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Abstract- The Sun has been worshiped as a life-giver to our planet since ancient times. The industrial ages gave us the 

understanding of sunlight as an energy source. India is endowed with vast solar energy potential. About 5,000 trillion kWh 

per year energy is incident over India's land area with most parts receiving 4-7 kWh per sq. m per day. Solar photovoltaics 

power can effectively be harnessed providing huge scalability in India. The primary objective for deploying renewable 

energy in India is to advance economic development, improve energy security, improve access to energy, and mitigate 

climate change. Sustainable development is possible by use of sustainable energy and by ensuring access to affordable, 

reliable, sustainable, and modern energy for citizens. Strong government support and the increasingly opportune economic 

situation have pushed India to be one of the top leaders in the world’s most attractive renewable energy markets. Presently, 

most of India’s energy demands are fulfilled by fossil fuels like coal, petroleum, natural gas, etc. Due to such high demand 

for fossil fuels, these fossil fuels will soon get depleted. India is increasingly adopting responsible renewable energy 

techniques and taking positive steps towards carbon emissions, cleaning the air and ensuring a more sustainable future. 

Recently, India achieved 5th global position in solar power deployment by surpassing Italy. Solar power capacity has 

increased by more than 11 times in the last five years from 2.6 GW in March,2014 to 30 GW in July, 2019.  Presently, solar 

tariff in India is very competitive and has achieved grid parity.  
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Introduction  

The sources of electricity production such as coal, oil, and natural gas have contributed to one-third of global greenhouse gas 

emissions. It is essential to raise the standard of living by providing cleaner and more reliable electricity. India has an increasing 

energy demand to fulfil the economic development plans that are being implemented. The provision of increasing quanta of energy 

is a vital pre-requisite for the economic growth of a country. The National Electricity Plan (NEP) framed by the Ministry of Power 

(MoP) has developed a 10-year detailed action plan with the objective to provide electricity across the country, and has prepared a 

further plan to ensure that power is supplied to the citizens efficiently and at a reasonable cost. According to the World Resource 

Institute Report 2017, India is responsible for nearly 6.65% of total global carbon emissions, ranked fourth next to China (26.83%), 

the USA (14.36%), and the EU (9.66%). Climate change might also change the ecological balance in the world. Intended Nationally 

Determined Contributions (INDCs) have been submitted to the United Nations Framework Convention on Climate Change 

(UNFCCC) and the Paris Agreement. The latter has hoped to achieve the goal of limiting the rise in global temperature to well 

below 2 °C. According to a World Energy Council prediction, global electricity demand will peak in 2030. India is one of the largest 

coal consumers in the world and imports costly fossil fuel. Close to 74% of the energy demand is supplied by coal and oil. According 

to a report from the Centre for monitoring Indian economy, the country imported 171 million tons of coal in 2013–2014, 215 million 

tons in 2014–2015, 207 million tons in 2015–2016, 195 million tons in 2016–2017, and 213 million tons in 2017–2018. Therefore, 

there is an urgent need to find alternate sources for generating electricity. Awareness of saving energy has been promoted among 

citizens to increase the use of solar, wind, biomass, waste, and hydropower energies. It is evident that clean energy is less harmful 

and often cheaper. Recent estimates show that in 2047, solar potential will be more than 750 GW and wind potential will be 410 

GW. A mixture of push policies and pull mechanisms, accompanied by particular strategies should promote the development of 

renewable energy technologies. The Indian Government has been at work, making a comprehensive policy for compulsory use of 

renewable energy resources through biomass, hydropower, wind, solar and municipal waste in the country, particularly for 

commercial establishments, as well as Government establishments. The financial allocation for renewable energy sources vis-a` -

vis total allocation, however, remains in the range of 0.1% during Tenth Plan period. The Indian government has also set specific 

targets for renewable energy by 2012 it expects renewable energy to contribute 10% of total power generation capacity and have a 

4–5% share in the electricity mix. This implies that growth in renewable energy will occur at a much faster pace than traditional 

power generation, with renewables making up 20% of the 70,000MW of total additional energy planned from 2008 to 2012. From 

2002 to 2007, there was 3075MW of renewable grid-tied power planned, but the actual capacity addition exceeded 6000MW by 

2006. A large share of this was the result of exceptional growth of wind energy in India. Wind energy is expected to add more than 

10,000MW of additional capacity by 2012, followed by small hydro (1400 MW), cogeneration (1200 MW) and biomass (500 MW). 

Ministry of Nonconventional Energy Sources is focused on nation-wide resource assessment, setting up of commercial projects, 

renovation and modernization, development and up-gradation of water mills and industry-based research and development. The 

Ministry of New and Renewable Energy has identified renewable energy R&D as an important factor for developing this sector. 

R&D subsidy is 100% of a project’s cost in government R&D institutions, and 50% in the private sector. The R&D subsidy for the 
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private sector may be enhanced for initial stages of technologies that have longer time-horizons. Renewable sources already 

contribute to about 5% of the total power generating capacity in the country. During the last two decades, several renewable energy 

technologies have been deployed in rural and urban areas. Some of the achievements are given in Table 1 along with the estimated 

potential. In 2016, India’s overall energy consumption was 724 million tons of oil equivalent (Mtoe) and is expected to rise to 1921 

Mtoe by 2040 with an average growth rate of 4.2% per annum. Energy consumption of various major countries comprises 

commercially traded fuels and modern renewables used to produce power. In 2016, India was the fourth largest energy consumer 

in the world after China, the USA, and the Organization for economic co-operation and development (OECD) in Europe. The 

projected estimation of global energy consumption demonstrates that energy consumption in India is continuously increasing and 

retains its position even in 2035/ 2040. The increase in India’s energy consumption will push the country’s share of global energy 

demand to 11% by 2040 from 5% in 2016. Emerging economies such as China, India, or Brazil have experienced a process of rapid 

industrialization, have increased their share in the global economy, and are exporting enormous volumes of manufactured products 

to developed countries. This shift of economic activities among nations has also had consequences concerning the country’s energy 

use. 

 

Material and Method 

As it is a revive various books, research papers, Govt. publications, Websites etc. are used for comparative study. 

 

Discussion 

How renewable energy sources contribute to the energy demand in India 

Energy is a basic requirement for economic development and in every sector of Indian economy. It is thus necessary that India 

quickly look towards new and emerging renewable energy and energy efficient technologies as well as implement energy 

conservation laws. Against this background, the country urgently needs to develop a sustainable path of energy development. 

Promotion of energy conservation and increased use of renewable energy sources are the twin planks of a sustainable energy supply. 

Fortunately, India is blessed with a variety of renewable energy sources, like biomass, the solar, wind, geothermal and small 

hydropower and implementing one of the world’s largest programs in renewable energy. India is determined to becoming one of 

the world’s leading clean energy producers. The Government of India has already made several provisions, and established many 

agencies that will help it to achieve its goal. Renewable energy, excluding large hydro projects already account for 9% of the total 

installed energy capacity, equivalent to 12,610MWof energy. In combination with large hydro, the capacity is more than 34%, i.e., 

48,643 MW, in a total installed capacity of 144,980 MW. Fig. 4 is showing installed power capacity (MW) in India. The country 

has an estimated renewable energy potential of around 85,000MW from commercially exploitable sources, i.e., wind, 45,000 MW; 

small hydro, 15,000MW and biomass/bioenergy, 25,000 MW. In addition, India has the potential to generate 35MW per square 

kilometer using solar photovoltaic and solar thermal energy. By March 2007, renewable electricity, excluding hydro above 25MW 

installed capacity, has contributed 10,243MWrepresenting 7.7% of total electricity installed capacity. There has been phenomenal 

progress in wind power and, with an installed capacity of over 8757 MW, India occupies the fifth position globally (REN21, 

Renewables 2009; Varuna SK, Singal.2007; Planning Commission, Govt. of India). According to the 11th new and renewable 

energy five-year plan proposed by the government of India, from 2008 to 2012 the renewable energy market in India will reach an 

estimated US $19 billion. Investments of US $15 billion will be required in order to add the approximately 15,000 megawatts (MW) 

of renewable energy to the present installed capacity. The Indian government has also set specific targets for renewable energy by 

2012 it expects renewable energy to contribute 10% of total power generation capacity and have a 4–5% share in the electricity 

mix. This implies that growth in renewable energy will occur at a much faster pace than traditional power generation, with 

renewables making up 20% of the 70,000MW of total additional energy planned from 2008 to 2012. From 2002 to 2007, there was 

3075MW of renewable grid-tied power planned, but the actual capacity addition exceeded 6000MW by 2006. A large share of this 

was the result of exceptional growth of wind energy in India. Wind energy is expected to add more than 10,000MW of additional 

capacity by 2012, followed by small hydro (1400 MW), cogeneration (1200 MW) and biomass (500 MW). Ministry of 

Nonconventional Energy Sources is focused on nation-wide resource assessment, setting up of commercial projects, renovation and 

modernization, development and up-gradation of water mills and industry-based research and development. The Ministry of New 

and Renewable Energy has identified renewable energy R&D as an important factor for developing this sector. R&D subsidy is 

100% of a project’s cost in government R&D institutions, and 50% in the private sector. The R&D subsidy for the private sector 

may be enhanced for initial stages of technologies that have longer time-horizons. Renewable sources already contribute to about 

5% of the total power generating capacity in the country. During the last two decades, several renewable energy technologies have 

been deployed in rural and urban areas. Some of the achievements are given in Table 1 along with the estimated potential (Urja 

Akshay 2008). 
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Table 1. Renewable energy in India at a glance 

 
 

Biomass 

India is very rich in biomass and has a potential of 16,881MW (agro-residues and plantations), 5000MW (bagasse cogeneration) 

and 2700MW (energy recovery from waste) (Subramanian V 2007). Biomass power generation in India is an industry that attracts 

investments of over Rs. 600 crores every year, generating more than 5000 million units of electricity and yearly employment of 

more than 10 million man-days in the rural areas. 

 

Hydropower 

In India, hydropower projects with a station capacity of up to 25 megawatts (MW) fall under the category of small hydropower 

(SHP). India has an estimated SHP potential of about 15,000 MW, of which about 11% has been tapped so far. The Ministry of 

New and Renewable Energy (MNRE) supports SHP project development throughout the country. So far, 523 SHP projects with an 

aggregate installed capacity of 1705MW have been installed. Besides these, 205 SHP projects with an aggregate capacity of 479MW 

are under implementation. With a capacity addition, on an average, of 100MW per year and gradual decrease in gestation periods 

and capital costs, the SHP sector is becoming increasingly competitive with other alternatives. 

 

Wind energy 

The availability of wind varies for different regions. Wind resources can be exploited mainly in areas where wind power density is 

at least 400 W/m2 at 30 m above the ground. The Wind Resource Assessment Program is being implemented by C-WET (Centre 

for Wind Energy Technology) in coordination with state nodal agencies. An annual mean wind power density greater than 200 

W/m2 (watts per square meter) at 50-m height has been recorded at 211 wind monitoring stations, covering 13 states and union 

territories, namely Andaman and Nicobar Islands, Andhra Pradesh, Gujarat, Karnataka, Kerala, Lakshadweep, Madhya Pradesh, 

Maharashtra, Orissa, Rajasthan, Tamil Nadu, Uttaranchal, and West Bengal. India’s wind power potential has been assessed at 

45,000 MW. A capacity of 8757MWup to 31 March 2008 has so far been added through wind (REN21, Renewables 2009). India 

is surpassed only by Germany as one of the world’s fastest growing markets for wind energy. By the mid-1990s, the subcontinent 

was installing more wind generating capacity than North America, Denmark, Britain, and the Netherlands. The ten machines near 

Okha in the province of Gujarat were some of the first wind turbines installed in India. These 15-m Vestas wind turbines overlook 

the Arabian Sea. Now, in 2008, there is an installed capacity of 5310 MW; however, ten times that potential, or 45,000 MW, exists. 

