build more resilient communities.

Key Words: Community-based organizations, disaster management, disaster risk reduction, Fani

INTRODUCTION

Disaster, whether natural or man-made, disrupts the normal progress of development and severely affects the
community in the social, economic, psychological and needless to say the physical domain. The United Nations (UN)
defines disaster as “a serious disruption of the functioning of society, causing widespread human, material or
environmental losses which exceed the ability of affected society to cope using only its own resources” (UN 1992, 27).
United Nations Office for Disaster Risk Reduction defines disaster as “a serious disruption of the functioning of a
community or a society at any scale due to hazardous events interacting with conditions of exposure, vulnerability
and capacity, leading to one or more of the following: human, material, economic and environmental losses and
impacts” (https://www.unisdr.org/we/inform/terminology, 2017). India is prone to disasters due to its unique geo-
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climatic conditions and vast area and large population. Odisha an eastern Indian state on the Bay of Bengal is more
susceptible to natural disasters like cyclones and tsunamis. This paper focuses on how community-based
organizations of Alanda gram panchayat responded in the pre-cyclone, during cyclone and post-cyclone phases of
Fani. The specific objective of this paper is to understand the role of CBOs in disaster risk reduction (DRR) and
resilience. Further attempt is made to suggest ways for appropriate interventions to leverage the CBOs by planners,
policy makers and administrators to reduce community vulnerabilities.

The remainder of this paper is organized in different sections as per the following order. Section 2 deals with the
methodology followed by topography of India and Odisha in section 3. In section 4, focus is on cyclone Fani and its
impact on Odisha. Section 5 covers preparedness and responses of Government. Section 6 highlights the studies on
the role of community-based organizations on disaster risk reduction. Section 7 represents the role of CBOs in
Alanda gram panchayat. Finally, conclusion provides suggestions to leverage CBOs for community resilience.

METHODOLOGY

This paper is built on a case study conducted in Alanda gram panchayat in Puri district. The methodologies engaged
in this study are key informant interviews and focus group discussions. Besides collection of primary information,
secondary sources were also referred to get insights and substantiate the arguments. Alnda gram panchayat of
Nimapada block of Puri district, Odisha witnessed large scale devastation during the extremely severe cyclonic
storm Fani in the month of May 2019. Alanda Gram Panchayat consists of 6 villages namely Alanda, Juanla,
Kushikona, Manijanga, Porakana and Talatanla. The total geographical area is 225 hectares. Accoding to 2011 census,
there are 411 households residing in Alanda with a population of 1832. Out of which, there are 462 persons (25.22 %)
belonging to scheduled castes. Alanda village has higher literacy rate compared to overall literacy rate of Odisha. As
per the census 2011, literacy rate of Alanda village was 85.91 % compared to 72.87 % of Odisha. In Alanda village 672
persons are engaged in work activities. Among those, 65.63 % of workers describe their work as Main Work
(Employment or Earning more than 6 Months). Out of the persons engaged in work 34.38 % are involved in Marginal
activity providing livelihood for less than 6 months. Out of 672 workers engaged in Main Work, 230 are cultivators
(owner or co-owner) and 120 are Agricultural labourers.

Topography of India and Odisha

India

India is vulnerable to various kinds of natural disasters due to its geographical location. In India, 58.6 per cent of the
total landmass is prone to earthquakes (moderate to very high intensity). 12 per cent of land is prone to floods and
river erosion (over 40 million hectares). Nearly 5,700 km of coastline is prone to cyclones and tsunamis. 68 per cent of
the cultivable area is vulnerable to drought. Hilly areas are at risk from landslides and avalanches (National Policy
on DM 2009). Besides the vulnerability to natural disasters, man-made disasters due to chemical, biological,
radiological and nuclear (CBRN) origin also exist. Heightened vulnerabilities to disaster risks can be related to
expanding population, urbanisation and industrialisation, environmental degradation and climate change (National
Policy on DM 2009). The following vulnerability maps specify the zones prone to various natural disasters. It clearly
indicates that the eastern region of the country is susceptible to flood, earthquake, wind, thunderstorm and cyclone
hazards.

Odisha

Odisha is often referred to as the nation’s capital of disaster (The Economic Times, May 03, 2019).The state of Odisha
extends from 17031'N latitude to 22031'N latitude and from 81031’E longitude to 87029’E longitude. With a coastline
of about 480.4 km on the Bay of Bengal, it is prone to natural disasters such as tropical cyclones, storm surges,
lightning, tsunami and whirlwinds etc. “Geographically, the landmass between Puri to Bhadrak in the map of
Odisha juts out a little into the sea, making it vulnerable to any cyclonic activity in the Bay of Bengal,” opined by
meteorologist Sarat Chandra Sahu (retired Director of the India Meteorological Department’s Regional
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Meteorological Science Centre, Bhubaneswar). In October 2018, cyclone Titli had battered Odisha. In October 2013,
cyclone Phailin had struck the state and caused extensive damage. Super cyclone in October 1999 with a wind speed
of 260-300 km per hour and tidal surges of height 7 to 10 meters that reached upto 20 km inland caused 10,000 death,
1,500 orphaned, 25,00,000 marooned and 1.3 crore affected in some way or other (Times of India, Bhubaneswar, 3™
Nov 2019, p-5). IMD data reveals that out of 1,035 cyclonic disturbances that hit the Indian sub-continent in the last
century, around 50 percent of cyclone hit the eastern coast. Out of those five hundred odd cyclones Odisha
encountered 263 of them. This implies that one-fourth of the total disasters of the last century in India have battered
Odisha. Odisha usually experiences storms/cyclones in post-monsoon phase, i.e. October-November. Out of 39
extremely severe cyclones that hit India in the last 52 years, 23 were (60 per cent) took place between October and
December (IMD data). However, pre-monsoon cyclones are also not very unusual though the frequency was less.
Cyclone Fani was a pre-monsoon cyclone which had been classified as an extremely severe cyclone (ESC). In the past
52 years, Fani is the tenth such cyclone that hit India in May. Last time the extremely severe cyclone that hit India in
May was in 2004. After one and half decade Cyclone Fani as a pre-monsoon extremely severe cyclone hit India in the
month of May.

Onset of Cyclone Fani and its impact on Odisha

On 3rd May 2019, Fani (Extremely Severe Cyclonic Storm) made a landfall in Puri district of Odisha and the
devastation created havoc paralysing the normal life of the community for several weeks. A tropical depression that
formed west of Sumatra in the Indian Ocean on 26t April 2019 was the source of formation of Fani. The environment
became favourable to transform the depression into a storm only after 4 days, i.e. 30 April 2019. Fani reached its
peak intensity on 2" May 2019 as a high-end extremely severe cyclonic storm. It affected 14 districts of Odisha
namely Angul, Balasore, Bhadrak, Cuttack, Dhenkanal, Ganjam, Jagatsinghpur, Jajpur, Kendrapara, Keonjhar,
Khordha, Mayurbhanj, Nayagarh and Puri.

The numbers of affected blocks were 159, covering 51 urban local bodies (ULBs) and 18388 Villages. Number of
casualties was 38 (64 is reported by Times of India, Bhubaneswar, 3¢ November 2019) and number of people affected
by Fani was 1,65,55,507. The impact of the cyclone damaged 5,08,467 number of houses, crops covering 181711.4
hectares of land and livestock casualty was 53,28,107 (Situation Report on Extremely Severe Cyclonic Storm- ‘Fani’,
State Emergency Operation Center, Bhubaneswar, Odisha, 1.06.2019). Besides the above-mentioned damages, the
cyclone caused severe damage to power supply and the state capital plunged into darkness for a week. Restoration
of telephone and internet connectivity in the state capital took more than a fortnight.

Preparedness and Responses of Government

To mitigate the disasters effectively, Government of India promulgated The Disaster Management Act, 2005 which
mandated establishment of disaster management authorities at national, state, district and local levels specifying the
powers, functions and measures with funds. National Policy on Disaster Management (2009) aims at a holistic and
integrated approach emphasising on building partnership at all levels. The themes highlighted in the policy are:
community based disaster management aiming at integration of the policies, plans and executions at the last mile;
capacity development of all the stakeholders in the relevant spheres of operation; consolidation of past initiatives as
repository of knowledge highlighting best practices; cooperation with specialised agencies at National and
International levels; and multi-sectoral synergy of efforts. The three major objectives are: promoting a culture of
prevention, preparedness and resilience at all levels; encouraging mitigation measures based on technology,
traditional wisdom and environmental sustainability; mainstreaming disaster management into the developmental
planning process (National Policy on Disaster Management 2009). The National Disaster Management Plan (NDMP)
2016, provides a framework to be followed at various phases or stages of an impending disaster. It also provides
relevant direction to the government agencies to be adhered to at all phases of disaster management cycle. It covers
areas like disaster risk reduction, mitigation, preparedness, response, recovery, and better reconstruction. The
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NDMP incorporates an integrated approach that ensures the involvement of government agencies, numerous other
relevant organisations, private sector and local communities.

The state of Odisha from zero preparedness for natural calamities has become a trailblazer in the sector and is
constantly improving its manpower, technology and organizational structure to mitigate disasters. The state had
established Odisha Disaster Mitigation Authority in December 1999, the first its kind in India. Established Disaster
Rapid Action Force in 2001. From 21 cyclone centres with a capacity of 42, 000 in 1999, the sector has now 879 cyclone
shelters with a capacity of over 12 lakhs. Before Fani made a landfall in Puri, the Government could evacuate 11 lakh
people and provided shelter to them in cyclone shelters and public buildings (safer places). The State is planning to
build five lakh disaster resilient houses in the coastal districts (Times of India, Bhubaneswar, 3 Nov 2019). The
efforts are continuing on the part of the Government to mitigate the challenges posed by disasters. Cyclone Fani
brought out the fact that there is shortage of skilled manpower and machinery to reduce the impact of cyclonic
disaster. Keeping this in view, attempt has made to find out the role of Community Based Organizations (CBOs) in
disaster risk reduction.

Importance of Community Based Organizations (CBOs) in Disaster Risk Reduction: A Review

CBOs are part of the civil society organizations that has a full range of formal and informal organizations. CBOs are
mostly non-profit groups developed in the community to carry out voluntary activities for the development of the
community and to improve the life for its residents. The members of CBOs are related to each other in a variety of
ways like caste, profession, business, similar interests or purposes etc. Silverman defined that community based
organizations grow at a local level within a community. These organizations remain close to the persons they serve.
They primarily provide social services to the communities on a voluntary basis. Hence, CBOs are largely dependent
on voluntary contributions of labour, material and financial support from the community members they serve and
various donor agencies (Silverman, 2004). Nobel laureate Elinor Ostrom (19090) is of the opinion that community
based organization are self-governed and generate resources on a sustainable and equitable basis at local level.
According to Buxton and Prewitt (2003), a community based organization is comprised of a group of people with
common interest living in a specific locality (contrary to an NGO that operates in a wider network). To Frank and
Smith (1990), community based corporations [organizations] are locally based organizations whose explicit goal is to
serve within communities that receive inadequate attention from government agencies and the private sector.

In the recent years, there is a renewed policy interest in community-based development initiatives (Mansuri and Rao,
2004). This interest is on the basic premises that community involvement in planning and implementation process
ensures due consideration on available local resources, assured community support and ownership of the
developmental activities by local community. It ultimately culminates in more effective and equitable development.
In practice, such developmental initiatives are often channeled through Community Based Organizations (CBOs).
CBOs often come into existence in local communities to provide public goods and resolve collective action problems
where formal institutions fail or become inadequate (Putnam 2000, Coleman 1988, Ostrom 1990). Therefore, CBOs
are gaining importance in the developing and underdeveloped countries where the government is unable to provide
much needed social services, especially in rural areas (Edwards and Hulme 1995, Fafchamps 2006). Realising the
importance of CBOs in disaster management, this study is carried out in Alnda Gram Panchyat of Puri District with
following objectives.

Role of CBOs in disaster risk reduction in Alanda

Disaster risk reduction is a set of practices that are applied to preparedness, response, recovery, mitigation, and
adaptation (UN-ISDR 2009). This section focuses on the activities of CBOs in the disaster risk reduction (DRR) in
Alanda Gram Panchayat. The following CBOs played active role in disaster risk reduction (DRR) and resilience in
Alanda Gram Panchayat.
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¢ Women Self-help Groups

e  Farmers clubs

e Caste groups

¢  Youth clubs

e  Recreation clubs

e Village Level Disaster Resource Center
The early warning system provided by district administration and mass media culminated in action by the CBOs
existing in the Alanda Gram Panchayat. The members of Women Self-help Groups (WSHGs), youth clubs including
recreation clubs and Kishori clubs and members of village level disaster resource centers shared the information
regarding dos and don’ts during the disaster. Information dissemination about onset of the cyclone Fani reached
almost all the people in the Gram Panchayat. Information-sharing and shared awareness increased the efficiency and
effectiveness of the operations both during and following the cyclone. The factual information disseminated by the
CBOs about the cyclone helped people to get prepared for the disaster without getting panicked. The youth clubs
and farmers’ group took initiative in cutting down the trees posing threat to the housing structures.

Comprehensive understanding of the risk assessment was done by the CBOs which could reduce the impact of the
cyclone. It resulted in less damage to the housing structures in the area. Houses of 13 families were completely
damaged because of the wind speed of the cyclone. The CBOs in Alanda GP that took stock of resources were caste
organizations, farmers’ club and youth clubs during the cyclone. The family and caste groups accumulated and
stored food grains and vegetables in safe places belonging to their relatives for consumption during cyclone. Families
living in thatched houses shifted the essential and valuable belongings to the houses of their relatives for safe
custody. Maa Dwarika youth club and Baba Budhanath youth club of Alanda village and farmers’ clubs of Juanla,
Porokona village helped the households to store food grains in common seed banks developed and operated by the
farmers’ clubs of their respective villages.

Caste based CBOs played a major role in the evacuation operations carried out by the state agencies. Large-scale
relocation under time constraints was possible due to the activities of the CBOs. Families belonging to scheduled
castes helped the households to move to the cyclone shelter with their essential commodities. The cyclone shelter
was occupied by the scheduled caste as it is in the close vicinity (400 meters away) of the Harijan Sahi. The Swain
community (agriculture caste) shifted vulnerable people from their community to the Gram Panchayat office and
primary school of Alanda which is closer to their dwelling place. There was proper coordination among the members
of these groups. Further, they ensure that there would be no casuality in the area.

During cyclone the youth groups particularly the members of Maa Dwarika Volleyball team, Kishore clubs of
Alanda and Juanla, and youth club of Talatanla took the leadership in providing first-aid to the injured. The women
associations particularly the members of SHGs in Alanda helped the district administration in preparation and
distribution of food in the cyclone shelters, gram panchayat office and primary school. They also took care of the
pregnant women and children in the cyclone shelters. Post-cyclone activities were mostly handled by youth
associations and members of village level disaster resource centers (VLDRC). In Alanda village, the members of
volleyball team and VLDRC helped in clearing the debris from the damaged houses, roads and other public places.
The members of volleyball team disposed of the carcasses of animals in Alanda village. VLDRC of Juanla,
Kushikona, and Talatanla and youth club of Prokona and Talatanla cleared the debris from roads and other public
places. Consequently road connection was restored which helped in smooth recovery operations carried out by
different agencies.

The members of youth clubs and VLDRC also helped in reconstruction of damaged houses by rendering voluntary
labour in their respective villages. They along with the members of SHGs were also actively helping the officials of
state government in distribution of relief materials aftermath of devastating effects of the cyclone. The youth clubs of
the villages of Alanda gram panchayat were instrumental in collection of funds from the local communities to
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establish temporary supply of electricity in the area. They helped electricians in establishing electric connection to the
locality by rendering labour in fixing the electric poles and wiring of the poles.

Concluding Remarks: leveraging CBOs for community resilience

CBOs are an integral part of daily life of local communities. They practiced, tested, and reinforced across a diverse
range of social, economic and cultural activities in a variety of contexts unlike many institutions that are specific to
disaster management. These organizations due to their proximity to the community play the role of first responders
to disasters. Their social capitals helped them in being accepted by the local communities. The knowledge about the
topography assisted them in making appropriate context specific plans. The trust of the local communities on CBOs
enabled them to mobilize resources from the local communities with ease. Being part of the community CBOs could
able to carry out hassle free deliveries of the relief materials. Thus, CBOs in Alanda gram panchayat played a vital
role in disaster management.

However, it was observed that the CBOs existing in Alnda panchayat had not received any training to handle the
disaster mitigation activities in the last 7 years. Their traditional knowledge and attitude towards voluntary services
could avert serious threat to the life of people in the locality. It is suggested that the gram panchayats should be the
nodal body to keep information about CBOs existing in their locality. The data may be revised as the CBOs and their
membership changes frequently. There is need to provide first-aid training, Cardiopulmonary resuscitation (CPR)
training and Community Emergency Response training to the CBOs on a continuous basis to help the government
machinery in handling the frequent disasters faced by the state. The VLDRCs existing already in the villages
required training on pre-disaster preparedness, risk assessment, and post disaster responses. VLDRCs should be
equipped with skilled man power to manage the disaster in effective and efficient manner.

REFERENCES

1. As Fani looms large, we should remember what a cyclone .. (nd.). Retrieved from
https://www.downtoearth.org.in/news/natural-disasters/as-fani-looms-large-we-should-remember-what-a-
cyclone-costs-odisha-64277.

2. Building Materials & Technology Promotion Council, Ministry of Housing & Urban Affairs, GOI Vulnerability
Atlas of India, Third Edition, 2019

3. Buxton. Charles and Prewitt, D. Geoffrey. (2003) .Community Based Organisations and the Elaboration of Pro-
Poor Policy: Lessons from Research and Consultation in Georgia, Kyrgyzstan and Uzbekistan. UNDP

4. Coleman, J. S. (1988). Social capital in the creation of human capital. American Journal of Sociology,
94(Supplement), S95-5120.

5. Dasgupta, A., & Priyadarshini, S. (n.d.). Why Odisha is a sitting duck for extreme cyclones. Retrieved from
https://www .natureasia.com/en/nindia/article/10.1038/nindia.2019.69

6. Edwards, M., & Hulme, D. (1995). Non-governmental organizations: Performance and accountability. Beyond
the magic bullet. Earthscan.

7. Fafchamps, M. (2006). Development and social capital. Journal of Development Studies, 42(7).

https://www.natureasia.com/en/nindia/article/10.1038/nindia.2019.69

9. https://www.downtoearth.org.in/news/natural-disasters/as-fani-looms-large-we-should-remember-what-a-
cyclone-costs-odisha-64277

10. https://www.unisdr.org/we/inform/terminology

11. Mansuri, G., & Rao, V., (2003). Community-Based and Community Driven Development: A Critical Review,
World Bank. doi: 10.1596/1813-9450-3209

12. National Disaster Management Plan, 2016. A publication of the National Disaster Management Authority, Gol,
2016.

@

23533

[=]
0

5

0


http://www.tnsroindia.org.in
https://www.downtoearth.org.in/news/natural-disasters/as-fani-looms-large-we-should-remember-what-a-
https://www.natureasia.com/en/nindia/article/10.1038/nindia.2019.69
https://www.natureasia.com/en/nindia/article/10.1038/nindia.2019.69
https://www.downtoearth.org.in/news/natural-disasters/as-fani-looms-large-we-should-remember-what-a-
https://www.unisdr.org/we/inform/terminology

Indian Journal of Natural Sciences

Vol.10 / Issue 60/ June / 2020

13.
14.

15.
16.
17.
18.
19.

20.

>

International Bimonthly

Umakanta Nayak

www.tnsroindia.org.in ©[JONS

ISSN: 0976 — 0997

NDMA (National Disaster Management Authority), 2009, National Policy on Disaster Management, Ministry of
Home Affairs, Government of India
Ostrom, E. (1990). Governing the commons: The Evolution of institutions for collective action. Cambridge:
Cambridge University Press.
Putnam, R. D. (2000). Bowling Alone: America’s Declining Social Capital. Culture and Politics, 223-234.
Silverman, R. (2004). Litany of terrible, no good, very bad things that can happen after the disaster
Times of India, Bhubaneswar, 2019, 3 Nov.
UN (United Nations). (1992). Agenda 21: The UN programme of action from Rio. UN, New York.

United Nations (1992). Internationally agreed glossary of basic terms related to Disaster Management, DHA-

Geneva

UNISDR  (2009)

terminology

on disaster

risk reduction.

(n.d.).

Retrieved from

Source:
Atlas of India Third Edition, 2019
Fig. 1. Earthquake Hazard

Map, India

https://www.unisdr.org/we/inform/publications/7817.

INDIA

BMTPC, Vulnerability

Source: BMTPC, Vulnerability
Atlas of India,

Fig. 2 Flood Hazard Map,
India

Source: BMTPC, Vulnerability
Atlas of India Edition, 2019
Fig. 3.Wind Hazard Map,

India

Source: BMTPC, Vulnerability
Atlas of India,Third Third Edition,
2019

Fig.4.Landslide Incidence

Source: BMTPC, Vulnerability Atlas of India, Edition, 2019
Fig5.Thunderstorm Incidence Map, India

Map, India

Source: BMTPC, Vulnerability Atlas of India, Third Third

Edition, 2019

Fig. 6 Cyclone Occurrence Map, India

23534



http://www.tnsroindia.org.in
https://www.unisdr.org/we/inform/publications/7817.

Indian Journal of Natural Sciences

Vol. 10/ Issue 60/ June / 2020

WEST BENGAL
K

ok

ODISHA “g

=

Fig.7 The coast of Odisha

>

International Bimonthly

www.tnsroindia.org.in ©[JONS

Umakanta Nayak

ISSN: 0976 —

0997

Source: BMTPC, Wind Hazard Map, Third Edition, 2019

Fig.8 Wind Hazard Map of Odisha

Pre-
Disaster

Preparedness

Mitigation:
Prevention &
Risk
Reduction

Response

Post-

Disaster

Fig.9 Disaster Management Cycle

Of<0]

:-.x

i

23535



http://www.tnsroindia.org.in

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

Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997

RESEARCH ARTICLE

Renewable Energy in India: A Snapshot
Shiv Sankar Das

School of Management, Centurion University of Technology and Management, Odisha, India

Received: 25 Mar 2020 Revised: 27 Apr 2020 Accepted: 28 May 2020

*Address for Correspondence

Shiv Sankar Das

School of Management,

Centurion University of Technology and Management,
Odisha, India

E-Mail: shiv.sankar@cutm.ac.in

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

ABSTRACT

Today energy in the form of electricity has become an important dimension in country’s economic growth. Every
year 8 billion metric tones of carbon goes into our atmosphere, out of which 6.5 billion tones comes from fossil fuels
and 1.5 billion tones results from deforestation. Renewable energy has pitch in about 19 percent to world energy
consumption and 25 percent to the electricity generation in 2015 and 2016-17 respectively. Hence we need to focus on
decentralized renewable energy solutions to settle a larger position in the core of “electricity to all” in our country.

Keywords: economic, atmosphere, Renewable, energy, solutions.

INTRODUCTION

An end to the poverty and adopting sustainability are the major challenges in today’s time. Energy is the solution to
both. Today energy in the form of electricity has become an important dimension in country’s economic growth.
Hindrance to access to electricity creates bottlenecks to the development of livelihoods, employment, access to
health, industries, education and negatively impacts economic development and standard of living. In recent era the
demand of electricity has rose drastically. Today our country is the world’s third largest producer and third largest
consumer of electricity (BP Report, 2016). The gross electricity generation in our country was 1168 billion kWh
during the year 2015-16 and having a annual growth rate of 5.81 percent (ibid). With increase in demand for power,
and its generation from coal it has raised concerned of exhausting the reserves of coal, petroleum and other
resources. In addition to it is also causing damage to the environment. Every year 8 billion metric tonnes of carbon
goes into our atmosphere, out of which 6.5 billion tonnes comes from fossil fuels and 1.5 billion tonnes results from
deforestation (Singh and Sood, 2002). India’s energy sector had a major share in the country’s green house gas (GHG)
emission profile and is predominantly fossil fuel dependent (WWF, 2015). Both are not very compelling benchmarks
in the context of providing quality electricity access to all. In order to sustain in future, there is a need to shift from
the conventional sources of energy to renewable energy. Our country needs to increase its energy base for its
population as well as a provision to increase the share of renewables in the overall energy mix. Renewable energy
through the use of decentralised products are the solution to it (WWF, 2015). The objective of this paper is to give a
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snapshot on various renewable energy policies, schemes being framed in India for development of renewable
energy. It has three section. In the first section, focuses on a renewable energy access framework. Second section
provides a snapshot on the global overview of renewable energy, later it speaks about the evolution of Indian power
sector and the renewable energy development policies in our country. The last section focuses on the diffusion of
solar lights across the districts of Odisha.

Framework for Renewable Energy Access

Access to renewable energy is an important aspect for human development. Here, an attempt has been made to
develop a framework for renewable energy access. Many factors are responsible for renewable energy access, but
majority of the factors can be categorised under finance, capacity building, infrastructure, technology and policy
making which are necessary for energy access into the context of rural specific. For finance, it should cover access to
the end user of the product. The presence of Self Help Group (SHGs) and cooperative society needs to support the
end users to help them take up loans. These entities should also be linked to financial institutions so that the end
users would get money for further lending. Presence of banks and micro credit agencies in the region and their
capacity to disburse funds are important factors for process diffusion. For capacity building perspective the factors
like awareness of the product, provision of technical training, providing support for operation and maintenance of
the products will help in renewable energy access to the end-users. Other major factors include the government and
private training institutions, support centres, presence of local NGOs, etc. helps in undertaking activities on
generating awareness about the need and usage of renewable energy across household, livelihood and community
levels are required for renewable energy access to the end-users. From infrastructural point of view, energy is
required for infrastructural development in schools, community centres, health centres, etc. It can also help in
leveraging the developmental aspect of communication networks, roads and other soft support entities. From
technology aspect the presence of reliable local vendors, suppliers and the existence of a strong supply network with
affordable good quality products, technologies, availability of spare parts and appliances will help in renewable
energy access to the end-users. In addition a strong labour force with technical skills, can ensure smooth operations
and functioning of the products as well. From policy aspect, it focuses on the current, potential targets, guidelines,
schemes available, etc., will help in addressing the renewable energy access. From entrepreneurial perspective if the
system components can be sourced locally, assembled and installed then it would create an ecosystem for adoption
of the renewable energy products. It will help in employment generation, cost minimisation, faster service and
building local capacity as well.

Renewable Energy: A Global Overview

Renewable energy has pitch in about 19 percent to world energy consumption and 25 percent to the electricity
generation in 2015 and 2016-17 respectively. Energy consumption is further divided into 8.9 percent from traditional
biomass, 4.2 percent from heat energy (modern biomass, geothermal and solar heat) 3.9 percent from hydro
electricity and 2.2 percent from electricity, generating from wind, solar, geothermal, and biomass. Renewable energy
consumption has grew by 14 percent in the year 2016-17, giving 7.5 percent of the world’s electricity (BP Statistics
Report, 2016-17).

Renewables have recorded for about 40 percent of growth in world power generation in 2016, and gave 31 percent of
world primary energy growth (BP Statistics Report, 2016). Around 162GW of renewable energy was added in the
year 2016-17 thus becoming the fatly annual increase, up by 9 percent when compared to 2015-16. Solar photovoltaics
(PV) pacified with 47 percent of freshly installed renewable power capacity, while hydropower and wind accounted
for about 16 percent and 34 percent respectively. Thus, renewables accounted for an estimated 62 percent of net
additions to global power generating capacity in 2016-17 (Renewables India, 2017).By the close of 2017, global
renewable generation capacity was enhanced by 167GW and reached around 2179GW worldwide (IRENA, 2017).
Solar PV raised by 32 percent in 2017, followed by wind energy, rear by 10 percent. Underlying, this growth are
substantial cost reductions, with the levelled price of electricity from solar PV diminished by 73 percent, and onshore
wind by nearly one-quarter, between the year 2010 to 2017.
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Market Review on Solar PV: World Wide

In the year 2016-17, the total solar PV installed capacity crossed 300GW, with China having 34.5GW, succeed by USA
with 14.5GW, Japan with 10.2GW and India with 5GW in fourth place. India, about 79GW capacity is expected to be
added during the year 2017-18 (Bridge to India Report, 2017). In an attempt for a continuous growth, about 8.8GW of
capacity addition (growth of 76 percent over 2016), was set to become the third largest PV market in 2017, overtaking
Japan. Solar module prices continue to fall faster. Prices in India fell to less than 1 $ which is equivalent to Rs 45 to
72/Wp in first quarter of 2017 depending upon the brand and company. Such breakneck fall has made solar PV the
affordable new source of power in maximum countries and provided heave in emerging economies.

India: Renewable Potential, Targets & Achievements

Renewable Energy Potential

India has the largest potential for production of energy from renewable sources. It records for about 4 percent of the
world electricity generation and gives 4.43 percent to the world renewable generation capacity. As per International
Energy Agency’s (IEA) the renewable energy projects a growth of renewable energy supply to 4550GW by 2040 on a
world basis.

By 2018, the total renewable power generation installed capacity in our country stood at 114.32GW, which is 33.23
percent of the total installed capacity of 344GW (CEA, IRENA, 2018). Installed renewable power generation capacity
has increased with a CAGR of 9.29 percent from 2008 to 2018 (ibid). India added a record of 11788MW of renewable
energy capacity during the year 2017-18. Power generation from renewable energy sources was 93.21 billion units in
2018. The Gol has set a target to achieve a total capacity of 175GW from other renewable energy sources by the year
2022. Out of 175GW, 100 GW is from solar power, 60 GW is from hydro power, 10GW from biomass power and 5GW
from small hydro power has been. Solar installation in India is expected to increase by 360 percent by 2020. About
4.96 million household size biogas plants have been installed in India since the inception of National Biogas and
Manure Management Programme (NBMMP) 15000 biogas plants were installed in 2017. Table 1 provides details on
state-wise renewable energy potential in our country till December 2017. From the above table it is evident that
Rajasthan is having the largest potential for renewable energy and solar energy, followed Jammu & Kashmir,
Maharastra and Gujarat. Odisha stands at 10th position with a total renewable energy potential of 27727 MW in the
year 2016-17 and 8th position with 25780 MW for potential of solar power.

Renewable Targets and Achievements

India has set a target to achieve 175GW by the year 2022 from renewables sources of energy. As most of the target is
to be achieved from solar, 60GW is set from ground mounted, grid-connected, large solar projects and another 40GW
is from rooftop solar (MNRE, 2017). On the basis of targets set on region specific, more targets have been assigned to
southern region with 59GW, 54GW to western region and 46GW to northern region due to climatic conditions.
Overall it is expected to install more then 90 percent of the total targets set while remaining is expected to be
contributed from north-eastern and eastern regions (MNRE, 2017). If the target for 175GW is to be achieved then it
would contribute to achieve 19.44 percent of the total renewable energy potential of 900GW (CEA, 2016). The state of
Maharashtra in western India has set the richly target to achieve 22 GW followed by Tamil Nadu with 21.5 GW
(CEA, 2017). Odisha has been set a target to achieve 2.3 GW from renewables by the year 2022. In total the installed
capacity till March 2017 is set at 57.2 GW both from private and state sector.

Generation from Renewable Energy

The generation of electricity from renewables is increasing year by year. As of March, 2020 about 36 percent of
India’s installed electricity generation capacity is from renewables, which is generating about 21 percent of the total
utility electricity in our country (All India Installed Capacity of Power Stations). Recently, a blueprint has been
prepared which states that India aims to develop 275GW from renewable energy, 72GW from hydroelectricity, 15GW
from nuclear energy and about 100GW from zero emission sources (Michael, 2016). India’s total renewable electricity
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capacity stands at 131GW, which represents about 36 percent of the total electricity generation capacity in the
country which is approximately 366GW.

Off-Grid Decentralised Solar PV Program

An off-grid decentralized or standalone mode, renewable energy is a perfect, scalable and viable solution for
providing power to un-electrified, power deficient villages and hamlets in rural areas. Under the off-grid
decentralized solar PV programme for the year 2017-18, the Ministry is providing Central Financial Assistance (CFA)
to implementing agencies for diffusion of solar photovoltaic (SPV) home lighting systems, solar street lights, solar
pumps, power packs and other solar applications to meet the electricity and lighting needs of the individual in the
rural areas. State Nodal Agency (SNAs) are the primary implementing agency through which CFA of 30 percent in
provided. NABARD is one of the implementing agencies for pumps and lighting systems through which CFA of 40
percent of the benchmark cost is provided. Below is the state wise installation of Off-Grid solar systems in India till
Dec 2017. From the above table we find that maximum number of the solar home lights has been installed in Madhya
Pradesh, followed by Rajasthan, Uttar Pradesh and Tamil Nadu. A total of 89961 solar lanterns, solar lamps and 5274
home lighting systems were installed in Odisha till Dec 2017.

Policy Landscape on Renewable Energy in India

Electricity is an important requirement for all aspects of our life. It is a need. It is a captious infrastructure on which
the socio-economic development of India hinges. Recognising that the electricity is one of the instrumental drivers
for quick economic growth and poverty alleviation, our country had set a target to achieve full access to electricity to
all households. In addition to it a target was also set of supplying a reliable and quality electricity at reasonable rate
to rural India which is most essential requirement for overall development and growth. Below are the different
policies being explained with reference to renewable energy.

Evolution of Renewable Power Sector and Renewable Energy Development Policies

The evolution of renewable power took place mainly after 2003 with the introduction of Electricity Act 2003. Three
major policies were introduced which laid the foundation for renewable energy development in our country. Policies
were National Electricity Policy 2005, National Rural Electrification Policies 2006 and National Tariff Policy 2006.
Electricity Act 2003 was further amended to create schemes like DeenDayalUpadhyaya Gram JyotiYojana (DDUGJY),
Rajiv Gandhi GrameenVidyutikaranYojana (RGGVY) for making all villages electrified. National Tariff policy was
introduced in 2006 to purchase a certain percentage of grid-based power from renewable sources. Further with the
introduction of National Action Plan on Climate Change (NAPCC), it gave a pathway for the development of eight
missions to deal with climate change adaptation and mitigation.

Energy policy came into existence through four phases: First is the Introductory phase which was introduced before
1956 where Electricity supply Act was introduced and establishment of semiautonomous State Electricity Boards
(SEBs) were enacted. Second is the Nationalisation phase which was introduced between 1956-1991, where the
ownership for generation and distribution of power came under state and their was focus on improvement on power
losses, subsidies, infrastructure bottlenecks. Third is the Liberalisation phase which emerged between 1991 to 2003
where provision for private sector participation in generation, fast track clearing mechanisms of private investment
proposals came into effect and finally the fourth phase where the Electricity Regulatory Commissions Act, was
introduced in 1998 for establishing central and state electricity regulatory commissions and rationalisation of tariffs
(MNRE and Corporate Catalyst India, IFLR, Aranca Research, 2017).

Electricity Act 2003

This act gave a clear path on the development and integration of renewable energy into the grid. The broad objective
was to acquaint competition, protecting consumer interests and provide power for all. This policy mandates the State
Electricity Regulatory Commissions (SERCs) to take steps to promote renewable and non-conventional sources of
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energy within their area of jurisdiction. A percentage for purchase of power from these sources was made functional
for the promotional tariffs to be determined by the each SERCs. Progressively the share of electricity from renewable
energy sources was increased which which is being prescribed by SERCs. Such purchase by distribution companies
shall be through competitive bidding process.

National Electricity Policy 2005

This policy recognises that electricity is an needful requirement for sustenance. The objective of this policy was to
provide electricity to all people by 2010, meeting the demand fully by 2012 and to go for reserves after meeting the
peak requirements. Increasing the per capita availability to over 1000 kWh per year by 2012 and ensuring a
minimum lifeline consumption of 365 kWh per year per household by 2012 was the major targets under this policy.

National Rural Electrification Policies (NREP), 2006

The objective of this policy was to have access to quality and reliable power supply at reasonable rates and have a
minimum lifeline consumption of one unit/household/day by the year 2012. It was also put on that the
villages/habitations where grid connectivity was not be feasible or low cost effective then off-grid renewable energy
products, based on stand-alone renewable based systems was to be taken up for supply of electricity. Lighting
technologies like solar photovoltaic to be adopted if it was not feasible, but these households shall not be designated
as electrified. State Govt need to prepare the plan and will be linked to district level development plan involving the
Gram Panchayat (GP). Village gram panchayat shall issue the first certificate at the time of the village becoming
eligible for declaration as electrified. Subsequently, the gram panchayat shall certify and confirm the electrified status
of the village as on 31 March every year.