Different types of Wind Power Generators used in India for Off grip Power generation, i.e., water-pumping windmills, aero-

generators (a small wind electric generator having a capacity of up to 30 kW) and wind–solar hybrid systems [Urja Akshay 2007-

8). 

 

Solar energy 

The total annual solar radiation falling on the earth is more than 7500 times the world’s total annual primary energy consumption 

of 450 EJ. The annual solar radiation reaching the earth’s surface, approximately 3,400,000 EJ, is an order of magnitude greater 

than all the estimated (discovered and undiscovered) non-renewable energy resources, including fossil fuels and nuclear. However, 

80% of the present worldwide energy use is based on fossil fuels. Most parts of India receive 4–7 kWh of solar radiation per square 
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meter per day with 250–300 sunny days in a year. The highest annual radiation energy is received in Western Rajasthan while the 

North- Eastern region of the country receives the lowest annual radiation India has a good level of solar radiation, receiving the 

solar energy equivalent of more than 5000 trillion kWh/yr. Depending on the location, the daily incidence ranges from 4 to 7 

kWh/m2, with the hours of sunshine ranging from 2300 to 3200 per year. 

 

Geothermal energy 

Biofuel program in the country is at nascent stage. The policy measures currently in place include an excise tax reduction for E-5, 

the obligation to blend all petrol with 5% ethanol in certain regions since January 2003 and government regulation of the ethanol 

selling price on the basis of ethanol production costs. Subsequently the percentage of ethanol mixture in petrol is planned to be 

increase to 10%. A new biofuel policy for the country is under construction. 

 

Estimated renewable energy potential in India 

The estimated potential of wind power in the country during 1995 (BSK Naidu 1996) was found to be 20,000 MW (20 GW), solar 

energy was 5 × 1015 kWh/pa, bioenergy was 17,000 MW, bagasse cogeneration was 8000 MW, and small hydropower was 10,000 

MW. For 2006, the renewable potential was estimated as 85,000 MW with wind 4500 MW, solar 35 MW, biomass/bioenergy 

25,000 MW, and small hydropower of 15,000 MW (Ashwani Kumar et al 2010). According to the annual report of the Ministry of 

New and Renewable Energy (MNRE) for 2017–2018, the estimated potential of wind power was 302.251 GW (at 100-m mast 

height), of small hydropower 19.749 GW, biomass power 17.536 GW, bagasse cogeneration 5 GW, waste to energy (WTE) 2.554 

GW, and solar 748.990 GW. The estimated total renewable potential amounted to 1096.080 GW [39] assuming 3% wasteland, 

which is shown in Table 2.  

 

Table 2. The estimated renewable potential in India 

 
(Source: Ministry of New and Renewable Energy (2017) 

 

Current achievements in renewable energy 2017– 2018 

1. India doubled its renewable power capacity in the last 4 years. The cumulative renewable power capacity in 2013–2014 reached 

35,500 MW and rose to 70,000 MW in 2017–2018.  

2. India stands in the fourth and sixth position regarding the cumulative installed capacity in the wind and solar sector, respectively. 

Furthermore, its cumulative installed renewable capacity stands in fifth position globally as of the 31st of December 2018.  

3. As said above, the cumulative renewable energy capacity target for 2022 is given as 175 GW. For 2017 2018, the cumulative 

installed capacity amounted to 70 GW, the capacity under implementation is 15 GW and the tendered capacity was 25 GW. The 

target, the installed capacity, the capacity under implementation, and the tendered capacity are shown in Fig. 1.  
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Fig. 1 Renewable energy target, installed capacity, under implementation and tendered (Source: Initiatives and achievements, 

MNRE (2018).) 

 

4. There is tremendous growth in solar power. The cumulative installed solar capacity increased by more than eight times in the last 

4 years from 2.630 GW (2013– 2014) to 22 GW (2017–2018). As of the 31st of December 2018, the installed capacity amounted 

to 25.2122 GW.  

5. The renewable electricity generated in 2017–2018 was 101839 BUs. 6. The country published competitive bidding guidelines 

for the production of renewable power. It also discovered the lowest tariff and transparent bidding method and resulted in a notable 

decrease in per unit cost of renewable energy.  

7. In 21 states, there are 41 solar parks with a cumulative capacity of more than 26,144 MW that have already been approved by 

the MNRE. The Kurnool solar park was set up with 1000 MW; and with 2000 MW the largest solar park of Pavagada (Karnataka) 

is currently under installation. 

8. The target for solar power (ground mounted) for 2018–2019 is given as 10 GW, and solar power (Rooftop) as 1 GW. 

9. MNRE doubled the target for solar parks (projects of 500 MW or more) from 20 to 40 GW. 

10. The cumulative installed capacity of wind power increased by 1.6 times in the last 4 years. In 2013–2014, it amounted to 21 

GW, from 2017 to 2018 it amounted to 34 GW, and as of 31st of December 2018, it reached 35.138 GW. This shows that 

achievements were completed in wind power use. 

11. An offshore wind policy was announced. Thirty-four companies (most significant global and domestic wind power players) 

competed in the “expression of interest” (EoI) floated on the plan to set up India’s first mega offshore wind farm with a capacity of 

1 GW. 

12. 682 MW small hydropower projects were installed during the last 4 years along with 600 watermills (mechanical applications) 

and 132 projects still under development. 

13. MNRE is implementing green energy corridors to expand the transmission system. 9400 km of green energy corridors are 

completed or under implementation. The cost spent on it was INR 10141 crore (101,410 Million INR = 1425.01 USD). Furthermore, 

the total capacity of 19,000 MVA substations is now planned to be complete by March 2020. 

14. MNRE is setting up solar pumps (off-grid application), where 90% of pumps have been set up as of 

today and between 2014–2015 and 2017–2018. Solar street lights were more than doubled. Solar home lighting systems have been 

improved by around 1.5 times. More than 2,575,000 solar lamps have been distributed to students. The details are illustrated in Fig. 

2. 

 
Fig. 2 Off-grid solar applications (Source: Initiatives and achievements, MNRE (2018).) 

 

15. From 2014–2015 to 2017–2018, more than 2.5 lakh (0.25 million) biogas plants were set up for cooking 

in rural homes to enable families by providing them access to clean fuel. 

16. New policy initiatives revised the tariff policy mandating purchase and generation obligations (RPO and 

RGO). Four wind and solar inter-state transmission were waived; charges were planned, the RPO trajectory for 2022 and renewable 

energy policy was finalized. 

17. Expressions of interest (EoI) were invited for installing solar photovoltaic manufacturing capacities associated with the 

guaranteed off-take of 20 GW. EoI indicated 10 GW floating solar energy plants. 
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18. Policy for the solar-wind hybrid was announced. Tender for setting up 2 GW solar-wind hybrid systems in existing projects was 

invited. 

19. To facilitate R&D in renewable power technology, a national lab policy on testing, standardization, and certification was 

announced by the MNRE. 

20. The Surya Mitra program was conducted to train college graduates in the installation, commissioning, operations, and 

management of solar panels. The International Solar Alliance (ISA) headquarters in India (Gurgaon) will be a new commencement 

for solar energy improvement in India. 

21. The renewable sector has become considerably more attractive for foreign and domestic investors, and the country expects to 

attract up to USD 80 billion in the next 4 years from 2018–2019 to 2021–2022. 

22. The solar power capacity expanded by more than eight times from 2.63 GW in 2013–2014 to 22 GW in 2017–2018. 

23. A bidding for 115 GW renewable energy projects up to March 2020 was announced. 

 

Current energy policies 

The ultimate objective of the renewable energy policy framework is to significantly increase the share of renewable energy source 

in India’s energy mix (Maithani PC 2008). These energy policies are set by government.  

1. National Electricity Policy, 2005  

The National Electricity Policy aims at achieving the following objectives; access to electricity, availability of power demand (to 

be fully met by 2012), energy and peaking shortages to be overcome and spinning reserve to be available, supply of reliable and 

quality power of specified standards in an efficient manner and at reasonable rates, per capita availability of electricity to be 

increased to over 1000 units by 2012, financial turn around and commercial viability of electricity sector and protection of 

consumers’ interests. 

2. The Electricity Act 2003  

The Electricity Act contains the following provisions pertaining to non-conventional energy sources. Under Sections 3(1) and 3(2), 

it has been stated that the Central Government shall, from time to time, prepare and publish the National Electricity Policy and 

Tariff Policy, in consultation with the state governments and authority for development of the power system based on optimal 

utilization of resources such as coal, natural gas, nuclear substances or material, hydro and renewable sources of energy. Section 4 

states that the Central Government shall, after consultation with the state governments, prepare and notify a national policy, 

permitting stand-alone systems for rural areas. Section 61, 61(h) and 61(i) state that the appropriate commission shall, subject to 

the provision of this Act, specify the terms and conditions for the determination of tariff, and in doing so, shall be guided by the 

following, namely, the promotion, cogeneration and generation of electricity from renewable sources of energy; and the National 

Electricity Policy and Tariff Policy. Section 86(1) and 86(1)(e) state that the state commissions shall discharge the following 

functions, namely, promote cogeneration and generation of electricity from renewable sources of energy by providing, suitable 

measures for connectivity with the grid and sale of electricity to any person, and also specify, for purchase of electricity from such 

sources, a percentage of the total consumption of electricity in the area of a distribution license. 

3. Tariff Policy, 2006 

The Tariff Policy announced in January 2006 has the following provisions: 

1. Pursuant to provisions of section 86 (1) (e) of the Act, the Appropriate Commission shall fix a minimum percentage for purchase 

of energy from such sources taking into account availability of such resources in the region and its impact on retail tariffs. 

2. It will take some time before non-conventional technologies can compete with conventional sources in terms of cost of electricity. 

Therefore, procurement by distribution companies shall be done at preferential tariffs determined by the Appropriate Commission. 

3. Such procurement by Distribution Licensees for future requirements shall be done, as far as possible, through competitive bidding 

process under Section 63 of the Act within suppliers offering energy from same type of nonconventional sources. 

4. The Central Commission should lay down guidelines within three months for pricing non-firm power, especially from 

nonconventional sources, to be followed in cases where such procurement is not through competitive bidding. 

4. National Rural Electrification Policies, 2006 

1. Goals include provision of access to electricity to all households by the year 2009, quality and reliable power supply at reasonable 

rates, and minimum lifeline consumption of 1 unit/household/day as a merit good by year 2012. 

2. For villages/habitations where grid connectivity would not be feasible or not cost effective, off-grid solutions based on standalone 

systems may be taken up for supply of electricity. 

3. State government should, within 6 months, prepare and notify a rural electrification plan, which should map and detail the 

electrification delivery mechanism. 

4. The Gram Panchayat shall certify and confirm the electrified status of the village as on 31st March each year. 

5. Integrated Energy Policy Report (Planning Commission) 2006  

Suggest a path to meet energy needs of the country in an integrated manner up to 2031–2032. It recommended special focus on 

renewable energy development. 

 

Initiatives and steps for delivery and outreach 

1. District Advisory Committees (DACs) 

These Committees have led to the creation of an effective renewable energy promotion network at the grass-root level that will also 

help in integration of renewable energy schemes with those of other development departments. To date, 550 DACs have been setup 

in 550 districts of the country. 

2. Akshay Urja Shops (renewable energy shops) 
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Akshay Urja Shops were launched to cover all districts of the country to ensure easy availability of such systems/devices. It is 

expected that the common man will embrace renewable energy technologies in a big way for augmenting energy needs of cooking, 

lighting and motive power from these shops. 

3. Energy parks 

With a view to integrating the activities of State and District Levels Energy Parks was set up at the national level. 

4. Rajiv Gandhi Akshay Urja Diwas (Rajiv Gandhi Renewable Energy Day) 

The birth anniversary of former Prime Minister, late Sh. Rajiv Gandhi on 20th August 2006 was observed as ‘Rajiv Gandhi Akshay 

Urja Diwas’ all over the country is organize to increase awareness on a mass-scale at National, State and District levels. 

5. Akshay Urja Newsletter (Renewable Energy Newsletter) 

A bi-monthly newsletter titled ‘Akshay Urja’ was started with a focus on national/international renewable energy developments, 

technological developments, manufacturer’s details, renewable energy education, etc. 

6. Renewable Energy Clubs 

A scheme has been evolved to promote the study of renewable energy through the setting up of RE Clubs in AICTE recognized/ 

approved Engineering Colleges/Technology Institutions all over the country to educate and sensitize young and future scientists on 

various aspects of new and renewable energy. 

 

Future of renewable energy in India 

India, faced with twin challenges on energy and environmental front, has no option but to work towards increasing the role of 

renewable in the future energy systems. Renewable energy technologies vary widely in their technological maturity and commercial 

status. In India, renewable energy is at the take-off stage and businesses, industry, government and customers have a large number 

of issues to address before these technologies could make a real penetration. India with large renewable energy resources (solar PV, 

wind, solar heating, small hydro and biomass) is to set to have large-scale development and deployment of renewable energy 

projects (Maithani PC 2008). The aim of meeting 10% of the country power supply through renewable by 2012 and also ambitious 

plans for the distribution of biogas plants, solar PV applications and solar city appears to be within reach. Moreover, introduction 

of tradable renewable energy certificates (REC) could overcome the existing gap that is hindering the application of quota for 

renewables and thereby creates a vibrant market. India would also have to look for international cooperation in renewable energy 

through well-defined R&D projects with proper division of labour and responsibilities for specific tasks with equitable financial 

burden and credit sharing arrangements.  

Renewable energy development is considered in India to be of great importance from the point of view of long-term energy supply 

security, environmental benefits and climate change mitigation. The Integrated Energy Policy report has recognized the need to 

maximally develop domestic supply options as well as the need to diversify energy sources. The Committee has placed emphasis 

on higher use of renewables in all forms of services. It is expected that the contribution from renewables in power generation alone 

can be of the extent of 60,000MW in the year 2031–2032. By 2031–2032 renewables will be the key driver in social inclusion of 

the poor in the development process. A modest assessment of investments in the renewable energy sector will be about Rs. 300,000 

crores over the next 25 years. MNRE has included in its mission: energy security; increase in the share of clean power; energy 

availability and access; energy affordability; and energy equity (Chaturvedi P, Garg HP. 2008). A number of government and private 

organizations such as MNRE, Centre for Wind Energy Technology, Universities, IITs, NITs, Indian Oil Corporation Ltd. (IOCL) 

and The Energy Resource Institute (TERI) are involved in R&D of renewable energy sources. 

 

Conclusion 

The renewable sector suffers notable obstacles. Some of them are inherent in every renewable technology; others are the outcome 

of a skewed regulative structure and marketplace. The absence of comprehensive policies and regulation frameworks prevent the 

adoption of renewable technologies. The renewable energy market requires explicit policies and legal procedures to enhance the 

attention of investors. There is a delay in the authorization of private sector projects because of a lack of clear policies. The country 

should take measures to attract private investors. Inadequate technology and the absence of infrastructure required to establish 

renewable technologies should be overcome by R&D. The government should allow more funds to support research and innovation 

activities in this sector. There are insufficiently competent personnel to train, demonstrate, maintain, and operate renewable energy 

structures and therefore, the institutions should be proactive in preparing the workforce. Imported equipment is costly compared to 

that of locally; therefore, generation of renewable energy becomes expensive and even unaffordable. Hence, to decrease the cost of 

renewable products, the country should become involve in the manufacturing of renewable products. Another significant 

infrastructural obstacle to the development of renewable energy technologies is unreliable connectivity to the grid. As a 

consequence, many investors lose their faith in renewable energy technologies and are not ready to invest in them for fear of failing. 

India should work on transmission and evacuation plans. Inadequate servicing and maintenance of facilities and low reliability in 

technology decreases customer trust in some renewable energy technologies and hence prevent their selection. Adequate skills to 

repair/service the as par parts/equipment are required to avoid equipment failures that halt the supply of energy. Awareness of 

renewable energy among communities should be fostered, and a significant focus on their socio-cultural practices should be 

considered. Governments should support investments in the expansion of renewable energy to speed up the commercialization of 

such technologies. The Indian government should declare a well-established fiscal assistance plan, such as the provision of credit, 

deduction on loans, and tariffs. The government should improve regulations making obligations under power purchase agreements 

(PPAs) statutorily binding to guarantee that all power DISCOMs have PPAs to cover a hundred percent of their RPO obligation. 

To accomplish a reliable system, it is strongly suggested that renewables must be used in a hybrid configuration of two or more 

resources along with conventional source and storage devices. Regulatory authorities should formulate the necessary standards and 
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regulations for hybrid systems. Making investments economically possible with effective policies and tax incentives will result in 

social benefits above and beyond the economic advantages. 
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Abstract- Phytoplankton, as primary producers, is integral to the functioning of freshwater ecosystems, 

profoundly impacting aquatic food webs and water quality. This research investigates the phytoplankton 

diversity, morphology, and species composition in Shakkar Lake at Narnala Fort, shedding light on its 

ecosystem dynamics. Plankton samples were collected weekly from four designated sampling sites over a 

month-long period and preserved in a 5% formalin solution for microscopic analysis. The study identified 

phytoplankton belonging to the Cyanophyceae, Chlorophyceae, and Bacillariophyceae classes in Shakkar 

Lake. Within Cyanophyceae, four genera were observed: Anabaena, Nostoc, Microcystis, and Spirulina. 

Chlorophyceae exhibited three genera: Spirogyra, Cosmarium, and Zygnema, while Bacillariophyceae 

revealed three genera: Pinnularia, Cymbella, and Ulnaria. These findings provide valuable insights into the 

phytoplankton community structure of Shakkar Lake, enhancing our understanding of its ecological dynamics 

and contributing to broader research on freshwater ecosystems. 

 

Keywords: Phytoplankton, Freshwater Ecosystems, Shakkar Lake, Narnala Fort, Diversity, Morphology, 

Species Composition, Cyanophyceae, Chlorophyceae, Bacillariophyceae. 

 

  

Introduction 

 The objective of the current research is to identify the various types of phytoplankton inhabiting Shakkar Lake and 

to investigate their morphology and diversity. Situated within the Narnala Fort, Shakkar Lake is positioned at 

coordinates 210 15′ N and 770 4′ E, near Akot, Akola District, Maharashtra, and is currently located within the 

Melghat Tiger Reserve. This lake serves as a crucial water source for the Maharashtra Jeevan Pradhikaran water 

supply office. Phytoplankton, being ubiquitous, unicellular, and microscopic, serves as the primary life forms in 

aquatic environments. They play a pivotal role as the primary producers in the aquatic food chain, thereby 

significantly contributing to the global fishery resource (Reynolds, 1987; Vajravelu et al., 2018; Boruah and Das, 

2001). [1][2][3] Additionally, phytoplankton is fundamental in maintaining the equilibrium between living organisms 

and abiotic factors within aquatic ecosystems. The distribution of phytoplankton and their variations in different zones 

of a water body are influenced by various physico-chemical parameters of water. Research indicates that summer is 

the most conducive season for phytoplankton growth in freshwater lakes due to factors such as extended duration of 

light exposure, increased salinity, and pH levels (Chaturvedi et al., 1999).[4] Conversely, late summer and monsoon 

seasons witness a decrease in phytoplankton production due to factors like heavy rainfall, heightened turbidity, 

reduced salinity, temperature, and pH levels (Saravanakumar et al., 2008).[5] The study of plankton is an invaluable 

tool for assessing water quality in any water body, contributing significantly to the understanding of the lake's primary 

nature and overall economy (Pawar et al., 2006).[6] 

 

Material and Method 

Study area:  

Location: Shakkar Lake is situated within the Narnala Fort, which is positioned in the Akot, Akola District, and 

Maharashtra, India. 

Coordinates: Latitude 21° 15' N, Longitude 77° 4' E. 

Closest City: Akot, which is approximately 18 km away from the lake. 

Current Status: The area is now part of the Melghat Tiger Reserve. 

 

Sampling:   

Sampling Period: Plankton samples were collected weekly for the duration of a month in March 2023. 

Sampling Sites: Four sampling sites within the lake were selected for plankton sampling. 
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Sample Collection: Surface water samples, containing phytoplankton, were directly collected from each selected site 

of the lake. 

Handling: Samples were carefully transferred to bottles without disturbance to preserve their integrity. 

Transport: Collected samples were brought to the laboratory for further analysis. 

Timing: Sampling was conducted during morning hours. 

 
Shakkar Lake 

Preservation and Identification of Phytoplankton Samples: 

Preservation: Samples were preserved in a 5% formalin solution to maintain their structure for microscopic 

identification. 

Microscopic Identification: Plankton slides were prepared from the preserved samples. Identification was performed 

using a Magnus digital binocular microscope equipped with a 5-megapixel camera. 

Identification Resources: Various resources were utilized for identification, including: 

Reference books specifically focused on plankton identification. 

Journals and research papers relevant to plankton taxonomy and ecology. 

Online resources such as Google Lens, likely used for image-based identification assistance. 

Observation and Result 

 
                                  10X  40X 

 
                                                                    Microcystis      

 
Spirulina 
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Anabaena 

 
Nostoc 
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Cymbella 

 
Ulnaria 

 

Cyanophyceae Members   

Microcystis 

Microcystis is known for its small cells that contain gas-filled vesicles. Typically, these cells form colonies, which are 

visible to the naked eye and initially appear spherical. However, over time, these colonies lose their coherence and 

develop perforations or irregular shapes. The colonies are held together by a dense mucilage, which consists of 

various complex polysaccharide compounds such as xylose, mannose, glucose, fucose, galactose, rhamnose, and 

others (Rohrlack, Henning, & Kohl, 1999). 

Spirulina 

Spirulina is a multicellular and filamentous blue-green microalgae that forms symbiotic relationships with bacteria 

capable of nitrogen fixation from the air. It can exhibit rod or fragment shapes, with trichomes forming a regularly 

spirally curled cylinder. The individual cells within these trichomes can be delicate and challenging to distinguish, 

with sizes ranging from 1 to 8 µm in the periphery depending on the species. Spirulina is commonly found in both 

freshwater and brackish environments. Reproduction in Spirulina occurs exclusively through asexual means, primarily 

by double fission, as it does not engage in sexual reproduction..  