National Tariff Policy 2006

Under this act there was a provision that central and the state electricity regulatory commissions must purchase a
certain percentage of grid-based power from renewable sources. State Electricity Regulatory Commissions will
specify a Renewable Energy Purchase Obligation (RPO) by distribution licensees in a time-bound manner. Targets
were assigned for each state for purchase obligations with 0.25 percent of power purchases by states by 2013 and 3
percent by the year 2022. Renewable Purchase Obligation targets can be achieved once the Green Energy Corridor (a
transmission network to connect renewable energy rich states to lacking states) is complete, as it will provide for
easy trade in renewable energy power. The new rooftop policy from MNRE is also expected to increase installation
activity in the sector (helping with RPO obligations). Odisha has a lower solar RPO (of 0.15 percent in 2012-13)
compared to the target as stipulated in the tariff policy of 0.25 percent in 2014-15. With increase in percentage of total
energy consumption in Odisha the power to be harnessed from solar was increased from 44MU to 210MU, with a
growth rate of 0.48 (48 percent) during the year 2015-16.

Off-grid, Decentralised Solar Power Schemes

Under this programme, on technical aspect, both for off-grid, decentralised PV systems and minigrids for rural
electrification upto a maximum capacity of 500 kWp per site was supported. This scheme was implemented through
multiple implementing agencies for rapid up-scaling in an inclusive mode. Under this scheme, the financial
assistance is provided by 30 percent capital subsidy to end-users and 90 percent to special category states for
community projects and government departments for installation of solar PV systems. It also provided a credit
linked capital subsidy scheme for solar lighting and pumping purpose through NABARD, other regional rural banks
and commercial banks. Government provided 30 percent subsidy on the cost of the system ranging from Rs 21-105
per watt peak depending upon the capacity of the modules and configuration of the solar photovoltaic systems in
different states of the country. For solar water pumping system the capital subsidy is ranged from Rs 27630- 57600
per HP depending upon the capacity.
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Jawaharlal Nehru National Solar Mission (JNNSM)

JNNSM was launched under India's National Action Plan on Climate Change (NAPCC) in 2008. It aims at
establishing our country as a world leader in solar energy by creating a favorable policy environment for its
deployment across the country. Under the original plan of 2010, the Gol sought to achieve total installed solar
capacity of 20GW by 2022. Here the targets were divided into three phases, phase-I started from 2010 to 2013, phase-
IT from 2013 to 2017 and phase -III from 2017 to 2022. Each phase included three segments: solar rooftop, off-grid
solar applications and solar collectors, targets for phase-I included 1100MW, 200MW and 7 million sq. meters
respectively. Likewise for phase-II it included 10000MW, 1000MW and 15 million sq. meters respectively and for
phase-III the targets assigned was 20000MW, 2000MW and 20 million sq. meters (MNRE, 2010). The Government
again revised the solar target for 2022 from 20GW to 100GW. The revised targets were 5000MW, 17000MW,
32000MW, 48000MW, 65000MW, 82500MW and 100000MW for 2015-16, 2016-17, 2017-18, 2018-19, 2019-2020 and
2021-2022 respectively (MNRE, 2016).

Diffusion of Solar Home Lights in Odisha

Our state is making efforts for village electrification. Out of 51582 villages in Odisha (Census, 2011) 95 percent
villages have been electrified by the end of 31 March, 2017. By the year 2022, Odisha envisages generation of 2200
MW of solar power, 200 MW of wind power, 180 MW of biomass power, 150 MW of small hydro power and 20 MW
of Waste-to-Energy (WTE) power (Economic Survey, 2017). A total of 34216 numbers of solar lights were installed in
Odisha (Census, 2011). During the year 2017-18, 14837 solar lights has been installed in the rural HH in our state by
OREDA (OREDA, 2017).

District wise Diffusion of Solar Home Lights across Odisha.

The below table shows the district wise diffusion of solar lights across Odisha. From the above table we find that
maximum number of solar lights were installed in Kalahandi district, followed by Sundargarh district and Kheonjhar
district with 3420, 2442 and 2022 numbers respectively. Further we find that a maximum of 0.84% of solar lights were
installed in Kalahandi district, followed by Malkangiri with 0.72%. From the above figure we find that in Kalahandi
district has maximum number of solar lights with 9 numbers installed per 1000 rural household, followed by
Malkangiri and Naupada with 7 numbers each.

CONCLUSION

Getting reliable, quality power remains a challenge and further extending it to the grid is more burdensome work at
ground work. Although different policies are being implemented at ground level but still people are facing problems
in getting unreliable power supply for which they are facing problem of drudgery, pollution, safety and health
issues. Hence we need to focus on decentralized renewable energy solutions to settle a larger position in the core of
“electricity to all” in our country. Currently the main challenge facing is the lack of strong foundation of various
factors and actors that supports the functioning and provides a sustainability solutions. For the same there is a need
to study the factors and actors that support in giving solutions for improving energy access to in the rural context.
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Table 1: State-wise Clean Energy Potential in the Country in MW till 2017

. Small . . Waste
S1. State/UT Wind Hydro Biomass Blogas?e to Solar Total
No Power Power Cogeneration
Power Energy

1 | Andhra Pradesh 14497 978 578 300 123 38440 54916
p | Arunanchal 236 1341 8 0 0 8650 10235

Pradesh
3 Assam 112 239 212 0 8 13760 14331
4 | Bihar 144 223 619 300 73 11200 12559
5 Chattisgarh 314 1107 236 0 24 18270 19951
6 | Delhi 0 0 0 0 131 2050 2181
7 Goa 0 7 26 0 0 880 913
8 | Gujarat 35071 202 1221 350 112 35770 72726
9 | Haryana 93 110 1333 350 24 4560 6470

Himachal
10 64 2398 142 0 2 33840 36446

Pradesh

Jammu &
11 . 5685 1431 43 0 0 111050 118209

Kashmir
12 | Jharkhand 91 209 90 0 10 18180 18580
13 | Karnataka 13593 4141 1131 450 0 24700 44015
14 | Kerela 837 704 1044 0 36 6110 8731
15 | Madhya Pradesh 2931 820 1364 0 78 61660 66853
16 | Maharastra 5961 794 1887 1250 287 64320 74499
17 | Manipur 56 109 13 0 2 10630 10810
18 | Meghalaya 82 230 11 0 2 5860 6185
19 | Mizoram 0 169 1 0 2 9090 9262
20 | Nagaland 16 197 10 0 0 7290 7513
21 | Odisha 1384 295 246 0 22 25780 27727
22 | Punjab 0 441 3172 300 45 2810 6768
23 | Rajasthan 5050 57 1039 0 62 142310 148518
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24 | Sikim 98 267 2 0 0 4940 5307
25 | Tamil Nadu 14152 660 1070 450 151 17670 34153
26 | Telengana 0 0 0 0 0 20410 20410
27 | Tripura 0 47 3 0 2 2080 2132
28 | Uttar Pradesh 1260 461 1617 1250 176 22830 27594
29 | Uttarakhand 534 1708 24 0 5 16800 19071
30 | West Bengal 22 396 396 0 148 6260 7222
31 | Chandigarh 0 0 0 0 6 0 6
. Small . . Waste
SL. State/UT Wind Hydro Biomass Blogas§e to Solar Total
No Power Power Cogeneration
Power Energy
32 | Andamanand 365 8 0 0 0 0 373
Nicobar
33 | Lakshadeep 0 0 0 0 0 0 0
34 | Puducherry 120 0 0 0 3 0 123
35 | Daman and Diu 4 0 0 0 0 0 4
36 | Others 0 0 0 0 1022 790 1812
TOTAL 102772 19749 17536 5000 2554 748990 896605
Source: MNRE, 2017
Table 2: State wise Installation of Off-Grid Solar Systems till Dec 2017
Lanterns and Home Lights Total Solar Home Lights

SL.No State/UT Lamps (Nos)= A (Nos)=?3 (A+B) Installed till Def 2017

1 Andhra Pradesh 51360 22972 74332

2 Arunanchal Pradesh 14433 18945 33378

3 Assam 13379 6926 20305

4 Bihar 210391 12303 222694

5 Chattisgarh 3311 7754 11065

6 Delhi 4807 0 4807

7 Goa 1093 393 1486

8 Gujarat 31603 9253 40856

9 Haryana 93853 56727 150580

10 Himachal Pradesh 33909 29342 63251

11 Jammu & Kashmir 51224 65319 116543

12 Jharkhand 138723 9450 148173

13 Karnataka 7334 52638 59972

14 Kerela 54367 41912 96279

15 Madhya Pradesh 529101 4016 533117

16 Maharastra 239297 3497 242794

17 Manipur 4787 3900 8687

18 Meghalaya 24875 7844 32719

19 Mizoram 9589 6801 16390

20 Nagaland 6766 1045 7811

21 Odisha 99843 5274 105117

22 Punjab 17495 8626 26121

23 Rajasthan 225851 166978 392829

24 Sikim 23300 15059 38359
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25 Tamil Nadu 16818 273015 289833
26 Telengana 0 0 0
27 Tripura 64282 32723 97005
28 Uttar Pradesh 104791 235909 340700
29 Uttarakhand 93927 91595 185522
30 West Bengal 17662 145332 162994
Lanterns and Home Lights Total Solar Home Lights
SL.No State/UT Lamps (Nos)= A (Nos)=B (A+B) Installed till Dec 2017
31 Chandigarh 1675 275 1950
32 Andaman and Nicobar 6296 468 6764
33 Lakshadeep 5289 600 5889
34 Puducherry 1637 25 1662
36 Others 125797 24047 149844
37 NABARD 0 116226 116226
TOTAL 2328865 1477189 3806054
Source: MNRE, 2017
Table 3: Diffusion of Solar Home Lights in Odisha
No of No of Total Solar Solar
Number Home
Solar Solar ¢ Solar Home Licht
Home Home S:lar Home Lights ifst:ile
District Rural Urban Total Light Light Home Lights installed d ver
18tricts HH HH HH Installe | Installed . Installed for total P
. . Light rural
din in Installed for Urban | household household
Urban Rural ¢ Household | (per 1000
HH HH (2011 HH) (per
Census) 1000)
Angul 249585 46337 | 295922 97 902 999 2.09 3.38 3.61
Balasore 473512 55895 | 529407 89 1804 1893 1.59 3.58 3.81
Bargarh 339364 34027 | 373391 46 826 872 1.35 2.34 243
Bhadrak 274191 35336 309527 85 842 927 2.41 2.99 3.07
Boudh 103239 4488 107727 10 273 283 223 2.63 2.64
Bolangir 387345 44736 432081 117 1504 1621 2.62 3.75 3.88
Cuttack 425082 | 141749 566831 153 922 1075 1.08 1.90 217
Debgarh 70511 5431 75942 7 240 247 1.29 3.25 3.40
Dhenkanal 253118 25252 | 278370 16 434 450 0.63 1.62 1.71
Gajapati 112872 15946 128818 17 468 485 1.07 3.77 4.15
Ganjam 602216 | 154678 756894 223 1444 1667 1.44 2.20 2.40
Jajpur 378135 29437 407572 42 994 1036 1.43 2.54 2.63
Jagatsingpur 237411 28177 265588 99 1045 1144 3.51 4.31 4.40
Jharsuguda 83664 50960 134624 46 200 246 0.90 1.83 2.39
]
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Kalahandi 377001 | 27813 | 404814 76 3344 3420 2.73 8.45 8.87
Kandhamal 155335 16669 172004 22 743 765 1.32 4.45 4.78
Kendrapara 311465 15940 327405 20 1379 1399 1.25 4.27 443
Keonjhar 349736 56893 406629 85 1937 2022 1.49 4.97 5.54
Khordha 247940 | 241696 489636 420 512 932 1.74 1.90 2.07
Koraput 283522 54683 338205 83 1467 1550 1.52 4.58 517
Malkangiri 126306 11144 137450 30 961 991 2.69 7.21 7.61
Mayurbhanj 544764 42884 587648 52 1526 1578 1.21 2.69 2.80
Nabarangapur 253461 20202 273663 39 1541 1580 1.93 5.77 6.08
Nayagarh 213265 17703 230968 21 936 957 1.19 4.14 4.39
Nuapada 151921 8026 159947 16 1116 1132 1.99 7.08 7.35
Puri 317002 52480 369482 60 803 863 1.14 2.34 2.53
Rayagada 191615 34349 225964 41 847 888 1.19 3.93 442
Sambalpur 178958 69871 248829 75 366 441 1.07 1.77 2.05
Sundargarh 310762 | 162531 473293 245 2197 2442 1.51 5.16 7.07
Subarnapur 140714 11740 152454 14 297 311 1.19 2.04 211
TOTAL 8144012 | 1517073 | 9661085 2346 31870 34216 1.55 3.54 3.91
/ Mohile \ /&gnwlmre
Repair, Solar Solar Pumps, |
Inf . Comp ressor k_Drﬁ er-/ Tecl:;:{ggg“;nd
— _*\ . T
. Livelihood
7 A - ED N\
Milkin sewing m/c
Financing \1_ j S \k_ _gi/ Skills and Training
ommuni 40[5 and \\f/]{ome h eah
tgtre SDD /" healih : Digital ‘ | Cooking:Biogas, | Solar w;tef
| mini grid, . education, solar \ stove heaters
\rerngeranoy \ cooker / / \ /
— — Household
/ \ le\zl related
[Copge [ Bl
Solnr street | llghtmg systems,
\DC nppllances/
Policy and
Regulation
Figure 1: Framework for Energy Access
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® Total Number of Solar Light Installed in Odisha, 2011 Census
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Figure 3: Diffusion Pattern of Solar Home Lights in Odisha starting with the Highest number Installed

@ (No of Solar Light Installed /Total HH) * 1000
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Figure 4: Diffusion Pattern of Solar Home Lights in Odisha per 1000 HH

® (No of Solar Light Installed /Rural HH) * 1000
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Figure 5: Diffusion Pattern of Solar Home Lights in Odisha per 1000 Rural HH
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ABSTRACT

This paper attempts to make an exploratory study the conceptual approaches and practical information
of Corporate Social Responsibility (CSR) activities in various paper industries in India. From the initial
days of barter system to the recent trend of plastic money, the humankind has treated a long way. The
theoretical concepts expounded by the deployment of current CSR practices in India. This paper
examines how paper industries in India view and conduct the CSR, identifies key CSR practices and
maps these against initiative standards by the Central Government of India.

Keywords: Paper Industries, CSR Practices

INTRODUCTION

Corporate social responsibility

(CSR) is a business approach that contributes to sustainable development by delivering economic, social and
environmental benefits for all stakeholders. CSR is a concept with many definitions and practices. The evolution of
corporate social responsibility in India refers to changes over time in India of the cultural norms of corporations'
engagement of corporate social responsibility (CSR), with CSR referring to way that businesses are managed to bring
about an overall positive impact on the communities, cultures, societies and environments in which they operate.[1]
The fundamentals of CSR rest on the fact that not only public but even corporates should be responsible enough to
address social issues. Thus companies should deal with the challenges and issues looked after to a certain extent by
the states.
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Scope

Itis a way of integrating the economic, social and environmental imperatives of business activities.

Why There Is A Need For Corporate Social Responsibility?

A responsible corporate recognizes that its activities have wider impact on the society in which it operates.
Therefore, it takes account of the economic, social, environmental & human rights impact of its activities on all the
stakeholders.

1. Better Public Image:

2. Conversion of Resistances into Resources

3. Long Term Business Interest:

4. Avoiding Government Intervention:

CSR Practices & Trends

As businesses and professionals identify and define their CSR role, they may well look to their trade or professional
associations for advice and support. Even if members don’t actively seek input on CSR, their associations have an
opportunity, even a responsibility, to reach out proactively to their members to provide a valuable service in the
following areas:

Education and awareness —

As associations seek new ways to serve members in a tough economy, providing help with CSR may be an untapped
avenue of opportunity. However, many associations may face questions from their members, the media or the public
about whether the industry or profession they represent has a policy or program to promote CSR.

Providing support

If there is sufficient interest in CSR among members, consider providing assistance to members in getting educated,
setting policy, and implementing CSR programs. Among the areas where advice and supporting material may be
particularly helpful include:

e Policy

e Program ideas and support

e Greening

e Ditfalls.

History and Evolution of Indian CSR

India has the world’s richest tradition of corporate social responsibility. Though the term CSR is comparatively new,
the concept itself dates back to over a hundred years. CSR in India has evolved through different phases, like
community engagement, socially responsible production and socially responsible employee relations. Its history
and evolution can be divided into four major phases.

PHASE 1 (1850 TO 1914)

The first phase of CSR is known for its charity and philanthropic nature. CSR was influenced by family values,
traditions, culture and religion, as also industrialisation. The wealth of businessmen was spent on the welfare of
society, by setting up temples and religious institutions. In times of drought and famine these businessmen opened
up their granaries for the poor and hungry.. During this period social benefits were driven by political motives.

PHASE 2 (1910 TO 1960)

The second phase was during the Independence movement. Mahatma Gandhi urged rich industrialists to share
their wealth and benefit the poor and marginalised in society. His concept of trusteeship helped socio-economic
growth. According to Gandhi, companies and industries were the ‘temples of modern India’.
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PHASE 3 (1950 TO 1980)

This phase was characterised by the emergence of PSUs (Public Sector Undertakings) to ensure better distribution of
wealth in society. The policy on industrial licensing and taxes, and restrictions on the private sector resulted in
corporate malpractices which finally triggered suitable legislation on corporate governance, labour and
environmental issues.

PHASE 4 (1980 ONWARDS)

In this last phase CSR became characterised as a sustainable business strategy. The wave of liberalisation,
privatisation and globalisation (LPG), together with a comparatively relaxed licensing system, led to a boom in the
country’s economic growth.

Paper Industry in India

The paper industry in India is one of the most thriving industries in the country. The Indian paper industry accounts
for about 1.6 per cent of the world’s production of paper and paperboard. Indian paper industry is the 15th largest in
the world and provides employment to 1.3mn people in country contributing Rs25bn to the government.The first
paper mill was set up in India more than 100 years ago. In India, the first paper industry was developed in Kashmir,
established by Sultan ZainulAbidin (Shahi Khan) of Kashmir in1417-67AD. (http://www.infinityfoundation. com).
Paper was observed in common use almost all over India at the close of Akbar’s reign The growth in paper is
inevitable and is likely to contribute significantly to the government’s target of achieving an overall growth of 12 per
cent in manufacturing. Unfortunately, the rising costs of raw materials, primarily wood and wood products, are a big
challenge facing the industry. The industry has recorded a volume growth of CAGR of 5.47 per cent over the last 3
years. In 2003-2004, it recorded a volume growth of 6 per cent in line with the GDP growth.

Newsprint mainly uses for newspapers, flyers, and other printed material intended for mass distribution.

The Rs. 25,000-crore Indian paper industry accounts for about 1.6 per cent of the world’s paper and paperboard
production even though the country accounts for nearly 16 per cent of the global population. The Indian paper
industry’s market size has been estimated at Rs.321 billion, growing at a CAGR of 10.5 per cent from around Rs. 195
billion in 2003-04 to Rs. 321 billion in 2008-09. In 2009-10, the country produced 9.18 million tons of paper, growing at
an average 6-7 per cent compared with 2 per cent growth in developed countries.

Information & Activities and By Paper Mills

ITC- Paperboards and Specialty Papers Division (ITC-PSPD), is amongst the leading names in the business
worldwide. Our innovative solutions to meet a diverse cross-section of packaging and communication needs have
helped us carve a unique niche for ourselves. With emphasis on harnessing state-of-the-art technology, we have
emerged as the largest manufacturer of Packaging and Graphic Boards in South Asia. In the endeavour to move up
the value chain, our portfolio of products and services has consistently grown over the years. Today, our products
and pool of knowledge-based services are much sought-after by discerning customers, both in India and
internationally, for sustaining and improving their competitiveness.

To implement the Company's CSR Programmes through Company personnel or through external implementing
agencies or through ITC Education Trust, ITC Rural Development Trust, ITC Sangeet Research Academy, ITC
Bhadrachalam Education Trust, Tribeni Tissues Education Society (and other Trusts, Foundations and Section 8
companies that may be established by the Company from time to time). In such cases, the Company will specify the
CSR Programmes which may be undertaken by those Trusts in accordance with their Objects and administrative and
accounting processes laid down in the respective Trust Deeds/ Memoranda and Articles of Association.
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e e-Chou pal

e Social & Farm Forestry

e Watershed Development
e Women's Empowerment
e Livestock Development
e Primary Education

Tamil Nadu Newsprint and Papers Limited (TNPL) was established by the Government of Tami Nadu during early
eighties to produce Newsprint and Printing & Writing Paper using bagasse, a sugarcane residue, as primary raw
material. The Company commenced production in the year 1984 with an initial capacity of 90,000 tonnes per annum
(TPA). Over the years, the production capacity has been increased to 2,45,000 tpa and the Company has emerged as
the largest bagasse based Paper Mill in the world consuming about one million tonnes of bagasse every year. The
activities conducting by the Industry are as follows

i) Education
°  Scholarships for exceptionally talented children — based on merit
Career Development

*  Sports Development
ii) Health Care

° Disease Prevention

Primary Health
Help to Handicapped/ Disabled people

Contribution to Hospitals and Medical Research
*  Sanitation Infrastructure

iii) Socio-Economic Development

¢ Drinking Water facilities

e Community or Social Infrastructure * Employment generation

e Vocational Training ° Integrated Farming

e Livestock and Animal Husbandry care

e Providing assistance for eradicating hunger and reducing poverty and malnutrition
¢ Road development

e Promoting gender equality and empowering women

iv) Environmental Sustainability

Air pollution control
*  TEWLIS related activities for improvement of land
Water Shed Development

Conservation of Flora, Fauna & Wild life

V) Culture & Heritage promotion

Conservation of Heritage buildings, including places of worship and sites of historical importance
Promotion of Literature/ Dance/Music/Theatre/ Arts, Architecture and Handicrafts.

West Coast Paper Mills Limited enjoys a pedigree standing over the past 61 years as premium brand in Paper

industry,widely acknowledged both in India and abroad.The Company’s commitment to its vision of constant up-
gradation of its processes and technology to offer uniform quality of customized products and its sustained
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emphasis on achieving mastery over ‘wood to paper product research” have enabled it to produce a wide portfolio
of wood-free papers and boards of highest quality.

Our CSR initiatives for the villages include the following:
e  Water supply projects.

e School uniform distributions.

e Subsidized notebook distributions.

e Cattle vaccination program.

e Distributions of medicines.

e Medical facilities such as mobile health care units.

e Drinking water arrangements.

e Drinking water arrangements for cattle.

¢ Organizing social awareness programes.

Ballarpur Industries Limited (BILT), part of the US$ 3 bnAvantha Group, is India’s largest manufacturer of writing

and printing (W&P) paper. More than 50% of India,s coated wood-free grades roll out of BILT’s state-of-the-art

plants. The company holds an impressive 85% share of the bond paper market and nearly 45% share of the hi-bright

Maplitho market in India. BILT is the only Indian paper company to feature in the global top 100 list, with the recent

acquisition of Malaysia’s Sabah Forest Industries (SFI) having elevated BILT’s global ranking to 87. In recent years,

BILT has evolved as a knowledge driven and customer centric organization.

As of now the CSR programs of Bilt are carried out at the following levels

e Communities: Integrated Rural & Urban Community Development programmes with communities living in the
periphery of our Mills

¢ Employee Volunteer Programme: employees are encouraged to volunteer time to work on social issues

e  Workplace: HIV/AIDS prevention with employees, truckers and transporters

e Support to National Issues: Support to NGO’s for Universalizing Primary Education and arresting school
dropouts

Community Development

Out of all the stakeholders of BILT, the communities living around the manufacturing locations are the most
marginalized and thus community development and upliftment of the marginalized have been identified as focus
areas for CSR intervention. Today BILT’s development programmes reach more than 2, 00,000 people living in more
than 100 villages around the Mills.

Employee Volunteer Programme (EVP)

This programme covers employees at all levels and is an extension of the Company’s sustained involvement with the
communities at its various locations. This programme concentrates its efforts on volunteerism, allowing employees
to participate in the process of social change. We have more than 300 employee volunteers who regularly volunteer
their time for activities.

Prevention of HIV/AIDS

The prevention of HIV/AIDS programme was launched in the year 2005. The focus of the programme has been to
create awareness about the disease. We have involved our own employee volunteers to deliver this prevention
message.

International Paper APPM Ltd., is one of the largest integrated paper and pulp manufacturers in India. Established
in 1964. The company produces writing, printing and copier papers for foreign and domestic markets. Our
production facilities at Rajahmundry and Kadiyam have a total production capacity of 240,000 TPA. The company
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employs around 2,500 employees and is headquartered in Hyderabad. International paper is highly committed to
values such as respect for people, communities, cultures and environment while producing paper.

EDUCATION

IP India Foundation promotes literacy by developing, assisting and supporting educational institutions in order to
impart quality education.

ENVIRONMENT

IP India Foundation promotes environmentally & socially responsible business practices by assessing and mitigating
the environmental & social impacts on sustainable economic growth.

ENGAGEMENT

IP India Foundation has been initiating, encouraging and supporting various initiatives and engaging with the
community. SPB is the flagship company of ESVIN Group. The headquarters of the group is at Chennai. The other
companies belonging to the group are:

e ESVIN Advanced Technologies
e Ponni Sugars

e High Energy Batteries
e SPB-PC

The activities are

e Lift Irrigation
e Contract Farming
e Community Development

JK Paper Ltd. has two large integrated paper manufacturing units — JK Paper Mills, Rayagada, Odisha and Central
Pulp Mills, Songadh, Gujarat with a combined capacity of 4,55,000 TPA. It is the market leader in Branded Copier
paper segment and among the top two players in Coated Paper and high-end PackagingBoards.
Its products are sold through extensive distribution network of 188 wholesalers, 10 depots & 4 regional marketing
offices, and covering nearly 4,000 dealers. It offers a wide product range and its brands are synonymous with
premium quality paper.

ENVIRONMENT INITIATIVES

Continuously pursuing enriching the green cover through its Social Farm Forestry drive

o Till date in excess of 81000 Ha of land has been planted covering states of Orissa, Andhra Pradesh, Chattisgarh,
Gujarat, Maharashtra & West Bengal

o On average it has added 7000 Ha annually to its plantation drive by distributing over 40 million saplings to
farmers

o This farm forestry activity since 1990 has cumulatively provided income for over 45,000 farmers

EDUCATION

e Schools - Three schools providing education to over 3000 students with significant portion of them from SC & ST

e Adult Literacy Programme enabling - 3250 illiterate to become literate.

e Adoption/ Upgradation of Industrial Training Institute ( ITI), Ukai, Gujarat under PPP route:Providing training
in line with industry requirements. Close to 425 students trained in various trades
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HEALTH CARE
e Organising regular General/Disease specific Health Check up camps at the peripheral villages near the factory
sites.

e Providing Financial assistance and support to District Administration for organising '‘SwasthyaMela' (Health
Fair)
e Helping tribal mothers to benefit from Janani SurakhyaYojana

LIVELIHOOD INTERVENTIONS

e To improve quality of life of rural poor in and around our Mills by helping them to organise self help group.
Recognising the good work, Banks coming forward with loans to build confidence of SHGs & help them scale up
their income generating activities.

Government Norms on CSR activities of Paper Industries

The Policy recognizes that corporate social responsibility is not merely compliance; it is a Commitment to support
initiatives that measurably improve the lives of underprivileged by one or more of the following focus areas as
notified under Section 135 of the Companies Act 2013 and Companies (Corporate Social Responsibility Policy) Rules
2014:

e Eradicating hunger, poverty & malnutrition, promoting preventive health care & sanitation & making available
safe drinking water;

e Promoting education, including special education & employment enhancing vocation skills especially among
children, women, elderly & the differently unable & livelihood enhancement projects;

e Promoting gender equality, empowering women, setting up homes & hostels for women & orphans, setting up
old age homes, day care centres& such other facilities for senior citizens & measures for reducing inequalities
faced by socially & economically backward groups;

e Reducing child mortality and improving maternal health by providing good hospital facilities and low cost
medicines;

e Providing with hospital and dispensary facilities with more focus on clean and good sanitation so as to combat
human immunodeficiency virus, acquired immune deficiency syndrome, malaria and other diseases;

e Ensuring environmental sustainability, ecological balance, protection of flora & fauna, animal welfare, agro
forestry, conservation of natural resources & maintaining quality of soil, air & water;

¢ Employment enhancing vocational skills

e Protection of national heritage, art & culture including restoration of buildings & sites of historical importance &
works of art; setting up public libraries; promotion & development of traditional arts & handicrafts;

e Measures for the benefit of armed forces veterans, war widows & their dependents;

¢ Training to promote rural sports, nationally recognized sports, sports & Olympic sports;

e Contribution to the Prime Minister’s National Relief Fund or any other fund set up by the Central Government
for socio-economic development & relief & welfare of the Scheduled Castes, the Scheduled Tribes, other
backward classes, minorities & women;

e Contributions or funds provided to technology incubators located within academic institutions, which are
approved by the Central Government;

¢ Rural development projects, etc.

e Slum area development.

Explanation: For the purposes of this item, the term slum area ‘shall mean any area declared as such by the Central

Government or any State Government or any other competent authority under any law for the time being in force.

GAP ANALYSIS

It has been found out that there is a difference between the actual and the standard performance by the Industries as
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per the Government norms. There is a gap found by this study between the two bodies which has mentioned below.

Industries should concentrate on Hunger, Poverty and Malnutrition

There should be a special focus on special education and also vocational skill education
Special focus should be on homes, hostels for orphans and also for old age homes

Some initiation towards public libraries

Observation on promoting activities on Regional/Traditional Arts and Handicrafts
Some benefits should be for War Widows, Armed Forces Veterans and their dependants
Special focus on semi urban development or slum area development

NSO eN =

CONCLUSION

The above mentioned statements are most necessary for concentration and implementation for the CSR activities by
the paper industries as per the preliminary study. In addition, there should be a harmonious vision for the paper
industries towards the implementation of more CSR activities.
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ABSTRACT

Indian retail industry is considered as the fifth largest one globally with huge growth potential. Retail
contributes to 10% of India’s GDP. India has highest retail density in the world with 15 million outlets.
According to the Investment Commission of India, the retail sector in india is expected to grow almost
three times its current levels to $660 billion by the year 2015. Indian retail sector is one of the most sought
after sectors that carry great potential for attracting FDI. The growth of retail, especially in 21st century is
amazing and attracting the attention of retailers from all over the world. With the steady entry of top
global single and multi-brand retailers such as Wal- Mart, Tesco, Carrefour, Nike, Ikea, Apple and many
more in last couple of years despite conservative approach of the government, the sector has become
more fascinating for the study. FDI is considered as an important tool in the economic development of
the nation. Contribution of FDI through financial resources, technology and innovative techniques will
raise the overall productivity of diverse sectors of economy. If properly navigated, FDI will truly acts as a
catalyst for development of sectors such as agriculture, manufacturing, service, SME’s and many more.
The present paper attempts to outline the government's policy on FDI in Indian Retail Sector and tries to
examine the advantages and adverse effects of FDI on various sectors of the Indian economy. A
descriptive analysis is conducted to the present study.

Keywords: Foreign Direct Investment (FDI), FDI Policy, Indian Retail Sector, Multi-brand retail, Single-
brand retail.

INTRODUCTION

Indian retail industry is considered to be the fifth largest one globally with huge growth potential. Retail contributes
to 10% of India’s GDP. India has highest retail density in the world with 15 million outlets. According to the
Investment Commission of India, the retail sector is expected to grow almost three times its current levels to $660
billion by 2015. India is a land of retail democracy- hundreds of thousands of weekly haats and bazaars are located
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across the length and breadth of our country by people’s own self-organizational capacities and interests. Our streets
are bazaars — lively, vibrant, safe and source of livelihood for millions (Deepali Moghe, 2012).

In 2004, The High Court of Delhi defined the term ‘retail’ as a sale for final consumption in contrast to a sale for
further sale or processing (i.e.Wholesale) a sale to the ultimate consumer. Thus, retailing is the interface between the
producer and the individual consumer buying for personal consumption. This excludes direct interface between the
manufacturer and institutional buyers such as the government and other bulk customers. Retailing is the last link
that connects the individual consumer with the manufacturing and distribution chain. A retailer is involved in the act
of selling goods to the individual consumer at a margin of profit.

Indian retail sector is one of the most sought after sectors that carry great potential for attracting FDI. The sector is
rightly projected as sunrise sector of India. The growth of retail, especially in 21st century is mind boggling and
attracting the attention of retailers world over. With steady entry of top global retailers such as Wal Mart, Tesco,
Carrefour and many more in last couple of years despite conservative approach of the government, the sector has
become more fascinating for research study. The recent decision of Indian government ofopening up the sector for
FDI in single and multi brand retail has stirred up the heat with intense agitational activities witnessed all over India.
The whole issue needs dispassionate review from all - intellegensia, corporate world as well as from government so
that Indian retail sector benefits in its onward march of progress. Moreover, India ranked on 5th position in its Global
Retail Development Index (GRDI) and second in Asia after China, by the US-based global management consulting
firm, A T Kearney in its annual Global Retail Development Index (GRDI) 2012.

Objectives of the Study:

(a) To study the present regulatory framework for FDI in Indian retail sector.
(b) To study and analyze likely impact of FDI in single and multi brand retail on different components of Indian
Economy.

RESEARCH METHODOLOGY

The descriptive research methodology has been used to collect the data. To evaluate the overall position of the entry
of FDI in multi brand retail in India, secondary data has been collected from Various published sources and also
from websites from the year 1999 to few assumptions for the future. Analysis and Interpretation of the data is more
on qualitative terms than on quantitative terms.

Retail Marketing — Indian Scenario

The Indian retail market, the fifth largest retail destination globally, has been ranked as the most attractive emerging
market for investment in the retail sector by AT Kearney's latest annual Global Retail Development Index (GRDI). At
present, the retail industry in India is estimated at US$ 400 billion industry. With rising consumer demand and
greater disposable income, further the retail sector is expected to rise to US$ 833 billion by 2013 and to US$ 1.3 trillion
by 2018, at a compound annual growth rate (CAGR) of 10 percent. In absolute terms, this figure is very
commendable but the actual contribution to the GDP comes only in the form of organized retail. Organized retail
segment grew at the rate of 42.4 % in and is expected to maintain a much faster growth rate in next three years. As of
now, the organized part accounts for around 6.5% of the Indian retail market. Though, it is expected to maintain a
faster growth rate in the coming years with an estimation of touching 13% by the end of 2013. Over the last few years
Indian retail has witnessed rapid transformation in many areas of the business by setting scalable and profitable
retail models across categories. Indian consumers are rapidly evolving and accepting modern retail formats. New
and indigenized formats such as departmental stores, hypermarkets, supermarkets, specialty and convenience stores,
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and malls, multiplexes and fun zones are fast dotting the retail landscape. Retailing in India is currently estimated to
be a US$ 200 billion industry, of which organized retailing makes up a paltry 3 percent or US$ 6.4 billion. By 2013,
organized retail is projected to reach US$ 23 billion. For retail industry in India, things have never looked better and
brighter. Challenges to the manufacturers and service providers would abound when market power shifts to
organized retaliation and above all an experience that a consumer would like to repeat.

The retail sector has played a phenomenal role throughout the world in increasing the productivity of consumer
goods and services. It is also the second largest industry in US in terms of numbers of employees and establishments
(Chandu.K.L, 2012). There is no denying in the fact that most of the developed economies are very much relying on
their retail sector as a locomotive of growth. The India Retail Industry is the largest among all the industries,
accounting for over 10 percent of the country’s GDP and around 8 percent of the employment. The Retail Industry in
India has come forth as one of the most dynamic and fast paced industries with several players entering the market.
But all of them have not yet tasted success because of the heavy initial investments that are required to break even
with other companies and compete with them. The India Retail Industry is gradually inching its way towards
becoming the next boom industry.

Foreign Direct Investment in Indian Retail

World Bank defined FDI as “Foreign direct investment (FDI) or foreign investment can refer to the net inflow of
funds to acquire a long-term management interest in an enterprise operating in a foreign economy. It is the
accumulation of equity, reinvestment of retained earnings, other long-term sources of capital, and short-term funds
as presented in the balance of payments”.