Anabaena   

Anabaena is a genus of nitrogen-fixing blue-green algae characterized by beadlike or barrel-like cells and interspersed 

enlarged spores known as heterocysts. These algae are commonly found as plankton in shallow water and on moist 

soil. There exist both solitary and colonial forms of Anabaena, with the colonial forms resembling those of a closely 

related genus, Nostoc. In temperate latitudes, particularly during the summer months, Anabaena may undergo prolific 

growth, leading to the formation of water blooms (Britannica, Editors of Encyclopaedia, 2016). 

Nostoc  

Nostoc is the most prevalent genus of cyanobacteria, widely distributed across various aquatic and terrestrial 

environments. These organisms have the ability to form colonies consisting of filaments made up of moniliform cells 

enveloped in a gelatinous sheath composed of polysaccharides. Additionally, Nostoc has the capability to establish 

symbiotic relationships within plant tissues, facilitating nitrogen fixation through specialized cells called heterocysts. 

The genus Nostoc encompasses numerous species exhibiting diverse morphologies, habitat distributions, and 

ecological functions (Fidor et al., 2019; Sand-Jensen, 2014). 

Chlorophyceae Members 

Spirogyra 

Spirogyra is a genus of filamentous charophyte green algae belonging to the order Zygnematales. It derives its name 

from the helical or spiral arrangement of chloroplasts, which is a distinguishing feature of the genus. With over 400 

species, Spirogyra is commonly found in freshwater habitats. Typically, Spirogyra measures between 10 to 100 μm in 

width and can grow to several centimeters in length. It is often observed as green slimy patches on the ground near 

ponds and other stagnant water bodies (Parmentier, 10). 
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Cosmarium 

Cosmarium is a genus of freshwater organisms that belong to the Charophyta division, which is a group of green algae 

considered to be the ancestors of land plants (Embryophyta). Within this extensive genus, the cells display 

considerable variability. They are all constricted in the middle, giving them a characteristic bi-lobed appearance, with 

each half referred to as a semicell. The cells come in various shapes, and their cell walls may exhibit different 

textures, including smooth surfaces or ornamentation with spines, granules, scrobiculations (pits), or pores. Generally, 

Cosmarium cells are flattened in structure (Hall & McCourt, 2014). 

Zygnema 

Zygnema is a genus of freshwater filamentous thalloid algae, encompassing approximately 100 species. Among them 

is a terrestrial species known as Z. terrestre, which is identified in India. Zygnema typically grows as a free-floating 

mass of filaments, although young plants may attach to streambeds using a holdfast structure. These filaments form a 

tangled mat, ranging in color from yellow-green to bright green. Each filament consists of elongated barrel-shaped 

cells, with two star-shaped (stellate) chloroplasts arranged along the cell's axis (Guiry & Guiry, 2008). 

Diatoms 

Diatoms are single-celled organisms that exist either individually or in colonies, adopting various shapes such as 

ribbons, 

fans, zigzags, or stars. These organisms exhibit a wide range of cell sizes, spanning from 2 to 200 micrometers in 

diameter (Hasle et al., 1996). 

Pinnularia 

Pinnularia are elongated elliptical unicellular organisms characterized by their unique cell structure. Their cell walls 

primarily consist of pectic substances supported by a rigid silica framework. Each cell is divided into two halves 

known as thecae, which overlap akin to a Petri dish and its cover. The larger outer valve is termed the Epitheca, while 

the smaller inner valve is referred to as the Hypotheca. A connecting band called a cingulum covers the margins of the 

two thecae, collectively forming a structure known as a frustule. Additionally, the entire cell is enveloped by a 

mucilaginous layer (Vashishta, Sinha, & Singh, 1960). 

Cymbella 

The cells of this organism exhibit a dorsiventral curvature, resembling the shape of an orange slice, ranging from 

slight to pronounced. They can exist either as colonial entities, forming branched mucilage stalks, or as individual 

cells. Within each cell, a single plastid contains two H-shaped plates that connect toward the dorsal side of the girdle, 

creating an enlarged bridge structure (Round et al., 1990). 

Ulnaria 

This organism is a pennate diatom, characterized by its elongated to needle-like shape when viewed from the valve, 

and appearing narrow and rectangular when viewed from the girdle. The valves are identical and lack a raphe, placing 

the genus within the category of araphid diatoms. Striae, or fine lines, are arranged in parallel rows, separated along 

the central axis of the cell by a thickened sternum. The central area of the valve lacks striae or may have very faint 

ones. While similar to Fragilaria, this organism does not form ribbons of cells joined side to side. Cells of this species 

are frequently attached to surfaces by one end. Furthermore, its chloroplasts are golden brown in color. 

 

Result 

The investigatory study conducted in Shakkar Lake has unveiled the presence of a diverse array of phytoplankton 

genera spanning different classes. The identified phytoplankton species in Shakkar Lake include Anabaena, Nostoc, 

Microcystis, Spirulina, Spirogyra, Cosmarium, Zygnema, Pinnularia, Cymbella, and Ulnaria. These findings 

highlight the rich biodiversity of phytoplankton in Shakkar Lake, underscoring the significance of further research to 

elucidate their ecological roles and dynamics within the lake ecosystem. 

 

Conclusion 

In conclusion, the phytoplankton community in Shakkar Lake at Narnala Fort comprises species belonging to the 

classes Cyanophyceae, Chlorophyceae, and Bacillariophyceae. Within Cyanophyceae, four genera were identified: 

Anabaena, Nostoc, Microcystis, and Spirulina. Chlorophyceae exhibited three genera: Spirogyra, Cosmarium, and 

Zygnema, while Bacillariophyceae revealed three genera: Pinnularia, Cymbella, and Ulnaria. These findings 

underscore the rich diversity of phytoplankton in Shakkar Lake and contribute to our understanding of its ecological 

dynamics. Further research is warranted to elucidate the interactions among these phytoplankton taxa and their impact 

on the lake's ecosystem health and functioning. 
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ABSTRACT –  

Plants are one of the most important sources of medicines from ancient time. The importance of herbal medicine is 

increases day by day. the chemical constituents present in the crude leaf extracts of Annona squamosa L. with special 

emphasis on their pharmacological actions. Qualitative phytochemical screening was carried out using the crude leaf 

extracts in four different solvents such as water, ethanol, acetone and petroleum ether. Phytochemical screening of 

the leaf extracts Shows the presence of glycosides, alkaloids, oils, saponins and flavonoids. the dried leaf extracts 

of Annona squamosa L. were evaluated against Escherichia coli and Pseudomonas aeruginosa. The leaf extracts 

of Annona squamosa L. shows the highly antibacterial activity against Escherichia coli and Pseudomonas 

aeruginosa. These results shows that the leaves are a rich source of primary and secondary metabolites exhibiting the 

antimicrobial activity 

 

INTRODUCTION  

From the ancient times, people have been inspecting the plants in search of novel drugs which has resulted in the use 

of numerous medicinal plants for the cure of various diseases (Verpoorte, 1998). 

According to World Health Organization (WHO, 2008) 80% populations living in the developing countries rely 

exclusively on traditional medicine for their primary health care needs of which most involve the use of plant extracts 

(Sandhya et al., 2006). Annona squamosa L. belonging to the family Annonaceae is a small ever green tree commonly 

found in India and originates from West Indies and South America. Different parts of Annona squamosa L. are used 

in traditional medicine for the treatment of numerous diseases (Suresh et al., 2006). It is mainly grown in gardens for 

its fruits and ornamental value. This plant is commonly called custard apple in English, sharifa in Hindi, Shitafal in 

Marathi and sitaphalam in telungu in india (Raj Sobiya et al., 2009).  The discovery of novel secondary metabolites 

or phytochemicals which are the non-essential nutrients derived from plants exhibiting a number of protective 

functions for human consumers. It is considered beneficial for cardiac disease, diabetes hyperthyroidism and cancer. 

The root is considered as a drastic purgative (Raj Sobiya et al., 2009). A leaf decoction was taken in the case of 
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dysentery (S. Gajalakshmi et al., 2011). Leaves are used as plaster over boils and ulcers. The ripe fruits of this plant 

are applied to malignant tumors to accelerate suppuration. The dried unripe fruit powder is used to destroy insect. 

The seeds are pungent and poisonous. Powdered seeds serve as fish poison and insecticides. A paste of seed powder 

has been applied to the head to kill lice. It is also used for destroying worm in the wound of cattle’s (Parvin et al., 

2003). Phytochemical screening is a method in which we expose the properties readily available in plants for bio-

activity or ethno-medical applications. Thuse it is expected that phytochemicals with adequate antibacterial efficiency 

can be used for the treatment of bacterial infections (Balandrin et al., 1985). The medicinal plants play an important 

role in the development of newer drugs because of their effectiveness, less side effects and relatively low cost when 

compared with synthetic drugs (Raj et al., 2011).  

The present study aims in exploring the phytochemical constituents, antibacterial properties of the crude leaf extracts 

of Annona squamosa L. 

 

 

MATERIALS AND METHODS - 
 

Collection and Identification – The dust and infections free leaves and of Annona squamosa L. were collected 

from its natural habitat in khatkali region of Akot tehsil in District Akola.  Maharashtra, India. During January – 

February of 2023. Taxonomic identification of plants was carried out by using published floras. 

Extraction: The leaves and stem of Annona squamosa L. were thoroughly washed 3-4 times in running tap water, 

and then the leaves and stem are shade dried. After complete shade drying, the leaves and stem were grinded in mixer; 

the powder was stored in small polyethene bags. 30 gm of powder was taken for preparation of plant extract in 

solvents like acetone (300 ml), Petroleum ether (300 ml) and Ethanol (300 ml) by using Soxhlet extractor. Then the 

extracts become concentrated by evaporating solvent and stored in sterile bottle in deep freezer at 5ºC for further use. 

For the preparation of aqueous extract, the powdered material of 5 gm was taken by weighing balance and crushed 

in 50 ml of distilled water then boiled at 50-60˚ C for 30 – 40 minutes in water bath and filtered through Whatman 

No. 1 filter paper. The filtrate was centrifuged at 2800 rpm for 10 minutes then the filtrate was stored in sterile bottle 

in deep freezer at 5ºC for further use. 

 

Phytochemical screening – 
Preliminary phytochemical screening (qualitative) for to detect the bioactive compounds like phenols, alkaloids, 

glycosides, tannins, flavonoids, steroids, saponins, was carried out by using following methods (Mirge et al., 2022): 

Test for proteins – Take 2 ml of protein solution 1ml of 40% NaOH solution and 1 to 2 drops of 1% CuSO4 solution 

was added. A peptide linkage in molecules is indicated by the violet color. 

Test for amino acids - Take 2 ml of sample was added to 2 ml of Ninhydrin reagent and kept in water bath for 20 

minutes. Appearance of purple color indicated the presence of amino acid in the sample. 

Test for reducing sugars - Take 2 ml of extract 2 drops of Molisch’s reagent was added and shaken well. 2ml of 

conc. H2SO4 was added drop by drop on the sides of test tube. A reddish violet ring form at the junction of two layers 

which indicated the presence of carbohydrates. 

Test for Alkaloids - Solvent free extracts, 50 mg was stirred with few ml of dilute HCL and filtered. The filtrate is 

tested with various alkaloidal reagents as follows: 

Mayer’s test- Few ml of filtrate and a drop or two of Mayers reagent were added by the side of the test tube. A white 

or creamy ppt indicates the presence of alkaloids. 

Wagner’s test - Take a few ml of filtrate, few drops of Wagner’s reagent were added by the side of the test tube. A 

reddish- brown ppt confirms the presence of alkaloids. 

Hager’s test - Take a few ml of filtrate, 1 or 2 ml of Hager’s reagent (saturated aqueous solution of picric acid) were 

added. A prominent yellow ppt indicates the presence of alkaloids. 

Test for phenolic compound - Lead acetate test - The extract (50mg) was dissolved in distilled water and to this; 

3ml of 10% lead acetate solution was added. A bulky white precepted indicates the presence of phenolic compounds. 
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Test for Tannins - Take a 0.5g of the plant extract was added in 10 ml of water in test tube and filtered. A few drops 

of 0.l% ferric chloride were added and observed for brownish green or blue- black coloration 

 

Test for glycoside - Each extract was hydrolyzed with HCL and neutralized with NaOH solution. A few drops of 

Fehling’s solution A and B were added to each mixture. Formation of red precepted indicates the presence of 

glycosides. 

Test for Flavonoids 

(a) 0.2 g of each extract was dissolved in diluted NaOH and few drops of HCL were added. A yellow solution that 

turn colorless indicates the presence of flavonoids 

(b) To 2 ml of test solution, 0.5ml alcohol was mixed. Then a bit of magnesium and 1 or 2 drops of con. HCL were 

added and heated. The mixture was analyzed for reaction 

Test for Phenols - To 2 ml of test solution, alcohol and then few drops of neutral ferric chloride solution was added. 

A dark green color indicated the presence of phenolic compound. 

Terpenoids: 2ml of leaf extract was added to 2ml of acetic anhydride and concentrated H2SO4. The blue, green ring 

is form which shows the presence of terpenoids. 

Steroids: 1ml of leaf extract was dissolved in 10ml of concentrated sulphuric acid and equal volume of chloroform 

was added by sides of the test tube. The upper layer turns red in color and sulphuric acid layer showed the yellow 

with green fluorescence. Which shows the presence of steroids 

Test for Resins - To the 0.2 g of each extract, 10 ml of glacial acetic acid was added then heated and cooled. A drop 

of conc. H2SO4 was added. Purplish red color shows the presence of resins 

Saponins: 5ml of leaf extract was mixed with 20 ml dist. water and continuously shake it for 15 min. the foam is 

form which shows the presence of saponins.  

 

 

Antibacterial Activity – 

Antibacterial activity was carried out against Escherichia coli and Pseudomonas aeroginosa. In order to access the 

biological significance and ability of the plant part, the minimal inhibitory activity was determined by well diffusion 

method. Petriplates containing 20ml of Nutriant agar medium were seeded each with 24hr old culture of bacterial 

strains such as E. coli and P. aeroginosa. Wells of approximately 10 mm diameter was bored using a well cutter and 

25 μl, 50 μl and 100μl of the extracts were added to the well from a stock concentration of 0.1g /1ml. The plates were 

then incubated at 37 °C for 24 hours. Antibacterial activity was assayed by measuring the diameter of the zone of 

inhibition in millimeters formed around the wells. 

 

Sr. 

No. 

Phytochemical 

Component 

Acetone Petroleum 

ether 

Ethanol Aqueous 

01 Protein + - + - 

02 Amino Acid - - - - 

03 Reducing Sugar + + - + 

04 Alkaloids 

Mayer’s  

Wagner’s 

Hager’s 

 

- 

+ 

+ 

 

- 

+ 

+ 

 

- 

+ 

+ 

 

+ 

- 

+ 
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Table 1: Phytochemical analysis of Annona squamosa L. leaf extracts 

 

 

Table 2 - Qualitative antimicrobial activity of different solvent extract of Annona squamosa L. 

against test organisms 

 

        

 

 

      

 

 

 

Table 3: Zone of inhibition of acetone leaf extract of Annona squamosa L. 

 

Test organism Zone of inhibition  

Concentration of leaf extracts 

25 μl 50 μl 100 μl 

E. Coli - - 12 mm 

P. aeroginosa - 15mm 18 mm 

 

 

 

     Table 4: Zone of inhibition of ethanol leaf extract of Annona squamosa L. 

 

Test organism Zone of inhibition  

Concentration of leaf extracts 

25 μl 50 μl 100 μl 

E. Coli - 12 mm 17 mm 

 

 

       

 

 

 

05 Phenolic compounds 

Lead acetate 

 

- 

 

+ 

 

+ 

 

+ 

06 Tannins + + - - 

07 Glycosides + - + + 

08 Flavonoids + - + + 

09 Phenol - + + + 

10 Terpenoids + - - + 

11 Steroid + + - - 

12 resins - - - + 

13 saponins + - - + 

Sr. 

No. 

Test organism Acetone Petroleum ether Ethanol Aqueous 

01 E. Coli + - + - 

02 P. aeroginosa + - - + 
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Table 5: Zone diameter of inhibition of Aqueous leaf extract of Annona squamosa L. 

 

Test organism Zone of inhibition  

Concentration of leaf extracts 

25 μl 50 μl 100 μl 

P. aeroginosa - - 18 mm 

 

        

Results and Discussion  

 
Phytochemical Analysis - Table 1 represent the various phytochemical constituents present in the leaf extracts of 

Annona squamosa L. The phytochemical studies of extract in all the four solvent are as follows acetone shows positive 

result for protein, reducing sugar, alkaloid, tannin, glycoside, flavonoid, steroid, terpenoids and saponin.  Petroleum 

ether shows positive result for reducing sugar, alkaloid, phenolic compound, tannin, phenols, and steroids. Ethanol 

shows positive for protein, alkaloid, phenolic compound, glycoside, flavonoid, and phenol. Aqueous extract shows 

positive result for reducing sugar, alkaloid, phenolic compound, glycoside, flavonoids, phenols, terpenoids, resin and 

saponins. From the above result it is concluded that the acetone and aqueous shows more positive results. 

 

Antibacterial activity- Table – 2 represent the qualitative antibacterial activity of leaf extract against E. coli  and P. 

aeroginosa which show positive and negative result. In table 3 shows the zone of inhibition in acetone leaf extract 

exhibited no activity in 25µl and 50µl but produced 12mm zones of inhibition in 100µl concentrations  for E.coli. 

and for the P. aeroginosa  showed no activity in 25µl but produced a 15mm &18mm inhibition zone in 50µl and100µl 

concentration respectively. In table 4 shows the zone of inhibition in ethanol leaf extract exhibited no activity in 25µl 

but shows 12mm and 17 mm zone of inhibition in 50µl and 100µl respectively for E.coli.  In table 5 shows the zone 

of inhibition in Aqueous leaf extract exhibited no activity in 25µl and  50µl but show 18mm zone of inhibition in 

100µl for P. aeruginosa. 

Antibacterial activity was expressed at varying degrees with the difference in concentration. Higher concentration of 

the leaf extract shows highest antibacterial activity. 

 

Conclusion - Medicinal plants were the potent source of human health due to the presence of active phytochemical 

compounds that is responsible for its various pharmacological activities. On the basis of the results obtained in the 

present study conclude that Annona squamosa L. is rich in phytochemical constituents and showed antibacterial 

properties. The results of the phytochemical screening of the leaf extracts of samples varied, while some of the 

components were present, some were absent. It was observed that most of the components were present in acetone 

and aqueous extracts. The present study highlights the possible use of Annona squamosa L. leaf extracts as a source 

of antioxidants and antibacterial agents that can be used to prevent gastrocolic diseases. 
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Abstract: This study investigates the phytochemical composition of Argemone mexicana and Trichodesmum indicum, two medicinal 

plants known for their therapeutic potential. Leaves from these plants were collected, processed, and subjected to qualitative 

phytochemical analysis using various extraction methods and screening tests. The results revealed the presence of bioactive compounds 

such as alkaloids, phenolic compounds, steroids, resins, saponins, and terpenoids in different extracts of both plant species. Notably, 

flavonoids, glycosides, and phenols were absent in the extracts. The findings underscore the importance of further research to isolate, 

characterize, and evaluate the pharmacological properties of these bioactive constituents for potential therapeutic applications. 

Additionally, considerations for safety and drug interactions are essential for the development of novel therapeutics from these botanical 

sources. 
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1. Introduction 
 

Phytochemicals, natural compounds found in plants, have 

gained attention for their medicinal potential (Junaid R 

Shaikh et al., 2020; Soloman Charles et al., 2013). These 

bioactive substances, produced by plants as secondary 

metabolites, offer diverse pharmacological benefits. Plants 

like Argemone mexicana and Trichodesmum indicum are 

notable for their traditional healing properties (M.S. Saranya 

et al., 2012; Manani Lata et al., 2015). However, 

understanding their phytochemical composition and 

therapeutic potential remains limited. Our research aims to 

fill this gap by analyzing the bioactive compounds in these 

plants, exploring their antioxidant properties, and 

contributing to their pharmacognostical characterization (K. 

Anushka et al., 2014; T. Arun et al., 2012; Lokeshwar T, 

2023). Through this study, we seek to bridge traditional 

knowledge with modern scientific inquiry, uncovering the 

therapeutic potential of these botanical treasures while 

ensuring safety and efficacy in promoting human health. 

 

2. Materials and Methods 
 
Leaves of Argemone mexicana and Trichodesmum indicum 

were collected from a farm in Bambarda Bk, Akot, District 

Akola, Maharashtra, India. 

 

Preparation of Plant Extracts: 

1) Washed leaves with running tap water 2-3 times. 

2) Rinsed leaves with distilled water. 

3) Shade-dried for seven days. 

4) Powdered using a mixer and grinder. 

5) Weighed 20 grams of powdered plant material for each 

sample. 

6) Subjected powdered material to extraction using 

acetone, alcohol, and water in a Soxhlet extractor. 

7) Extraction conducted for 72 hours. 

8) Solvent extracts collected and concentrated using a 

rotary evaporator. 

 

Phytochemical Screening Tests: 

1) Test for Protein: Mix 2 ml of protein solution with 1 

ml of 40% NaOH and 1-2 drops of 1% CuSO4. 

Presence of a violet color indicates peptide linkage. 

2) Test for Amino Acid: Add 2 ml of sample to 2 ml of 

Ninhydrin reagent; incubate in a water bath for 20 

minutes. Purple color indicates presence of amino acids. 

3) Test for Reducing Sugar: Mix 2 ml of extract with 2 

drops of Molish's reagent, then add 2 ml conc. H2SO4 

drop wise. Reddish-violet ring at the junction indicates 

presence of carbohydrates. 

4) Test for Alkaloids (Mayer's, Wagner's, Hager's 

tests): Solvent-free extracts stirred with dilute HCl, then 

filtered and tested with respective reagents. 

5) Test for Phenolic Compounds (Lead Acetate Test): 

Dissolve 50 mg of extract in distilled water, add 3 ml of 

10% lead acetate solution. Bulky white precipitate 

indicates presence of phenolic compounds. 

6) Test for Tannins: Add 0.5 g of plant extract to 10 ml of 

water in a test tube, filter, then add a few drops of 0.1% 

ferric chloride. 

7) Test for Glycosides: Hydrolyze each extract with HCl, 

neutralize with NaOH, then add Fehling's solution A 

and B. Formation of red precipitate indicates presence 

of glycosides. 

8) Test for Flavonoids: a. Dissolve 0.2 g of each extract 

in diluted NaOH, and then add a few drops of HCl. A 

yellow solution that turns colorless indicates the 

presence of flavonoids. b. Mix 2 ml of the test solution 

with 0.5 ml of alcohol. Add a small amount of 

magnesium and 1-2 drops of concentrated HCl, then 

heat the mixture. Analyze the reaction for characteristic 

indications. 