According to a recent survey by UNCTAD India is projected as the second most attractive destination for FDI (only
after China) for multinational corporations during the years 2010- 2012. As per the data, the sectors such as telecom,
services, infrastructure and computer hardware and software attract the FDI the most. The leading sources of FDI are
from the economies such as the US, the UK, Singapore and Mauritius. The Indian retail market is currently
unorganized and highly fragmented, with an estimated 13-15 million outlets countrywide. The overall retail market
is expected to grow at a CAGR of about 11-13 percent by 2020-21, with the organized retail market expanding at 21-
24 percent (Chandu.K.L,2012). Table 1 depicts the growth of the share of organized retail in the overall retail in India
over years. From the table, it can be clearly understood that, in India, the growth of organized retail has been steadily
rising since 1999 and is expected to continue in the years to come. This growth can be attributed to changes in FDI
policy in retail trade.

FDI in Single Brand Retail

FDI up to 100 percent is now permitted in Single-Brand Product Retail Trading by only one non-resident entity,
whether owner of the brand or otherwise, under the Government route subject to the terms and conditions issued by
the Department of Industrial Policy & Promotion (DIPP), Ministry of Commerce & Industry, Government of India.
The purpose for liberalizing FDI in single brand retail trading is to attract FDI in production and marketing,
improving availability of goods to the consumer and increasing the competitive factor of the Indian enterprises by
providing them access to global designs, technologies and management practices. Accordingly, in permitting such
foreign investments, the Government of India has adopted a cautious approach and has made such permission for
100 percent FDI subject to certain terms and conditions explained herein below. FDI in single brand retail trading
was permitted to the extent of 51 percent with the prior approval of the Government of India (Secretariat for
Industrial Assistance) and was subject to the following conditions:

» Products to be sold should be of a 'Single Brand' only.

» Products should be sold under the same brand internationally i.e. products should be sold under the same brand
in one or more countries other than India.

» 'Single Brand' product-retail trading would cover only products which are branded during manufacturing.
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» The foreign investor should be the owner of the brand.
» In respect of proposals involving FDI beyond 51%, atleast 30% of the value of products sold would have to be
mandatory sourced from Indian 'small industries/ village and cottage industries, artisans and craftsmen.

Advantages of FDI in Single-brand retail

Majority of the single brand retailers which are investing in India has already a sourcing base in the country and the
trend is set to increase manifold. The consequential benefits, such as the integration of global best practices in
management, along with global standards in quality, design, packaging and production, would help build capacities
of local producers, by making it worthwhile for them to scale-up their production, thereby creating a multiplier
effect on employment and income generation. This also would lead to up-gradation of technology, which, in turn,
would have a further multiplier effect on the economy.

FDI in Multi Brand retail - A welcome move

The another landmark decision for the Indian retail industry is the cabinet approved the DIPP’s proposal of
permitting 51% FDI in multi brand retail in India on September 14, 2012. The decision to allow 51 percent foreign
direct investment (FDI) in multi-brand retail clears the deck for multi-national chains such as Carrefour, Tesco and
Walmart to set up shop in India, but with riders. It clearly says that approval should be taken from the Foreign
Investment Promotion Board (FIPB) for investments. Further, it says the foreign investor should make a minimum
investment of $100 million, 50 percent of which should be invested in “back-end infrastructure”. Also, 30 percent of
the products must be be procured from small-scale industries.

It also states that fresh agricultural produce, including fruits, vegetables, flowers, grains, pulses, fresh poultry,
fishery and meat products, may be unbranded. For the purpose of FDI in multi-brand retail, the note describes small
industries as units which have a total plant and machinery investment not exceeding $250,000 (around Rs.1.25 crore).
This investment refers to the value at the time of installation, without providing for depreciation. The foreign retail
chains will be required to comply with self-certification. They have to keep all records, and the government will have
the first right to procure agricultural produce.

Retail sales outlets can be set up only in cities with a population of more than 10 lakh as per the 2011 Census. In
States/ Union Territories not having cities with population of more than 10 lakh, retail sales outlets may be set up in
the cities of their choice, preferably the largest city. Other conditions include a minimum FDI amount of US $ 100
million with a mandate that at least 50% of the total FDI be invested in 'back-end infrastructure’ within three years of
the first tranche of FDI. As for the back-end investment, it states that investments made towards processing,
manufacturing, distribution, design improvement, quality-control, cold chain, warehouses and packaging, will
constitute back-end. Retail chains will be allowed only in cities with a population of more than 10 lakh as per 2011
Census. There are 51 cities with a population of more than one million, based on 2011 Census.

Multi-brand Retail Sector: Benefits accruing from FDI

Accelerated urbanization in India has brought in drastic changes in the consumption pattern. Emergence of new
social classes and expansion of middle and upper middle classes, substantial rise in the income of the
people and growth of the nuclear family system have brought in a great deal of change in the attitude of
consumers. India’s population predominantly consists of youth who are more brand-conscious and are ready
to pay a premium for quality, environment and brands.

People, now a days, are keen to spend on lifestyle. Today, the typical Indian consumer expects everything
to be available under a single roof. All this makes India a very attractive destination for foreign investment in
retail sector. It is opined that FDI in Multi-Brand Retail Sector can be considered appreciable as it may bring
the latest cutting-edge technologies to India that would benefit a host of the sectors of the economy such as, the
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retail traders, farming, cooperative, service sector in non corporate enterprises and end consumers. The face of the
Indian Retail Industry will change with the entry of Global Retail Majors who are known for their quality, service,
and technology of highest standards.

Farmers — the Prime beneficiaries of the FDI Policy

According to the FDI Policy, atleast 50% of the Investment should be made in back end infrastructure such as
investments in processing, manufacturing, distribution, warehouse, logistics, storage etc., which will help to reduce
wastage of farm produce, improve livelihood of farmers, lower the prices of products and ease supply side inflation,
food, safety, hygiene and quality. Direct farm initiatives shall also provide better remuneration to farmers. More
investment is likely in farming sector. Since each retailer is expected to bring $100 million, it will have notable
investment in back end and logistics are likely to push employment further. Farmers have chances to gain greater
market access, higher profits,better technology and linkages with consumers due to direct back end linkages. Key
farmer issues can also be addressed which would help agricultural productivity.

Real Estate sector likely to upscale their operations

The decision to allow 51% in Multi brand retail is expected to prompt realtors to revive their plans to build malls and
shopping complexes, which were shelved down in the past few years due to economic slowdown. As per Jones Lang
Lasalle India, Global Consultant in real estate sector, Rs. 22,000 crores retail real estate market shall grow at CAGR of
25 % a year for the next five years, growing at 50- 100 %. With this, much needed capital too is expected to come into
the country for retail which means more job creation in future.

Consumers are going to be benefited the most

The most advantaged section with the implementation of FDI policy would be the consumers. From the reduction in
prices that would result from the supply chain efficiencies to the improvement in the quality of the products, the
consumers are going to be benefitted the most. Along with this, food safety standards would also get better with
improvised testing and aggregation facilities. The consumers would also have more choices to pick from. This policy
measure is most likely to benefit the poorest sections of the society. Lowering of prices would arrest the erosion of
real incomes and the current incomes of the economically disadvantaged sections would hence be able to buy more
than before.

Small Retailers Perspective

Foreign direct investment in the retail sector would also incentivise the existing traders and retail outlets to upgrade
and become more efficient. This would provide better services to the consumers, and also good remunerations to the
producers from whom they source the products. A concern that the small retailers will get displaced by allowing FDI
is completely misplaced. It is to be noted here that domestic organised retail services are already provided by entities
like Big Bazaar, Shoppers Stop, Croma, Reliance Fresh among others in different parts of India. More interestingly, it
constitutes only four percent of the retail trade and co-exists with small kirana stores and the unorganised retail
sector.

There has been a strong competitive response from traditional retail to these organised retailers through technology
upgradation. As a result, the organised retail chains have closed down in a number of locations, while others have
reduced the scale and spread of their operations. Globally too organized and unorganized retail co-exist and grow.
Small retailers would continue to be able to source high quality produce, at significantly lower prices, from
wholesale cash and carry points. In countries such as China, Thailand, Indonesia, Brazil, Singapore, Argentina and
Chile, where there are no caps on FDI and where there are no conditions, small retail stores have flourished, leading
to more employment. Therefore, it is a white lie to state that FDI in multi-brand retail trade will force small retailers
to shut down.
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Advantages to SMEs

Small and medium manufacturers are also going to be benefitted as 30 percent sourcing from these industries has
been made mandatory. This would provide the necessary scales for these entities to expand their capacities in
manufacturing, hence adding up to the employed population and also boosting the manufacturing sector of the
country. These industries also stand to get added advantages of technology upgradation, which would give them an
upper hand in productivity and local value addition, thereby raising the profitability and earnings of the small
manufacturers. The 30 percent sourcing norm would also help the small enterprises to get integrated with the global
retail chains. New manufacturing opportunities will also open for the country’s micro, small and medium
enterprises.

Opportunities for Rural Youth

FDI in multi-brand retail trading will also help a large number of young people from rural areas to join the
workforce. Youth from the villages spread across the country can engage themselves in activities ranging from
backend to the frontend retail business, as also from the skills imparted to them by the prospective investors.

Provides Employment and Reduction in Inflation

Investments in the organised retail sector will see gainful employment opportunities in agro-processing, sorting,
marketing, logistic management, small manufacturing sector like textiles and apparel, construction, IT, and other
infrastructure. The most important aspect of FDI in retail is that it will significantly increase the number of jobs in the
front-end. According to a study conducted by the Indian Council for Research on International Economic Relations in
2011, as per the industry estimates of the employment of one person per 350-400 sq.ft. of retail space, about 1.5
million jobs will be created in the front-end alone in the next five years. Assuming that 10 percent extra people are
required for the back-end, the direct employment generated by the organised retail sector in India over the coming
five years will be close to 1.7 million jobs. The study also suggested that with direct buying from the farmers,
improving supply chain inefficiencies, bettering storage capabilities to control supply/demand imbalances, inflation
could also be tamed. It can thus be concluded that opening up multi-brand retail trading to foreign direct investment
would have a multiplier impact on Indian economy. It would act as a strong catalyst for drawing investments in the
food processing sector. This would also be a driver for economic growth by accelerating demand.

The other benefits of FDI in Multi —brand Retail are as follows

Long term cash liquidity

FDI will provide necessary capital for setting up organized retail chain stores. It is a long term investment because
unlike equity capital, the physical capital invested in the domestic company is not easily liquidated.

FDI as a lead driver for the country’s economic growth

FDI in MBR would create a competition among the global investors, which would ultimately ensure better and lower
prices thus benefiting people in all sections of the society. There would be an increase in the market growth and
expansion. It will increase retail employment and suppress untrained manpower and lack of experience. It will
ensure better managerial techniques and success. Higher wages will be paid by the international companies. Urban
consumers will be exposed to international lifestyles.

FDI opens new doors for Franchising

Retail giants who are at their wings, seeking entry into foreign market look for other available alternatives. These
restrictions on the global retailers regarding the inflow of Foreign Direct Investment, leads them towards acquiring
the market entry through franchises. Thus, countries which offer promising market potentialities for retail growth
offers substantial growth in the franchising sector as well.
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Various Myths about FDI in Multi-Brand Retail sector are as follows

Myth1: Impact on supply chain intermediaries

Itis feared that foreign retailers will directly impact existing supply chain intermediaries that are being fed by SME'’s.
Since sourcing from domestic SME’s is not mandatory, foreign retailers may source the products from countries like
China which is known as manufacturing hub of the world and it may put Indian SME sector in great danger. There
may be a possibility of large scale unemployment if not checked. The current provision of 30% sourcing from Indian
SME’s should be made mandatory and should be strictly monitored. Due to predatory pricing strategies, vast class of
India’s merchants may get affected directly.

Myth 2: Fear of survival of Small and unorganized retailers in the environment of intense competition
The local kiranas, small shopkeepers, hawkers, peddlers still form major section of Indian economy. Retail sector acts
as a shock absorbing sector, providing opportunities for self employment in case of economic slowdown. The local
shopkeepers in the vicinity of big retailers might find it difficult to compete. The prices will be determined by
modern retailers and small shopkeepers may have to loose their profit margin due to predatory pricing strategy. The
entry of large global retailers such as Wal-Mart would kill local shops and millions of jobs, since the unorganized
retail sector employs an enormous percentage of Indian population after the agriculture sector; secondly that the
global retailers would conspire and exercise monopolistic power to raise prices and monopolistic (big buying) power
to reduce the prices received by the suppliers; thirdly, it would lead to asymmetrical growth in cities, causing
discontent and social tension elsewhere.

Myth 3: About consumer exploitation in the long run

It is argued that consumers shall benefit due to variety, quality and availability of wide merchandise. However, it is
feared that in the long run, consumers may have to face the risk of higher prices, substandard quality and limited
options, once these big retailers settle down comfortably in Indian market.

CONCLUSION

With the new FDI policy in retail trade, India will significantly benefit in terms of quality standards since the inflow
of FDI in retail sector is bound to pull up the quality standards and cost- competitiveness of Indian producers and
marketers in all the segments. It will also help in integrating the modern Indian retail market with that of the global
retail market. On the other hand, FDI in multi-brand retailing must be dealt cautiously as it has direct impact on a
large chunk of population. Foreign capital, if unchecked, may widen the gap between the rich and the poor. Thus,
the entry of foreign capital into multi-brand retailing needs to be anchored in such a way that it results in a win-win
situation both for India and global players. For example FDI in multi —brand retailing can be allowed in a calibrated
manner with social safeguards so that the effect of possible labor dislocation can be analyzed at regular intervals and
policy fine tuned accordingly. To ensure that the foreign investors make a genuine contribution to the development
of India’s infrastructure and logistics, it can be stipulated that a percentage of FDI should be spent towards building
up of back end infrastructure, logistics or agro processing units and the claims must be critically evaluated. It can
also be stipulated that at least 50% of the jobs in the retail outlet should be reserved for rural youth. On regulatory
front, more clarity is required and the same is possible only when retail is recognized as a separate and independent
sector of Indian economy. Thus, the priority step would be accordance of industry status to retail sector. Secondly,
uniform regulatory structure need to be set up with respect to taxes and duties as regards modern retail sector.
Exclusive national policy pertaining to this sector should be formulated. Enactment of national shopping mall
regulation act would help to regulate fiscal and social aspects of modern retail sector and create investor friendly
environment in India that as regards FDI in retail sector. Along with existing legal and regulatory framework, strong
enforcement mechanism is necessary to ensure that big retailers do not dislocate small retailers by unfair means and
there is peaceful coexistence of both the arms of retail sector.
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Table 1: Share of Organised Retail in India

Year 1 2 3 4 5 6
Total Retail (in billion INR) 7000 8250 10000 | 18450 | 19500 | 24000
Organized Retail (in billion INR) 50 150 350 920 1350 2400
Share of Organized Retail(%) 0.70% | 1.80% | 3.50% | 5.00% | 7.00% | 10.00%

Source: www.nielsen.com
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ABSTRACT

New drug development is a series of lengthy and network of process, with maximum expenditure and
minimum achievement rate. In current development years, there was major turn down in the number of
finding the new lead candidate for approved clinical trial. The strategy of drug discovery programs is to
improve the research and development process. Between all of the process the drug repurposing or,
repositioning as a new area that involves clinical entreaty for already or existed approved drugs. This
new method aimed to reduce cost and research time. So, repurposing is important, due to an area that
has previously suffered from limited sources and an extensive urgency for effective therapies and offers
advantages over traditional/ old approaches. Drug repurposing or repositioning find the new use of an
already existing drug. Than the drug development process it provides affordable, cheap and faster
treatment. However there are few barriers to drug repurposing which need to overcome to fasten for a
new drug.

Keywords: Drug repurposing, Drug repositioning, Drug discovery, pharmaceutical development.

INTRODUCTION

Drug repurposing is used for establishing other new medical usages for already known drugs including approved
drugs. Drug repurposing or repositioning lies is the modification of an active pharmaceutical ingredient for a new
indication that is already on the market. It is a new arena of success and is particularly appertain for the treatment of
orphan hereditary condition and offers notable satisfaction to the field of pharmaceutical and medical sciences. At its
simplest drug repurposing uses an existing drug and seeing whether it can be used as an effective treatment for
another condition. Drug repurposing basically indicates to studying drugs or compounds that are already approved
to treat one or more disease condition to check whether they are good, safe and effective enough for benefiting other
disease condition. [1, 2, 3]. Therefore, in this mini review we discussed about how the drug repositioning serves as an
important strategy for the development of new drug candidates.
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History

e In the year 2000, sildenafil which is used for treatment of angina was repositioned to treat erectile dysfunction
and thalidomide which is used for treatment of morning sickness in pregnant women was repositioned to treat
multiple myeloma. The success of these two drugs created a new environment for drug repurposing which
evolved in the emergence of many repurposing engrossed leadoff pharmaceutical companies.

e Drug repurposing also since been extended and covers the active substances that cut out from clinical phase of
their development due to the drugs toxicity, insufficient efficacy or withdrawn from the market

e In the year 1934, some company’s uses chloroquine which is used as a known antimalarial drug was synthesized
and was later on focused towards many other disease condition including parasitic disease, fever, lupus skin
rashes and recently it is also being used for coronavirus affected patient. [4, 5, 6]

Why go for Drug repurposing?

e The usual and traditional drug development process may detain the relocation of drug discovery of translational
research.

e As the repurposing of old drugs involves the use of less risked compounds with potentially lower down overall
drug development costs and minimizes development timelines thus it is an appealing postulation.

e With the expanding interest from pharmaceutical and clinical research organization and with the noticeable proof
from different cheminformatics and bioinformatics centre findings, drug repurposing was initiated with huge
investments.

e Out of all of the research nearly only 10% of repurposed drugs were get the approval from the regulatory bodies
and 70% of repurposed drugs are there at various stages of clinical development. [3, 4]

Drug discovery process

Researchers of various fields point out particular biogenetic, cellular and genetic factors which play a significant role
in each of the disease condition. The drug discovery and development stages of new drug molecules or lead
candidate includes lead compound identification (targets biogenetic, cellular and genetic markers analogous with a
particular disease condition), lead compound upgradation/ standardisation/ validation (identify a existed developed
molecule that have an ultimate effect on selected target), lead authentication (molecules that are being capable of
treating the disease condition) and finally lead compound optimization (comparison of nature and properties of
various lead compounds and selection of lead compound which is having the greatest prospective among all) [7, 8]

Drug discovery and Drug repurposing

Preclinical study trail i.e, study of drugs on human candidate which always stick to the drug discovery process
certify the safety of the drug candidate by laboratory and animal testing. After the preclinical study, investigational
new drug (IND) application is being set forth to FDA as consent for conducting clinical trial testing. Clinical
research/ trail phase includes phase I (human pharmacology and safety), II (therapeutic exploratory phase), and III
(therapeutic confirmation) and is mainly deals with therapeutic safety and efficacy of drug in human subjects. In
spite of the huge amount of investigation, the drug development process is time consuming process and the chances
for the new drug candidate for clearing all the series of drug approval process are often negligible or minimal. So, the
drug manufacturing companies mainly focus/ pivot on other types of feasible options for drug research and trail
which defined and signifies drug repurposing process as examine the drugs that are already get the approval to
treat/ prevent one disease condition to see if they are safe and effective enough for treating other disease condition.
Thats why drug repurposing is the need for all and surprass the traditional method of development of drugs. [8, 3, 4]

Pharmaceutical development

As an innovation stream/ science of pharmaceutical development and research, drug repurposing offers various
advantages over traditional approach for drug developers/ scientist along with safer and effective medicines for
patients. Several existing drug that have been successfully modified for repositioned to a new indication of use, with
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the most distinguished of them being viagra and thalidomide, which have engender authentically of high revenues
and expenditure. Drug repurposing can be seen as a business opportunity/ criteria for clinical research and
pharmaceutical companies, serving both challenges and opportunities of drug repurposing. In addition to this, Drug
repurposing can be extended to provide a lower risk of cost effectiveness repurposing model for clinical research and
pharmaceutical companies and illuminate the novel cooperative business occasion that help drug repositioning of
existed and marketed candidate. [2, 9]

Drug repurposing in India

In India, Drug repurposing overlay various diseases like tuberculosis, Human Immune deficiency Virus- Acquired
Immune Deficiency Syndrome, Malaria, Leprosy, Lymphatic disorder, Visceral Leishmaniasis known as kala- azar.
Apart from these this process also covers some lifestyle orientated diseases like diabetes mellitus, hypertension and
cancer. Various pharmaceutical companies are reluctant to eagerly invest in research and development of drugs for
various infectious diseases in drug repurposing, even now in COVID- 19 cases. Now drug repurposing in India take
over global initiatives based on public private partnership mod; medicine for tropical, orphan and neglected
diseases. [1, 2,9, 10]

Benefits of drug repurposing

> Less risky- the chance of failure due to adverse side effect is reduced

» Faster — patients with terminal cancers, orphan diseases and other incurable conditions often do not have a
decade to spare.

» Cheaper- more patients will have access to and be able to afford their medication.[10, 11]

Barriers to drug repurposing

e Lack of financial incentives

¢ Undermines existing market

e Legal and intellectual property issue

e Still a risky business

e Scientists rewarded for originality content [10, 11]

CONCLUSION

Now pharmaceutical and clinical research industries is look forward to explore their full potential for the lead
compound at a much earlier stage of development of drugs, even if in late stage of preclinical development, it offers
additional option and opportunities for these companies. Drug repurposing is expected and also provide value to the
product development and securities of the drug research companies and maximize the ability to provide new and
low cost treatment/ prevention options for a multitude of serious and neglected diseases. Since drug development
involves series of multiple process, time and huge investment, thus this type of innovative and creative ideas and
novel concepts definitely will speed up the drug discovery and development process.
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ABSTRACT

Plants have been widely used as herbal remedies due to the presence of many active phytoconstituents.
Numerous plants have been used for years in daily life to treat diseases across the world. In the present
study, our result showed antimicrobial activity of Azadirachta indica against gram negative pathogenic
bacteria (Escherichia coli, Salmonella typhi and Vibrio cholerae) and gram positive bacteria (Bacillus subtilis).
Leaves of Azadirachta indica were collected from the fields of Botanical Garden in school of pharmacy and
life sciences, centurion university, Bhubaneswar and pure cultures of the test organisms for the
antimicrobial study were procured from the Dept.of Microbiology, centurion university, Bhubaneswar.
In our study all the micro organisms were screened for their antibacterial activity against leaf extract of
Azadirachta indica by agar well diffusion method. Here we revealed that the leaves extract of Azadirachta
indica showed more Zone of inhibition against Vibrio cholerae and Bacillus subtilis, as compaired to E.coli
and S.typhi. Our research confirms further need to explore the impact of neem leaves on antimicrobial
activity.

Keywords: Azadirachta indica, Antimicrobial activity, pathogenic microorganism, leaf extract.

INTRODUCTION

Various prats of neem tree were used in traditional medicine due to the presence of many pharmacological active
constituents. Its twigs are commonly used as chewing stick and are widely used in the Indian sub-continent. Earlier
studies confirms the numerous medicinal properties of various parts of neem (Maragatharavlli et al., 2012). Aqueous
extract of neem leaf has effective against IDDM and NIDDM due to its antihyperglycemic activity (Mossadek and
Rashid, 2008; Patil et al., 2013). Another study revealed that neem leaves could control the airborne bacterial
contamination in the residential areas (Saseed iand Aslam, 2008; EI-Mahmood et al., 2010). Alcoholic exrtact of neem
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flower showed the antifertility activity due to its partial block in ovulation in sprague Dawley rats (Gbotolorun iet
al., 2008). Nimbin is the first bitter active compound isolated from neem oil and more than 135 compounds have been
isolated from different parts of neem (Ganguli, 2002). Numerous medicinal properties of the plant Azadirachta indica
were studied by several researchers. They were anti-pyretic (Okpanyi and Ezeukwk,1981; Khattakiet al., 1985), anti-
malarial and anti-tumour effect(Fujiwara et al.1982), anti-ulcer effect (Pillai and Santhakumari, 1984), anti-diabetic
effect(Patil et al., 2013), anti-fertility effect(Sinha et al. 1984), effect on central nervous system and antioxidant
activity. Another study investigate the excellent antiseptic properties of boiled neem leaves to clean wounds, soothes,
swellings and eases skin problems (Bonjar and Holland, 2004). Here we evaluate the antibacterial activity of neem
parts against pathogenic bacterial strains.

MATERIALS AND METHODS

Collection of plant material and extract preparation

Leaves of Azadirachta indica were collected from the fields of Botanical Garden in school of pharmacy and life
sciences, centurion university.The collected plant material was brought to the laboratory and shade dried and then
blended into powder by mixture blender. The powder is then passed from the sieve to get the equal size particles.
The powder should be kept in air tight container at the moisture free place in aseptic condition. About 30g of powder
is accurately weighed and transferred to the conicalf lask containing 200mL distilled water and shaken well and
powder mixed properly in water. Then kept the flask containing the mixture of powder and water is put on room
temperature on aseptic condition for 7 to 8 days. Then extracted and filtered by using muslin cloth and Whatman
filter paper. The filtered liquid is centrifuged at 4,000rpm for 5min and the pure extract was obtained in form of
supernatant. This obtained extract was kept at 4°C for further experiments.

Isolation of test organisms

The test organisms used for antimicrobial study were obtained from the Dept. of Microbiology, school of pharmacy
and life sciences, centurion university, Bhubaneswar.Test organisms were cultured on nutrient agar slant medium.
The cultures were maintained by sub-culturing periodically and preserved at 4°C prior to use.

Antibacterial activity

The test organisms were screened for their antibacterial activity against leaf extract of Azadirachta indica by agar well
diffusion method. The antimicrobial agent was allowed to diffuse out into the medium and interact in a petri plate
freshly spreaded with the test organism. Antibacterial activity was performed by using Muller-Hinton agar.

Preparation of stock solution

Stock solution of the extract was prepared to carry out the antimicrobial activities against selected cultures. For the
preparation of the stock solution, 1g of the leaves extract was accurately weighed and dissolved in 10ml DMSO;
giving concentration of the stock solution as 100 mg/mL. This solution was then centrifuged and supernatant liquid
was collected in a separate test tube, covered with paraffin wax and stored at 4°C for further experiments.

Agar well diffusion method

The Muller-Hinton agar plates were prepared for conducting the antibacterial activity of leaves extract of Azadirachta
indica. About 0.1mL of the fresh 18h old broth culture was spread on the respective media.The wells were open with
the help of sterile forceps. Then 100uL of original stock solution was added by using micropipette in each well. The

final concentration in the well was Img/mL. The extract was allowed to diffuse and kept at room temperature for
30min and then 37°C for 24h.
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RESULTS AND DISCUSSION

In our study the antibacterial activity of leaf extract of neem was evaluated against both gram positive and negative
bacteria.Our investigation revealed that leaf extract of Azadirachta indica showed more zone of inhibition against
Vibrio cholerae and Bacillus subtilis, as compared to E. coli and S. typhi (Table 1,iFig.2a-d).

CONCLUSION

In conclusion we have explored the antibacterial effects of neem leaves exracts against four different pathogenic
bacteria. Azadirachta indica extract is an excellent source of active compounds having anti-microbial, anti-oxidant,
anti-tumor, anti-malarial, anti-fungal, anti-inflammatory and anti-viral properties. In our study t provides the
evidence that leaves extracts of neem can be used as an antibacterial agents against various pathogenic bacteria.We
can therefore affirm that in vitro studies provide mounting evidence that Azadirachta indica leaves extract may have
beneficial effects to fight against various pathogenic bacteria.
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Table 1. Antimicrobial activity of leaf extract of Azadirachta indica.

Test microorganism Zone of inhibition( in mm)
1 Salmonella typhi 10mm
2 Escherichia coli 12mm
3 Vibrio cholerae 18mm
4 Bacillus subtilis 18mm

Fig. 1(a-d). Antimicrobial activity of leaf extract of Azadirachta ndica by agar well diffusion method.
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ABSTRACT

The key objective of this analysis was to compare & evaluate the feasibility of to prepare for oral
disintegrating tablets of Valsartan using natural disintegrating agents like mucilage of Cassia tora and
Carica papaya powder by direct compression method. Cassia tora mucilage and Carica papaya powder are
extracted from raw seeds and tested separately using different concentrations (5 %, 10 %, 15 %, and 20 %
w/w) for their physico-chemical properties in Valsartan tablets. The formulations obtained from above
manner were evaluated for pre-compression, post-compression parameters and compared. According to
the data acquired from the evaluated parameters the formulation Femr (15% mucilage of Cassia tora) was
found to be best and showed superlative disintegration and dissolution criteria. Accelerated stability
studies on optimized formulation 40+0.50° C and 75+0.5 % RH were conducted for three months and
analysed at 1, 2 and 3-month intervals of the physical parameters, disintegration time and drug content.

Keywords: Valsartan, Cassia tora, Carica papaya, Oral Disintegration Tablet, Comparative studies.

INTRODUCTION

Owing to its convenience of self-administering, compactness and easy manufacturing, the route of administration
through orally is measuredas one of the most broadlyrecognized route. The oral disintegrant tablets (ODT) are
designed to disintegrate or dissolve quickly when in contact with saliva, without the need for water, making them
beneficial to traditional tablet formulations (1). ODTs are simply ingested by placing them on the tongue, thereby
eradicating the need to chew the tablet, swallow an intact tablet or by help of water. New ODT technologies resolve
numerous patient and pharmaceutical concerns such as improved lifecycle management, especially for pediatric,
subconscious geriatric and psychiatric patients who have difficulty swallowing traditional tablets and capsules (2). It
offers better stability, appropriate dosing, ease of manufacture, reduced packaging size; self-administration during
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the journey is possible, as no water is needed. However, the most noticeable limitation of widely used oral dosage
forms such as tablets and capsules is difficulty in swallowing, leading to non-compliance with patients, and it also
applies to people who are ill in bed and active working patients who are busy or traveling, particularly those without
water.Cassia tora is a common annual herbaceous weed available in all over of India and belongs to the Leguminosae
family The seeds of the plant are suitability for tablet binder when comes in contact with water(4). Carica papaya
plant is a large, single-stemmed herbaceous perennial tree having 20-30 feet height. Fruit of the Carica papaya possess
carotenoids ([3-carotene), lycopene, anthraquinones glycoside belongs to family Caricaceae (5).

MATERIALS AND METHODS

Valasartan materials were collected from Hetero Laboratories, Baddi, (H.P.) Pearlitol SD 200, Croscarmellose Sodium
obtained from Lotus chemicals, Vizag, Sorbitol, Magnesium Stearate obtained from Mumbai Fine Chemicals. Cassia
tora and Papaya purchased from the local market. All the chemicals and reagents used in this experiment were
analytical grade.

Extraction of Cassia tora Mucilage

Cassia tora seeds were primarily immersed in enough water for a period of 10 hours. The resulting hydrated mucilage
was then spread together with seeds onto the stainless steel tray as a thin layer and dried in an oven at 50°C for 4-5h.
The dried mucilage was scraped from the tray by blade, and isolated from the seeds by passing 18 mesh sieve. The
mucilage was further purified by winnowing to separate the seed husk.

Extraction of Carica papaya Starch Powder

Unripe papaya bought from a nearby market, and the starch had been removed. The papaya pulp was extracted,
dried, ground, and blended with a solution of 0.05 per cent w / v. The mass was then allowed for squeezed via
muslin cloth and several times washed with saline solution to eliminate the present soluble substances, starch, and
mucilage. The mass obtained was then repeatedly washed until the supernatant solution became clear. The starch
from the sediment was washed with distilled water until neutral pH. It was then sieved, dried and milled to fine
powder at room temperature. Extracted Cassia tora mucilage and Carica papaya starch powder studied for physico-
chemical properties shown in Table 1.

Formulation of oral disintegrating tablets [6]

In this investigation Valsartan ODTs were formulated by direct compression method using both isolated Cassia tora
and Carica papaya starch powder at different concentrations of 5%, 10%, 15%, and 20% w/w. All the ingredients were
passed through 60 mesh sieve before making formulation. Precise amounts of all the ingredients were weighed and
combined carefully to produce a consistent mixture. 200 mg tablets were punched using Cadmach single station
punching machine with 10 mm round flat punches. The composition of the formulations is shown in Table 2.

Evaluation of Blend
Angle of Repose

Angle of repose was me asured by using fixed funnel method. The funnel was fixed at height (h) where the tip of the
funnel is secured above graph paper placed on the horizontal flat surface. The blend was forced through a funnel
that can be lifted vertically until it obtained a full cone height (h). The heap radius(r) was determined, and the angle
of repose was estimated.
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Bulk Density and Tapped Density

An exactly weighed quantity of 10gm of powder from separately each formula, formerly evenly shaken to break if
any agglomerates formed, was placed into a 20ml measuring cylinder. After the initial volume (Vo) was observed,
thecylinder was allowableto fall under its own weight onto a solid surface from the height of 2.5cm at 2sec
intervals. The tapping was continued till no additional change in volume (Vf) was noted. The bulk density and
tapped density were evaluated by using the following quation.

Poured density = —

o
T

Tapped density = V.
F

Where,

W = weight of the powder
V= initial volume

V= final volume

Carr’s Index
Carr’s index is a significantly important phenomenon for determination of flowability of powder blend. It canbe
obtained by substituting the bulk density and tapped density values in the following quation.

Tapped density — Bulk density 100

Carr sindex [O) = - ¥ 100
) Tapped density

Hausner’s Ratio
The ratio between both the tapped and bulk density indicates the flow properties of powder through
Hausner’sratio[7].
Tapped density
Bulk density

Haoucsner’s Ratio =

Evaluation of Oral Disintegration Tablets

Weight Variation

The weight variation test was carried out individually by weighing 20 tablets and by measuring average weight. By
comparing individual weight with average by the following equation.

i Weight Variation =
(Avernge Weight - Individual Weight)/ Individual Weight x 100
Hardness

The mechanical strength of the tablet is determined by the Monsanto hardness tester. Six tablets were taken
randomly and kept between the jaws, and pressure is applied by screwing its base, which is connected to the lower

jaw. The force required to break a tablet into pieces can be expressed in (kg/cmz) [8].
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Friability

A sample of twenty pre-weighed tabletswas taken in the plastic chamber of laboratory friabilator. These tablets
are subjected to abrasion or shock, which was initiated by the rotation of the chamber at 25 rpm for 4 min. The
tablets were dusted and weighed again for final weight. The percentage friability can be calculated by using the
following formula [9].

Percentage Friability=[(Initial Weight - Final Weight)/ Initial Weight] x 108

Disintegration test
One tablet from the each formulation was picked up and placed in each tube of disintegration apparatus without

disk,containing 900ml of pH7.4 phosphate buffer at 37+20C. The time required to disintegration of tablet was
noted.

Wetting Time

A simple procedure is carried out to determine the wetting time. A tissue paper of 10 cm diameter is placed in the
petridish containing10ml ofwatersolubledye.Thetabletwascarefullyplaced on the top of the tissue paper [10]. The
required time taken by the water to reach the surface of the tablet isnoted.

Water Absorption time

Water absorption time can be measured by taking weight of the tablet before keeping in the petridish noted as (Wb),
the wetted tablet is taken out and reweighed and noted as (Wa). The water absorption, R can be calculated by below
equation [11].

H = 100 (Wa— Wb); Wk

Where Wa = weight of tablet after absorption
Wb = weight of tablet before absorption

Dissolution rate study

In-vitro, drug release was studied in the USP (Electro-Lab TDT-06L) six station dissolution apparatus. 900ml of
phosphate buffer pH 6.8 was taken as dissolution media maintained at 37+0.5 C.Paddles are inserted into
dissolution media, which was rotated at 50rpm. 5ml of dissolution media was withdrawn through a filter 0.45 pm at
each time intervals. Samples are diluted with 1%w/v and assayed for Valsartan at Amax 209nm using UV
spectrophotometer. Fresh fluid was replaced into the dissolution medium after withdrawn [12].

Kinetic studies on dissolution rate

The drug release kinetic was studied with plotting cumulative % drug released vs. time, log % drug remainedvs.
Time as zero order and first order kinetic respectively. From the slopes of linear plots, dissolution rate constants (k),
correlation coefficients(r) and half-lives wer ecalculated [13].