9) Test for Phenols: Add alcohol and neutral ferric 

chloride solution to test solution. 
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10) Test for Terpenoids: Mix leaf extract with acetic 

anhydride and concentrated H2SO4. 

11) Test for Steroids: Dissolve leaf extract in conc. 

sulphuric acid, add chloroform, and observe color 

change. 

12) Test for Resins: Heat plant extracts with glacial acetic 

acid, and then adds conc. H2SO4. 

13) Test for Saponins: Mix leaf extract with distilled water 

and shake vigorously for 15 minutes. 

14) This outlines the methodology employed for plant 

material collection, extraction, and phytochemical 

screening of Argemone mexicana and Trichodesmum 

indicum leaves.   

 

 
Figure: Argemone mexicana 

 

 
Figure: Trichodesmum indicum 

 

3. Observation Tables 
 

Table 1: Phytochemical screening of leaf extract of 

Argemone mexicana. 
Sr. No. Constituents tests Acetone Alcohol Aqueous 

1 Protein - - - 

2 Amino Acid - - - 

3 Reducing Sugar + + + 

4 

Alkaloids 

Mayer`s 

Wagner`s 

Hager`s 

 

 

+ 

+ 

+ 

 

- 

+ 

+ 

 

+ 

+ 

+ 

 

5 
Phenolic compounds 

Lead acetate 
+ + + 

6 Tannins - + + 

7 Glycosides - - + 

8 Flavonoids - + - 

9 Phenol - - - 

10 Terpenoids + + + 

11 Steroid + + + 

12 Resins + + + 

13 Saponins + + + 

 

 

4. Result and Discussion 
 

The qualitative analysis of phytochemical compounds in the 

leaves of Argemone mexicana and Trichodesmum indicum 

provides valuable insights into the potential bioactive 

constituents present in these medicinal plants. 

 

Understanding the phytochemical composition is crucial for 

elucidating their pharmacological properties and therapeutic 

potential. 

 

For Argemone mexicana: 

The acetone extract showed the presence of alkaloids, 

phenolic compounds, steroids, resins, saponins, and 

terpenoids. Amino acids, tannins, glycosides, flavonoids, 

and phenols were absent. 

 

The alcohol extract exhibited the presence of reducing sugar, 

phenolic compounds, alkaloids, tannins, flavonoids, steroids, 

resins, terpenoids, and saponins. Amino acids, glycosides, 

and phenols were not detected. 

 

The aqueous extract displayed the presence of reducing 

sugar, alkaloids, phenolic compounds, tannins, glycosides, 

terpenoids, steroids, resins, and saponins. Amino acids, 

flavonoids, and phenols were absent. 

 

For Trichodesmum indicum: 

The acetone extract demonstrated the presence of reducing 

sugar, alkaloids, phenolic compounds, tannins, terpenoids, 

steroids, resins, and saponins. Amino acids, glycosides, 

proteins, flavonoids, and phenols were not found. 

 

The alcohol extract revealed the presence of alkaloids, 

phenolic compounds, flavonoids, terpenoids, steroids, resins,  

and saponins. Amino acids, reducing sugar, tannins, 

glycosides, and phenols were absent. 

 

The aqueous extract indicated the presence of alkaloids, 

phenolic compounds, tannins, terpenoids, steroids, resins, 

and saponins. Amino acids, reducing sugar, glycosides, 

flavonoids, and phenols were not detected. 

 

5. Conclusion 
 

The qualitative analysis of phytochemical compounds in the 

leaves of Argemone mexicana and Trichodesmum indicum 

reveals the presence of various bioactive constituents with 

potential therapeutic properties. Further studies focusing on 

the isolation, characterization, and pharmacological 

evaluation of these compounds are warranted to harness the 

full medicinal potential of these plants. Additionally, 

investigations into the safety profiles and potential drug 

interaction of these phytochemicals are essential for their 

development as novel therapeutic 
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Table 2: Phytochemical screening of leaf extract of 

Trichodesmum indicum. 
Sr. No. Constituents tests Acetone Alcohol Aqueous 

1 Protein - - - 

2 Amino Acid - - - 

3 Reducing sugar + - - 

4 

Alkaloids 

Mayer`s 

Wagner`s 

Hager`s 

 

+ 

+ 

+ 

 

+ 

+ 

+ 

 

+ 

+ 

+ 

5 
Phenolic compound 

Lead Acetate 
+ + + 

6 Tannins + - + 

7 Glycosides - - - 

8 Flavonoids - + - 

9 Phenol - - - 

10 Terpenoids + + + 

11 Steroid + + + 

12 Resins + + + 

13 Saponins + + + 
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ABSTRACT: In vitro regeneration is a pre-requisite for developing transgenic plants through tissue culture-

based genetic engineering approaches. The genus Brassica necessitate the identification of a set of regeneration 

conditions for a genotype, which can be reliably used in transformation experiments. In this study, we evaluated 

the morphogenesis potential of four commercial cultivars. The explants namely cotyledons, hypocotyls, petioles 

and roots on three different Brassica regeneration protocols, BRP-I, -II and -III. The regeneration efficiency was 

observed in the range of 6–73%, 4–79.3%, 0–50.6%, and 0–42.6% from cotyledons, petioles, hypocotyls, and 

roots, respectively, whereas, the regeneration response in terms of average shoots per explant was found to be 

0.76–10.9, 0.2–3.2, 0–3.4 and 0–2.7 from these explants. its regeneration frequency from cotyledons was up to 

7.5-fold higher on BRP-I, while it produced up to 21.9-fold more shoots per explant. Our data show that the 

explant has strong influence on the regeneration response, ranging from 24% to 92%. While the growth of 

commercial cultivars was least elected by the regeneration conditions provided, the erect on Westar was twice 

that of the commercial cultivars. Inhibit the growth of untransformed cells for these cultivars. successfully 

grown to maturity within 16–18 weeks, with no altered phenotype noted and normal seed yields obtained. 

Therefore, the commercial variety, Aari canola, would be a good candidate for future genetic transformation 

studies. 

 

Keywords: in vitro regeneration; tissue culture; commercial cultivars; Brassica Sp. 

  

INTRODUCTION 

 

Brassica, from the family Brassicaceae, is an economically important genus. It includes several species that are 

often used as oilseed crops, vegetables, fodder crops as well as condiments. Brassica oilseed varieties producing 

oil low in anti-nutritive aliphatic glycosylates and acid as well as rich in unsaturated fatty acids are generally 

termed as ‘canola’ Conventionally, the term ‘canola’ was more often used for B. napus but now some canola 

quality varieties of B. rapa and B. juncea are also available. The development of stress tolerant Brassica is 

possible by transferring genes from the plant species that are adapted to harsh environmental conditions. These 

species present a rich reservoir of the traits that enable them to grow under stressful conditions. However, 

transferring these traits to salt or drought sensitive crops is only possible by genetic transformation, as they 

cannot be cross bred through conventional breeding approaches for example, a plant species must be responsive 

to in vitro regeneration protocols, and a robust regeneration system is one of the key pre-requisites for successful 

genetic transformation. Several indigenous Brassica varieties developed locally have canola characteristics. 

Being stress-sensitive, these varieties are unable to grow on marginal lands. Although transformation of Brassica 

species has been reported in several studies, several Brassica genotypes remain recalcitrant to genetic 

transformation. Several factors including susceptibility to Agrobacterium infection, choice of explant and tissue 

culture conditions mainly responsible for these variations have been identified. These factors vary from 

genotype to genotype, indicating a strong genetic control on in vitro regeneration and transformation of Brassica 
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genotypes. The information generated in this study will be useful for developing stress-resilient Brassica 

varieties by directly transforming the commercial cultivars. 

       

Results 

 

Shoot Regeneration from Cotyledons 

All the explants, including cotyledons, normally regenerated multiple shoots and occasionally a single shoot per 

explant. Regenerates formed from the cut end of the 2 mm petiole attached to the cotyledon. The highest 

regeneration efficiency was observed for Aari canola on all the three protocols with 70.6% on BRP-I, 69.3% on 

BRP-II, and 73.3% on BRP-III Faisal canola showed the lowest regeneration efficiency on BRP-I (6.0%) which 

showed the lowest regeneration on BRP-II and BRP-III with 13.3% and 10.0% efficiency, respectively. The 

regeneration efficiency of on BRP-I, 3.8-fold higher on BRP-II and 2.5-fold higher on BRP-III. In terms of total 

shoots regenerated, the highest shoot formation was observed. All the three protocols with 548 shoots on BRP-

I (average 10.96 shoots/explant), 436.3 on BRP-II (8.72 shoots/explant) and 366.3 on BRP-III (7.3 

shoots/explant) from a total of 50 explants. The least regeneration responsive was (25 shoots/50 explants; 

0.50/explant) BRP-I, and BRP-II (38.3 shoots/50 explants; 0.76 shoots/explant) and BRP-III (25 shoots/50 

explants; 0.50/explant). In terms of average number of shoots per explant, it was in the range of 0.50–10.9, 

0.76–8.7 and 0.5–7.3 from cotyledons on BRP-I BRP-II and BRP-III, respectively. Overall, the regeneration 

response of Aari canola, in terms of total shoots formation, was 21.9-fold higher than Westar on BRP-I, 7.0-

fold higher on BRP-II and 2.3-fold higher on BRP-III. 

 

 

 
             

 

                             Figure 1. Regeneration efficiency of five Brassica cultivars  

Shoot Regeneration from Detached Petioles 

Petiole explants regenerated shoots along the middle rib after 3 weeks on SIM. The highest regeneration 

efficiency from detached petioles was observed for on BRP-III (79.3%), BRP-I and BRP-II with a regeneration 

of 27.3% and 30.6%, respectively (Figure 1b,f,j). The lowest regeneration efficiency was observed for Faisal 

canola on BRP-I (10.0%), followed by BRP-II (13.3%), and Nifa Gold on BRP-III (4.0%). The regeneration 

efficiency and 2.3-fold lower on BRP I and BRP-II, respectively, while 1.3-fold higher on BRP-III. The highest 

number of shoots on BRP-I and BRP-II with 137 and 164.33 shoots from 50 explants the highest number of 

shoots (129 shoots) on BRP-II (Figure 2b,f,j). least number of shoots on BRP-I (14.3 shoots/50 explants) and 

BRP-III (15.6 shoots) while it was Westar, which showed the lowest response on BRP-II with 24.6 shoots from 

50 explants. The average number of shoots per explant was in the range of 0.2–2.7, 0.4–2.5 and 0.3–3.2 on BRP-

I, BRP-II and BRP-III, respectively. The number of shoots produced by Aari canola was 1.7-fold, 5.2-fold and 

1.0-fold on BRP-I, BRP-II and BRP-III respectively.  
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Shoot Regeneration from Hypocotyls 

Regeneration from hypocotyl segments usually started after 3 weeks on SIM although callus formation started 

in the second week. The upper end of the hypocotyl cut 2 mm below the epicotyl region showed more swelling 

and calli formation, ultimately producing higher number of shoots as compared to the other end of the explant. 

Shoot regeneration was rarely observed from the middle rib portion. The highest regeneration efficiency from 

hypocotyls was observed on BRP-III (50.6%) followed by Brassica with 37.3% and 32.6%, respectively (Figure 

1k). The highest regeneration efficiency on BRP-I and BRP-II was of Brassica with 15.3% and 21.3%, 

respectively, as compared to the other cultivars, suggesting the suitability of these protocols for Brassica for 

obtaining regeneration from hypocotyls sections.  it was 5.3-fold higher on BRP-I, 17.3-fold lower on BRP-II 

and 1.3-fold higher on BRP-III. The highest number of shoots on BRP-I (60.3 shoots from 50 explants) and 

BRP-II (170 shoots/50 explants) while the highest shoots on BRP-III (121 shoots/50 explants) (Figure 2c, g, k). 

The hypocotyl segments of respond to BRP-II, BRP I. Regeneration on all three protocols, with highest shoot 

count on BRP-III (82 shoots/50 explants), followed by BRP-II with 61.6 shoots and BRP-I with 15 shoots. The 

average number of shoots generated from hypocotyls were in the range of 0–1.2, 0–3.4, and 0.4–2.4 per explant 

on BRP-I, BRP-II and BRP-III, respectively. 

. 

Effect of Explant, Regeneration Conditions, and Their Interaction on In Vitro Regeneration 

The data obtained was analysed for the significance and the degree of erect of the explant type, the growth 

regimes, as well as their interaction on the regeneration of all the cultivars. A standard analysis of variance was 

applied to analyse the regeneration data. Table 1 shows the summary of the analyses. The explant had a highly 

significant erect on regeneration (p _0.0001). The erect of regeneration conditions was less significant. other 

cultivars (p _ 0.001),whereas, it was highly significant (p _ 0.0001). The effect of explant regeneration 

conditions was statistically non-significant. The erect of replication was non-significant on all cultivars except. 

In terms of percentage contribution of these erects to the regeneration efficiency, the erect of explant type was 

highest from all the other factors except (Table 2). It was highest in (91.87%) while lowest in (24.13%). The 

effect of regeneration conditions was much more pronounced on regeneration (57.21%) compared to that of the 

commercial varieties. It was highest for Brassica (27.12%) and Brassica (31.44%) while lowest for (4.95%).  

 

Table 1. Mean square and significance levels from analysis of variance of data from the regeneration of five 

Brassica cultivars. 

Sourse of 

Variation 

 DF Brassica I Brassica II  Brassica III Brassica IV Brassica V 

Explant (E)                               3              6552 ****         368,487 

****       

26,280 ***           6644 ****           10,035 **** 

Regeneration 

Conditions (RC)   

2 8297 ***          11,116 ***           1026 NS                

 

8261 ****           35,692 ** 

Interaction 

(ExRC)                   

6 2540 ****         

 

9938****                           1762 NS 3202 ****          2323 ** 

Replicate                                           

 

8 115.9 NS           795.6 NS             891.1 NS               318.7 ***            302.9 NS 

Residual Error                           16 236.1                 596.7                   769.1                     

 

180.1                  

 

432.5 

 

             *, **, ***, **** Significant at p = 0.05, 0.01, 0.001 and 0.0001, respectively; NS, non-significant 
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Table 2. Percent contribution of explant type, growth conditions, and their interaction on the regeneration 

frequencies of five Brassica cultivars. 

 

                                            Percent Contribution of a Treatment to the Total Experimental 

Variations 

Source of 

Variation 

Brassica  I Brassica  II Brassica  III Brassica  IV Brassica   

Explant Type (E 34.98 91.87 71.09 32.62 24.13 

Regeneration 

Conditions (RC) 

29.53 1.848 1.850 27.04 57.21 

Interaction (E x 

RC) 

27.12 4.956 

 

9.533 31.44 11.17 

Replicate 1.650 0.529 6.428 4.173 1.942 

Residual Error 6.720 0.797 11.09 4.727 5.548 

Total 100.0 100.0 100.0 100.0 100.0 

 

 

Materials and Methods 

Plant Material and Growth Conditions Five different cultivars (four local and one model) belonging to Brassica 

napus and B. juncea wereobtained from different 

 

Table 3. List of cultivars with their sources used in this study. 

 

Sr.No.         Cultivar Species                                                     Source 

1.          Brassica juncea                                              oil seed are used 

2.          Brassica napus oil seed are used 

3.          Brassica napus oil seed are used 

4.          Brassica napus oil seed are used 

5.          Brassica napus oil seed are used 

6.          Brassica napus oil seed are used 

 

Sterilization and Sowing 

         Seeds were stratified at 4°C for 48 h before sowing to ensure uniform germination. Seeds were surface 

sterilized by immersing in 100% ethanol for 2 min followed by immersing in commercial bleach (sodium 

hypochlorite solution) containing 4–6% available chlorine plus 2–3 drops of 10% bettween-20 for 10 min. The 

seeds were then rinsed four times with sterile distilled water in a laminar flow and placed on sterile filter paper 

to dry and germinated on seed germination media (MS salts, 3% sucrose, 1 mg/L pyridoxine, 1 mg/L nicotinic 

acid, 10 mg/L thiamine-HCl, 100 mg/L myo-inositol, 4 g/L phytagel, pH 5.7–5.8) at a density of 20 seeds per 

90 30 mm petri dish in a growth room maintained at 23°C at 16 h light/8 h dark cycles under a light intensity of 

50 mol m2 s1 provided by cool fluorescent bulbs. 

 

Explant Isolation and Shoot Induction 

Four different explants intact cotyledons with approximately 2 mm of petiole, hypocotyls (Approximately 3–4 

mm), petioles (approximately 2 mm, with the ‘leaf of the cotyledon removed’, and roots (3–4 mm) sections 

were subjected to in vitro regeneration conditions. Four-day old seedlings were used for explant isolation. A 

pair of long, sterile forceps were used to remove the seedlings from the germination media and placed in sterile 

petri dishes. Explants were cut and separated using a sharp scalpel blade and transferred to either shoot induction 

media (SIM)or callus induction media (CIM) (see Table 4 for composition). Cotyledons were excised with a 

sharp scalpel blade with 2 mm petiole avoiding any part of meristem. Explants were placed on the medium in 

such a way that the petiole was embedded in media and the cotyledonary lamella was clear of the media. 10 

explants were established on each plate and transferred to a growth room at 23°C under scattered light. Cultures 

were transferred to fresh medium every two weeks. The explants were subjected to regeneration under three 

different regeneration protocols termed as Brassica Regeneration Protocols, BRP-I , BRP-II  and BRP-III  
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Table 4. Composition of different mediums used in the study. 

 

Reagent                                    BRP-I BRP-II BRP-III 

                                            

SIM             GRM              

CIM          SIM         

RIM 

CIM      SIM       SOM    RI 

MS salts (mg/L) 4.43                                     4.43            4.43          

4.43                                                                                           

4.43       4.43        4.43    2.215                                                                                          

Gamborg’s salts 

(mg/L) 

                    3.1  4.43       4.43        4.43    2.215           

Sucrose (mg/L) 30                 10 30              30             30 20           20         20           10 

Vitamin Stock (ml/L 1                    1 1                 1               1  1              1           1             1 

  Phytagel (g/L) 4                    4 4                 4               4 4              4           4             4 

   BAP (mg/L) 2                      6               1              0.75          3         

0.00125 

NAA (mg/L)   0.1                      0.2           0.2 

    IBA(mg/L)                                               1 

    AgNO3 (mg/L)                               5              5 

    GA3 (mg/L)                              0.01          

0.01 

    CaCl2 (mg/L)   435       435         435 

     KI (mg/L)   05           0.75      0.75        0.75 

  Adenine 

hemisulphate   

(mg/L) 

  40 

PVP 40,000 (mg/L)   500 

 

BRP, Brassica regeneration protocol; SIM, shoot induction medium; GRM, Gamborg’s rooting medium; CIM, 

Callus induction medium; RIM, Root induction medium; SOM, Shoot outgrowth medium. 
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Abstract— Certain metal complexes exhibit 
different characteristic properties depending 
on the nature of the metal as well as the type 
of ligand. A novel schiff base ligand was 
prepared by condensation of 
[1-(2-Hydroxy-1-naphthyl)ethanone](HNET) 
and 4-Nitrobenzenamine(NBA). Its metal 
complexes of Cr(III), Mn(II), Co(II), Ni(II), 
Cu(II), Zn(II) and Cd(II) was characterised 
and invested by physical and spectral 
techniques, namely, elemental, electrical 
conductance, molecular weight, IR, electronic 
spectra, magnetic susceptibility 
measurements and thermogravimetric 
analysis.  

Thermal properties and 
decomposition possibilities of all complexes 
are suggested. Detailed studies of the thermal 
properties of the complexes were investigated 
by thermogravimetric techniques. The 
interpretation of all thermal decomposition 
stages has been evaluated. The complexes are 
found to be colored and stable in air at room 
temperature.  
Index Terms— azomethine 
linkage, decomposition possibilities, Spectral 
techniques, thermal studies. 
 

INTRODUCTION 
From more than last one decade, there 

has been a dramatic growth of interest in 
inorganic complexes based materials that exhibit 
unusual properties [1]. Schiff bases derived from 
an amine and aldehyde/ketones are an important 
class of ligands that coordinate to metal ion via 
azomethine nitrogen and have been studied 

extensively [2]. Schiff base complexes have 
been found to be important precursor for semi 
conducting materials [3, 4]. Various studies have 
shown that Schiff base derived from substituted 
acetophenone containing nitrogen/sulphur 
and/or oxygen as ligand atoms are of interest as 
simple structural models of more complicated 
biological systems application such as 
biochemical, analytical, industrial [5-6] and their 
metal complexes shown wide spectrum of 
antimicrobial agents. In the present paper, we 
report the synthesis and   thermal studies of 
complexes derived from 
[1-(2-Hydroxy-1-naphthyl)ethanone](HNET) 
and 4-Nitrobenzenamine(NBA) 

 
MATERIALS AND METHOD 
Manganese(II), cobalt(II), nickel(II), 

chromium(III), copper(II), zinc(II), and 
cadmium(II) acetate salts used were of Merck 
and BDH make. Organic solvents such as 
absolute ethanol, methanol, petroleum ether, 
dimethyl formamide (DMF) and 
dimethylsulfoxide (DMSO) were of AR grade 
from [1-(2-Hydroxy-1-naphthyl)ethanone] was 
prepared by known methods. The solvents were 
purified by standard methods. Elemental 
microanalysis was performed on a (C.H.N.) 
analyser from heraeus (Vario EL). IR spectra of 
the compounds were recorded on Perkin Elmer 
842 spectrophotometer in the region 
400-4000cm-1. 1H-NMR spectrum of the ligand 
was recorded in DMSO-d6 on a Bruker 
DRX-300 FTNMR spectrometer. The diffuse 
reflectance spectra of the complexes were 
recorded on Varian Cary-5000 UV-visible 
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spectrophotometer. The magnetic moment 
measurement were made on a Gouy balance at 
room temperature using [HgCo(SCN)4] as the 
calibrant.  

EXPERIMENTAL TECHNIQUE 
Synthesis of Schiff base ligand 
[1-(2-Hydroxy-1-naphthyl) 
ethanone-4Nitrobenzenamine] (HNETNBA) 
The experimental procedure involved mixing of 

[1-(2-Hydroxy-1-naphthyl)ethanone](HNET) 1 
mmol (1.86gm)  and 4-Nitrobenzenamine(NBA) 
1 mmol (1.38g)  dissolve in ethanol, dissolve in 
ethanol, mix in 250 ml round bottom flask. And 
the reaction mixture was refluxed on water bath 
for about 4 hour. Product is filtered and dry. 
Yellowish white solid obtained having melting 
point 175 0C. 