Stability study
The selected formulation Fems(15% Cassia tora)andFems(15% Carica papaya ) were subjected to stability studies. The

ODT was stored at 40+0.5°C and 75+0.5% RH, for 3 months and analysed for their physical parameters,
disintegration time and drug content at 1, 2 and 3 month interval [14].
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RESULTS AND DISCUSSIONS (15-18)

In this present study, the effect of disintegration between the two disintegrants (Cassia tora and Carica starch
powder) had compared. The both disintegrants selected for formulation are characterized and subjected to physico-
chemical properties shown in table 2. Both mucilage and starch powder were showing good flow properties with %
yield more than 30% and having well been swelling properties and soluble in water. As the both disintegrating
agents were from natural sources might be contaminated from microorganisms, will significantly modify the
properties of dosage form.

So the microbial load is a key issue for the appropriateness of the materials for the use as pharmaceutical excipients.
The overall aerobic counts for bacteria and fungi were within the limit for both additives (as per IP aerobic count <
1000cfu/gm and fungi count < 100cfu/gm). Valsartan ODTs were prepared by direct compression method. In the
formulations perlitol SD-200 was used as a direct compressible vehicle and sorbitol as diluents and humectants,
whereas talc, aerosil were used as glidant and magnesium stearate as lubricant. Aspartame, Vanilla was used as
sweetening agent and flavour respectively. The pre-compression parameters such as bulk density, tapped density,
angle of repose andCarr’s index were conducted. The poured density was in the range of 0.425 to 0.661(gm/cm?) and
tapped density was in the range of 0.525 to 0.752(gm/cm?). Furthermore the angle of repose found in the range of
21.56 to 31.21 was below 40° indicates good flow properties. In addition, the Carr’sindex were in range of 11.23 to
25.69 respectively showing good flow properties of powder blend.

From the above results, it was concluded that the powder blends showed excellent flow properties and summarized
in Table 3. The post compression parameters such as thickness, hardness, friability, wetting time, disintegration time
were conducted and shown in Table 4. It is well known that hardness is directly proportional to disintegration time.
Since the mechanical strength has a significant role in formulation of ODTs, the hardness of all formulations was
found in the range of 2.9+0.52 to 3.3+0.11 (Kg/cm?) and this indicates good mechanical strength. Friability was
observed in the range of 0.32 to 0.68% is below 1% indicates within the limits. The content uniformity was high
(£101.3+0.13) shows within the acceptable limits. Thickness of tablets was in the range of 3.0+0.27 to be 3.1+ 0.71mm.
The disintegration time values show an optimized formulation from both disintegrants at specific concentration, i.e.
Femy and Frwy provide less time to disintegrate, which is primary requirement of ODTs formulation.

The in-vitro dissolution study was conducted in phosphate buffer pH 6.8 for all formulations shown in Table 5 and
Fig 3. The formulations Fcwz and Femy showed highest dissolution. The drug release of Valsartan follows first-order
kinetics, which clearly shown linear graph on the plot between % drug released and time shown in Table 6 and Fig 4.
In-vitro dissolution kinetics data was calculated and shown in Table.7. By the above data, Frmz was found to be
optimized formulation for preparation of Valsartan ODT. The selected formulations Fcumz (15% Cassia tora Mucilage)
and Fewmr (15% Caricastach powder) were subjected to stability studies. The ODT was stored at 40+0.5°C and 75+0.5%
RH, for 3 months and analysed for their physical parameters, disintegration time and drug content at 1, 2 and 3
month interval shown in Table 8 and Fig 5. According to the stability data, formulation Femz (15%Caricapapaya ) is
subjected to in-vitro dissolution at 1, 2 and 3rd-month interval shown in Table.9.and Fig .6.

CONCLUSION

From the present comparative study, finally it was concluded that formulation Frvmz contains 15% Caricapapaya as a
natural disintegrant has faster disintegration time and highest dissolution rate among all formulations. Stability
studies showed better results in all parameters, studied at 40+0.50C and 75+0.5% RH, for 3 months. Therefore, Frmy
was an optimized formulation for preparing Valsartan Oral disintegrating tablet.

23577

[=]
0

5

0


http://www.tnsroindia.org.in

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

Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997
Ladi Alik Kumar et al.
REFERENCES

1. Comoglu T, Dilek Ozyilmaz E. Orally disintegrating tablets and orally disintegrating mini tablets—novel dosage
forms for pediatric use. Vol. 24, Pharmaceutical Development and Technology. Taylor and Francis Ltd; 2019. p.
902-14.

2. HiraniJJ, Rathod DA, Vadalia KR. Orally disintegrating tablets: A review. Trop ] Pharm Res. 2009;8(2):161-72.

3. Pandey P, Dahiya M. Oral Disintegrating Tablets: A Review. Ijprr. 2016;5(1):50-62.

4. Pawar H a, Building JJ, Marg RS, Parade C. CASSIA TORA LINN.: AN OVERVIEW. Int J] Pharm Sci Res.
2011;2(9):2286-91.

5. Gangwar S, Singh S, Garg G, Garg V, Sharma PK. To compare the disintegrating property of papaya starch and
sago starch in paracetamol tablets. Int ] Pharmacy Pharm Sci. 2010;2(Suppl 2):148-51.

6. Dhahir RK, Al-Kotaji MYASAR. Formulation of orally disintegrating tablets of cinnarizine by using direct
compression method. Int ] Appl Pharm. 2019 Jan 1;11(1):117-23.

7. Saw HY, Davies CE, Paterson AH]J, Jones JR. Correlation between powder flow properties measured by shear
testing and Hausner ratio. In: Procedia Engineering. Elsevier Ltd; 2015. p. 218-25.

8. Seitz JA, Flessland GM. Evaluation of the Physical Properties of Compressed Tablets I. ] Pharm Sci. 1965 Sep
1,54(9):1353-7.

9. Mohammad Saleem, Mohammad Shahin, Bijja Srinivas, Ashraf Begum. Evaluation of Tablets by Friability
Apparatus. Int ] Res Pharm Chem. 2016;4(4):837—40.

10. Pabari RM, Ramtoola Z. Effect of a disintegration mechanism on wetting, water absorption, and disintegration
time of orodispersible tablets. ] Young Pharm. 2012;4(3):157-63.

11. Vaitukaitis P, Maggiolo D, Remmelgas J, Abrahmsén-Alami S, Bernin D, Siiskonen M, et al. Water transport and
absorption in pharmaceutical tablets — a numerical study. Meccanica. 2020 Feb 1;55(2):421-33.

12. Brahmaiah B, Sasikanth K, Nama S, Suresh P, Khan PA. Formulation and Dissolution Study of Valsartan
Immediate Release. Indian ] Pharm Biol Res. 2013;1(02):01-8.

13. Sharma AK, Nareda M, Rathore R, Kandelwal M, Soni SL, Sharma M. Research Article Formulation,
Development and In-vitro Evaluation of Fast Dissolving Tablet of Aceclofenac using co-processed
Superdisintegrant by Direct Compression Method. 2019;54(12):67-72.

14. Oliveira PR, Mendes C, Klein L, Da Silva Sangoi M, Bernardi LS, Silva MAS. Formulation development and
stability studies of norfloxacin extended-release matrix tablets. Biomed Res Int. 2013;(Vol 1):1-9.

15. Remya KS, Beena P, Bijesh P V., Sheeba A. Formulation development, evaluation and comparative study of
effects of super disintegrants in cefixime oral disintegrating tablets. ] Young Pharm. 2010;2(3):234-9..

16. Kumar A, Saharan VA. Salbutamol Siilfatm Oral Dagilan Tabletlerinin Formiilasyonu ve Degerlendirilmesi:
Siiper Dagiticilarm Farkli Oranlarimin Karsilastirmali Calismasi. Turkish ] Pharm Sci. 2017;14(1):40-8.

17. Jubril ] Muazu , Mohammed G T. Effects of Phosphate Modified and Pregelatinized Sweet Potato Starches on
Disintegrant Property of Paracetamol Tablet Formulations. JAPS 2012; 2 (2): 32-36.

18. Pahwa Rakesh, Gupta Nisha. Superdisintegrants in the development of orally disintegrating tablets: A review.

IJPSR 2011; 2 (11): 2767-80

Table 1: Physicochemical parameters of Cassia tora mucilage and Cassia papaya Starch Powder

Parameters Cassia tora Mucilage Carica papaya  Starch Powder
Angle of repose 21.450 29.340
Bulk density 0.524 0.432
Tapped density 0.592 0.511
Average particle size 199um 183um
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Compressibility ratio 16.25 15.408
Loss on drying 9.5% 14%
Percentage yield 31% 32%
Swelling ratio in water 12 22.32
Solubility 12.53% 19.32%
Total ash 18.35% 21.33%
Acid insoluble ash 2.75% 5.2%
Microbial Load
Bacteria (CFUs/g) 8 5
Fungi(CFUs/g) 6 4

Table 2: Formulation of Valsartan ODTs with Cassia tora mucilage and Carica papaya mucilage in
different concentration.

Ingredients(mg) | Fcms Fome Femz Fcms Frms Frme Frmz Frms
Valsartan 80 80 80 80 80 80 80 80
(40%) | (40%) | (40%) | (40%) | (40%) | (40%) | (40%) | (40%)
. 74 64 54 44 64 54 44 34
Pearlitol SD200 | 0 | o) | 27) | @2 | G2%) | @) | @2%) | a7e)
Cassia tora 10 20 30 40
mucilage (5%) | (10%) | (15%) | 20%) |
C.papaya 10 20 30 40
mucilage (5%) (10%) | (15%) | (20%)
Sorbitol 20 20 20 20 20 20 20 20
(10%) | (10%) | (10%) | (10%) | (10%) | (10%) | (10%) | (10%)
Other 12 12 12 12 12 12 12 12
excipients (6%) | (6%) | (6%) | (6%) | (6%) | (6%) | (6%) | (6%)
Aspartame 4 4 4 4 4 4 4 4
(2%) | 2%) | 2%) | (2%) | (2%) (2%) (2%) | (2%)

Table 3: Pre-compression Parameters

Formulation Poured density Tapped density Ansle of repose® Carr’s Compressibility
(Product Code) (gm/cm3) (gm/ cm3) 8 P Index (%)
FCM5 0.531 0.612 27.12 13.23
FCMe 0.524 0.651 30.14 19.50
FCMm7 0.583 0.695 27.9 16.11
FCM8 0.661 0.752 31.21 12.10
FpM5 0.425 0.572 22.68 25.69
FPMe6 0.445 0.563 25.61 20.95
FpMm7 0.461 0.532 23.22 13.34
FpMs 0.466 0.525 21.56 11.23
¢ T3
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Table-4: Post Compression Parameters

ISSN: 0976 — 0997

Parameters

Formulation code

Fowms

Fcms

Fomz

Foms

Frms

Frmse

Frmz

Frms

Average
weight
(mg)**

198.55+0.22

200.23+0.12

199.76+0.14

200.14+0.2

197.33+0.13

198.34+0.33

199.21+0.61

199.1+0.61

Content
Uniformit
y (%)*

98.34+0.63

97.19+0.53

98.71+0.31

98.16+0.27

98.03+0.64

98.32+0.23

98.78+0.29

98.14+0.61

Weight
variation

(%)*

0.61

0.53

0.71

0.33

0.77

0.68

0.71

0.81

Thickness
(mm) *

3.0+£0.51

3.1+0.31

3.01+0.42

3.0+0.65

3.0+0.33

3.0+0.17

3.1+0.71

3.0+0.27

Hardness
(Kg/cm?)*

3.1+0.61

3.0+0.12

3.0+0.41

2.9+0.52

3.2+0.46

3.2+0.33

3.2+0.56

3.3+0.11

Friability
(%)*

0.68

0.44

0.51

0.34

0.55

0.48

0.32

0.53

Wetting

time (sec)
¥

64

63

52

58

36

32

29

39

Water
Absorptio

n ratio (%)
*%

62+0.34

60+0.35

69 +0.28

56+0.41

82+0.25

85+0.45

80+0.56

78+0.38

Disintegra
tion
Time(sec)*
*

66+0.34

65+0.56

55+0.22

61+0.46

40+0.21

35+0.22

33+0.31

42+0.33

Residual
remain on
the
screen#227

Taste
/mouth
feel*

Palatable

Palatable

Palatable

Palatable

Palatable

Palatable

Palatable

Palatable

Of<0]

Y

i
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Table 5: Dissolution time profile
Time (min) FCM5 | FCMe6 FCM7 FCms | FPM5 | FPMe6 FpMm7 FPMS
0 0 0 0 0 0 0 0 0
2 8.41 7.23 8.51 6.29 6.71 7.98 12.66 11.36
5 24.63 22.21 20.4 20.78 20.14 25.43 34.08 30.44
10 45.61 48.77 51.13 44.33 47.42 56.16 62.57 60.64
15 61.23 65.41 68.41 64.11 66.89 71.32 80.44 73.46
25 90.45 83.39 93.55 89.63 83.59 87.17 93.55 90.55
Table 6: Log% drug remained
Time(min) FCM5 FCMe6 FCwm7 FCMs FPM5 FPM6 FPM7 FPMS
0 2 2 2 2 2 2 2
2 1.9618 1.9674 1.9613 1.9717 1.9698 1.9638 1.9412 1.9746
5 1.8772 1.8909 1.9009 1.9009 1.9023 1.8725 1.8190 1.8423
10 1.7355 1.7095 1.6890 1.6890 1.7208 1.6418 1.5732 1.5950
15 1.5885 1.5389 1.4995 1.5549 1.5199 1.4575 1.2913 1.4239
25 0.9800 1.220 0.8095 1.0157 1.2151 1.1082 0.8095 0.9754
Table 7: In vitro drug release kinetics
Formulations | Zero Order First Order
Slope r Ko Slope 1 K1
Fowms 3.6288 0.9927 | 3.6288 -0.0397 0.9775 0.0914
Fome 3.4800 0.9755 | 3.4800 -0.0320 0.9984 0.0738
Femz 3.8700 0.9853 | 3.8770 -0.0471 0.9798 0.1085
Foms 3.7105 0.9910 | 3.7105 -0.0392 0.9845 0.0903
Frms 3.5343 0.9755 | 3.4572 -0.03264 0.9969 0.0751
Frme 3.6507 0.9625 | 3.656 -0.03689 0.9981 0.0849
Frmz 3.8295 0.9517 | 3.7249 -0.0487 0.9986 0.1121
Frms 3.6930 0.9584 | 3.5792 -0.04148 0.9986 0.0955

Table 8: Evaluation of optimized formulations subjected to stability study

0

Formulation FCM7stored at 40+0.50C and Formulation FPM7stored at 40+0.50C and
75+0.5% RH 75+0.5% RH
Time in | Hardness | Disintegration | Wetting | Drugcontent | Hardness |Disintegration| Wetting | Drug content
Months | (kg/cm2) | Time (Sec) | time (sec) (%) (kg/cm2) | Time (Sec) | time (sec) (%)
0 3.010.41 55+0.15 52 98.71+0.31 3.2+0.56 33+0.31 75 98.78+0.29
1 3.0+£0.66 56+0.22 53 98.55+0.51 3.2+0.34 31+0.61 75 97.01+£0.23
2 3.0+0.14 55+0.31 53 98.15+0.18 3.1+0.66 34+0.35 77 97.33+0.43
3 2.9+.0.33 57+0.44 53 97.89+0.62 3.1+0.26 34+0.22 77 97.54+0.37
EME 23581
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Table 9: Dissolution study of Optimized Formulation Frmr subjected to stability study
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Figure 1: Comparison of Disintegration Time

Time Cumulative % Drug Released of Frmz stored at 40£0.05°C and 750.05 % RH
(months) | AtOmin | At2 min At5min | At10 min At 15 min At 25 min

0 0 11.04 32.18 60.54 77.56 90.35

1 0 10.89 30.54 59.61 76.12 89.55

2 0 11.25 31.21 59.22 75.14 88.22

3 0 10.42 30.24 58.45 75.77 89.75

Comparison of disntegration Time for Valsartan Comparison of Wetting Time for Valsartan containinng
containinng Cassia tora mucilage and Carica Papaya Cassia Tora mucilage and Carica Papaya mucilage in
mucilage in diffirent concentration diffirent concentration
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ABSTRACT

Nanoformulations (nanodrug) are superior to traditional medicine with respect to control release,
targeted delivery and therapeutic effects. Such nanomedicine targeting capabilities are influenced by
particle size, surface charge, surface modification, and hydrophobicity. Among these, it is important to
determine the size and size distributions of nanoparticles for their interaction with the cell membrane
and their penetration across the physiological drug barriers. The size of nanoparticles used to cross
different biological barriers depends on the tissue, target site and circulation. For the cellular
internalization of the nanoparticles, surface charge is important in determining whether the nanoparticles
would cluster in blood flow or would adhere to, or interact with oppositely charged cell membranes.
Persistence of nanoparticles is needed in systemic circulation of the body For the targeted delivery. But
the fixed macrophages of the mononuclear phagocytic system organs rapidly opsonize and massively
clear the conventional nanoparticles with hydrophobic surface. The surface of conventional nanoparticles
are modified with different molecules to improve circulation time and persistence in the blood. Coating
of hydrophilic polymers can create a cloud of chains at the particle surface which will repel plasma
proteins. Finally, morphological characteristics, surface chemistry, and molecular weight influence the
performance of nanoparticles in- vivo. Surface modified nanoparticles have anti-adhesive properties by
virtue of the extended configuration on the particle surface which acts as steric barrier reducing the
extent of clearance by circulating macrophages of the liver and promoting the possibility of undergoing
enhanced permeation process. Release mechanism can be modulated by the molecular weight of the
polymer used. Higher the molecular weight of polymer slower will be the in- vitro release of drugs.
Nanoparticles are receiving considerable attention for the delivery of therapeutic drugs. The literature
emphasizes the advantages of nanoparticles over microparticles and liposomes.

Keywords: Nanaparticle, ocular, current trends, drug delivery, controlled release.
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INTRODUCTION

In the delivery of ophthalmic drugs rapid elimination of the dosage form is the main problem thus reducing the
residence time of drug product, for which frequent instillation dosage is required. Frequent instillation of dosage
form may create systemic toxicity and side effects. Therefore a controlled and prolonged delivery is necessary. The
idea for controlled drug delivery system, which was a bystander for a time being, paved the way for a
nanoparticulate drug delivery system. To circumvent the complex anatomical structure of human body this type of
drug delivery system can be a better way. As the human body or finely speaking the cell is concerned, is accustomed
to take foreign matters in finest form as per the permeability is concerned. Drug to be delivered to a particular site is
entrapped in a polymeric matrix as particulates. The particulate could be in nano form (nanocapsules, nanocrystals
or nanoparticulate).

Albert Franks, an early promoter of nanotechnology, defined it as the field of science and technologyin which
dimensions and tolerances range from 0.1 to 100 nm (1). Drug delivery system containing nanoparticles have made a
significant increase in targeting of drugs to organs having special pharmacokinetic properties and also
nanoparticulate drugs have much more surface area, making the drug more bioavailable. With this concept in mind
nanoparticulated drugs are playing a major role in ocular drug delivery system. Nanoparticles receive considerable
attention when supplying therapeutic drugs. The literature highlights nanoparticles’ advantages of over
microparticles and liposomes. Nanoparticles submicron size offers a number of distinct advantages over
microparticles, including relatively higher intracellular absorption compared to microparticles.

The surface of nanoparticle is also a very important consideration when it comes to targeting drug delivery.
In fact, once in the bloodstream; the fixed macrophages rapidly opsonize and massively clear conventional nanoparti
cles (no surface modifications) and negatively charged particles. It is well known that the reticuloendothelial system,
primarily the liver and spleen, is a major obstacle to active targeting due to its ability to identify these systems,
eleminate them from systemic circulation and thus prevent the effective delivery of the nanospheres to organs other
than those of the reticuloendothelial system. Surface modification of these hydrophilic polymers nanoparticulate
systems is the most common way of controlling the opsonization process and improving the surface properties of the
system, or coating modifications with polymers, such as the attachment of polyethyleneglycol (PEG) chains to
biodegradable polymer such as polylactic acid (PLA) and polylactic-co-glycolic acid (PLGA). The hydrophilic PEG
chains thus enable protein and peptide absorption to be controlled and, in addition enable regulation of cell behavior
at the polymer surface (5).

These nanoformulations drugs (nanodrug) are superior to traditional medicine with regard to release control,
targeted delivery and therapeutic effect. These nanomedicine targeting capabilities of are affected by particle size,
surface charge, surface modification, and hydrophobicity. Among these, it is important to determine the size and size
distributions of nanoparticles for their interaction with the cell membrane and their penetration across the
physiological drug barriers. The size of nanoparticles used to cross various biological barriers depends on the tissue,
target site and circulation. For the cellular internalization of nanoparticles, surface charging is important in
determining whether the nanoparticles would cluster or adhere to blood flow or interact with cell membranes
charged to the opposite end. Persistence of nanoparticles is needed in the systemic circulation of the body for
targeted delivery. But the fixed macrophages of the mononuclear phagocytic system (MPS) organs are rapidly
opsonizing and massively clearing typical nanoparticles with a hydrophobic surface. The surface of conventional
nanoparticles is modified with different molecules to increase the circulation time and persistence in the blood.
Coating of hydrophilic polymers at the particle surface can create a cloud of chains that will repel plasma proteins.
Finally, morphological characteristics, surface chemistry, and molecular weight influence the performance of
nanoparticles in- vivo. Surface modified nanoparticles have anti-adhesive properties due to the extended particle
surface configuration that acts as steric barrier minimizing the degree of clearance by circulating liver macrophages
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and promoting the possibility of enhanced permeation. The molecular weight of the polymer used can modulate the
release mechanism. Higher the polymer’s molecular weight slower would be drug release in- vitro (12). The
development of hydrophilic drug delivery strategies emerges as an important research area for several reasons: (i)
increasing interest in macromolecules, such as nucleic acids, peptides or proteins, for the treatment of a wide range
of diseases such as cancer, infectious and inflammatory diseases, and (ii) the importance of small, hydrophilic drugs
currently under production. It is clear that when macromolecules and small drugs are administered the problem is
different. Therefore, although the discovery of macromolecules has opened up many perspectives in therapeutics,
their use is often limited by low bioavailability due to their poor stability against proteolytic and hydrolytic
degradation, low barrier permeability across and short biological half-life in the circulatory system, whereas the use
of small, hydrophilic drugs such as anticancer agents is often associated with harmful side effects, or improper bio
distribution. For several years, nanomedicines have been used for many years to encapsulate and target drugs to get
through those crucial points. Drug encapsulation in colloidal systems offers many benefits, such as: (i) protecting the
drug against in- vivo degradation, (ii) reducing the potential toxic side effects of direct solution administration, (iii)
increasing patient comfort by avoiding repetitive bolus injections or using perfusion pumps, and (iv) achieving more
favorable drug pharmacokinetics (2).

Rationale

The drug is applied to the surface of the eye for two purposes: to treat the outside of the eye for such infections as
conjunctivitis, blepharitis, keratitis sicca and to treat diseases such as glaucoma or uveitis intraocularly via the
cornea. The majority of ocular diseases are treated as eye-drops with topical application. For soluble drug eye drops
require frequent instillations of highly concentrated solutions. The practical reasons for choosing solutions are the
generally favorable cost advantage, the greater simplicity in the development and manufacturing of formulations
and the patient’s strong acceptance despite a little blurring (3). Upon instillation of an eye drop, usually less than 5%
of the drug used penetrates the cornea and reaches intraocular tissues, whereas a large fraction of the instilled dose is
often systemically absorbed through the conjunctiva and nasolacrimal duct (4). Therefore repeated formulation
administration is needed. Prolonged dosage forms of action can modestly increased bioavailability and duration of
activity, but patients have not gained broad acceptance. Even from the modified formulations the absorption of the
ocular drug is restricted by the eye’s corneal and conjunctival epithelial barriers.

Topical ocular drugs do not reach the drug targets of the posterior segment. High doses of drugs given intravenously
or by intravitreal can be used to treat the posterior segment. There is currently a rapidly increasing interest in the
posterior segment drug delivery. This is caused by the advances in understanding the retinal and choroid
pathophysiological processes. Many posterior segment diseases (age related macular degeneration, retinitis
pigmentosa, diabetic retinopathies and glaucoma-induced neural changes) cannot be effectively treated using
current methods. Delivery of both small molecules and larger bio-organic compounds such as proteins and DNA in
the posterior segment is problematic. Only drugs with large therapeutic index (such as antibiotics) can be
administered to blood stream in massive doses for treatment of the posterior segment. On the other hand, intravitreal
injection is an invasive procedure, and may even cause endophthalmitis. Hence, for large numbers of patients, it is
not considered to be an ideal method of drug administration.

There is therefore an increasing interest in developing new, prolonged action dosage forms for subconjunctival and
periocular administration. The residence time of the drug is much more important, which depend upon the property
of the vehicle used in the formulation of dosage form. Furthermore, there is also possibility of over flowing of excess
amount of drug through the nasal route and systemic circulation. Thus increasing the chances of systemic toxicity
(5). It is known that for most of the drugs applied ocularly are having the elimination rate constant much greater
than the absorption rate constant, thus, showing a flip-flop model. Reducing the dose volume from 25 microliter to 0
brings a fourfold improvement in bioavailability (6). But it is practically impossible to have zero dosing volume. It
can be concluded that instead of adding much more volume of drugs, appropriate vehicle should be introduced so
that drugs could be incorporated into it easily and show a sustained release profile.
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As the name indicates, nanoparticles have more surface area than particles having nano size range. They also have a
long shelf-life, safe materials, including synthetic biodegradable polymers, natural biopolymers, lipids and
polysaccharides, and have the potential to overcome major mucosal barriers, such as the intestinal, nasal and ocular
barriers (7).

Findings of various workers

Nanoparticles were revealed to be effective as ocular drug delivery systems by prolonging the duration of the drug
action. The first experiment included piloplex systems using a poly (methyl methacrylate-acrylic acid) copolymer
consisting of pilocarpine-loaded nanospheres (8). Piloplex has lowered the intra-ocular pressure in clinical trials (9).
Wood et al. (1985) showed that after administration of poly alkyl cyanoacrylate (PACA) nanospheres labeled with
[14]-C to rabbit, the degradation of nanoparticles in tears occurred at a relatively rapid rate for the first hour with a
degradation of about 19 percent. It was interesting to note that in the cornea and conjunctiva, only 0.1 percent of the
initial amount was found. However, after instillation, that concentration was relatively constant for 6 h. This result
suggested that nanospheres adherence to the comneal and conjunctival surfaces was possible (10). Further research
was carried out by Harmia et al. (1986), studying pilocarpine containing polybutylcyanoacrylate nanospheres.

Two formulations were tested: the first containing pilocarpine within the matrix of the particle, the second
containing pilocarpine adsorbed onto the particle surface. For both formulations the intensity of miotic response was
same. However, the formulation on the surface of the particle containing the drug retained the effect for a longer
time. As described above, the result, which was not significant with pilocarpine included within the nanospheres,
was associated with a slow and incomplete degradation of the polymer in tears (11). Diepold et al. (1989) made the
same conclusions when pilocarpine nitrate loaded onto nanospheres (12). These results were confirmed in a poly
butyl cyanocarylate nanospheres study (13).

The lipophilic nature of the drug (progesterone) resulted in an encapsulation rate in the carrier of about 100 percent,
but the drug’s strong affinity for the polymer and the polymer’s slow degradation did not provide an adequate
release of the drug. Thus, the main problem with the use of alkylcyanoacrylate nanospheres appears to be very slow
drug release out of the matrix compared to the particle’s residence time in the precorneal area. The same experiment
was carried out with the incorporation of a hydrophilic antibiotic, amikacin sulfate into poly-isobutylcyanoacrylate
nanospheres (14). Increase the concentration of amikacin in the aqueous humor and cornea was statistically
important with respect to the control solution for nanospheres. The matrix system used for hydrophilic drugs was
limited due to a slow drug desorption from the polymeric nanospheres. Such findings are in line with the conclusion
of Marchal-Heussler et al. (1990), which found that surface charge and the binding form of the drug to nanospheres
were the most significant factors in enhancing another drug’s therapeutic response, betaxolol (15).

The same authors compared the efficiency of nanoparticles in further studies as a function of the polymer that
constitutes the drug delivery system. In various nano formulations, Marchal-Heussler et al. (1992, 1993) tested poly-
€-caprolactone, polylactic-co-glycolic acid copolymers and poly-isobutylcyanoacrylate polymer. The decrease in
intraocular pressure of antiglaucomatous drugs such as betaxolol and carteolol has become more pronounced with
poly-€-caprolactone (nanospheres or nanocapsules) used by colloidal carriers. The hydrophobic the carrier seems to
be, the higher the drug’s ocular activity. The mechanism of action appeared to be directly related to the
agglomeration in the conjunctival sac of the poly-€-caprolactone nanoparticles. In addition, the nanocapsules
showed a better effect for poly-€-caprolactone than nanospheres, probably because the entrapped drug was
unionized in the oily core of the carrier and could spread more frequently into the cornea.

It appears that diffusion of the drug from the oily phase to the corneal epithelium is more efficient than diffusion
from the nanospheres internal matrix. This new method of dosage form provided an improved therapeutic effect
with a much lower concentration of drugs, thereby reducing systemic effects (16, 17). Losa et al. (1991, 1992, 1993)
proved this by integrating the ophthalmic administration of metipranolol in either poly-€-caprolactone or
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polybutylcyanoacrylate nanocapsules (18, 19, 20). In an ex-vivo study, Le Bourlais et al. (1997) showed that poly-
isobutylcyanoacrylate nanocapsules increased bovine corneal absorption of cyclosporin (5.8%) compared to an oily
vehicle as the control (2.5%) (21). They also found that there was minimal penetration of the drug into the cornea
with a partitioning that was basically located on the epithelium’s superficial layers and no complete penetration (22,
23, 24). Alonso et al. (1995) showed that poly-€-caprolactone nanocapsules, nanospheres and nanoemulsions
provided two lipophilic drugs (cyclosporin and indometacin) for corneal absorption.

They showed that compared to the oily solution, the corneal absorption of cyclosporine was five times superior with
poly-€-caprolactone nanocapsules (25). Calvo et al. (1996) compared corneal penetration through isolated cornea
using encapsulated nanoparticles of indomethacin, poly-€-caprolactone nanocapsules and emulsions of submicron
indomethacin. The increased penetration for the three formulations examined during the 6 h of the study was more
than 3-fold than that of the commercial eye-drops. The authors concluded that the principal factor responsible for
indomethacin’s favorable corneal transport was the colloidal character of these carriers, rather than their internal
structure or composition (26). Most authors accepted that nanoparticles don’t tend to be responsible for corneal
toxicity or irritation. Some authors (Marchal- Heussler et al.,, 1992, 1993; Calvo et al,, 1994; Zimmer et al., 1991),
however found that PACA nanoparticles damaged the corneal epithelium by disrupting the cell membranes.
However, they did not mention any toxicity to the corneal epithelium cells in their observations of PELC
nanocapsules (16, 17, 27, and 28). In conclusion, the results of the various studies demonstrate the potential of
colloidal systems as ocular drug delivery systems for either hydrophobic or hydrophilic drugs in liquid dosage forms
that do not interfere with vision.

Keeping these things in eye novel nano particulate system have been developed enhancing the hosting capacity,
targeting to the site etc. These are explained below briefly SLN (solid lipid nanoparticle), NLC (nanostructured lipid
carrier), LDC (lipid drug conjugate) (29, 30). SLN This type of particulate form is having following advantages.
Excellent physical stability, protection of incorporated labile drugs from degradation, controlled drug release, good
tolerability, site specific targeting. Though some amount of novelty has been brought forward still some lacuna has
been found out. They are insufficient loading capacity because incorporated drugs are located between fatty acid
chain thus forming highly ordered crystal lattice, so less accommodation. Drug explosion after polymeric transition
during storage (29).

NLC To overcome the above mentioned disadvantages NLC was introduced (31). The problem regarding the
accommodation of drug molecules was solved by this particulate system. This particulate system denied the crystal
lattice formation of the lipid outer layer. This was achieved by three methods like adding spatially different lipid
glycerides composed of different fatty acids. Thus leading to an imperfect NLC. The best hosting was achieved by
mixing the solid lipids with small liquid lipid. In the second formulation type the drug was dissolved in the lipid
environment and it was entrapped in the solid lipid envelope the solid envelope provides a protecting environment
around the lipid. This type is multiple NLC. Since drug explosion is caused by ongoing crystallization and
transformation solid lipid. This paved the way for again modulation of the particulate system thus an amorphous
type of NLC which was created by not adding hydroxyoctacosanylhydroxystearate and isopropylmyristate (60) (32).

LDC SLN are useful for lipophilic drugs incorporation. only highly potent hydrophilic drugs that are effective in
low concentrations can be firmly incorporated into solid lipid matrix due to partitioning effects during the
development process (33). The so called LDC nanoparticles with drug loading capacity of up to 33% were developed
at the end of the millennium to overcome this limitation (30). An insoluble drug-lipid conjugate bulk is prepared
either by formation of salt or by covalent bonding. The free drug base and fatty acid are dissolved in an appropriate
solvent during the salt formation process. The solvent then evaporates under reduced pressure. The drug in the form
of a salt and a fatty alcohol reacts in presence of a catalyst for the covalent linking and the LDC bulk is then
processed with an aqueous surfactant solution to a formulation of nanoparticle using high pressure homogenization
(HPH).
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Most notably the interaction of the colloidal carriers with the phagocytes requires some serum components and then
subsequently interaction with complement receptors. Fe receptors and sugar lecithin receptors on the macrophase,
lymphocytes or other cells. Due to this type of peculiar drug delivery characteristics the nanoparticulate drug
delivery system can be used for drug targeting in critical and special part of the body having peculiar anatomical
characteristics. Mainly the drug formulations are administered in the cul-de-sac region of the eye, the drug is
absorbed through the conjunctiva or corneal route as per the lipophilicity and hydrophilicity of the drug is
concerned.

Management and control of ocular diseases

The eye is a unique organ, being relatively unprotected as it is constantly exposed to atmospheric oxygen,
environmental chemicals and physical abrasion. Anatomically human eye can be broadly divided into anterior
segment and posterior segment. The major diseases affecting the eye include retinopathy, diabetic retinopathy,
corneal neovascularization, keratitis, conjunctivitis, age-related macular degeneration (AMD), diabetic macular
edema (DME), cataract, proliferative vitreoretinopathy (PVR), uveitis, cyto-megalovirus (CMV), and glaucoma.
Various classes of drugs, such as antiviral, antibacterial, corticosteroids, sympathomimetics, antioxidants,
antihistaminics, carbonic anhydrase inhibitors, angiotensin blockers etc. are widely used as therapeutic agents for the
cure of these ailments (7).

Role of nanoparticulate carrier to overcome the limitations

Prior to understand nanoparticle and its role in ocular drug delivery we should have a brief idea about ocular
anatomy and drug transportation channels. The most prominent method of ocular drug delivery is to deliver the
drug in to the cul-de-sac. Absorption may be corneal or non corneal at this site. The so called non corneal route of
absorption involves penetration into the intra ocular tissues through the sclera and conjunctiva. This absorption
mechanism is usually non-productive, as drug penetrating the surface of the eye beyond the limbus of the corneal
sclera is taken up by the local capillary beds and added to the general circulation. In general, this non-corneal
absorption prevents entry into the aqueous humour.

Non corneal absorption may be significant for drug molecules with poor corneal permeability. Studies with inulin,
timolol maleate, gentamicin, and prostaglandin PGFzx suggest that these drugs gain intraocular acccess by diffusion
across the conjunctiva and sclera. The noncorneal route of absorption may be significant for poorly cornea-permeable
drugs; however, corneal absorption represents the major mechanism of absorption for most therapeutic entities.
Topical absorption of these agents is considered to be rate limited by the cornea. The anatomical structure of the
cornea exerts unique differential solubility for drug candidates. In terms of transcorneal flux of drugs, the cornea can
be viewed as a trilaminate structure consisting of three major diffusional barriers: epithelium stroma and
endothelium. The epithelium and endothelium contain on the order of 100-fold the amount of lipid material per unit
mass of the stroma. Depending on the physiochemical properties of the drug entity, the diffusional resistance offered
by this tissue varies greatly.

The outer most layer, the epithelium, represents the rate-limiting barrier for transcorneal diffusion of most
hydrophillic drugs. The epithelium is composed of five to seven cell layers. The basement cells are columnar in
nature, allowing for minimal paracellular transport. The epithelial cells, however narrow distal to Bowman’s
membrane, forming flattened epithelial cells with zonulae occuludents interjunctional complexes. This celluar
arrangement precludes paracelluar transport of most opthalmic drugs and limits lateral movement within anterior
epithelium. Corneal surface epithelial intracelular pore size has been estimated to be about 60A. Small ionic and
hydrophilic molecules appear to gain access to the anterior chamber through these pores, however for most of the
drugs paracellular transport is percluded by the interjunctional complexes to improveocular bioavailability. This
approach has however only met with moderate sucess and has the potential to severely compromise the corneal
integrity.
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Sandwiched between the corneal epithelium and endothelium is the stroma. The stroma costitutes 85-90% of the total
corneal mass and is composed of mainly hydrated collagen. The stroma exerts a diffusional barrier to highly
lipophilic drugs owing to its hydrophilic nature. There are no tight junction complexes in the stroma, and
paracellular transport through this tissue is possible. The inner mast layer of the cornea, separated from the stroma
by Descremet’s membrane, is the endothelium the endothelium is lipoidal in nature; however it does not offer a
significant barrier to the transcorneal diffusion of most drugs. Endothelial permiability depends solely on molecular
weight and not on the charge of hydrophilic nature of the compound. Trancelluar transport on the corneal
epitheliumand stroma is the major mechanism of ocular absorption of topically applied ophthalmic pharmaceuticals.

Nanoparticles provide controlled drug release and prolonged therapeutic effect. For this property the particle have
to be retained in the cul-de-sac after topical administration, and the entrapped drug must be released from the
particles at an appropriate rate. The utility of nanoparticle as an ocular drug delivery system may depend on
optimizing lipophilic-hydrophilic properties of polymer drug system, optimizing rates of biodegradation in
precorneal pocket and increasing retention efficiency in precorneal pocket. It is highly desirable to formulate the
particles with bioadhesive materials in order to enhance the retention time of particles in the ocular cul-de-sac.
Without bio adhesion could be eliminated as quickly as aqueous solution from the precorneal site. Bioadhesive
systems can be either polymeric solutions or particulate systems. Several studies using natural bioadhesive polymers
demonstrating improvements in ocular bioavailability, synthetic biodegradable and bioadhesive
polyalkylcyanoacrylate systems were developed they may prove to be most promising particulate ocular drug
delivery system in the future. Polyalkylcyanoacrylates gained popularity because of their apparent lack of toxicity
and can be successfully used in surgery. This is from a toxicological view of referred pharmaceutical drug delivery
system.

Efflux pumps have been identified and significant enhancement in ocular drug absorption was achieved following
their inhibition. To maintain minimum inhibitory concentration the agent used to be frequently dosed resulting in
poor patient compliance. Blood retinal barrier is selectively permeable to more lipophilic drugs or molecule this
results in frequent administration of high amount of drug leading to systemic side effect. Intraviteral administration
offer high concentration of drug in retina. This may cause various short term complication like retinal detachment,
endopthalmitis (34). Periocular route has been considered as the most promising and efficient route for
administration of drugs to posterior segment of eye. Injecting of drugs produces many complication rises in intra
ocular pressure, cataract, hyphema strabismus and corneal decompensation.

An optimum ocular drug delivery system would be one which can be delivered in eye drops with no creation of
blurred vision or irritancy and which would need no more than one to instillation each day. Owing to leakiness of
the conjunctiva rich blood flow and large surface area, cunjunctival uptake of a topically applied drug from tear fluid
is typically an order of magnitude greater than corneal uptake. Physiochemical drug properties such as lipophilicity
solubility molecular size and shape, degree of ionization affect the route and rate of permeation in cornea. Drugs
penetrate across the corneal epithelium via transcellular and paracellular pathways. Lipohilic drugs prefer the
transcellular pathways hydrophilic drugs prefer the paracellular path. Nanoparticles formed from bioadhesive
polymers forms a covalent bond with the mucine coating. Covering the conjunctiva and corneal surfaces of the eye is
the mucin coat. The mucos layer secreted by goblet cells of conjunctiva is multifunctional in role. It hydrates,
cleanses, lubricates and serves as a defense against pathogens; ocular mucoadhesion relies on the interaction the
polymer. Bioadhesive polymers are usually macromolecular hydrocolloids with numerous hydrophilic functional
groups. Gellan gum a polysaccharide secreted by Pseudomonas ebolain aquous solution forms a clear anionic gel. They
have been studied for their ocular and percutaneous tolerability. Some commercial formulations hydrogels are
widely accepted as tear substitutes because of their prolonged residence time on the eye surface. Gulsen et al. (2004)
have recently developed a disposable soft contact lens of drug containing microemulsion dispersed in a poly-2-
hydroxyethylmethacrylate (HEMA) hydrogel suitable for opthalmic delivery, in an attempt to reduce drug loss and
side effects (35). The use of water soluble polymer to enhance the contact time and possibly also the penetration of
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drug was first proposed by Swan et al. (1945). Cyclodextrin a complexeting agent entraps the hydrophilic and photo
unstable drug molecule and enhances the stability. The hydrolytic stability of curcumin under alkaline condition was
strongly improved by complex formation while the photo decomposition rate was increased compared to curcumin
in organic solvent (effect of polymer in stability of curcumin). The cavity size and the charge and bulkiness of the
cyclodextrine side chain influenced the stability constant for complexation and the degradation rate of curcumin
molecule (36).

Preparation technique

PNPs (polymeric nanoparticles) can prepare conveniently either from preformed polymers or by direct monomer
polymerization using classical polymerization (46). Methods such as solvent evaporation, salting-out, dialysis and
supercritical fluid technology, which include the rapid expansion of a supercritical solution or the rapid expansion of
a supercritical solution into liquid solvent, can be used to prepare PNP from preformed polymers. On the other
hand, the polymerization of monomers can directly synthesize PNPs by using various polymerization techniques
such as micro-emulsion, mini-emulsion, surfactant-free emulsion and interfacial polymerization. The method of
preparation is chosen based on a number of factors such as the type of polymeric system, area of application, size
requirement, etc. For instance, a polymeric system that is developed for use in the biomedical or environmental fields
should be fully free from reactants such as surfactants or organic solvents traces. In this case it is possible to choose
techniques such as RESS (rapid expansion of a supercritical solution) or RESOLV (rapid expansion of a supercritical
solution into a liquid solvent) because they do not use any surfactant or organic solvent during the PNP preparation
(polymeric nanoparticles preparation technique and size control method).

Solvent displacement and interfacial deposition are related methods based on the spontaneous emulsification of the
internal organic phase, which includes the dissolved polymer in the external aqueous phase. Solvent displacement,
however, forms nanospheres or nanocapsules, while interfacial deposition forms only nanocapsules. In the presence
or absence of a surfactant, solvent displacement involves precipitation of a preformed polymer from an organic
solution and diffusion of the organic solvent into the aqueous medium (59, 60, and 61). The polymer, usually PLA, is
dissolved in an intermediate polarity water-miscible solvent which leads to the precipitation of nanospheres. This
phase is injected into a stirred aqueous solution containing a surfactant like stabilizer.

The polymer deposition on the water and the organic solvent interface, caused by the rapid diffusion of the solvent,
leads to the instant formation of a colloidal suspension. In order to facilitate the formation of colloidal polymer
particles during the first step of the procedure, phase separation is done with a completely miscible solvent which is
also a nonsolvent of the polymer. The solvent displacement technique allows the nanocapsules to be prepared while
adding a small amount of nontoxic oil in the organic phase. In general, high loading efficiencies are reported for
lipophilic drugs when nanocapsules are prepared, considering the oil-based central cavities of the nanocapsules. The
usefulness of this simple technique is limited to water-miscible solvents, where the rate of diffusion is sufficient to
produce spontaneous emulsification.

Then, although some water-miscible solvents produce certain instability when mixed in water, spontaneous
emulsification is not observed if the rate of coalescence of the droplets formed is high enough. While,
acetone/dichloromethane (ICH, class 2) are used for dissolving and increasing the entrapment of drugs,
dichloromethane increases the mean particle size and is is known to be toxic. Because of the miscibility of the solvent
with the aqueous phase, this method is basically applicable to lipophilic drugs (Barichello et al., 1999) and it is not an
effective way of encapsulating water-soluble drugs. Indeed, it seems impossible to select a drug/ polymer/ solvent/
nonsolvent system in which particles would be produced and the drug efficiently entrapped, since the solvent and
the nonsolvent of the polymer must be mutually miscible. The gradual addition of the polymer solution to the
nonsolvent generally results in the formation of nanospheres nearly 200 nm in size. A mechanism comparable to the
diffusion and standing process found in spontaneous emulsification seems to form nanoparticles. Due to the mutual
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diffusion of the third liquid, this phenomenon was explained by local variations of the interfacial tension between
the two immiscible liquids.

This method was applied to different polymeric materials such as PLA, PLGA, PCL, and poly (methyl vinyl ether-co-
maleic anhydride) (PVM/MA) (60). This method was well adapted to incorporate cyclosporin A, because entrapment
efficiencies were obtained as high as 98%. Interfacial deposition is a process used to produce nanocapsules;
however, this is not a technique for polymerization but a technique for emulsification/solidification. A fifth
compound is introduced in interfacial deposition, of oil nature, miscible with the solvent of the polymer but
immiscible with the mixture. The polymer deposits between the finely dispersed oil droplets and the aqueous phase
on the interface, forming nanocapsules. An aqueous solution is used as the dispersing medium. The main difference
is that polymers such as PLA dissolve in a solvent mixture (eg, benzylbenzoate, acetone, and phospholipids) along
with the drug. This mixture is slowly injected into a stirred aqueous medium, resulting in the deposition of the
polymer in the form of nanoparticles of about 230 nm in size. At the interface between water and benzoyl
nanodroplets, polymer deposition occurs forming nanocapsules with a shell-like wall (54).

Emulsification-solvent evaporation involves two steps. The first step requires that of the polymer solution be
emulsified into an aqueous phase. Polymer solvent is evaporated during the second step and induces polymer
precipitation as nanospheres. Using a dispersing agent and high-energy homogenization [50], a polymer organic
solution containing the dissolved drug is dispersed into nanodroplets in a nonsolvent or suspension medium such as
chloroform (ICH, class 2) or ethyl acetate (ICH, class 3). The polymer precipitates in the form of nanospheres where
the drug is finely distributed in the network of polymer matrixes. Subsequently, the solvent is evaporated by
increasing the temperature under pressure or by stirring continuously (62).

The size can be controlled by adjusting the stir rate, type and amount of dispersing agent, organic and aqueous phase
viscosity, and temperature (63). While different types of emulsions may be used, oil/water emulsions are of interest
because they use water as the nonsolvent; this simplifies and therefore improves process economics, because it
eliminates the need for recycling, facilitate the washing step and minimize agglomeration. However, this method can
only be applied to liposoluble drugs, and the scale-up of the high energy requirements inhomogenization imposes
limitations (62) . PLA, PLGA, ethylcellulose (EC), cellulose acetate phthalate, poly(E-caprolactone) (PCL), and
poly(h-hydroxybutyrate) (PHB). Drugs or model drugs encapsulated were albumin, texanus toxoid, testosterone,
loperamide, prazinquantel, cyclosporin A, nucleic acid, and indomethacin are frequently used polymers.

Salting out technique

Salting -out is based on salting-out effect separating a water miscible solvent from aqueous solution. The salting-out
process can be considered as a modification of the emulsification/solvent diffusion. Initially, polymer and drug are
dissolved in a solvent such as acetone, which is then emulsified into an aqueous gel containing the salting-out agent
(electrolytes, such as magnesium chloride, calcium chloride, and magnesium acetate, or non- electrolytes such as
sucrose) and a colloidal stabilizer such as polyvinyl pyrrolidone or hydroxyl ethyl cellulose. This o/w (oil/water)
emulsion is diluted with a sufficient volume of water or aqueous solution to increase the diffusion of acetone into the
aqueous phase, thereby inducing the formation of nanospheres. It is important to select the salting out agent, because
it can play an important role in the drug’s encapsulation efficiency. Cross-flow filtration then eliminates both the
solvent and the salting-out agent. This procedure used in PLA, poly-(methacrylic) acid, and EC nanospheres
preparation leads to high efficiency and is easily scaled up (64). Salting out has the main advantage of minimizing
stress on protein encapsulants. Salting out does not need an increase in temperature and, hence, may be useful when
processing heat sensitive substances (65). The main drawbacks are exclusive application to lipophilic drugs and the
extensive washing steps of nanoparticle.
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Emulsification technique

This is a technique where we can use natural sources to prepare nanoparticles. Chitosan nanoparticles were
developed to encapsulate proteins such as bovine serum albumin, tetanus and diphtheria toxoid, vaccines (66),
anticancer agents, insulin (67), and nucleic acids. Chitosan significantly improved the peptide (such as insulin and
calcitonin) absorption across the nasal epithelium. The methods proposed for the preparation of chitosan
nanoparticles are based on the spontaneous formation of complexes between chitosan and polyanions (68) or the
gelation of a chitosan solution dispersed in an oil emulsion (70). Chitosan nanoparticles obtained through the
formation of a spontaneous complex between chitosan and polyanions such as tripolyphosphate have small
diameters (200-500 nm) and under transmission electron microscopy show a quasi spherical shape. Chitosan
nanoparticles produced using an emulsification-based method by a promoting gelation, as illustrated above.
Compared with the method described above, this technique has a main disadvantage when it involves organic
solvents during the isolation of the particles; these are difficult to remove and may cause toxicity.

Similarly agarose nanoparticles can be prepared. These are prepared for the administration of theraputic proteins
and peptides (71). Agarose aqueous solution forms thermally reversible hydrogels when cooling below the gelling
temperature (318-368C).Thermal gelation results from the formation of helicoidal structures responsible for a three-
dimensional network in which large amounts of water can be entrapped. Hydrophilic, inert, and biocompatible, the
hydrogel forms a appropriate matrix for proteins and peptides that can be entrapped in the gel during formation.
Agarose nanoparticles were formed using a technology based on emulsion. This methodology requires the
preparation of an agarose. Initially, peptides and proteins to be encapsulated are added to the agarose solution.
Homogenization achieves the small size of the dispersed aqueous nano droplets. Gelation of agarose is then induced
by diluting the emulsion under agitation at 58 [ with cold com oil. The liquid nano droplets then gel to nanoparticles
containing protein agarose hydrogel (69).

Ionic gelation method

In the presence of multivalent cations such as calcium, sodium alginate gels which is a water-soluble polymer. Drop
wise extrusion of sodium alginate solution into calcium chloride solution usually results in alginate particles. The
particle size of alginate depends on the size of the initial extruded droplet. The smallest formed particles, obtained by
air atomization had a minimum size of 1 to 5 Am,). Preparation of alginate nanoparticles was first achieved in a
diluted solution of aqueous sodium alginate in which gelation was induced by the addition of a low calcium
concentration. This leads to the development of invisible clusters of calcium alginate gels. In an additional advance,
alginate particles were produced by using a modified method of emulsification/internal gelation as illustrated in.
Preparing of alginate nanoparticles using this method requires no specialized equipment and can be done at ambient
temperature. The major difficulty of this technique is the step of washing nanoparticles to remove the residual oil
droplets, but new strategies have been devised (70).

Recent development

Increasing the retention time of the drug alone cannot increase the drug’s permeability inside the ocular chamber.
Administration of drugs neglecting the presence of the ocular barriers, which make the ocular system invincible and
isolated from the foreign substances, makes the drug’s fate nowhere to reach the target area. Blood ocular barrier is
of two types a) blood aqueous barrier and b) blood retinal barrier. The former one makes permeation impossible for
lipophilic drugs to pass through the aqueous humor. But trace amount of horseradish peroxidase was found in the in
the aqueous humor chamber which made a sence of presence of trace amount of plasma proteins. But horse radish
peroxidase cannot pass through the iris blood vessels; it can penetrate through the fenestrated capillaries of the
cilliary process and reach the aqueous humor. Small and lipophilic drugs can enter the uveal blood circulation
through the blood aqueous barrier also they are constantly eliminated more rapidly from the anterior chamber in
contrast to the larger and more hydrophilic drug. The iris tissue is porous and makes it easy for the lipophilic drugs
to permeate in to the uveal blood circulation. It was also observed that the lipophilic drugs get eliminated more
rapidly than the larger hydrophilic drugs from the anterior chamber. Thus lowering the concentration of drug in the
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anterior chamber. Blood retinal barrier resembles blood brain barrier so the paracellular and transcellular transport is
restricted. Developing an efficient and accurate drug delivery system should be the matter of discussion. For this
reason some formulas using well known pharmacokinetic relationship and a first order drug decay model for the
tear film have been established. The time intigration of the tear film concentration is then related to the ocular
bioavailability. According to this it was found out that a) high corneal permeability with respect to lipophilic drugs
produces the highest bioavailability b) drug volume does not play a major role in bioavailability of the drugs and c)
making the dose volume relatively small the bioavailability increase by 4 fold (69). Using a lot of bioadhesive can
decrease the drug’s steady state. The permselectivity of cornea was investigated in vitro by measuring electrokinetic
potential generated by ionic concentration gradient or hydrostatic pressure gradient (66).

This study suggested the dual permeability character of the cornea. At physiological pH above isoelectric point 3.2
the cornea behaves as it is negatively charged and allows positively charged ions to permeate through. It becomes
the reverse in altered condition. Not only this has the transepithelial electrical registance (TEER) played a key role in
transportation of molecules across the cornea. Although these much constrains in ocular drug delivery still some
development have been brought forward. They are as follows- A natural sourced cationic polymer chitosan is having
unique biological characteristic in case of muco adhesion and biocompatibility so it has been extensively used in
drug delivery. PEG along with chitosan sodium has a good compatibility with ocular structure. PEG is having good
shelding effect so it can protect the drug molecule from the hydrolytic enzymes.

Poly-e-caprolactone nano particles decrease the systemic absorption of ocular drugs. Polyalkylcyanoacrylate nano
particles could also be used for anti-inflammatory drugs to target inflamed ocular tissue compared to healthy tissue
(68). Pz-peptide (4-phenylazobenzoxycarbonyl-Pro-Leu-Gly-Pro-D-Arg) a hydrophobic collagens labile pentapetide.
Thus facilitating the opening of the tight junction in a reversible manner facilitating the paracellular transport (72).

Future scope

Finding effective treatment for ophthalmic diseases is a tremendous challenge for research scientists due to the
nature of diseases and presence of the different ocular barriers. An ideal therapy should maintain effective levels of
the drug following a single application for the desired period. Scientists have focused on designing a strategy with a
multidisciplinary approach in recent years, e.g. microneedle, iontophoresis and MRI. Continued gene delivery
research seems to be very exciting for a gamut of diseases. In ocular drug delivery systems, there are likely to be
multiple applications of nanotechnology. Nanotechnology can be helpful in making nanodevices for complex eye
surgeries, such as glaucoma, retinal vascular surgery, etc. In addition, it can be used in the development of new lens
material to treat cataracts. This technology would also become useful in developming various delivery formats, such
as parenteral, oral, implantable, transscleral, ect. Moreover, the development of different nanotechnology-based tools
can be used to improve imaging, screening and research techniques, including nanolithography, nanoarrays, mass
spectrometry, etc., that can be used in the field of discovery of novel ophthalmic drugs. Nanotechnology can also be
used to solve the solubility problems associated with poorly soluble drugs and to increase the number of
compounds available for potential development of formulations. Beside this, nanotechnology can also help to
develop an effective and robust DNA nanoparticle therapy for the treatment blinding diseases based on genes.

It can aid in generation of scaffolds for tissue bioengineering, particularly for neural stem cells and can also be used
to delivery growth factors and the stem cells. In the future, much of the emphasis will be placed on achieving non-
invasive sustained drug release in both anterior and posterior segments for eye disorders. A clear understanding of
the complexities of ocular tissues under normal and pathological conditions, physiological barriers and multi-
compartmental pharmacokinetics would greatly enhance further development in the field. P —glycoprotein (P-gp) is
a transport membrane protein that exists in many tissues of the human body. In the eye, P-gp is expressed in retinal
capillary endothelial cells, iris and cillary muscle cells and retinal pigmented cells (18), ciliary nonpigmented cells
(50) corneal cells and cunjunctival epithelial cells . P-gp is functionaly active in the blood aquous barrier. Studies
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with Cyclosporine A, verapamil and dexamethasone which are some of the functional sub units of P-gp, were
investigated to determine the presence of P-gp in the conjunctival epithelium (56). According to that study it was
investigated that the efflux of Cyclosporine A was reduced in the presence of verapamil and P-gp inhibitors.
Solubilizing agents often used in pharmaceutical formulation have been reported to have P-gp inhibitory activity
(55). Another protein named multi drug resistance-associated protein is of same importance as that of P-gp. Only the
main difference is that this type of proteins has high affinity toward compounds conjugated to glutathion,
glucuronide and sulfate (29).

Development of nanotechnologies require better understanding of cell-surface interaction on the nanometer scale.
Advances in nanometer scale patterning and dectection have allowed the fabrication of appropriate substances and
the study of cell surface interaction (1). Especially topographed nanosurfaces are more selective than the smooth
surface ones. This can be a new direction for the development of nanoparticulate formulation for targeting to specific
tissues. Surface resistance is also a main hindrance for drug penetration. Corneal permselectivity was investigated in-
vitro by measurement of membrane electrokinetic potential generated either by ionic concentration gradient
(diffusion potential) or hydrostatic pressure gradient (transport mechanism of cornea: characterization of barrier
permselectivity). Studies on the effect of pH on these potentials indicate dual-selective character to passage of ions
across the cornea. The cornea represents an isoelectric point (pI) at 3.2. At physiological pH and pH above pI, the
cornea behaves as if it is negatively charged and allows preferential passage of positively charged ions with respect
to negative ions. The reverse is valid below pl. Lowering the bathing solution’s ionic strength results in increased
ionic discrimination as well as membrane electric resistance. Validity and integrity of tissue, the two important
properties of membrane involved in the overall transportation process.

It is useful to first investigate corneal tissue in order to understand the effect of charge type on corneal transport of
peptides. The transport characteristics of L-(14C) lysine and L-(14C) glutamic acid were based on measurements of in
vitro flux. Net L-lysine flux occurs via a co-transport mechanism that is dependent on sodium. L-lysine transport
involves the Na-K-ATPase pump and requires a transportation system mediated by a stereospesific carrier. By
blocking the carrier system, the lysine permeability co-efficient was lowered. However, it appears that L-glutamic
acid was absorbed by a passive aqueous transport mechanism which was insensitive to ouaben. Overall the cornea
was 2-3 fold more cation permeable than an anion. Additionally, salicilic acid which is charged negatively is 2-3
times less permeable than the cationic drug. Though anionic drugs having less permeabilty through the membrane,
still it can be incorporated into the cationic nanoparticles, thus increasing its permeability.
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Table-1: Role of nanoparticulate carrier to overcome the limitations

to zero order

Polymer Loaded drug/gene/protein Comments Ref.
Drug level i i
. rug level was improved in Pigantello et al.(2002) (37)
Flubiprofen aqueous humor after .
. . Pignatello et al. (2006) (38)
. Chloricromene application of the drug loaded
Eudragit RS Ib ‘ suspensions which did Bucolo et al. (2004) (39)
100, RL 100 P,upr,o e “a“to hu pet“ tons wht | ! Bucolo et al. (2002) (40)
Methyl predmisolone | tissues Improved in sabity | Ak etal. Q0072 11
P S APTO Y | Adibika et al. (2007b) (42)
in chloricromene.
Cyclosporine A A promising approach for Calvo et al.(1996) (26)
Chitosan Dorzolamide management of ocular Papadimitriou et al. (2008) (43)
Pilocarine inflamatory and auto immune Funte et al. (2008) (44)
gene dis orders.
This polymer was able to
. Amikacin sulfate release the drug in a controlled .
Polyisobutylcy Progesterone manner. Also increased the Pignatello et al. (2002) (37)
anoacyclate ..
Betaxolol chlorehydrate drug concentration in ocular
medium.
Improvement in ocular
1 in A, tration. Th ti It
Poly-e- Cyc osporin A, penetration. Theraputic results Calvo et al. (1996b) (45)
Cartilo], were much more pronounced
caprolactone . .
metipranolol by decreased intra ocular
pressure
. Pilocarpin, hydrocortisone, Prolonged residence time Bucolo et al. (2002) (40)
Albumin . s e
gancyclovir minimized the opcification.
The rel t losed Bucolo et al. (2004
Gelatin Hydocortisone acyclovir e release parten was close ucolo et al. (2004) (39)

Polylactic acid

Beta methasone phosphate

Potential ocular drug delivery
system for ocular viral
infection.

Calvo et al. (1994) (27)
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Table-2 : Preparation technique
Rel
Polymer Drug encapculated Synthesis method Entra}pment elease Reference
efficacy method
. . (Lu, etal.,
paclitaxel desolvation 33-78% 2004) (47)
gelatin - - diffusion —
chloroquine Solvent evaporation 15-199 (Bajpaiet al.,
phosphate method ? 2006) (48)
ionic gelation e (Campos etal.,
73% diff
cyclosporine A method 3% Husion 2001) (49)
diffusion
ammonium ionic gelation 359 poell}rllr(rl\er (Wuetal,
. . o
chitosan glycyrrhizinate method degradati 2005) (50)
on
BSA ionic gelation o . . (Bhattarai et
method 92% diffusion ) "2006) (51)
anionic (Arias et al.,
poly alkayl ftorafur polymerization - 2007) (52)
cyano interfacial diffusion Sh tal
acrylates indomethacine inter acla’ 76.6% ozoeta -
polymerization 2003) (53)
. solvent o (Shenoy etal .,
tamoxifen displacement 90% 2005) (54)
h t
clonazepam solvent evaporation 72.695.1% Elva;(;ggé(;jg;)
L solvent 60% (Shah et al,,
poly-e- saqunavir displacement ° 2006) (56)
caprolacton diffusion
o insuli 96 (Damge et al .,
insulin o 2007) (57)
nanoprecipitation Zheng et al,,
docetaxel 90%
ocetaxe method 2009) (58)
Prabhaetal .,
vinblastin emulsion method 48% ( 1;:) 0 8;1 (65 96;
Organic solution
Solvent and residual Polymer + drug in water
water evaporation nonmiscible solvent
o . . (o] ® Solvent evaporation
e > |90, | = |:> oo =
surfactant + oil o < 0O O ]
¢ 0
< —
Aqueous sclution Aqueous solution
Stabilizer + Water Solubilizer in water
Fig.l. Solvent displacement and interfacial Fig.2. Solvent evaporation method
deposition
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Organic solution
Polymer + drug in acetone

Diffusion of acetone to
agueous phase

Fig.3 Salting out technique

Chitosan + drug
in oil + surfactant

-

High speed
homogenization

Agqueous solution wio emulsion

Stabilizer and salting I oo

out agent in water NaOH in oil .
+ surfactant

Fig.4.Emulsification technique

Fig.5.Emulsification technique

Homogenizat ion A solution al + lant + insolubl
of w/o emulsion calcium salt
Qil soluble
Filtration acid + oil r
= oo and drying il Acid Ca*
Agarose cooled = 00
L O
N = 0O
protein Encapsulated
alginate +
Agarose insoluble calsium
. salt
cooling

Fig.6.Ionic gelation method
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ABSTRACT

Drug development and approval is very long and complex process. For the approval of drug product we
have to go through a series of guideline document and application procedure intended to aid applicants
and sponsors making regulatory proposal and submission in computerize automatic or electronic
submission format to the Center for Drug Evaluation and Research (CDER), Center for Biologics
Evaluation and Research (CBER) and Food and Drug Administration (FDA). In some cases, guideline
differs from CDER to CBER to FDA because of the differences in the procedure and expert review
guideline and availability of computer infrastructure in the respective centers. Agency guidance and
guideline documents on electronic submissions or computerize automatic format will be upgraded
regularly to show the progressing nature of the technology and encounter of those using the same
technology. This specific guideline discuss various issues resemblance to the computerize automated
submission of the new drug applications (NDA) and modification to those submission to CDER.

Keywords- NDA, CDER, FDA, Drug development, Regulatory requirement.

INTRODUCTION

For recent development years, in the United States the regulation and control of new drug product has been based on
the guideline of New Drug Application (NDA). From1938, each new drug product has been subjected to approval of
NDA before U.S authentication and commercialization of drugs. The report gathered during the clinical studies and
preclinical study of an Investigational New Drug (IND) became the part of NDA. In 1938, when Food, Drug and
Cosmetic Act (FD & C Act) was enforced, NDA were only required to restrain information concerning to the safety
of investigational drug. The Kefauver-Harris Amendment in 1962 modify the FD & C act required and provide
guidance to NDA for providing evidence that a new drug was relatively safety and effective for its intended and that
the given therapeutic application of the drug must overcome the risks. When the FDA completed a comprehensive
revision of the regulation subjecting to NDA in the year 1985 the NDA was again the matter of change. This revision
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and modification commonly called the NDA Rewrite. It was mainly focused to rearrange the ways in which
information, content and data are assembled and presented in the NDA to easily approach FDA reviews. [1, 3, 7]

In this review we tried to explain about the process of approval and rejection of a new drug that is going to be
marketed.

Fundamentals of NDA Submissions
The quantity and quality of content and data offered in NDA can vary remarkably, the key components of NDA are
simple, uniform and given in Form FDA-356h. The application to Market a new drug for use in human or an
antibiotic (biological) drug for human use contains basically of 15 parts i.e,
Index
Summary
Chemistry
Manufacturing and Control
Samples, Methods Validation, Package and Labeling
Nonclinical Pharmacology and Toxicology
Human Pharmacokinetics and Bioavailability
Microbiology (for anti-microbial drugs only)
Clinical Data
. Safety update Report
. Statistical
. Case report Tabulations
. Case report Forms
. Patent Information

O 0N oG WD

e e S N = S
O = W N = O

. Patent registration certification

. Other information (the previous marketing history of the drug inside and outside the U.S, approved discussion
regarding the benefit and risk consideration and if any provided additional study or post marketing surveillance
plans etc.) [2,7,8]

—_
(@)}

NDA Format- Content and Requirements

NDA guideline must provide all the relevant information and data that a sponsor or investigator has collected
throughout the product research and development. The FDA also has various guidelines and guidance that are relate
to NDA issue of content and format. These numerous guideline can be obtained from CDER website of Drug
information branch (DIB).

New molecule entity

New Salt form of previously approved and existed drug ( not new molecule entity)

New formulation of already existed or approved Drug (not new salt form or, molecule entity)

New combination or rearrangement of two or more drug product

Already marketed drug Product — Duplication of product

New indication or claim for existed marketed drug

NSk

Already marketed drug Product - Not previously approved by NDA [7,8,9]

Summary of application

® According to the new or, present NDA regulation the application must be submitted in 2 copies,

® An archival copy- serves as a permanent record of the submission

® A review copy- by the scientific committee

¢ The review copy again is made up off a number of separate technical volume, each volume signifies the need of
the discipline that is involved in the review.
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® Both the archival and review copies are submitted in the form of hard copy, but according to the guideline
archival copy must be submitted as microfiche.

Generally the application form is supplied with detailed and technical guideline or guidance to improve the quality

of submissions,

® The format and content of summary of an application

¢ Formatting, arranging and submitting new drug and antibiotic (biological) application

® The microfiche submission of archival copy

® The format, content and report of the human Pharmacokinetics and bioavailability section The format, content
and report of the clinical and statistical section data

® The format, content and report of the chemistry, manufacturing and control section

® Post marketing surveillance and reporting of adverse drug reaction [1, 4, 7, 8]

The chemistry section because of its length, complex and highly detailed section basically deals with the
manufacturing and control process, is required to be submitted between 90-120 days prior to the submission of the
application for the identification of deficiencies in the application filed. Submission of proposal to the chemistry
section earlier than 120 days and less than 90 days before the remainder of the application will not be accepted. The
archival copy of the application should include a detailed index by volume and page number. It is always
recommendable to prepare additional copies of the index and must be included with application form submitted to
FDA for the NDA. This will aid in easily access the location of important parts of the submission which will be
needed for meetings or, review by individual technical reviewers. It has been always recommendable that the
summary consists of 50 - 200 pages. The summary should explain all the aspects of the application and needs to be
written at ultimate level of detail required for publication and must meet the editorial board standard that applied by
various referred scientific and medical journals. It is advantageous to provide the data in the summary in the form of
table and graphic with clear explanation and distinction of all the terminology used in the table or graphics. The
required safety and efficacy data must be submitted in same format that described under clinical data section of the
NDA content and format. [5, 8, 10]

» Chemistry, manufacturing and control summary- provide a general and detailed overview of the drug
substance and drug product

® Drug substance: Description regarding physical and chemical characteristics and stability study.

® Drug product: Description regarding composition and type of dosage form, manufacture, analytical methods,
container/closure system, stability and investigational formulation.

» Nonclinical laboratory studies- include any in-vivo and in-vitro experiment with the test drug to determine its
safety, activity or disposition. This section includes Toxicological effects of drugs on reproduction and the
developing fetus, ADME animal experiments of the drugs. This section should provide a description, tabulation
and graphics from Nonclinical laboratory studies of drug.[7, 8, 10]

¢ First section: There should be an overall tabulated summary of all in-vivo biopharmaceutics studies carried out
on the drug grouped by type of study.

® Second section: The summary of bioavailability or pharmacokinetic data and overall conclusions (Cmax, Tmax, AUC
etc.)

® Third section: List of all formulations used in clinical trials and invivo bioavailability or pharmacokinetic studies
together with each formulation used in studies.

¢ Fourth section: Analytical methods used to measure the levels of drug and major metabolite (Bioanalytical)

e Fifth section: Dissolution data on each strength and dosage form for which approval is being sought. A
comparative dissolution study with the lot(s) used. In vivo biopharmaceutics studies should also be included.
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» Statistics section should include:

A statistical evaluation of the clinical data

e A copy of the data given in the description and analysis of each controlled clinical study, along with the statistical
analysis.

e A copy of the data included in the integrated summary of all available information about the safety of the drug.

[7,8,10,11]

Review Time Frames of the NDA Application

This time frame includes:

® Within 180 days of date of filing of an application, the FDA will review and issue an approval, approvable, or not
approvable letter. This 180-day period is called the “review-clock”

¢ During the review period an applicant may withdraw an application and later resubmit it.

® The time period may be extended by mutual agreement between the FDA and the applicant or as the result of
submission of a major amendment.

Filing Time Frames of the NDA Application

* Within 60 days after the FDA receives an application, a determination will be made whether the application may
be filed.

¢ This will determine whether sufficient information is provided to proceed with an in-depth review of application.

e If FDA files the application, the applicant will be notified in written. The date of filing will be the date 60 days
after the FDA received the application.

¢ The date of filing begins the 180-days period of the review. If FDA refuses to file the application, the sponsor will
be given the opportunity to meet with FDA to discuss the reasons why the application is not fileable. [2, 6, 7, 10]

APPROVAL OF NDAs BASED SOLELY ON FOREIGN DATA

Clinical data will be considered on merit regardless of country of origin. Foreign Clinical data meeting U.S. criteria

for approval may be approved if:

® The foreign data are applicable to the U.S. population and U.S. medical practice

® The studies have been performed by clinical investigators of recognized competence

e If an inspection is necessary, FDA is able to validate the data through an on-site inspection or other appropriate
means or the data may be considered valid without the need for an on-site inspection by FDA.

¢ India is a signatory to an international agreement on "mutual acceptance of data" (MAD), the country is obliged
to accept the results of such animal testing conducted in other countries and there is no need for the tests to be
repeated.

¢ FDA will apply this policy according to the nature of the drug and the data being considered.

¢ The FDA is willing to explore all areas to remove the need to conduct repetitive clinical testing in U.S.

® When adequate foreign data have been generated a pre-NDA submission meeting is encouraged when approval
being solely on foreign data is sought. [3, 8, 11]

FDA DIALOGUE ON SCIENTIFIC & MEDICAL ISSUES

* Approximately 90 days after the NDA is received, the FDA will provide applicants with an opportunity to meet
with reviewers to discuss the general progress and status of the application

¢ Particularly for new chemical entities and major new indications of marketed drugs, this meeting will generally
be held at the applicant’s option and may be held by telephone.

¢ With the issuance of an approvable/not approvable letter, an opportunity will be provided to applicants to meet
with the FDA and discuss what further steps need to be taken before the applications can be approved. [7, 8]

® DPriority for these meetings will be given to applications for new chemical entities and major new indications for
marketed drugs.
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NDA PRE-APPROVAL AND POST- APPROVAL SAFETY REPORTS

® CDER( the center for drug evaluation and research) provide guideline for the approval of NDA.

® The FDA details the necessity to periodically update a pending application with new safety information which
affects the statements of contraindications, warnings, precautions and adverse reactions in the draft labeling.

¢ The safety update reports are required to include the same kinds of information from clinical or animal studies as
well as other sources, and must be submitted in the same format as the previously described in integrated
summary of safety.

® Safety update reports must be submitted at:

® 4 months after the initial submission of an application

® TFollowing receipt of an approvable letter and

® Any other times as requested by the FDA

e In case of any adverse drug experience, the surveillance system requires the reporting of such experience as soon
as possible within 15 working days of initial receipt of the information.

e These ‘alert reports” are required to be submitted on Form FDA 1639 (Drug Experience Report).

e All reactions subject to 15 day alert report require follow-up reports within 15 working days of receipt of new
information

e Even if no such reports are reported, the follow up reports has to be submitted in separate cover and as a
summary / tabular form to be presented in periodic report

e NDA holders must review periodically (quarterly for the first three years and yearly thereafter) the frequency of
adverse drug experience reports that are serious and unexpected and report any significant increase in frequency
(e.g. a doubling) within 15 working days to determine whether a significant increase in frequency exists or not

e Applicants must adhere to a reporting schedule that calls for submission of each quarterly and each annual
report within 60 days of the anniversary date of approval of the application

e A 15-day alert report based on information from the scientific literature must be accompanied by a copy of the
published article.

e These literature reports should be either case reports or the reporting of a formal clinical trial

e Applicants should not include in post-marketing adverse experience reports of any adverse experiences that
occurred in clinical trials if they were previously submitted as part of the approved application. [7,8,9,10, 11]

NDA approval process

CDER uses advisory committees to obtain outside advice and opinions from expert advisors so that final agency
decisions will have the benefit of wider national expert input. Committee recommendations are not binding on
CDER, but the agency considers them carefully when deciding drug issues. CDER may especially want a committee's
opinion about:

A new drug

A major indication for an already approved drug

A special regulatory requirement being considered, such as a boxed warning in a drug's labeling

Advise CDER on necessary labeling information

Help with guidelines for developing particular kinds of drugs

May also consider whether a proposed study for an experimental drug should be conducted

Whether the safety and effectiveness information submitted for a new drug are adequate for marketing approval
Notification of Easily Correctable Deficiencies

CDER communicates promptly inform about applicants of the need for more data or information, or for technical

changes in the application needed to facilitate the agency's review. Major scientific issues are usually addressed in an
action letter at the end of the initial review process. CDER makes every effort to grant requests for meetings that
involve important issues and that can be scheduled at mutually convenient times. After the end of Review
Conference there are three possible action letters:
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e Not Approvable Letter: Lists the deficiencies in the application and explains why the application cannot be
approved.

e Approvable Letter: Signals that, ultimately, the drug can be approved. Lists minor deficiencies that can be
corrected, often involves labeling changes, and possibly requests commitment to do post-approval studies.

e Approval Letter: States that the drug is approved. May follow an approval letter, but can also be issued directly

e “End of review conference”: Applicants get an opportunity to meet with Agency officials and discuss the
deficiencies

An applicant may seek to augment the information provided in the original NDA during the review process. E.g. the
applicant may submit a new analysis of previously submitted data or information needed to address a deficiency in
the drug application. Any such information provided for an unapproved application is considered an “NDA
amendment”. Result in an extension of FDA's time line for application review The review is likely to involve a
reanalysis or an extension of the analysis performed by the sponsor and presented in the NDA. There is also
extensive communication between review team members. If a medical reviewer's reanalysis of clinical data produces
results different from those of the sponsor, for example, the reviewer is likely to forward this information to the
statistical reviewer with a request for a statistical reanalysis of the data. Likewise, the pharmacology reviewer may
work closely with the statistical reviewer in evaluating the statistical significance of potential cancer-causing effects
of the drug in long-term animal studies. After reviews are completed, each reviewer develops a written evaluation of
the NDA that presents their conclusions and their recommendations on the application. The division director or
office director then evaluates the reviews and recommendations and decides the action that the division will take on
the application. The result is an action letter and a justification for that recommendation. Each element of the
proposed labeling, including indications, use instructions and warnings, is evaluated in terms of conclusions drawn
from animal and human testing. All claims, instructions and precautions must accurately reflect submitted clinical
result. [1, 2, 7,8,10, 11]

CDER comments can relate to almost any aspect of the proposed labeling For example, CDER can comment upon

drug indications and warnings or suggest general changes in wording and format. The labeling "negotiation

process," through which a drug's final approved labeling is agreed upon, can take a few weeks to many months. The

length of the process depends upon the number of agency comments and an applicant's willingness to reach

agreement. Sometimes a sponsor will submit several revisions of labeling before agreement with FDA on the labeling

can be reached. The labeling is organized in the following sections:

® Description: Proprietary and established name of drug; dosage form; ingredients; chemical name; and structural
formula.

¢ (linical Pharmacology: Summary of the actions of the drug in humans; in vitro and in vivo actions in animals if
pertinent to human therapeutics; pharmacokinetics

¢ Indications and Usage: Description of use of drug in the treatment, prevention or diagnosis of a recognized
disease or condition

¢ Contraindications: Description of situations in which the drug should not be used because the risk of use clearly
outweighs any possible benefit

® Warnings: Description of serious adverse reactions and potential safety hazards, subsequent limitation in use,
and steps that should be taken if they occur

® Precautions: Information regarding any special care to be exercised for the safe and effective use of the drug.
Includes general precautions and information for patients on drug interactions, carcinogenesis /mutagenesis,
pregnancy rating, labor and delivery, nursing mothers, and pediatric use

® Adverse Reactions: Description of undesirable effect(s) reasonably associated with the proper use of the drug

® Drug Abuse/ Dependence: Description of types of abuse that can occur with the drug and the adverse reactions
pertinent to them

® Over dosage: Description of the signs, symptoms and laboratory findings of acute over dosage and the general
principles of treatment
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® Dosage/ Administration: Recommendation for usage dose, usual dosage range and if appropriate, upper limit
beyond which safety and effectiveness have not been established
® How Supplied: Information on the available dosage forms to which the labeling applies [3,4,5,7,8]

Division may initiate a request for a preapproval inspection of the sponsor's manufacturing facilities and clinical trial

sites. The FDA conducts inspections to:

® Verify the accuracy and completeness of the manufacturing-related information submitted in the NDA;

¢ Evaluate the manufacturing controls for the preapproval batches upon which information provided in the NDA
is based;

¢ Evaluate the manufacturer's compliance with CGMPs and manufacturing-related commitments made in the
NDA;

¢ Collect a variety of drug samples for analysis by FDA field and CDER laboratories. These samples may be
subjected to several analyses, including methods validation, methods verification and forensic screening for
substitution. [5, 6, 7, 8]

According to CDER policy, product-specific preapproval inspections generally are conducted for products:

¢ That are new chemical or molecular entities

¢ Thathave narrow therapeutic ranges

® That represent the first approval for the applicant;

¢ That are sponsored by a company with a history of CGMP problems or that has not been the subject of a CGMP
inspection over a considerable period.| [8, 9, 10]

CDER's preapproval inspection program is available from CDER's Compliance Program Guide.

® The results of the preapproval inspection may also affect the final approval decision

® When such inspections discover significant CGMP problems or other issues, the reviewing division may
withhold approval until these issues are addressed and corrected.

® The division's response to such deficiencies is likely to depend on several factors:

» The nature of the problem
» The prognosis for the problem's correction
» The potential effect of the problem on the safety and efficacy of the drug. [7,8,9]

Once a recommendation is reached by the reviewers and their supervisors, the decision must be evaluated and
agreed to by the director of the applicable drug review division or office. For the director's review, the consumer
safety officer assembles an "action package" that contains the action letter and any data, CDER reviews and memo,
and other information supporting the reviewers' recommendation. Following the review of the action package, the
division director may begin a dialogue with the reviewers and their supervisors. The division director generally
serves as the final FDA ruling. The division director is said to have "sign-off" authority for such drugs. Once the
division director (or office director, as appropriate) signs an approval action letter, the product can be legally
marketed starting that day in the United States. [5, 9, 10]

CONCLUSION

For many years, the regulation and control of new drugs in the United States has been based on the New Drug
Application (NDA). Since 1938, every new drug or therapy has been the subject of an approved NDA before US
commercialization. The NDA application is the vehicle through which drug sponsors, such as biotech and
pharmaceutical companies, formally propose that the FDA approve a new pharmaceutical for sale and marketing in
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the US. The data gathered during the animal studies and human clinical trials of an Investigational New Drug (IND)
become part of the NDA.

ACKNOWLEDGMENTS

The authors would like to acknowledge Centurion University of technology and management, Odisha, India for
encouraging to research in the field of drug repurposing.

REFERENCES

1. N. V. Gupta and C. M. Reddy, “Process of approval of new drug in india with emphasis on clinical trials”,
International Journal of Pharmaceutical Sciences Review and Research., vol. 13, no. 2, (2012), pp. 17- 23.

2. D. Chiodin and E. M. Cox , “Introduction to Investigational New Drug Applications and Clinical Trial
Applications”, Clin. Transl. Sci., vol. 12, no. 1, (2019), pp. 334-342.

3. CDER Guidance: IND application process (interactive session). A review for OCRA US RAC Study.
www.fda.gov/cder/regulatory/applications/ind_page_1. htm , (2011).

4. P. Tharyan, “Prospective Registration of Clinical Trials in India: Strategies, Achievements & Challenges”, J.
Evidence. Med., vol. 2, no. 1, (2009), pp. 19-28.

5. K. Lee, P. Bacchetti and I. Sim, “Publication of Clinical Trials Supporting Successful New Drug Applications: A
Literature Analysis”, PLoS Med., vol. 5, no. 9, (2008), pp. 191-194.

6. J. Kuhlmann, “Alternative strategies in drug development: clinical pharmacological aspects”, Int. J. Clin.
Pharmacol. Ther., vol. 37, no. 12, (1999), pp. 575-83.

7. Investigational New Drug (IND) Application, U.S. Food & drug administration, (2020)- Available From-
https://www .fda.gov/drugs/types-applications/investigational-new-drug-ind-application

8. Guidance for Industry Providing Regulatory Submissions in Electronic Format — NDAs, U.S. Department of
Health and Human Services Food and Drug Administration Center for Drug Evaluation and Research (CDER),
(1999), pp. 1- 74. Avialable from- https://www.fda.gov/media/76482/download.

9. DP. Vishal, “A review on drug approval process for us, europe and india”, International Journal of Drug
Regulatory Affairs., vol. 2, no. 1, (2014), pp. 1- 11

10. The New Drug Approval, (2014), Available From: http://www.fda.gov/cder/handbook.

11. Guidance for industry on preparation of common technical document for import/ manufacture
and marketing approval of new drugs for human wuse., (2014). Available from:
http://cdsco.nic.in/CTD_Guidance%20-Final.pdf.

23608

[=l s:%
0]


http://www.tnsroindia.org.in
http://www.fda.gov/cder/regulatory/applications/ind_page_1.
https://www.fda.gov/drugs/types-applications/investigational-new-drug-ind-application
https://www.fda.gov/media/76482/download.
http://www.fda.gov/cder/handbook.
http://cdsco.nic.in/CTD_Guidance%20-Final.pdf.

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

Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997

Prachi Rani Sahu Das et al.

MNDA Chart

Applicant (Drug Sponsor) |-—

Applicatio

ERlicatio Refuse to File-
ileable?

Letter Issued

Yes
Review by CDER

Medical Biopharmaceutical
Pharmacolooy | St ical
Chemistry —— Microbiology
Advisory Meetings.
Committese e o with
Meeting - Sponsor
Rewiews =12 nodditienal Tnfo oF
- evisions equeste
et e or Submitted
~Leceptable (Amendment)
Labeling
- Pending
A)Labeling in this -~ he
context means official -+ Satisfactory
for use = Res ts
2)mancfacturing sives | NDA Action |
and sites

sippificant clinica
trials are performed

Figure 1. NDA approval chart

About corresponding Author

Mrs. Prachi Rani Sahu completed her graduation and post graduation from Dadhichi College
of Pharmacy, Cuttack, Odisha, India. She is having total 4 years of teaching experience in
CenturionUniversity of Technology and Management, Odisha, India. She is pursuing her PhD
from Utkal University , Bhubaneswar, India and also qualified GPAT (Graduate pharmacy
aptitude test) in2016. Currently she is guiding the B. pharmacy final year students for project
work. Currently, she is Assistant Professor in Centurion University of technology and
management, Odisha, India.

EME 23609


http://www.tnsroindia.org.in

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©[JONS
Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997

REVIEW ARTICLE

Essential Antioxidant Biomedicines on Verge of Viral Infection- A Short
Review

Swagatam Sahoo,Tapan Ku Sahu and Amulyratna Behera*

Centurion University of Technology and Management, Odisha, India.

Received: 24 Mar 2020 Revised: 26 Apr 2020 Accepted: 28 May 2020

*Address for Correspondence

Amulyratna Behera

Centurion University of Technology and Management,
QOdisha, India

E- Mail: amulyaratna.behera@cutm.ac.in

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

ABSTRACT

Oxidative damage is the key factor for initiation of various diseases which directly or indirectly related
with immune system. Antioxidants have significant inhibitory effect on oxidative stress and free radical.
Plant derived antioxidants may strengthen body’s antioxidant defense mechanism to sort out various
diseases. In this time of corona, human community can be safe guarded by boosting up their immunity

so it is essential to take antioxidants which may rejuvenate the immune system and can be used for
prevention of various diseases. This study aims to emphasis on natural antioxidants which prevent
oxidative damage and strengthen immune system. This can be helpful in prevention of many diseases
and for health benefits. This study also encourages investigating further in the field of natural
antioxidants for less side effects.

Keywords-oxidative stress, free radicals, antioxidants, immunity

INTRODUCTION

oxidative stress causes cellular and tissue damage,which means the change of free radicals or other reactive oxygen
species (ROS) that can result direct or indirect damage to the body.[1] Creation of free radicals due to faulty
mechanism of immune system, initiate a large number of diseases including AIDS,[2] carcinogenesis, liver damage,
inflammatory diseases, cataract formation and Alzheimer’s disease are recognized.[3,4] Antioxidant and radical
scavenging compounds can be considered as essential dietary nutrients because these safe guard health from
various sensitive disorders since they play a crucial role by preventing oxidative stress and restoring biological
pathways and membrane function.[4] . Many studies has been carried out and reported that ROS mediates more
than100 disorders such as rheumatoid arthritis, hemorrhagic shock, cardiovascular disorders, cystic fibrosis,
metabolic disorders, neurodegenerative diseases, gastrointestinal ulcerogenesis and AIDS etc. Some specific ailments
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mediated by ROS include Alzheimers disease, Parkinson’s disease, Atherosclerosis,Cancer, Down’s syndrome and
ischemic reperfusion injury in different tissues including heart, liver, brain, kidney and gastro intestinal tract. [5]

Intracellular protection of inflammatory stresses involve antioxidant enzymes, including superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GP) in tissues. It has been shown that faulty cellular antioxidant
systems cause organisms to develop a series of inflammatory or malignant diseases and unhealthy conditions.
[6]Objective of enzymatic antioxidants is to protect living things from excessive generation of oxidative stress during
inflammation phase, which emphasise studies to focus on the role of natural products in suppressing the production
of oxidation so as oxidative stress by increasing enzymatic antioxidants in tissues. [7]. Complex antioxidant immune
system of body control the exceeding level of ROS under normal condition and maintains an equilibrium between
ROS formation and oxidative damage.[5] Overproduction of ROS and/or inadequate antioxidant defence disturbs
this equilibrium in favor of a ROS upsurge that results in oxidative stress. A deficiency in the body’s natural
antioxidant defense mechanisms is the key factor which induces several clinical disorders and It has the measure role
on initiation of unhealthy conditions. This has led to scientific research focusing on identifying safe and effective
sources of antioxidants. Plant extracts and plant-derived antioxidant compounds may potentiate the body’s
antioxidant and anti-inflammatory defence mechanisms. [5]

The mechanism behind cancer development involves the induction of three to seven mutations in the tumour
suppressor gene and oncogenes. [8] These mutations created by free radicals that are produced during normal body
metabolism and due to chronic oxidative stress and inflammation.[9]. In cell, mitochondrias are the primary source
of oxidative stress which initiate several critical biochemical pathways involved in the pathogenesis of diabetic
problems .The initial oxygen free radical produced by the mitochondria is superoxide, which then converted to
other destructive species which may strengthen the primary serious effects of hyperglycaemia. [10]The detrimental
effects of free radicals and reactive oxygen/nitrogen species are due to the removal of electrons from any biomolecule
in their path. Due to this phenomenon as well as enzymatic and non-enzymatic glycation of the natural antioxidants,
the antioxidant capacity of the body would be decreased. Such conditions lead to intracellular and extracellular
accumulation of advanced glycation end products (AGEs), deactivation of enzymes, lipid peroxidation and
eventually diabetes complication including coronary artery disease, nephropathy, neuropathy, retinopathy and
stroke.[11]Fibroblast growth factor 21 (FGF21) an indigenous member of the FGF family mainly synthesized in the
liver. It has a key role in diminishing oxidative stress.[12]

Mechanism of antioxidant [13-15]

e Agents that catalytically remove free radicals and other reactive species like SOD, CAT, peroxidase and thio
specific antioxidants.

* Proteins that minimize the availability of peroxidase such as iron ions and copper ions.

¢ Proteins that protect biomolecules against oxidative damage example heat shock proteins.

* Low molecular mass agents that scavenge ROS e.g. ascorbic acid and tocopherol.

Plants with antioxidant activity

Some selected plants having antioxidant capacity of the traditional therapeutic applications under study are listed
here so as to understand their medicinal importance.

CONCLUSION

Many antioxidants are consumed daily by knowingly or unknowingly in form of drugs or dietary supplements.
Biomedicines contains antioxidant property protect the living organism against oxidative damage. Oxidative stress is
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the key factor induces several serious ailments like cancer,diabetes, AIDs,Alzheimer’s disease inflammation
associated with rheumatoid arthritis,osteo arthritis etc. Many drugs are disease oriented and specific for disease.
Oxidative damage is not a disease but initiate many diseases so it is necessary to focus on antioxidants. This study
aims to emphasis on natural antioxidant which prevent oxidative damage and strengthen immune system. This can
be helpful in prevention of many diseases and for health benefits . This study encourage to investigate further in the
field of natural antioxidants for less side effects. In this time of corona, human community can be safe guarded by
boosting up their immunity so it is essential to take antioxidants which may rejuvenate the immune system and can
be used for prevention of various disease.
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Tablel
Plant Family Common name | Parts used ACtlvafs (Tther than Reference
antioxidant number
. [16]
L Anal
Acanthus mollis Acanthaceae Bear's breeches eaves & . .na BesISy
root Anti-inflammatory
Anti-inflammatory
Acorus calamus Acoraceae Sweet flag Rhizomes Antiulcer, [17]
Bronchodilator
Bael d Antiul
Aegle marmelos Rutaceae aelwoo Leaves i .cer, [18]
apple Laxative
Aloe vera asphodelaceae Ghrit kumari Leaves Anti-diabetic, Laxative [19]
Andn.)gmphis Acantheaceae Creaf,green Whole Anti‘—leprosy [20]
paniculata chireta plant Anti-cancer
Asphodelus . Whole Hypotensive, Antioxidant,
Asphodel 1 21
tenuifolius sphodetaceae Jungle plyaz plant Antibacterial (21]
Papa awba Laxative,
Carica papaya Caricaceae P WV:/p WP Leaves Dyspesia, [22]
Anti-hypertensive
Laxative,
Cassia fistula Fabaceae Purging cassia Bark Anti-leprosy, [23]
sms Anti-malaria
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i 1 Anti-asth:
Curc'ul'zgo Hypoxidaceae Golden eye Rhizomes nh. ast ma, [24]
orchioides glass Diuretic
Diuretics,
. Analgesic
C tund C Coco-, Rh ’ 25
yperus rotundus yperaceae oco-grass izomes Stimulant, [25]
anti-bacterial
. Antipyretics,
Dalbergia sisoo Fabaceae Indian rose Leavesand Analgesic, [26]
wood flower .
Anthelmintic
Emblica officinalis | Phyllanthaceae Malaka Seeds 'A?mpyretlc, [27]
tree,amla Anti-inflammatory
Indian Antileprotic,
Ficus bengalensis Moraceae babyan,banyan | Aerial root Anti-inflammatory, [28]
fig Antipyretic
Hemidesmus Indus | Apocyanaceae Ananta bel Stem Antileprotic, [29]
pocy Antiasthma
Lagopsis supina Lamiaceae Bung whole Antl-mflarnmat‘ory, [30]
plant Hepatoprotective
Antiseptic,
Magnifera indica Anacadiaceae Mango Stem bark Antiasthma, [31]
antihypertensive
M di Bitt le, . Anti ,
ormoreiet cucurbitaceae 1 erapp’e Fruit n'lcancgr [32]
charantia Bitter gourd Antipyretics
Moringa olifera Moringaceae Morl.nga,drums Seeds Antl-lTleCtlve, [33]
tick tree Anticancer
Ocimum sanctum Laminaceae Holy basil, Tulsi Leaf Anu malaria [34]
Anti-inflammatory
Petrqselinum Apiaceae Parsley, Garden Seed Hypotensive, Anti- [35]
crispum parsley inflammatory
Plumbtfgo plumbaginacea Doctorbush Root Antl-mf.la.mma.tory, (36]
zeylanica e Antidiuretic
Anti-hypertensive,
Psidium guajava Myrtaceae Yellow guava, Leaves Diuretic [37]
lemon guava
Anti-h tensive, 38
Solanum nigrum Solanaceae Paneer phool Fruit i Yper fenswe [38]
Diuretic
Syzygium cumini Myrtaceae Malabar plum Leaf Antirheumatic [39]
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ABSTRACT

The recent trends among pharmaceuticals firms of implementing marketing and integrating new
mechanisms for upgrading the innovation process also a new challenge for integrating marketing inputs
is one of the fundamental challenges for the pharmaceutical industry. At the same time it is expected that
after 1 January 2005, when international patent Laws will be implemented, Indian pharmaceutical
industry will undergo phenomenal changes. Indian domestic pharmaceutical industry experienced a
significant increase in expenditure on research and development to be competitive on the world market.
Although the Indian pharmaceutical market is very limited and has no enough funding for the
development of new drugs. In order to remain competitive in this highly regulated field the primary
purposes of this paper is to address the evolution of marketing strategies employed by pharmaceutical
industries.

Keywords: Indian pharmaceutical industry, Business Strategies, Market Development Strategies,
Pharmaceutical Branding.

INTRODUCTION

The pharmaceutical business is the world’s largest industry due to revenues of about US$ 2.8 trillion worldwide. The
pharmaceutical industry has been significant changes in the recent period that place new demands on the payers, the
suppliers and the producers customers now-a-days thinking that the pharmaceutical industry having more
convenient than other products deliver by a multitude of factors compression to other products Indian
pharmaceutical industry is posed over the next few years for quick and steady growth. [1] Top Indian companies like
Sunpharma, ZydusCadilla and Lupin have already established their presence, the Pharma industry is an industry
powered by expertise that release heavily on research and production. It is also a time consuming and costly process
because some basic research (discovering new molecules) where some multinational Indian companies are also
involved. [2]
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Orphan drugs is another area that has become very popular in recent years. The shorter and less expensive
regulatory path gives incentives particularly for smaller speciality pharmacies. However clinical studies on orphan
medicines in many countries required a large network of clinical operations to recruit enough patients. [3]. Big
Pharma works also on orphan drugs starting with a small initiative, hoping to enlarge the indication into a
blockbuster status. [4]

Business awareness is still overlooked in science based enterprise management. Such kinds of companies belong to
industries where the mail investment is in basic and applied research. [5] Bengal Chemicals (1901) is the first Indian
pharmaceutical industry comes into being; the company started its first operation in Kolkata and the pharmaceutical
industry many stages over the next few decades. Starting with the repackaging and preparation of manufactured
bulk drug formulations, the use of medical members for selling goods to physicians and the exercise of order is
difficult. [6] The country has a developed domestic pharmaceutical industry with a large network of 3000 drug
companies and approximately 10,500 production units of these,1,400 production units are approved by Good
Manufacturing Practice (GMP) the World Health Organisation (WHO), 1105 have European Certificate of Suitability
(CEPs), more than 950 TGA guidelines, and 584 sites are approved by the US Food and Drug
Administration(USFDA) In 2019,domestic pharmaceutical market turnover reached US$20.03 billion, up to 9.3
percent from 2018, increasing as health insurance and pharmaceutical penetration rise. [7] The influence of decision
makers has been a time tested tradition in the hierarchy. Revenue force spending usually accounts for an additional
15 percent to 20 percent of total business sales of the balance sheet item with the highest line item. Notwithstanding
the extra cost still troubled by some very severe strategic and organizational issues, the organization has gone on to
level become a net. [8]

Evolution of Indian Pharmaceutical Industry

Indian pharmaceutical manufacturing company began during private initiatives in the 1910s started Bengal
Chemical and Pharmaceutical Works in Kolkata and Alembic Chemicals in Baroda and the establishment of tropical
pharmaceutical research institutes. Chennai (in Tamil Nadu), king college of preventive medicine, Central institute
for drug Research, Kasauli, Pastures Institute, coonoor etc. through British initiatives. [9] The nascent industry has
earned however post World War II losses resulting from new medical advances in tranquilizers, the Western
countries causing natural transition of older medicinal products from the use of new medicinal products such as
sulpha drugs, antibiotics, vitamins, hormone, and antihistamine, pharmacological substances, etc.

Company that wind up in local production of indigenous materials caused and the industry importing bulk drugs
intended to be manufactured into formulation and for sale on domestic market. [10] We can divide the Indian
pharmaceutical sector into four main stages. The pre 1970 era is the first stage in which foreign companies dominated
the Indian market. The period between1970 to 1990 is the second stage in which many domestic companies began
operation. The third stage is between 1990-2010 in which the Indian companies lunch service in foreign countries.
[11]

Pharmaceutical Company Business Strategies

The secret for achievement in business is always withstands by new concepts. Although best Indian firms
concentrate on antibiotics and anti-invective drugs, Sun Pharma has concentrated on treating of cancer, depression
and hypertension. The company has lunched whole product line and has owned more place of leadership in all these
regions. [12] The company having a skilled role for the organization in any of these fields. The results for first
quarter of FY02 justify this to some extension. Although the domestic sector was largely affected by a slowdown and,
Sun Pharma posted sales growth of 26% over the years on the formulations market. Sun also used acquisitions and
fusions to expand rapidly. This was acquired the bulk product facility to Knoll Pharma, Gujarat Lyka Organics, 51.5
percent. The Tamilnadu Dadha Pharma& Milmet Labs and acquired Natco’s brands. Fax combining with Tamilnadu
Dadha Pharma and acquiring the Natco’s products, the firm has established presence in gynaecology and mergers
with Tamilnadu Dadha Pharma segment Oncology. [13]
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Market or product development strategies:

A plan for product or business growth includes the production of new products or the alteration of existing products
and the sale of such goods to current or future customers. The four most common strategies in this category are

1. Entering into market

2. Market growth

3. Product enhancement

4. The Diversification. [14]

How are drugs promoted?

The estimated cost of selling block-buster drugs is recently measured at $895 million (EFPIA, 2002). Companies
spending this money naturally need to recover their costs. Industry experts further point out that the pressure on
Top Pharma Industry science less pipeline products to sustain present growth levels, by launching one new drug per
year, companies will haveto sell $4.9 million.

Per 1-1.5% of the world's Pharmaceutical industry. [15] “A Company the size of recently combined Glaxo Wellcome
Smith Kline Beecham needs 3 to 7 products per year, whereas one of the size of Astra Zeneca needs 2 to 4 products
per year. The problem is that the quality of research productivity is declining. None of the top companies is nearer to
the goal”. [16] Nature of the marketing mission is different depending upon the drug category. There are generally
two separate type of medications: self-medication or over the counter (OTC) medicine and prescribed drugs also
called ethical medicine. [17]

Development of new drug and the therapeutically market place

The motivation behind the pharma industry has been and will continue to be the discovery of new patentable
molecular entities when registered and authorised person introduced into the market, significant profit can be made.
[18] Overall however, the expense of research activities increases as their performance declines. It is difficult for large
pharmaceutical companies to find new drugs at the rate required to continue the expected rise in profit. [19] This
indicates that the issue of the cost of manufacturing products is starting to become More important following the
recentmergers and acquisition activities, there is a push to cut costs by raising the number of research, development
and production facilities. [20]

Marketing as a source of innovation:

Marketing is the originator of new product ideas in many sectors and determines exact criteria of new products. Due
to a very high degree of technological uncertainty, the entire development process focuses on developing
innovations and requires a significant element of chance in pharmaceutical products, if marketing focuses on
particular areas of study and product attributes serendipitous findings cannot be identified, acknowledged or
followed.[21] Process of marketing: [22]

For several decades, product executives and marketing managers have used branding tactics to attain competitive
advantage of consumer product and services. [23]. The Pharma industry has also prepared the fast moving consumer
goods market (FMCG) where brands are seen like the main assets of a business, and where all sources are used to
produce brands while the core concepts and techniques for branding a medicinal products are similar to any other
product, marketing and sells difference have changed the pharmaceutical industry to develop new acceptable
strategies. [24]

The key to branding

1. In order to be effective customers, branding campaigns must be persuaded that Product or service

Category has full sense of discrepancies between brands.

2. Consumers shouldn't believe all brands in this group are the same.

3. Perception=Value [25].
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Brand Management is the HUB of Pharmaceutical marketing: [26]

Maximising Brand Loyalty

However in order for this approach to work it must be probable to distinguish the current version from the original
medication or generics to offer a direct advantage to patients and Doctors. [27].

Promoting the reformulated anti-depressant Remeron by Oregano before patent expiry was unsuccessful as patients
Receive Minimum incentives / benefits to switch.second generation or reformulation approaches may take time and
expenditure for testing, approval and promotion and may not expand the patent in other countries. [28]. IN spite of
challenges, market share may be maintained by brand loyalty if the enhanced product is launched still the original
product is on the market. For example by lunching extended release reformulation of their drug a few months
before generic drug, they maintained success on the attention deficit hyperactivity disorder market. With sales down
minimally, the brand has remained strong. [29]

Important Industry Developments

Significant developments on both the need and supply sides have influenced the development of the generic drug
industry over the past 20 years. [30] One main event was the 1984 drug price competition and patent term restoration
act, better known as the Hatch Waxman Act, which was passed through the establishment of an abbreviated New
Drug Application (ANDA) procedure, which significantly minimised the entry cost and time for generic drugs. [31]
Generic firms with an ANDA need only demonstrate that their products are bioequivalent to the branded product in
order to obtain Federal Drug Administration (FDA) approval.

Furthermore, the law establish research exclusion so that generic firms could carry out their bioequivalence tests and
obtain conditional FDA approval before the expiry of the brand product patents. The 1984 law also attempted to hit a
balance between generic price rivalry and innovation by offering the prospect to brand name firms. [32]

The process of new drug development

New drug production is usually a continuous process. The decision must be focused on potential therapeutic
advantages, expected incidence and harshness of adverse reaction, projected increased growth marketing,
distribution and development costs and future reaction prediction. [34] The firm can start clinical testing 30 days
after filing unless the FDA holds this application.Marketingclearance for clinical trials the sequence typically runs
like the following chemists and biologists conduct extensive discovery work before synthesis to establish hypotheses
for novel compound. [35]

Once a new compound has been used for drugs that make it all theway to synthesised FDA it willbe Screened for
pharmaceutical action and toxicity in vitro, and then in animals. [36] If the medication is still deemed to be potential
candidate for further development at this stage the company must usually file an investigations still deemed to be a
potential candidate for further development at this stage the company must usually file an investigation with the
FDA in three separate stages each of which requires dissimilar quantities and forms of safety and efficacy
information occur. [37]

Phasel experiments are carried out on a limited numbers of healthy volunteers. Such experiments are primarily
performed to collect knowledge on human toxicity and appropriate losing ranges. Data on the absorption and
distribution of the drug in the body, its metabolic effects, and the way in which the drug is removed from the body
are also collected Part II, the drug is given to a large number of people in the second step of human study. The
selected groups include patients for whom the medication is accepted to be profitable. [38]
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The Food Amendments of 1962:
The Drug and cosmetics Act 1938(FD and C) provides clear proof of the efficacy of the planned application of the me
dication before marketing authorisation can be given.

Phase II studies generally provide the first major evidence of their effectiveness when they are successful.Step III, the
third and final step of pre-marketing drug research includes large —scale patient trials. During this phase additional
evidence of the effectiveness is sought. [38]. The big sample size enhance the probability that statistically meaningful
profit will be found to be true and after approval of the marketing several drugs will be used while comprehensive
toxicology tests on animals occur during the preclinical period. [39] Typically, patients are enrolled in studies to
detect teratological and carcinogenic effects, and Phase III testing is also useful in detecting adverse reactions rarely s
een in patient populations.Furthermore, This test can approximate more closely how longterm animal testing is cond
ucted by the concurrent with phases Il and III. Long term stability checks and sometimes additional dosage
formulation work and process improvement to manufacture the compound in sufficient amounts of the clinical trials
also occur during the clinical era. After completion of various phases of clinical development, the company believes
it has enough proof and acceptance it will send a New KE Mattson et al. (1988) for trend analysis of the number of
INDs submitted by U.S. firms. [40].

CONCLUSION

Through various base of marketing of a pharmaceutical industry can achieve success in the market. The relationship
between three factors that is company, customer and competitors are always determine the growth and loss of a
pharmaceutical industry at last the role of supply change also place an important in both acute and chronic therapy
in the market. The company also have to plan release of new drugs and upgrading of old drugs is also as a major
process in the market. We hope that our study create some light on present development of marketing strategies on
pharmaceutical industry.
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ABSTRACT

Diabetes is one of the major health problems that affect a large number of human populations. Diabetic
cataract is one of the most frequent ocular complications rising secondarily to the diabetes vanadium and
its various coordination metal complex plays a significant role in reduction of diabetes as well as cataract.
Cinneria maritima is one of the common herbal remedy used to manage diabetic cataract affecting the
aldose reductase pathway. The current work had been done with the aim of comparing the role of
Cinneria maritima and Vanadium Salicylic Acid Coordination Complex in Diabetic Cataract Induced in
vitro in Goat Lens model. In the study it was concluded that the effect of Cinneria maritima is more
effective in reducing the opacity of the goat lens as compared to the diabetic cataract.

Keywords: Diabetes, cataract, salicylic acid, Cinneria maritima, Coordination Complex.

INTRODUCTION

Diabetes is one of the major health problems that affect a large number of human populations. Diabetic cataract is
one of the most frequent ocular complications rising secondarily to the diabetes vanadium and its various
coordination metal complex plays a significant role in reduction of diabetes as well as cataract. Cinneria maritima is
one of the common herbal remedy used to manage diabetic cataract affecting the aldose reductase pathway. Cinneria
maritima is also more effective in reducing the opacity of the goat lens as compared to the diabetic cataract.
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MATERIALS AND METHODS

Chemicals and Reagents
Salicylic acid, VOSOs were purchased from Hi-media and other various chemicals and diagnostic kits were of
analytical grade. Cinneria maritima was given as gift sample from Beckson Homeopathic, New Delhi.

Synthesis of Metal Complex

Metal complex had been synthesized using the method given by Bhattacharya. Salicylic acid and 50% aqueous
solution of VOSO is mixed in a molar ratio of 2/1 in 96% ethanol. The product formed was then stirred under
nitrogen atmosphere. The pH was maintained at 3.5. The temperature was maintained between 0-8°C . The green oil
was formed indicating formation of complex. Successive washings with bidstilled water produced a light green
solid. The analytical data was as per the previous work of Bhattacharya et al [21], [22].

Induction of in-vitro Cataract

Glucose at a concentration of 55 mM was used to induce cataracts, when there is high concentrations of glucose in
the lens, it metabolizes through the sorbitol pathway leading to accumulation of polyols (sugar alcohols) which
causes over hydration leading to oxidative stress. A total of 24 lenses were used for the study. These lenses were
incubated in artificial aqueous humour with concentration of glucose 5.5 mM served as normal control and 55 mM
served as toxic control for 72 hours. The lens were divided into three groups each group containing 6 lenses:-
*Author for CorrespondenceE-mail:vijayakumar.meher@cutm.ac.in

Group I: Glucose 5.5 mM (normal control).

Group II: Glucose 55 mM (toxic control).

Group III: Glucose 55 mM + Vanadium-salicylic acid

Group IV: Glucose 55 mM + Cinneria maritima

Morphological and Photographic Evaluation
Goat lenses were placed on a graph paper with its surface posterior part touching the graph. The lens were observed.
Photographic evaluation was done using the Nikon-Cybershot Camera.

RESULT

Synthesis of complex ; A green coloured complex was formed. [Figure 1]

Induction of the Cataractogenesis and Treatment with the Synthesized Complex and Cinneria maritima

All lenses in normal group remained transparent whilst all lenses in diabetic cataract and nicotine developed dense
opacities indicating cataract. The opacity gradually increased towards the centre with complete opacification by 72
hours indicating complete cataract formation. In the study it was observed that the toxic control group showed more
opacity as compared to the normal group. The opacification is less in the Cinneria maritima group as compared to the
diabetic control as well as the Cinneria maritima group. Figure 2: Opacity in the various treatment groups. Group I:
Glucose 5.5 mM (normal control).Group II: Glucose 55 mM (toxic control). Group III: Glucose 55 mM + Vanadium-
salicylic acid. Group IV: Glucose 55 mM + Cinneria maritima

DISCUSSION

Opacification in the lens is one of the most common complications of the diabetes mellitus.[23,24] The current
approach to manage the cataract is the surgical approach. The major drawback that was associated with the surgical
approach is the complications arising from the surgical approach [25]. In a previous cross-sectional study it was
conducted that the evidence that subject in one of the developing state of India had average income less than 10000
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rupees per month. Most of the subjects were not very literate. The above evidence compels us draw conclusion that
in a state where a large number of population had been not been educated, the awareness toward the health is very
less and post-operative chances of complications arise due to lack of follow up visits after the surgery, an easy,
patient compliance and economical system for diabetic cataract should be devised for maximum therapeutics effects
with minimum obnoxious effects [21]. Development of the pharmacotheruputical approach is the best suited
alternative to the surgical approaches. In the study it was observed that Cinneria maritima is more effective in
management of lenticular opacity as compared to the synthesized complex in the toxic control group. The probable
mechanism of action Cinneria maritima is well known homeopathic drug, this current work emphasis the scientific
explanation to the homeopathic system of medicine which is always under the suspicion of a “fringe science”. The
current work also emphasis the role of Vanadium-Salicylic acid coordination complex against the diabetic cataract.
The current work had laid the impetus regarding the In vivo studies of Vanadium-Salicylic acid coordination,
antioxidant parameters like GSH, MDA, GPx, SOD and CAT, the pathway it effects to show the biological actions,
the structural elucidation of the complex formed. Thus it could be concluded in the nutshell that more homeopathic
formulation and novel approaches should be explored to get a system with maximum benefits and minimum side
effects.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and cis-isoprene composite were studied. The composition of
the blend was analyzed with respect to heat capacity, thermal conductivity and dielectric constant. The
results indicated that all the parameters will increase with increase in mass fraction of acrylic acid. This

study will help in determining pairs without performing laboratory experiments saving materials,
money and time.

Keywords: blend, polyacrylic acid, Cis-isoprene composite

INTRODUCTION

Blends or composites are materials containing more than one component. The components do not lose their
individuality in the mixture. They combine and contribute to the property of the blend thereby improving the quality
of the material. Development of a single material with the desired property involves significant research and time. A
blend saves time to develop a new material thereby reducing the cost of development of products with desired
properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire resistant materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments. Usually blends are primed by trial and error method.
Thus it involves wastage of materials, time and money. Thus, researchers have to focus on the use of Insilico
approach [7] to develop new blends. This study intends to envisage the permeability related properties of polyacrylic
acid and cis-isoprene composite.
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MATERIALS AND METHODS

For the analysis part “Materials studio module of Biovia software (Dassault Systemes of France)” was used. The
structures of polyacrylic acid and cis-isoprene were fed to the synthia menu of Materials Studio and run for different
weight fractions of the components.

RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heat required to raise the temperature of one unit weight of a substance by 1°C
without change of phase”. From Figure 1 we can find that, the heat capacity (Cp) of the composite increases linearly
with the increase in mass fraction of acrylic acid.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature
gradient” Figure 2 shows that the thermal conductivity of the composite increases linearly with increase in mass
fraction of acrylic acid.

Dielectric Constant: “It is defined as the ratio of the electric permeability of the material to the electric
permeability of free space”. Figure 3 shows that the dielectric constant of the composite increases with increase in
mass fraction of acrylic acid.

CONCLUSION

The probable use of polyacrylic acid and cis-isoprene to form a blend was explored using Biovia Materials Studio.
The composition of the blend was analyzed with respect to permeability properties. The composition of the blend
was analyzed with respect to heat capacity, thermal conductivity and dielectric constant. The results indicate that all
the three parameters increased with increase in mass fraction of acrylic acid. This In-silico study will help to
determine the components of a blend without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
The mechanical properties of the polyacrylic acid and cis-isoprene composite were studied based on bulk
modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The results indicated
that the values of all the properties increased with increase in mass fraction of acrylic acid.This study will
help determine pairs without performing laboratory experiments saving materials, money and time.

Keywords: Blend, polyacrylic acid and cis-isoprene, Biovia Materials Studio

INTRODUCTION

Blends or composites are materials containing more than one component. The components do not lose their identity
in the mixture. They combine and contribute to the property of the blend thereby improving the quality of the
material. Development of a single material with the desired property involves significant research and time. A blend
saves time to develop a new material thereby reducing the cost of development of products with desired
properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments.

Usually blends are prepared by trial and error technique which helps it in reducing wastage of materials, time and

money. Thus, researchers have focused on the use of in silico approach [7] to develop new blends. This study
intends to predict the mechanical properties of polyacrylic acid and cis-isoprene composite.
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MATERIALS AND METHODS

For the analysis of the experiment “Materials studio module of Biovia software (Dassault Systemes of France)” was
used. The structures of polyacrylic acid and cis-isoprene were fed to the synthia menu of Materials Studio and run
for different weight fractions of the components.

RESULTS & DISCUSSION

Bulk Modulus: “Bulk modulus is the measure of the decrease in volume with an increase in pressure”. From
Figure 1 we can see that, the bulk modulus of the composite increases linearly with increase in mass fraction of
acrylic acid.

Shear Modulus: “It is defined as the ratio of shear stress and shear strain”. From Figure 2 we can see that, the shear
modulus of the composite increases linearly with increase in mass fraction of acrylic acid.

Young's Modulus: “It is defined as the ratio of stress and strain and compares relative stiffness”. From Figure 3 we
can see that, the Young's modulus of the composite increases linearly with increase in mass fraction of acrylic acid.

Poisson Ratio: “It is known as the ratio of lateral strain to longitudinal strain”. From Figure 4 we can find that, the
Poisson ratio of the composite increases linearly with increase in mass fraction of acrylic acid.

Brittle Fracture Stress: “Brittle Fracture is the sudden, rapid cracking of a material under stress”. From Figure 5
we can see that, the brittle fracture stress of the composite increases linearly with increase in mass fraction of acrylic
acid.

CONCLUSION

The possible usage of polyacrylic acid and cis-isoprene to form a blend was explored using Biovia Materials Studio.
The composition of the blend was analyzed with respect to its mechanical properties. The results specified that the
values of all the properties (bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture)
increased with increase in mass fraction of acrylic acid.This in silico study will help determine components of a blend
without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and cis-isoprene composite were studied. The molar volume
and density declined with the increase in acrylic acid fraction. The permeability properties of the
composite were studied based on permeability of oxygen, nitrogen and carbon dioxide. The results
showed that the permeability for all the gases decreased with increase in mass fraction of acrylic
acid.This study will help determine pairs without performing laboratory experiments saving materials,
money and time.

Keywords: Blend, polyacrylic acid, cis-isoprene composite

INTRODUCTION

Blends or composites are materials containing more than one component. The components do not lose their identity
in the mixture. They combine and contribute to the property of the blend thereby improving the quality of the
material. Development of a single material with the desired property involves significant research and time. A blend
saves time to develop a new material thereby reducing the cost of development of products with desired
properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,
researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the permeability related properties of polyacrylic acid and cis-isoprene composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and cis-isoprene were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. Figure 1 shows that the molar volume of
the composite decreases linearly with increase in mass fraction of acrylic acid.

Density: “Density is mass per unit volume”. Figure 2 shows that the density of the composite decreases linearly
with increase in mass fraction of acrylic acid.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymeric membrane after
the gas has come to equilibrium”. Figure 3 shows that the permeability of oxygen through the composite decreases
with increase in mass fraction of acrylic acid.

Figure 4 show that the permeability of nitrogenthrough the composite decreases with increase in mass fraction of
acrylic acid.Figure 5 shows that the permeability of carbon dioxide through the composite decreases with increase in
mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and cis-isoprene to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to permeability properties. The molar volume and
density decreased with increase in acrylic acid fraction. The permeability properties of the composite were studied
based on permeability of oxygen, nitrogen and carbon dioxide. The results indicated that the permeability for all the
gases decreased with increase in mass fraction of acrylic acid.This in silico study will help determine components of
a blend without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and polyl4aD-glucose composite were studied. The
proportion of the blend was examined with respect to heat capacity, thermal conductivity and dielectric
constant. The results show that all those parameters increased with increase in mass fraction of acrylic

acid. This analysis will help to determine pairs without executing laboratory experiments saving
materials, money and time.

Keywords: Blend, polyacrylic acid, polyl4aD-glucose

INTRODUCTION

Blends are the combination of more than one component. The components remain same their identity in the blend.
They integrate and provide the property of the blend to improving the quality of the material. To develop a single
material with the needed property requires notable research and time. A blend saves time to develop a new material
with reducing the cost of development of products with needed properties. Polymer blends can be modified into
nano material polymers [1], biodegradable polymers- natural fiber composites [2], fire retardant/fire proof materials
[3,4], lightweight composite materials having high strength for transportation industries [5], glass fiber reinforced
polymers, latex polymer cementitious composites [6] etc. All the above mentioned examples relied on laboratory
experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the permeability related properties of polyacrylic acid and polyl4aD_glucose composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and polyl4aD_glucose were fed to the synthia menu of Materials Studio and run for different
weight fractions of the components.

RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heat required to raise the temperature of one unit weight of a substance by 1°C
without change of phase”. As shown in the Fig. 1 it is observed that the heat capacity (Cp) of the composite increases
linearly with increase in mass fraction of acrylic acid.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature gradient”. As
shown in the Fig. 2 it is observed that the thermal conductivity of the composite increases linearly with increase in
mass fraction of acrylic acid.

Dielectric Constant: “It is defined as the ratio of the electric permeability of the material to the electric
permeability of free space”. As shown in the Fig.3 it is observed that the dielectric constant of the composite
increases with increase in mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and poly14aD_glucose to form a blend was explored using Biovia Materials
Studio. The proportion of the blend was examined with respect to permeability properties. The composition of the
blend was examined with respect to heat capacity, thermal conductivity and dielectric constant. The results show
that all the three parameters increased with increase in mass fraction of acrylic acid. This silico analysis will help to
determine components of a blend without executing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
The mechanical properties of the polyacrylic acid and polyl4aD_glucosecomposite were studied based
on bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The results
show that the values of all the properties increased with increase in mass fraction of acrylic acid. This
analysis will help determine pairs without executing laboratory experiments saving materials, money
and time.

Keywords: Blend, polyacrylic acid, polyl4aD_glucose composite

INTRODUCTION

Blends are the combination of more than one component. The components remain same their identity in the blend.
They integrate and provide the property of the blend to improving the quality of the material. To develop a single
material with the needed property requires notable research and time. A blend saves time to develop a new material
with reducing the cost of development of products with needed properties. Polymer blends can be modified into
nano material polymers [1], biodegradable polymers- natural fiber composites [2], fire retardant/fire proof materials
[3/4], lightweight composite materials having high strength for transportation industries [5], glass fiber reinforced
polymers, latex polymer cementitious composites [6] etc. All the above mentioned examples relied on laboratory
experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus;

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the mechanical properties of polyacrylic acid and polyl4aD_glucose composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and polyl4aD_glucose were fed to the synthia menu of Materials Studio and run for different
weight fractions of the components.

RESULTS AND DISCUSSION

Bulk Modulus: “Bulk modulus is the measure of the decrease in volume with an increase in pressure”. As shown
in Fig.1 it is observe that the bulk modulus of the composite increases linearly with increase in mass fraction of
acrylic acid.

Shear Modulus: “It is defined as the ratio of shear stress and shear strain.” As shown in the Fig 2 it is observe that
the shear modulus of the composite increases linearly with increase in mass fraction of acrylic acid.

Young's Modulus: “It is defined as the ratio of stress and strain and compares relative stiffness”. As shown in the
Fig 3 it is observe that the Young's modulus of the composite increases linearly with increase in mass fraction of
acrylic acid.

Poisson Ratio: “It is the ratio of lateral strain to longitudinal strain”. As shown in the Fig 4 it is observe that the
Poisson ratio of the composite increases linearly with increase in mass fraction of acrylic acid.

Brittle Fracture Stress: “Brittle Fracture is the sudden, rapid cracking of a material under stress”. As shown in the
Fig 5 it is observe that the brittle fracture stress of the composite increases linearly with increase in mass fraction of
acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and polyl4aD_glucose to form a blend was explored using Biovia Materials
Studio. The proportion of the blend was examined with respect to mechanical properties. The results show that the
values of all the properties (bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture)
increased with increase in mass fraction of acrylic acid. This silico analysis will help determine components of a
blend without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and polyl4aD_glucose composite were studied. The molar
volume and density decreased with increase in acrylic acid fraction. The permeability properties of the
composite were studied based on permeability of oxygen, nitrogen and carbon dioxide. The results
showed that the permeability for all the gases decreased with increase in mass fraction of acrylic acid.
This analysis will help to determine pairs without executing laboratory experiments saving materials,
money and time.

Keywords: blend, Biovia, polyacrylic acid, polyl4a D_glucose composite

INTRODUCTION

Blends are the combination of more than one component. The components remain same their identity in the blend.
They integrate and provide to the property of the blend with improving the quality of the material. To develop a
single material with the needed property requires notable research and time. A blend saves time to develop a new
material with reducing the cost of development of products with needed properties. Polymer blends can be modified
into nano material polymers [1], biodegradable polymers- natural fiber composites [2], fire retardant/fire proof
materials [3,4], lightweight composite materials having high strength for transportation industries [5], glass fiber
reinforced polymers, latex polymer cementitious composites [6] etc. All the above mentioned examples relied on
laboratory experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,
researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the permeability related properties of polyacrylic acid and polyl4aD_glucose composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and polyl4aD_glucose were fed to the synthia menu of Materials Studio and run for different
weight fractions of the components.

RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. As shown in the Fig 1 it is observe that the
molar volume of the composite decreases linearly with increase in mass fraction of acrylic acid.

Density: “Density is mass per unit volume”. As shown in the Fig 2 it is observe that the density of the composite
decreases linearly with increase in mass fraction of acrylic acid.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymer membrane after
the gas has come to equilibrium”. As shown in the Fig 3 it is observe that the permeability of oxygen through the
composite decreases with increase in mass fraction of acrylic acid.

As shown in the Fig .4 it is observe that the permeability of nitrogen through the composite decreases with increase
in mass fraction of acrylic acid.

As shown in the Fig 5 it is observe that the permeability of carbon dioxide through the composite decreases with
increase in mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and polyl4aD_glucose to form a blend was explored using Biovia Materials
Studio. The proportion of the blend was examined with respect to permeability properties. The molar volume and
density decreased with increase in acrylic acid fraction. The permeability properties of the composite were studied
based on permeability of oxygen, nitrogen and carbon dioxide. The results show that the permeability for all the
gases decreased with increase in mass fraction of acrylic acid. This silico analysis will help to determine components
of a blend without executing laboratory experiments saving materials, money and time.
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ABSTRACT

A complex is a combination of more than one component. The desired property of a blend is its
homogeneity. The mechanical properties of the Acrylic acid-Oxymethelene composite were studied
based on bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The
outcome signifies that the values of all the properties enhananced with increase in mass fraction of
Acrylic acid-Oxymethelene. This study will help determine pairs without performing laboratory
experiments saving materials, money and time.

Keywords: Blends, Biovia, Acrylic acid-Oxymethelene composite

INTRODUCTION

Blends are materials containing more than one component. The components do not lose their identity in the mixture.
They combine and contribute to the property of the blend thereby improving the quality of the material
Development of a single material with the desired property involves significant research and time. A blend saves
time to develop a new material thereby reducing the cost of development of products with desired
properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the mechanical properties of Acrylic acid-Oxymethelene composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
Acrylic acid-Oxymethelene were fed to the synthia menu of Materials Studio and run for different weight fractions of
the components

RESULTS AND DISCUSSION

Bulk Modulus: “Bulk modulus is the measure of the diminish in volume with an boost in pressure”. Figure 1
shows that the bulk modulus of the blend increases with increase in mass fraction of Acrylic acid-Oxymethelene
linearly.

Shear Modulus: “It is defined as the ratio of shear stress and shear strain.”Figure 2 shows that the shear modulus
of the composite increases linearly with increase in mass fraction of acrylic acid.

Young's Modulus: “It is defined as the ratio of stress and strain and compares relative stiffness”.Figure 3 shows
that the Young's modulus of the composite increases linearly with increase in mass fraction of acrylic acid.

Poisson Ratio: “It is the ratio of lateral strain to longitudinal strain”.Figure 4 shows that the Poisson ratio of the
composite increases linearly with increase in mass fraction of acrylic acid.

Brittle Fracture Stress: “Brittle Fracture is the sudden, rapid cracking of a material under stress” Figure 5 shows
that the brittle fracture stresses of the composite increases linearly with increase in mass fraction of Acrylic acid-
Oxymethelene

CONCLUSION

The possibility of use of Acrylic acid-Oxymethelene to form a blend was explored using Biovia Materials Studio. The
composition of the blend was analyzed with respect to mechanical properties. The results point to the values of all
the properties (bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture) improved
with increase in mass fraction of acid-Oxymethelene. This in silico study will help determine components of a blend
without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the Acrylic acid and oxymethelene studied. The composition of the blend was
analyzed with respect to heat capacity, thermal conductivity and dielectric constant. The results indicated
that all those parameters increased with increase in mass fraction of acrylic acid. This study will help
determine pairs without performing laboratory experiments saving materials, money and time.

Keywords: Blends, Biovia, Acrylic acid, oxymethelene

INTRODUCTION

Composites are materials containing more than one component. The components intact their identity in the mixture.
They unite and give to the property of the blend thereby enhanancing the quality of the material. Development of a
single material with the desired property involves significant research and time. A blend saves time to develop a
new material thereby reducing the cost of development of products with desired characteristics. Polymer
composities can be nano material modified polymers [1], biodegradable polymers- natural fiber composites [2], fire
retardant/fire proof materials [3,4], lightweight composite materials having high strength for transportation
industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the permeability related properties of Acrylic acid and oxymethelene composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
Acrylic acid and oxymethelene were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heat required to raise the temperature of one unit weight of a substance by 1°C
without change of phase”. Figure 1 demonstrates that the heat capacity (Cp) of the Acrylic acid and oxymethelene
composite is increased with increase in mass fraction linearly.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature gradient”. In
Figure 2, it has been observed that the thermal conductivity of the composite increases linearly with enhanancing the
mass fraction of acrylic acid.

Dielectric Constant: “It is defined as the ratio of the electric permeability of the material to the electric
permeability of free space”. Figure 3 exhibits variation of the dielectric constant of the composite. It signifies that
dielectric constant increases with increase in mass fraction of acrylic acid.

CONCLUSION

The possibility of use of Acrylic acid and oxymethelene to form a blend was explored using Biovia Materials Studio.
The composition of the blend was analyzed with respect to permeability properties. The composition of the blend
was analyzed with respect to heat capacity, thermal conductivity and dielectric constant. The results indicated that
all the three parameters increased with increase in mass fraction of Acrylic acid and oxymethelene.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the Acrylic acid-Oxymethelene composite were studied. The molar volume and
density reduce with increase in Acrylic acid-Oxymethelene fraction. The permeability properties of the
composite were studied based on permeability of oxygen, nitrogen and carbon dioxide. The outcomes
presents that the permeability for all the gases decreased with increase in mass fraction of Acrylic acid-
Oxymethelene composite

Keywords: Blend, Biovia, Acrylic acid-Oxymethelene,

INTRODUCTION

Blends or composites are materials containing more than one component. The components do not lose their identity
in the mixture. They combine and contribute to the property of the blend thereby improving the superiority of the
material. A blend save time to develop a new material thereby reducing the cost of development of products with
desired properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural
fiber composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high potency for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementations composites [6] etc.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study propose to predict
the permeability related properties of Acrylic acid-Oxymethelene composite
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
Acrylic acid-Oxymethelene were fed to the synthia menu of Materials Studio and run for different weight fractions of
the components.

RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. Figure 1 exhibits that the molar volume of
the composite diminish with increase in mass fraction of acrylic acid linearly.

Density: “Density is mass per unit volume”. Figure 2 shows that the density of the composite decreases linearly
with increase in mass fraction of Acrylic acid-Oxymethelene.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymer membrane after
the gas has come to equilibrium”. Figure 3 shows Acrylic acid-Oxymethelene composite at the permeability of
oxygen through the composite decreases with augment in mass fraction of Acrylic acid-Oxymethelene.

Figure 4 shows that the permeability of nitrogenthrough the composite decreases with increase in mass fraction of
Acrylic acid-Oxymethelene. Figure 5 shows that the permeability of carbon dioxide through the composite decreases
with increase in mass fraction of Acrylic acid-Oxymethelene.

CONCLUSION

The possibility of use of Acrylic acid-Oxymethelene to form a blend was explored using Biovia Materials Studio. The
composition of the blend was analyzed with respect to permeability properties. The molar volume and density lessen
with augment in Acrylic acid-Oxymethelene fraction. The permeability properties of the composite were analysed
based on permeability of oxygen, nitrogen and carbon dioxide. The consequences state that the permeability for all
the gases decreased with increase in mass fraction of Acrylic acid-Oxymethelene.

REFERENCES

1. S. Stankovich, D. A. Dikin, G. H. B. Dommett, K. M. Kohlhaas, E. ]J. Zimney, E. A. Stach, R. D. Piner, S. T.
Nguyen, R. S. Ruoff, Graphene-based composite materials, Nature, 2006, 442, 282-286.

2. T. Lu, SLiu, MJiang, X.Xu, Y.Wang, Z.Wang, J.Gou, D.Hui, Z.Zhou,Effects of modifications of bamboo
cellulose fibers on the improved mechanical properties of cellulose reinforced poly(lactic acid)composites,
Engineering, Volume, Pages 191-197, June 2014

3. N.Surtiyeni, R. Rahmadani, N.Kurniasih, Khairurrijal, and M.Abdullah,A Fire-Retardant Composite Made from
Domestic Waste and PVA Hindawi Publishing Corporation Advances in Materials Science and Engineering
Volume 2016 Article ID 7516278,10 pages http://dx.doi.org/10.1155/2016/7516278

4. N.Pérez, X. Qi, S. Nie, P. Acufia, M. Chen ,and D. Wang Flame Retardant Polypropylene Composites with Low
Densities, Materials (Basel). 2019 Jan; 12(1): 152.Published online 2019 Jan 5. doi: 10.3390/ma12010152

5. Y.Zhangl, J.Province ,Xuzhou Technician Institute, Xuzhou, Jiangsu Province, China Development and
Application of Lightweight High Strength Organic Materials MATEC Web of Conferences 207, 03009 (2018)
https://doi.org/10.1051/matecconf/201820703009 ICMMPM 2018

23652

[=]
0

5

0


http://www.tnsroindia.org.in
http://dx.doi.org/10.1155/2016/7516278
https://doi.org/10.1051/matecconf/201820703009

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

Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997

Pranabdatta Swain et al.

6. G.M.Barrera,O.Gencel, ].M.L.Reis,Civil Engineering Applications of Polymer Composites Hindawi Publishing
Corporation International Journal of Polymer Science Volume 2016, Article ID 3941504, 2 pages
http://dx.doi.org/10.1155/2016/3941504ashaStankovich

7. N. Dahham, A. Fares, K. Najem ,Modeling and simulation of mechanical and physical properties of Barium
orthotitanate,B.I.O.V.ILA, Daassault systems, Material studio, 7.0Dassault systems , San Diego, 2017 Tikrit
Journal of Pure Science, 2017 - iasj.net

60 1.36
5
g 40 , 1.34
LB 20 1R
s E g
s 0 ® 130
E o0 05 10 || & 0.0 05 1.0
E 5
Mass fraction of acrylic acid o Mass fraction of acrylic acid

Figure 1. Change in molar volume with mass fraction of | Figure 2. Change in density with mass fraction of

Acrylic acid-Oxymethelene Acrylic acid-Oxymethelene
o 800 2 200
g S 600 "g § 150
= 2 400 232 100
20 ‘s 8
8 200 s 50
£ g:’n 0 £ EJD 0
[T :l-) o
il 00 02 04 06 08 10 e = 0.0 0.5 1.0
c
Mass fraction of acrylic acid Mass fraction of acrylic acid

Figure 3. variation in permeability of oxygen with mass | Figure 4. Change in permeability of nitrogen with

fraction of Acrylic acid-Oxymethelene mass fraction of Acrylic acid-Oxymethelene
§ 4,000
g 8 3,000
L, 2000
© % =
Qo 1,000
Es
g3 0
§ 0.0 0.5 1.0
Mass fraction of acrylic acid

Figure 5. Variation in permeability of carbon dioxide with mass fraction of Acrylic acid-Oxymethelene

23653

[=] x%
0]



http://www.tnsroindia.org.in
http://dx.doi.org/10.1155/2016/3941504ashaStankovich

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©[JONS
Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997

RESEARCH ARTICLE

In silico Analysis of Thermal and Dielectric Properties of Polyacrylic
Acid and 1,4-Beta -D-Glucose composite

Sapnarani Tripathy and Debajani Tripathy*

Centurion University of Technology and Management, Odisha, India

Received: 25 Mar 2020 Revised: 27 Apr 2020 Accepted: 28 May 2020

*Address for Correspondence

Debajani Tripathy

Centurion University of Technology and Management,
Odisha, India

Email: debajani.tripathy@cutm.ac.in

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

ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and 14-beta-D-glucose compositewere studied. The
composition of the blend was examinedwith respect to heat capacity, thermal conductivity and dielectric
constant. The results indicated that all those parameters are present, increased with increase in mass
fraction of acrylic acid. This cram will help determine pairs without performing laboratory and industrial
experiments saving materials, money and time.

Keywords: Blend, biovia, polyacrylic acid, 1,4-beta-D-glucose composite

INTRODUCTION

Blends or composites are materials containing more than one component. In the mixture, the components do not lose
their identity. They combine and contribute to the material goods of the blend thereby civilizing the quality of the
material. Development of a single material with the most wanted property involves significant research and time. A
blend saves time to develop a new material thereby reducing the cost of expansion of products with desired
properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict the
permeability related properties of polyacrylic acid and 1,4-beta-D-glucose composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and 1,4-beta-D-glucose were fed to the synthia menu of Materials Studio and run for different
weight fractions of the components.

RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heatrequired to raise the temperature of one unit weight of a substance by 1°C
without change of phase” Figure 1 display the performance that the heat capacity (Cp) of the composite increases
linearly with increase in mass fraction of acrylic acid.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature
gradient” Figure 2 display the performance that the thermal conductivity of the composite increases linearly with
increase in mass fraction of acrylic acid.

Dielectric Constant:“It is defined as the ratio of the electric permeability of the material to the electric permeability
of free space”. Figure 3 display the performance that the dielectric constant of the composite increases with increase
in mass fraction of acrylic acid.

CONCLUSION

The prospect of use of polyacrylic acid and 1,4-beta-D-glucose to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to permeability properties. The composition of the
blend was analyzed with respect to heat capacity, thermal conductivity and dielectric constant. The domino effect
indicated that all the three parameters increased with increase in mass fraction of acrylic acid. This in silico study
will help to determine components of a blend without performing any laboratory experiments saving materials,
money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
The mechanical properties of the polyacrylic acid and 1, 4-beta-D-glucose composite were studied based
on bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The
consequences indicated that the values of all the properties amplified with amplify in mass fraction of
acrylic acid.This cram will help to determine pairs without performing laboratory and industrial
experiments saving materials, money and time.

Keywords: Blend, Biovia, polyacrylic acid, 1,4-beta-D-glucose composite

INTRODUCTION

Blends or composites are materials containing additional than one components. The components do not lose their
identity in the mixture. They combine and contribute to the property of the blend thereby civilizing the quality of all
the material. Development of a single material with the preferred property involves significant research and time. A
blend saves time to develop a new material thereby reducing the cost of development of products with preferred
properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments.Usually blends are prepared by trial and error method.
Thus it involves wastage of materials, time and money.Thus, researchers have focused on the use of in silico
approach [7] to develop new blends. This study intends to predict the mechanical properties of polyacrylic acid and
1,4-beta-D-glucose composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and 1,4-beta-D-glucose were fed to the synthia menu of Materials Studio and run for different
weight fractions of the components.

RESULTS AND DISCUSSION

Bulk Modulus:“Bulk modulus is the evaluate of the decrease in volume with an increase in pressure”. Figure 1
shows that the bulk modulus of the compound increases linearly with increase in mass fraction of acrylic acid.

Shear Modulus:“It is defined as the ratio of shear stress and shear strain.”Figure 2 shows that the shear modulus of
the compound increases linearly with increase in mass fraction of acrylic acid.

Young'sModulus:“It is defined as the ratio of stress and strain and compares relative stiffness” Figure 3 shows that
the Young's modulus of the compound increases linearly with increase in mass fraction of acrylic acid.

Poisson Ratio: “It is the ratio of lateral strain to longitudinal strain”.Figure 4 shows that the Poisson ratio of the
compound increases linearly with increase in mass fraction of acrylic acid.

Brittle Fracture Stress:”Brittle Fracture is the sudden, rapid furious of a material under stress” Figure 5 shows that
the brittle fracture stress of the compound increases linearly with increase in mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and 1,4-beta-D-glucose to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to mechanical properties. The domino effect
indicated that the values of all the properties (bulk modulus, shear modulus, Young' modulus, Poisson ratio and
brittle stress fracture) increased with increase in mass fraction of acrylic acid. This in silico study will help find out
components of a blend without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and 1,4-beta-D-glucose compositewere considered . The molar
volume and density decreased with increase in acrylic acid fraction. The permeability properties of the
complex were considered based on permeability of oxygen, nitrogen and carbon dioxide. The outcome
showed that the permeability for all the gases decreased with increase in mass fraction of acrylic
acid.This analysis will help tosettle on pairs without performing any laboratory experiments saving
materials, money and time.

Keywords: Blend, silico, polyacrylic acid and 1, 4-beta-D-glucose composite

INTRODUCTION

Blends or composites are materials containing more than one component combine to make unique materials having
significant properties. The components do not lose their identity in the mixture. Development of a single material
with the desired property involves significant research and time. A blend saves time to develop a new unique
material thereby dropping the cost of development of products with desired properties.Polymer blends can be nano
material customized polymers [1], biodegradable polymers- natural fiber composites [2], fire retardant/fire proof
materials [3,4], lightweight composite materials having high strength for transportation industries [5], glass fiber
reinforced polymers, latex polymer cementitious composites [6] etc. All the above mentioned examples relied on
laboratory experiments.Usually blends are prepared by trial and error method. Thus it involves wastage of materials,
time and money.Thus, researchers have focused on the use of in silico approach [7] to develop new blends. This
study intends to predict the permeability related properties of polyacrylic acid and 1,4-beta-D-glucose composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and1,4-beta-D-glucose were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. Figure 1 looks that the molar volume of
the complex decreases linearly with increase in mass fraction of acrylic acid.

Density: “Density is mass per unit volume”. Figure 2 looks that the density of the complex decreases linearly with
increase in mass fraction of acrylic acid.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymer membrane after
the gas has come to equilibrium” .Figure 3 looks that the permeability of oxygen through the complex decreases with
increase in mass fraction of acrylic acid.

Figure 4 looks that the permeability of nitrogenthrough the composite decreases with increase in mass fraction of
acrylic acid.

Figure 5 looks that the permeability of carbon dioxide through the complex decreases with increase in mass fraction
of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and 1,4-beta-D-glucose to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to permeability properties. The molar volume and
density decreased with increase in acrylic acid fraction. The permeability properties of the complex were studied
based upon permeability of oxygen, nitrogen and carbon dioxide. The results indicated that the permeability for all
the gases decreased with increase in mass fraction of acrylic acid. This in silico study will help find out components
of a blend without performing laboratory experiments saving materials, money and time
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and silica compositewere studied. The structure of the blend
was analyzed with respect to the heat capacity, thermal conductivity and the dielectric constant. The
outcome indicates that all those parameters increased with rise in mass fraction of acrylic acid. This study

will help to determine the pairs without having laboratory experiments and saving materials, money and
the time.

Keywords: Blend, silico, Biovia, poly acrylic acid, silica composite

INTRODUCTION

Blends or composites are materials which have contain more than one component. The elements don’t lose their
identification in the mixture. They fuse and contribute to the belongings of the blend to improving the characteristics
of the material. Evolution of a single material with the craving property involves major research and the time. A
blend saves time to come about a new material thereby reducing the cost of development of products with preferred
properties. Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples based on laboratory experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict the
permeability related properties of polyacrylic acid and silica composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and silica were fed to the synthia menu of Materials Studio and run for different weight fractions of
the components.

RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heat required to raise the temperature of one unit weight of a substance by 1°C
without change of phase”. Figure 1 revels that the heat capacity (Cp) of the composite rise linearly with rise in mass
fraction of acrylic acid.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature
gradient” Figure 2 revels that the thermal conductivity of the composite riselinearly with rise in mass fraction of
acrylic acid.

Dielectric Constant: “It is defined as the ratio of the electric permeability of the material to the electric
permeability of free space”. Figure 3 reveals that the dielectric constant of the composite rise with increase in mass
fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and silica to form a blend was explored using Biovia Materials Studio. The
composition of the blend was analyzed with respect to permeability properties. The composition of the blend was
analyzed with respect to heat capacity, thermal conductivity and dielectric constant. The outcomes how that all the
three parameters rise with increase in mass fraction of acrylic acid. This in silico study will help in determining
components of a blend without having laboratory experiments and it will save materials, money and the time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
The mechanical properties of the polyacrylic acid and silica composite were studied based on bulk
modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The outcome
indicates that the values of all the properties rise with the growin mass fraction of acrylic acid.This study
will help to determine the pairs without having any laboratory experiments and it saves materials,
money and the time.

Keywords: Blend, Biovia,poly acrylic acid and silica composite

INTRODUCTION

Blends or composites are the materials which have contain more than one component. The components do not lose
their identity in the mixture. They come together and contribute to the property of the blend for improving the
quality of the material. Development of a single material with the required property involves major research and
time. A blend saves time to develop a new material thereby lowering the cost of development of products with
craving properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural
fiber composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples lied on laboratory experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict the
mechanical properties of polyacrylic acid and silica composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and polyacrylochloride were fed to the synthia menu of Materials Studio and run for different
weight fractions of the components.

RESULTS AND DISCUSSION

Bulk Modulus: “Bulk modulus is the measure of the decrease in volume with an increase in pressure”. Figure 1
reveals that the bulk modulus of the compound grows linearly with increase in mass fraction of acrylic acid.

Shear Modulus:“It is described as the ratio of shear stress and shear strain.” Figure 2 reveals that the shearmodulus
of the compound rises linearly with increase in mass fraction of acrylic acid.

Young'sModulus:“It is defined as the ratio of stress and strain and compares relative stiffness” Figure 3 reveals
that the Young's modulus of the compoundincreases linearly with rise in mass fraction of acrylic acid.

Poisson Ratio:“It is the ratio of lateral strain to the longitudinal strain”.Figure 4 reveals that the Poisson ratio of
the composite increases linearly with increase in mass fraction of acrylic acid.

Brittle Fracture Stress:“Brittle Fracture is the sudden, rapid cracking of a material under stress” Figure 5 reveals
that the brittle fracture stress of the composite grows linearly with increase in mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and silica to form a blend was explored using Biovia Materials Studio. The
composition of the blend was analyzed with respect to mechanical properties. The outcome shows that the values of
all the properties (bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture) rise with
increase in mass fraction of acrylic acid.This in silico study will help determine the components of a blend without
having laboratory experiments which saves materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and silica compositewere studied. The molar volume and the
density will be low with increase in acrylic acid fraction. The permeability properties of the composite
were studied based on permeability of oxygen, nitrogen and carbon dioxide. The results showed that the
permeability for all the gases decreased with increase in mass fraction of acrylic acid.This study will help
determine the pairs without having any laboratory experiments and it saves materials, money and the

time.

Keywords: Blend,poly acrylic acid and silica composite

INTRODUCTION

Blends or composites are a kind of material which has contains more than one component. The components do not
lose their identity in the mixture. They come together and contribute to the property of the blend for improving the
quality of the material. Development of a single material with the craved property involves major research and the
time. Ablend saves the time to develop a new material thereby lowering the cost of development of products with
craved properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural
fiber composites [2], fire retardant/fire resistance materials [3,4], lightweight composite materials having high
strength for transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6]
etc. All the above mentioned examples lies on laboratory experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money.Thus,
researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict the
permeability related properties of polyacrylic acid and silica composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and silica were fed to the synthia menu of Materials Studio and run for different weight fractions of
the components.

RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. Figure 1 reveals that the molar volume of
the compound will be lower linearly with rise in mass fraction of acrylic acid.

Density: “Density is mass per unit volume”. Figure 2 reveals that the density of the compoundlower linearly with
rise in mass fraction of acrylic acid.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymer membrane after
the gas has come to equilibrium”. Figure 3 reveals that the permeability of oxygen through the composite lower with
increase in mass fraction of acrylic acid.

Figure 4 show that the permeability of nitrogenthrough the composite decreases with increase in mass fraction of
acrylic acid. Figure 5 indicates that the permeability of carbon dioxide through the composite will decreases with rise
in mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and silica to form a blend was explored using Biovia Materials Studio. The
composition of the blend was analyzed with respect to thepermeability properties. The molar volume and density
will decreased with increase in acrylic acid fraction. The permeability properties of the composite were studied based
on the permeability of oxygen, nitrogen and carbon dioxide. The outcomeshows that the permeability for all the
gases decreased with rise in mass fraction of acrylic acid.This in silico study will help to determine the components
of a blend without performing laboratory experiments and it will save materials, money and the time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and polyvinyl amide composite were studied. The
composition of the blend was analyzed with respect to heat capacity, thermal conductivity and dielectric
constant. The results indicated that all those parameters increased with increase in mass fraction of
acrylic acid. The study helps in finding pairs without undergoing laboratory experiments.

Keywords: Blend, silico, Biovia, polyacrylic acid and polyvinyl amide composite

INTRODUCTION

Blends contain more than one material. However, the constituents of the mixture do not lose their identity in the
mixture. Again with combination they improve the quality of the mixture as compared to the single components.
Blend or composite saves much time thus saving cost. The examples of polymer blends are nano material modified
polymers [1], biodegradable polymers- natural fiber composites [2], fire retardant/fire proof materials [3,4],
lightweight composite materials having high strength for transportation industries [5], glass fiber reinforced
polymers, latex polymer cementitious composites [6].Usually blends are prepared by trial and error method. Thus it
involves wastage of materials, time and money. Thus, researchers have focused on the use of in silico approach [7] to
develop new blends. This study intends to predict the permeability related properties of polyacrylic acid and poly-
vinyl amide composite.

MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and poly-vinyl amide were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.
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RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heat required to raise the temperature of one unit weight of a substance by 1°C
without change of phase”. Figure 1 shows that the heat capacity (Cp) of the composite increases linearly with
increase in mass fraction of polyacrylic acid.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature gradient”.
Figure 2 shows that the thermal conductivity of the composite increases linearly with increase in mass fraction of
polyacrylic acid.

Dielectric Constant: “It is defined as the ratio of the electric permeability of the material to the electric
permeability of free space”. Figure 3 shows that the dielectric constant of the composite increases with increase in
mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and polyvinyl amide to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to permeability properties. The composition of the
blend was analyzed with respect to heat capacity, thermal conductivity and dielectric constant. The results indicated
that all the three parameters increased with increase in mass fraction of acrylic acid.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
The mechanical properties of the polyacrylic acid and vinyl amide composite were studied based on bulk
modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The results indicated
that the values of all the properties increased with increase in mass fraction of poly acrylic acid.This type
of studies will help find pairs without performing laboratory experiments saving materials, money and
time.

Keywords: Blend, silico, Biovia, polyacrylic acid and vinyl amide composite

INTRODUCTION

A blend contains more than one material. But, these components do not lose their identity in the mixture. Blend
saves much time [1]. It is biodegradable polymers- natural fiber composites [2], fire retardant/fire proof materials
[3,4], lightweight composite materials having high strength for transportation industries [5], glass fiber reinforced
polymers, latex polymer cementitious composites [6].Usually blends are prepared by trial and error method. Thus it
involves wastage of materials, time and money. Thus, researchers have focused on the use of in silico approach [7] to
develop new blends. This study intends to predict the mechanical properties of polyacrylic acid and polyvinylamide
composite.

MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and polyvinylamide were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.
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RESULTS AND DISCUSSION

Bulk Modulus: “Bulk modulus is the measure of the decrease in volume with an increase in pressure”. Figure 1
shows that the bulk modulus of the composite increases linearly with increase in mass fraction of polyacrylic acid.

Shear Modulus: “It is defined as the ratio of shear stress and shear strain.”Figure 2 shows that the shear modulus
of the composite increases linearly with increase in mass fraction of polyacrylic acid.

Young's Modulus: “It is defined as the ratio of stress and strain and compares relative stiffness”. Figure 3 shows
that the Young's modulus of the composite increases linearly with increase in mass fraction of poly acrylic acid.

Poisson Ratio: “It is the ratio of lateral strain to longitudinal strain”. Figure 4 shows that the Poisson ratio of the
composite increases linearly with increase in mass fraction of polyacrylic acid.

Brittle Fracture Stress: “Brittle Fracture is the sudden, rapid cracking of a material under stress”. Figure 5 shows
that the brittle fracture stresses of the composite increases linearly with increase in mass fraction of polyacrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and polyvinylamide to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to mechanical properties. The results indicated that
the values of all the properties (bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress
fracture) increased with increase in mass fraction of polyacrylic acid. The in silico study will help determine
components of a blend without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and polyvinylamide composite were studied. The molar
volume and density decreased with increase in acrylic acid fraction. The permeability properties of the
composite were studied based on permeability of oxygen, nitrogen and carbon dioxide. The results
showed that the permeability for all the gases decreased with increase in mass fraction of acrylic acid.

Keywords: Blend, silica, polyacrylic acid and polyvinylamide composite

INTRODUCTION

Blends are materials containing more than one component. The components do not lose their identity. The examples
of blends are nano material modified polymers [1], biodegradable polymers- natural fiber composites [2], fire
retardant/fire proof materials [3,4], lightweight composite materials having high strength for transportation
industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6]. Usually blends are
prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus, researchers have
focused on the use of in silico approach [7] to develop new blends. This study intends to predict the permeability
related properties of polyacrylic acid and polyvinylamide composite.

MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and polyvinylamide were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.
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RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. Figure 1 shows that the molar volume of
the composite decreases linearly with increase in mass fraction of ployacrylic acid.

Density: “Density is mass per unit volume”. Figure 2 shows that the density of the composite decreases linearly
with increase in mass fraction of polyacrylic acid.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymer membrane after
the gas has come to equilibrium”. Figure 3 shows that the permeability of oxygen through the composite decreases
with increase in mass fraction of polyacrylic acid.

Figure 4 shows that the permeability of nitrogen through the composite decreases with increase in mass fraction of
polyacrylic acid. Figure 5 shows that the permeability of carbon dioxide through the composite decreases with
increase in mass fraction of polyacrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and polyvinylamide to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to permeability properties. The molar volume and
density decreased with increase in acrylic acid fraction. The permeability properties of the composite were studied
based on permeability of oxygen, nitrogen and carbon dioxide. The results indicated that the permeability for all the
gases decreased with increase in mass fraction of polyacrylic acid.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the polyacrylic acid and dimethyl butane composite were studied. The
composition of the blend was checked with respect to the heat capacity, the thermal conductivity and the
dielectric constant. The results indicated that those entire variables increased with increase in mass
fraction of acrylic acid. This study will helpto determine pairs without performing laboratory
experiments saving materials, money and time.

Keywords: Blend, polyacrylic acid and dimethyl butene composite

INTRODUCTION

Blends or composites are materials, those which contain more than one component. The components don’t lose their
specification in the mixture. They combine and contribute to the feature of the blend thereby improving the
superiority of the material. Growth of a single material with the desired property involves significant research and
time. A blend saves time to develop a new material thereby dropping the cost of development of products with
desired properties.Polymer blends can be nano material tailored polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples lean on laboratory experiments.

Usually blends are equipped by trial and error method. Thus it involves in wastage of materials, time and

money.Thus, researchers have focused on the use of in silico approach [7] to develop new blends. This study intends
to predict the permeability related properties of polyacrylic acid and dimethyl butene composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and dimethylbutene were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heatrequired to raise the temperature of one unit weight of a substance by 1°C
without change of phase”.Figure 1 signify that the heat capacity (Cp) of the composite increases linearly with
increase in mass fraction of acrylic acid.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature
gradient” Figure 2 clarify that the thermal conductivity of the composite increases linearly with increase in mass
fraction of acrylic acid.

Dielectric Constant: “It is defined as the ratio of the electric permeability of the material to the electric
permeability of free space”. Figure 3 elucidate that the dielectric constant of the composite increases with increase in
mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and dimethyl butene to form a blend was searched using Biovia Materials
Studio. The composition of the blend was analyzed with regard to permeability properties. The composition of the
blend was examined with respect to the heat capacity, the thermal conductivity and the dielectric constant. The
results demonstrate that all the three parameters increased with increase in mass fraction of acrylic acid.This in silico
study will help to determine components of a blend without performing laboratory experiments saving materials,
money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired possession of a blend is its homogeneity.
The mechanical properties of the polyacrylic acid and dimethylbutenecomposite were studied based on
bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The outcome
indicated that the values of all the properties increased with increase in mass fraction of acrylic acid.This

study will help to determine pairs without performing laboratory experiments saving materials, money
and time.

Keywords: Blend, silico, Biovia, polyacrylic acid and dimethylbutene

INTRODUCTION

Blends or composites are materials containing more than one component. The components don’t lose their
uniqueness in the mixture. They combine and contribute to the property of the blend in that way improving the
quality of the material. Improvement of a single material with the desired property involves noteworthy research
and time. A blend saves time to develop a new material thereby dropping the cost of development of products with
desired properties. Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural
fiber composite [2], fire retardant/fire proof equipment [3,4], lightweight composite materials having high strength
for transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All
the above mentioned examples relied on laboratory experiments.

Generally blends are geared up by trial and error method. Thus it involves wastage of materials, time and

money.Thus, researchers have all ears on the use of in silico approach [7] to develop new blends. This study intends
to predict the mechanical properties of polyacrylic acid and dimethyl butane composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was worn for analysis. The structures of
polyacrylic acid and dimethyl butane were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Bulk Modulus: “Bulk modulus is the measure of the decrease in volume with an increase in pressure”. Figure 1
exhibits that the bulk modulus of the composite increases linearly with increase in mass fraction of acrylic acid.

Shear Modulus:“It is defined as the ratio of shear stress and shear strain.”Figure 2 demonstrate that the shear
modulus of the composite increases linearly with increase in mass fraction of acrylic acid.

Young's Modulus:“It is defined as the ratio of stress and strain and compares relative stiffness” .Figure 3 display
that the Young's modulus of the composite increases linearly with increase in mass fraction of acrylic acid.

Poisson Ratio: “It is the ratio of lateral strain to longitudinal strain”.Figure 4 unveils that the Poisson ratio of the
composite increases linearly with increase in mass fraction of acrylic acid.

Brittle Fracture Stress:“Brittle Fracture is the sudden, rapid cracking of a material under stress” .Figure 5 elucidate
that the brittle fracture stress of the composite increases linearly with increase in mass fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and dimethyl butene to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with admiration to mechanical properties. The consequences
indicated that the values of all the properties (bulk modulus, shear modulus, Young' modulus, Poisson ratio and
brittle stress fracture) increased with increase in mass fraction of acrylic acid. This in silico study will help to
determine components of a blend without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The preferred property of a blend is its homogeneity.
Different properties of the polyacrylic acid and dimethylbutene composite were studied. The molar
volume and density decreased with increase in acrylic acid fraction. The permeability properties of the
composite were premeditated based on permeability of oxygen, nitrogen and carbon dioxide. The
consequences showed that the permeability for all the gases decreased with increase in mass fraction of
acrylic acid.This study will help to determine pairs without performing laboratory experiments saving
materials, money and time.

Keywords: Blend, silico, Biovia, polyacrylic acid and dimethylbutene

INTRODUCTION

Blends or composites are materials containing more than one component. The components do not lose their
characteristics in the mixture. They combine and contribute to the property of the blend thereby improving the
quality of the material. Expansions of a single material with the desired property involvemajor research and time. A
blend saves time to expand a new material by this means reducing the cost of development of products with
preferred properties.Polymer blends can be nano material customized polymers [1], biodegradable polymers- natural
fiber composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments.

Usually blends are geared up by trial and error method. Thus it involves wastage of materials, time and money.Thus,
researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict the
permeability related properties of polyacrylic acid and dimethylbutene composite
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
polyacrylic acid and dimethylbutene were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. Figure 1 signify that the molar volume of
the composite decreases linearly with increase in mass fraction of acrylic acid.

Density: “Density is mass per unit volume”. Figure 2 elucidate that the density of the composite decreases linearly
with increase in mass fraction of acrylic acid.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymer membrane after
the gas has come to equilibrium” Figure 3 signify that the permeability of oxygen through the composite decreases
with increase in mass fraction of acrylic acid.

Figure 4 clarify that the permeability of nitrogenthrough the composite decreases with increase in mass fraction of
acrylic acid. Figure 5 that the permeability of carbon dioxide through the composite decreases with increase in mass
fraction of acrylic acid.

CONCLUSION

The possibility of use of polyacrylic acid and dimethylbutene to form a blend was explored by means ofBiovia
Materials Studio. The composition of the blend was analyzed with admiration to permeability properties. The molar
volume and density decreased with increase in acrylic acid fraction. The permeability properties of the composite
were studied based on permeability of oxygen, nitrogen and carbon dioxide. The consequences indicated that the
permeability for all the gases decreased with increase in mass fraction of acrylic acid.This in silico study will help
determine components of a blend without performing laboratory experiments saving materials, money and time.

REFERENCES

1. S. Stankovich, D. A. Dikin, G. H. B. Dommett, K. M. Kohlhaas, E. J. Zimney, E. A. Stach, R. D. Piner, S. T.
Nguyen, R. S. Ruoff, Graphene-based composite materials, Nature, 2006, 442, 282-286.

2. T. Lu SLiu, MJiang, X.Xu, Y.Wang, Z.Wang, J.Gou, D.Hui, Z.Zhou,Effects of modifications of bamboo
cellulose fibers on the improved mechanical properties of cellulose reinforced poly(lactic acid)composites,
Engineering, Volume, Pages 191-197, June 2014

3. N.Surtiyeni, R. Rahmadani, N.Kurniasih, Khairurrijal, and M.Abdullah,A Fire-Retardant Composite Made from
Domestic Waste and PVA Hindawi Publishing Corporation Advances in Materials Science and Engineering
Volume 2016 Article ID 7516278,10 pages http://dx.doi.org/10.1155/2016/7516278

4. N.Pérez, X.Qi,S.Nie, P. Acufia, M. Chen ,and D. Wang Flame Retardant Polypropylene Composites with Low
Densities, Materials (Basel). 2019 Jan; 12(1): 152.Published online 2019 Jan 5. doi: 10.3390/ma12010152

5. Y.Zhangl, ]J.Province ,Xuzhou Technician Institute, Xuzhou, Jiangsu Province, ChinaDevelopment and
Application of Lightweight High Strength Organic Materials MATEC Web of Conferences 207, 03009 (2018)
https://doi.org/10.1051/matecconf/201820703009 ICMMPM 2018

E:E

e

23688


http://www.tnsroindia.org.in
http://dx.doi.org/10.1155/2016/7516278
https://doi.org/10.1051/matecconf/201820703009

Indian Journal of Natural Sciences

Vol.10 / Issue 60/ June / 2020

>

International Bimonthly

www.tnsroindia.org.in ©[JONS

ISSN: 0976 — 0997

Leepsa Nanda and R. Sahu

6. G.M.Barrera,O.Gencel, ].M.L.Reis,Civil Engineering Applications of Polymer Composites Hindawi Publishing
Corporation International Journal of Polymer Science Volume 2016, Article ID 3941504, 2 pages
http://dx.doi.org/10.1155/2016/3941504ashaStankovich

7. N. Dahham, A. Fares, K. Najem ,Modeling and simulation of mechanical and physical properties of Barium
orthotitanate,B.I.O.V.LA, Daassault systems, Material studio, 7.0Dassault systems , San Diego, 2017 Tikrit

Journal of Pure Science, 2017 - iasj.net

100
IS 60
§ 40
Q
g 20
s 0
>
& 0.0 0.5 1.0
°
=

Mass fraction of acrylic acid

1.50
E
© 050
»
Z
‘s 0.00
5
a 0.0 0.2 0.4 0.6 0.8 1.0

Mass fraction of acrylic acid

Figure 1. Change in molar volume with mass
fraction of acrylic acid

Figure 2. Change in density with mass fraction of acrylic
acid

o 1,000
S's 800
Z § 600
3= 400
£ g
3 1;3 200

o 0

0.0 0.5 1.0

Mass fraction of acrylic acid

250
2
5 g
% % 200
E q 150
c
Eg 100
v O
a =
s 50
0
0.0 Ot\%ass frgét‘}on of géreylic ac:old8 1.0

Figure 3. Change in permeability of oxygen with
mass fraction of acrylic acid

Figure 4. Change in permeability of nitrogen with mass
fraction of acrylic acid

5,000
4,000
3,000
2,000

1,000

Permeability of

0

carbondioxide, Dow units

0.0

Mass fraction of acrylic acid

0.5 1.0

Figure 5. Change in permeability of carbon dioxide with mass fraction of acrylic acid

[=]
0

[=]

5

23689



http://www.tnsroindia.org.in
http://dx.doi.org/10.1155/2016/3941504ashaStankovich

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

Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997

RESEARCH ARTICLE

In silico Analysis of Thermal and Dielectric Properties of Acrylic Acid
and Dichloro Ethylene Composite

Lokanath Meher*

Centurion University of Technology and Management, Odisha, India

Received: 24 Mar 2020 Revised: 26 Apr 2020 Accepted: 28 May 2020

*Address for Correspondence

Lokanath Meher

Centurion University of Technology and Management,
Odisha, India

Email: loknathmeher@cutm.ac.in

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

ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the acrylic acid and dichloro ethylene composite were studied. The blend was
analyzed with respect to the properties like to heat capacity,thermal conductivity and dielectric
constant.The result of this composition blend indicates that the above properties of this blend was
increased with increase in mass fraction of acrylic acid.This study will help to reduce the laboratory
experiment work, saving materials and time.

Keywords: Blend, silico, Biovia, acrylic acid and dichloroethylene composite

INTRODUCTION

blends or composition are the materials that contain one or more than one components.The compositions or blend do
not loses their identity in the mixture.They combine and contribute to the property of the blend for improving the
quality of the materials. Development of a single material with the desired property involves significant research and
time. A blend saves time to develop a new material thereby decreasing the cost of development of products with
desired properties.Polymer blends can be nanomateriaslthat can be uptonano size modified polymers [1],
biodegradable polymers- natural fiber composites [2], fire retardant/fire proof materials [3,4], lightweight composite
materials having high strength for transportation industries [5], glass fiber reinforced polymers, latex polymer
cementitious composites [6] etc. All the above mentioned examples relied on laboratory experimental work.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money.Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict the
permeability related properties of acrylic acid and dichloro ethylene composite.

23690

[=]
0

5

0


http://www.tnsroindia.org.in
mailto:loknathmeher@cutm.ac.in

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

Vol.10/ Issue 60/ June / 2020 International Bimonthly ISSN: 0976 — 0997

Lokanath Meher
MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
acrylic acid and dichloro ethylene were found to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heatrequired to raise the temperature of one unit weight of a substance by 1°C
without change of phase”.A graph was plotted between the mass fraction of acrylic acid taking along x-axis and heat
capacity along y-axis. The figure 1 indicates that the value of heat capacity of solid at 298 was increases linearly with
increase in mass fraction of acrylic acid.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature gradient”.A
graph was plotted between Mass fraction along x-axis and Thermal conductivity along y-axis.The figure 2 show that
the value of thermal conductivity was increases very small with increase in mass fraction of acrylic acid.

Dielectric Constant: “It is defined as the ratio of the electric permeability of the material to the electric
permeability of free space”. A graph was plotted between mass fraction along x-axis and dielectric constant along y-
axis.The figure 3 indicates that the value of dielectric constant at 298 K was increases very little with increase in mass
fraction of acrylic acid.

CONCLUSION

The possibility of use of acrylic acid and dichloro ethylene to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to permeability properties. The composition of the
blend was analyzed with respect to heat capacity, thermal conductivity and dielectric constant. From the above study
of blend we concluded that the three parameters of the acrylic acid were increases with increases in mass fraction.
This in silico study will help determine components of a blend without performing laboratory experiments work,
saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
The mechanical properties of the acrylic acid and dichloro ethylene composite were studied based on
bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The result of this
blends indicate that the parameters like young modulus,bulk modulus and shear modulus were first

decreases and then increases with increase in mass fraction of acrylic acid. And the properties like
Poisson ratio and brittle fracture stress increases with increase in mass fraction of acrylic acid.This study
will help determine pairs without performing laboratory experiments work, saving materials, money and
time.

Keywords: Blend, silico, Biovia, acrylic acid and dichloro ethylene composite

INTRODUCTION

Blends or composites are materials containing more than one component. The components do not hide their identity
in the mixture. They combine and contribute to the property of the blend thereby improving the quality of the
material. Development of a single material with the desired property involves significant research and time. A blend
saves time to develop a new material thereby decreasing the cost of development of products with desired
properties.Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural fiber
composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments.
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Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,
researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the mechanical properties of acrylic acid and dichloroethylene composite

MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
acrylic acid and dichloro ethylene were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Bulk Modulus: “Bulk modulus is the measure of the decrease in volume with an increase in pressure”. A graph
was plotted between mass fraction of acrylic acid along X-axis and Bulk modulus along Y- axis. The figure 1
indicates that the value of Bulk modulus was decreases first then increases linearly with increase in mass fraction of
acrylic acid.

Shear Modulus: “It is defined as the ratio of shear stress and shear strain.” A graph was drawn between mass
fraction along X-axis and shear modulus along Y-axis.The figure 2 shown that the value of shear modulus was first
decreases for some time then increases linearly with increase in mass fraction of acrylic acid.

Young's Modulus: “It is defined as the ratio of stress and strain and compares relative stiffness”.A graph was
plotted between mass fraction along X-axis and Youngs modulus along Y-axis.The figure 3 indicate that the value of
Youngs modulus first decreases for some value of mass fraction then increases linearly with increase in mass fraction
of acrylic acid.

Poisson Ratio: “It is the ratio of lateral strain to longitudinal strain”.A graph was plotted between mass fraction
along X-axis and Poisson ratio along Y-axis.The figure 4 shown that the value of poission ratio was linearly increases
with increase in mass fraction of acrylic acid.

Brittle Fracture Stress: “Brittle Fracture is the sudden, rapid cracking of a material under stress”.A graph was
plotted between mass fraction along X-axis and brittle fracture stress along Y-axis.The figure 5 indicate that The
value of Brittle fracture stress was increases linearly with increase in mass fraction of acrylic acid.

CONCLUSION

The possibility of use of acrylic acid and dichloro ethylene to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to mechanical properties. The results indicated that
the values of the properties like (bulk modulus, shear modulus, Young' modulus,) first decreases then increases with
increase in mass fraction of acrylic acid. The property like Poisson ratio and brittle fracture stress increases with
increase in mass fraction of acrylic acid. This in silico study will help determine components of a blend without
performing laboratory experiments work, saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the acrylic acid and Dichloroethylene composite were studied. The molar volume
and density of acrylic acid decreases with an increase in the mass fraction of acrylic acid the properties of
the composite is study as based on the permeability of gas oxygen, nitrogen and carbon dioxide. The
results showed that the permeability for all the gases increases with increase in mass fraction of acrylic
acid. This study will help determine pairs without performing laboratory experiments work, saving
materials, money and time.

Keywords: Blend, silico, Biovia, acrylic acid and Dichloroethylene

INTRODUCTION

Blends or composites are materials containing more than one component. The components do not hidden their
identity in the mixture. They combine and contribute to the property of the blend thereby increasing the quality of
the material. Development of a single material with the desired property involves significant research and time. A
blend consumes time to develop a new material thereby minimising the cost of development of products with
desired properties. Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural
fiber composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments.

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,
researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the permeability related properties of acrylic acid and Dichloroethylene composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
acrylic acid and Dichloroethylene were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. A graph was plotted between mass
fraction along X-axis and molar volume along Y-axis. The figure 1 indicate that the molar volume decreases linearly
with increase in mass fraction of acrylic acid.

Density: “Density is mass per unit volume”. A graph was tted between the mass fraction along X-axis and density
along Y-axis. The figure 2 shown that the density decreases linearly with increase in mass fraction.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymer membrane after
the gas has come to equilibrium”. A graph was plotted between permeability of oxygen along Y- axis and mass
fraction along X- axis. The figure 3 indicates that the permeability of oxygen increases with the increase in mass
fraction.

A graph was plotted between permeability of nitrogen along Y-axis and mass fraction along X-axis. The figure 4
shows that the permeability of nitrogen gas increases with increase in mass fraction. A graph was drawn between
permeability of carbon dioxide along Y-axis and mass fraction along X-axis. The figure 5 shown that the permeability
of carbon dioxide increases with increase in mass fraction.

CONCLUSION

The possibility of use of acrylic acid and Dichloroethylene to form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to permeability properties. The molar volume and
density decreased with increase in acrylic acid fraction. The permeability properties of the composite were studied
based on permeability of oxygen, nitrogen and carbon dioxide. The results indicated that the permeability for all the
gases increase with increase in mass fraction of acrylic acid. This in silico study will help determine components of a
blend without performing laboratory experimental work, saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the acrylic acid-tetmeth-bisphen carbonate composite were studied. The
composition of the blend was analyzed with respect to heat capacity, thermal conductivity and dielectric
constant. The results indicated that all those parameters increased with increase in mass fraction of
acrylic acid tetmeth bisphen carbonate. This study will help determine pairs without performing
laboratory experiments saving materials, money and time.

Keywords: Blend, silico, Biovia, acrylic acid-tetmeth bisphen carbonate composite

INTRODUCTION

The properties of Blends or composites are materials containing more than one component. The components do not
lose their identity in the mixture. They combine and contribute to the property of the blend thereby improving the
quality of the material. Development of a single material with the desired property involves significant research and
time. A blend saves time to develop a new material thereby reducing the cost of development of products with
desired properties. Polymer blends can be nano material modified polymers [1], biodegradable polymers- natural
fiber composites [2], fire retardant/fire proof materials [3,4], lightweight composite materials having high strength for
transportation industries [5], glass fiber reinforced polymers, latex polymer cementitious composites [6] etc. All the
above mentioned examples relied on laboratory experiments. Usually blends are prepared by trial and error method.
Thus it involves wastage of materials, time and money. Thus, researchers have focused on the use of in silico
approach [7] to develop new blends. This study intends to predict the permeability related properties of acrylic acid-
tetmeth bisphen carbonate composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
acrylic_acid-tetmeth_bisphen_carbonate were fed to the synthia menu of Materials Studio and run for different
weight fractions of the components.

RESULTS AND DISCUSSION

Heat Capacity: “It is the amount of heat required to raise the temperature of one unit weight of a substance by 1°C
without change of phase”. Figure 1 shows that the heat capacity (Cp) of the composite increases linearly with
increase in mass fraction of acrylic_acid-tetmeth_bisphen_carbonate.

Thermal Conductivity: “It indicates the correlation between heat flux per unit area and temperature gradient”.
Figure 2 shows that the thermal conductivity of the composite increases linearly with increase in mass fraction of
acrylic_acid-tetmeth_bisphen_carbonate.

Dielectric Constant: “It is defined as the ratio of the electric permeability of the material to the electric
permeability of free space”. Figure 3 shows that the dielectric constant of the composite increases with increase in
mass fraction of acrylic_acid-tetmeth_bisphen_carbonate.

CONCLUSION

The possibility of use of acrylic_acid-tetmeth_bisphen_carbonate to form a blend was explored using Biovia
Materials Studio. The composition of the blend was analyzed with respect to permeability properties. The
composition of the blend was analyzed with respect to heat capacity, thermal conductivity and dielectric constant.
The results indicated that all the three parameters increased with increase in mass fraction of acrylic_acid-
tetmeth_bisphen_carbonate. This in silico study will help determine components of a blend without performing
laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
The mechanical properties of the acrylic_acid-tetmeth_bisphen_carbonate composite were studied based

on bulk modulus, shear modulus, Young' modulus, Poisson ratio and brittle stress fracture. The results
indicated that the values of all the properties increased with increase in mass fraction of acrylic_acid-
tetmeth_bisphen_carbonate.It will help determine pairs without performing laboratory experiments
saving materials, money and time.

Keywords: Blend, silico, Biovia, acrylic_acid-tetmeth_bisphen_carbonate composite

INTRODUCTION

The properties of Blends or composites are materials containing more than one component. The components do not
lose their identity in the mixture. They combine and contribute to the property of the blend thereby improving the
quality of the material. Development of a single material with the desired property involves significant research and
time. A blend saves time to develop a new material thereby reducing the cost of development of products with
desired properties.Polymer blends can be nano material modified polymers , biodegradable polymers- natural fiber
composites , fire retardant/fire proof materials , lightweight composite materials having high strength for
transportation industries , glass fiber reinforced polymers, latex polymer composites etc. All above are mentioned
examples relied on laboratory experiments

Usually blends are prepared by trial and error method. Thus it involves wastage of materials, time and money. Thus,

researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict
the mechanical properties of acrylic_acid-tetmeth_bisphen_carbonate composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures
ofacrylic_acid-tetmeth_bisphen_carbonate was fed to the synthia menu of Materials Studio and run for different
weight fractions of the components

RESULTS AND DISCUSSION

Bulk Modulus: “Bulk modulus is the measure of the decrease in volume with an increase in pressure”. Figure 1
shows that there is a increase in bulk modulus of the composite with increase in mass fraction of acrylic_acid-
tetmeth_bisphen_carbonate.

Shear Modulus: “It is defined as the ratio of shear stress and shear strain.”Fig 2 this shows that the shear modulus
of the composite increases linear with increase in mass fraction of acrylic_acid-tetmeth_bisphen_carbonate.

Young's Modulus: “It is defined as the ratio of stress and strain and compares relative stiffness” .Fig 3 it shows that
the Young's modulus of the composite increases linear with increase in mass fraction of acrylic_acid-
tetmeth_bisphen_carbonate.

Poisson Ratio: “It is the ratio of lateral strain to longitudinal strain”.Fig 4 shows that the Poisson ratio of the
composite increases linearly with increase in mass fraction of acrylic_acid-tetmeth_bisphen_carbonate.

Brittle Fracture Stress: “Brittle Fracture is the sudden, rapid cracking of a material under stress” Fig 5 this shows
that the brittle fracture stress of the composite increases linearly with increase in mass fraction of acrylic_acid-
tetmeth_bisphen_carbonate.

CONCLUSION

The possibility of use of acrylic_acid-tetmeth_bisphen_carbonate to form a blend was explored using Biovia
Materials Studio. The composition of the blend was analyzed with respect to mechanical properties. The results
indicated that the values of all the properties (bulk modulus, shear modulus, Young' modulus, Poisson ratio and
brittle stress fracture) increased with increase in mass fraction of acrylic acid.This in silico study will help determine
components of a blend without performing laboratory experiments saving materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its homogeneity.
Different properties of the acrylic acid-tetmeth bisphen carbonate composite were studied. The molar
volume and density decreased with increase in acrylic acid fraction. The permeability properties of the
composite were studied based on permeability of oxygen, nitrogen and carbon dioxide. The results
showed that the permeability for all the gases decreased with increase in mass fraction of acrylic acid-
tetmeth bisphen carbonate. This study will help determine pairs without performing laboratory
experiments saving materials, money and time.

Keywords: Blend, silico, Biovia, acrylic acid-tetmeth bisphen carbonate composite

INTRODUCTION

One of the finest property of Blends or composites are these components do not lose their identity in the mixture.
And as named this material contains more than one component. They improve the quality of material by combining
and contribute to the property of the blend. It involves significant research and time in development of a single
material with the desired property. A blend saves time to develop a new material thereby reducing the cost of
development of products with desired properties.Polymer blends can be nano material modified polymers [1],
biodegradable polymers- natural fiber composites [2], fire retardant/fire proof materials [3,4], lightweight composite
materials having high strength for transportation industries [5], glass fiber reinforced polymers, latex polymer
cementitious composites [6] etc. All the above mentioned examples relied on laboratory experiments.

Blends are usually prepared by trial and error method. It involves wastage of materials, time and money. Thus,
researchers have focused on the use of in silico approach [7] to develop new blends. This study intends to predict the
permeability related properties of acrylic acid-tetmeth bisphen carbonate composite.
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MATERIALS AND METHODS

“Materials studio module of Biovia software (Dassault Systemes of France)” was used for analysis. The structures of
acrylic acid-tetmeth bisphen carbonate were fed to the synthia menu of Materials Studio and run for different weight
fractions of the components.

RESULTS AND DISCUSSION

Molar Volume: “It is the volume occupied by one mole of a substance”. Figure 1 shows that the molar volume of
the composite decreases linearly with increase in mass fraction of acrylic acid-tetmeth bisphen carbonate.

Density: “Density is mass per unit volume”. Figure 2 shows that the densities of the composite decreases linearly
with increase in mass fraction of acrylic acid-tetmeth bisphen carbonate.

Permeability of Gas: “Permeability is the rate at which the gas can pass through the polymer membrane after
the gas has come to equilibrium”. Figure 3 shows that the permeability of oxygen through the composite decreases
with increase in mass fraction of acrylic acid-tetmeth bisphen carbonates.

Figure 4 show that the permeability of nitrogenthrough the composite decreases with increase in mass fraction of
acrylic acid-tetmeth bisphen carbonate. Figure 5 shows that the permeability of carbon dioxide through the
composite decreases with increase in mass fraction of acrylic acid-tetmeth bisphen carbonate.

CONCLUSION

The possibility of use of acrylic acid-tetmeth bisphen carbonateto form a blend was explored using Biovia Materials
Studio. The composition of the blend was analyzed with respect to permeability properties. The molar volume and
density decreased with increase in acrylic acid-tetmeth bisphen carbonate fraction. The permeability properties of the
composite were studied based on permeability of oxygen, nitrogen and carbon dioxide. The results indicated that the
permeability for all the gases decreased with increase in mass fraction of acrylic acid-tetmeth bisphen carbonate.This
in silico study will help determine components of a blend without performing laboratory experiments saving
materials, money and time.
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ABSTRACT

A blend is a mixture of more than one component. The desired property of a blend is its. Different
properties of the polyacrylic acid and poly-t_butadiene composite were studied. The composition of the

blend was analyzed with respect to thermal conductivity, heat capacity and dielectric constant. In this
experiment the results is indica