OH O

NH2N
+

O

-
O OH

N NO2

4-nitrobenzenamine

Reflux

4hrs

1-(2-Hydroxy-1-naphthyl)ethanone
HNETNBA  

Fig.1 [1-(2-Hydroxy-1-naphthyl)ethanone-4Nitrobenzenamine] (HNETNBA) 
Synthesis of Schiff base metal complexes 

The Mn(II), Co(II), Ni(II), Cr(III), 
Cu(II), Zn(II) and Cd(II) complexes have been 
prepared by mixing the methanolic-ethanolic 
solution of corresponding metal acetates to the 
ethanolic solution of HNETNBA  in 1 : 2 molar 
ratio. The precipitated complexes were 
recrystallized twice with ethanol, finally washed 
with petroleum ether (60– 80 oC), and dried 
under reduced pressure over anhydrous CaCl2 in 
a dessicator. 

 

RESULTS AND DISCUSSION 
The synthesized complexes are colored, stable 
and non-hygroscopic solids and are insoluble in 
water, ethanol and methanol but soluble in DMF 
and DMSO. The analytical data indicate 1:2 
metal to ligand stoichiometry for all the 
complexes. All the complexes are found to be 
non-electrolytes [7-9]. The colors, magnetic 
susceptibilities as well as the percentage 
composition of the constituent elements are 
reported in Table 1. 

Table 1: Analytical Data of HNETNBA and its Complexes 

S.N. Compounds 
 

Color 
 

Time 
of 

Reflux 
(hrs.) 

 

Elemental analyses % found  
(calcd.) 

M C H N Cl 

1. HNETNBA Pale 
Yellow 

4 -- 
 

54.21 
(54.91) 

4.24 
(4.07) 

3.22 
(3.77) 

-- 

2. [Mn(HNETNBA)2(H2O)2] 
(H2O) 

Light 
Brown 

9 14.98 
(14.19) 

52.12 
(52.72) 

3.60 
(3.87) 

3.52 
(3.61) 

-- 

3. [Co(HNETNBA)2] Off 
Brown 

5 15.59 
(15.04) 

52.46 
(52.18) 

3.95 
(3.87) 

3.41 
(3.58) 

-- 

4. [Ni(HNETNBA) 2(H2O)2] Pale 
Orange 

5 15.12 
(15.02) 

52.48 
(52.21) 

3.98 
(3.83) 

3.45 
(3.58) 

-- 

5. [Cr(HNETNBA)2(H2O)2] 
(H2O)2 

Apple 
Green 

5 13.50 
(13.53) 

53.35 
(53.12) 

3.56 
(3.90) 

3.20 
(3.64) 

-- 

6. [Cu(HNETNBA)2] (H2O) Raven 
Song 

8 16.28 
(16.06) 

51.42 
(51.57) 

3.86 
(3.97) 

3.42 
(3.79) 

   
-- 

7. [Zn(HNETNBA)2] Pale 
Yellow 

7 16.70 
(16.45) 

57.72 
(57.33) 

3.80 
(3.77) 

5.38 
(3.52) 

-- 

8. [Cd(HNETNBA)2] (H2O) Yellow 7 25.13 
(25.29) 

45.72 
(45.90) 

3.56 
(3.37) 

3.00 
(3.15) 

-- 
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FT-IR (KBr, in cm-1)  
The characteristic infrared spectral assignment 
of ligand and its complexes have been reported 
in Table 2. The presence of broad band at 3587 
cm-1 in the infrared spectra may be due to the 
–OH group. All the above evidences were 
further supported by the emergence of new 
bands at 516-519 cm-1 due to the metal–oxygen 
vibrations. These new bands were only observed 
in the spectra of the transition metal complexes 
only. 
 Selected IR spectral bands for the ligand and 
its complexes are given in Table 2. The IR 
spectrum  of the free ligand is characterized 
mainly by the strong bands at 1698cm-1 
3587cm-1, and 1247 cm-1 which are attributed to 

the stretching frequencies of C=N (azomethine), 
O-H  and C-O respectively[10]. The band at 
1698 cm-1 due to C=N stretching in the spectrum 
of the ligand shifts to lower wave numbers in all 
the metal complexes by 7-10 cm-1 indicating that 
the azomethine nitrogen is co-ordinated to metal 
ion [11]. Further the IR spectra of the complexes 
of Co(II),Ni(II), Zn(II) and Cd(II) exhibit new 
bands at 519 and 459 cm−¹ and 516 and 
443cm-1which may be assigned to M-O and M-N 
(terminal) stretching modes respectively [12]. IR 
spectra of the Schiff base showed a band at 
around 1610           cm-1 assignable to azomethine 
group. 
 
 

Table 2:  FT - IR spectral frequencies of selected metal complexes. 

Sr. 
No 

Compounds Assignment (cm-1) Observed Value 
(cm-1) 

Expected Value 
(cm-1) 

1) Ligand  HNETNBA V(C=N) 
V(O-H)/v(OH-N)H2O 

1583.56 
1211.30 
 

1777-1600 
1330-1063 

2) Co(II) HNETNBA 
 

(C-O) 
(M-O) 
(M-N) 
(O-H) 
(O-CH3) 
(Ar-C-H) 

1251.80 
530.42 
426.27 
3286.70 
1749.44 
3147.83 

1330-1063 
524-420 
524-410 
3600-3300 
1725-1745 
3200-3000 

3) Ni(II) HNETNBA 
 
 
 
 
 

(C-O) 
(M-O) 
(M-N) 
(O-H) 
(O-CH3) 
(Ar-C-H) 
(C=N) 

1301 
528.50 
435.91 
3307.92 
1747.51 
3147.83 
1749.44 

1330-1063 
524-420 
524-410 
3600-3300 
1725-1745 
3200-3000 
1777-1600 

4) Zn(II) HNETNBA (C-O) 
(M-O) 
(M-N) 
(O-H) 
(O-CH3) 
(Ar-C-H) 
(C=N) 

1254 
528.50 
435.91 
3307.92 
1747.51 
3147.83 
1745.44 

1330-1063 
524-420 
524-410 
3600-3300 
1725-1745 
3200-3000 
1777-1600 

5) Cd(II) HNETNBA (C-O) 
(M-O) 
(M-N) 
(O-H) 
(O-CH3) 
(Ar-C-H) 
(C=N) 

1312 
550.50 
435.91 
3307.92 
1747.51 
3005.50 
1749.44 

1330-1063 
524-420 
524-410 
3600-3300 
1725-1745 
3200-3000 
1777-1600 
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Thermal study and Magnetic study 
The presence of water molecule 

suggested from IR spectra is confirmed by TG 
analysis [13]. Thermal decomposition results 
reveal that all the metal complexes decompose 
gradually. The TG curve of Mn(II) show stable 
plateau upto 62οC then weight loss is observed 
indicating the presence of one lattice water 
molecule [% wt loss obs./cal. 4.00:4.07]. The 
observed weight losses of Mn(II), Ni(II), Cr(III) 
complexes between 140-240oC corresponds to 
removal of three coordinated water molecule [% 
wt loss obs./calc. 12.10/12.21, 12.34/12.64, 
11.25/11.79 ]. The observed magnetic moment 
of Mn(II), Ni(II) and Cr(III) complexes found to 
be 5.67, 3.1 and 4.81 B.M., indicating octahedral 
environment around central metal ion. Cu(II) 
and Zn(II) complex loss its weight upto 130 οC 
and 110 οC respectively corresponding to one 
lattice water [% wt loss obs./calc. 4.21/4.33, 
4.60/4.51] and further upto 250 οC and 241οC 
corresponding to one coordinated water 
molecule [% wt loss obs./calc. 4.40/4.33, 
4.50/4.51]. The TG curve of  

Co(II) and Zn(II) complexes show stable 
plateau upto 77 οC and 80 οC respectively 
indicating absence of lattice water molecule 
from the metal complexes. The magnetic 
moment value of Cu(II) complex is found to be 
1.78 B.M which is well within the expected 
range of square planar complexes. For Co(II) 
complex the magnetic moment value i.e. 2.44 
B.M. is lower than those expected for square 
planar geometry. This lowering in magnetic 
moment value shows subnormal character of 
complex due to antiferromagnetic exchange 
[14]. The complexes of Zn(II) and Cd(II) were 
found to be diamagnetic, confirmed tetrahedral 
geometry. Complete decomposition of metal 
takes place in two steps. In the first step of 
decomposition in the temperature range 220-380 

oC, indicate the decomposition of free part of 
ligand. In the second stage, major loss occurs 
between 410-600 oC, due to complete 
elimination of organic ligand molecule and 
subsequent slow oxidation. The remaining 
residue of the complexes at 600-710 oC 
corresponds to respective metal oxides [15].  

TABLE 3: Thermal decomposition data of the complexes of HNETNBA

S.N. Compound DH  
(οC) 

µeff. 
(B.M

.) 

E 
(kJmol-1) 

 

Z 
(S-1) 

 

-∆S 
(JK-1 
mol-1) 

 

∆F 
(kJ mol-1) 

 
F-C S-W  

1. HNETNBA 260 --- 5.50 
 

4.35 85.20 229.45 110.52 

2. [Mn(HNETNBA)2(H2
O)2] (H2O)  

410 5.67 17.50 15.10 225.44 
 

240.12 
 

310.25 

3. [Co(HNETNBA)2] 430 2.44 8.55 7.50 
 

171.14 201.32 165.23 

4. [Ni(HNETNBA) 

2(H2O)2] 
380 3.1 5.25 3.35 156.11 

 
226.30 123.65 

5. [Cr(HNETNBA)2(H2
O)2] (H2O)2 

550 4.81 12.90 
 

10.85 214.71 200.00 193.32 

6. [Cu(HNETNBA)2] 
(H2O) 

490 1.78 10.20 
 

9.15 198.13 201.34 164.28 

7. [Zn(HNETNBA)2] 400 --- 9.60 
 

7.90 189.28 240.26 153.89 

8. [Cd(HNETNBA)2] 
(H2O) 

420 --- 16.05 
 

14.65 226.69 211.89 269.60 

 
 F-C = Freeman-Carroll, S-W = 
Sharp-Wentworth, DH - Half  
 Decomposition temp. 
   

Various kinetic and thermodynamic 
parameters such as activation energy (E), half 

decomposition temperature (DH), frequency 
factor (Z), entropy change (∆S) and free energy 
change (∆F) were calculated from TG data as 
shown in the Table 3.The kinetic parameter i.e. 
energy of activation has been calculated by 
Freeman–Carroll and sharp-Wentworth 
methods. Generally with decreasing the value of 
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E the value of Z increase and the higher value of 
activation energy suggest the higher stability. 
Higher value of E (activation energy) and lower 
values of Z (frequency factor) favors the reaction 
to proceed slower than normal. The large 
negative values of entropy change and small Z 
suggest that the transition state is in highly 
ordered state than the individual reactants and 
the reactions are slower than normal.  

Thermal stability of complexes follows 
the order Cr(III) >Cu(II) >Co(II)>Cd(II) 
>Mn(II) >Zn(II)>Ni(II). 

 
CONCLUSION 

The coordination complexes of Mn(II), 
Co(II), Ni(II), Cr(III),Cu(II), Zn(II) and Cd(II) 
with new tridentate Schiff base ligand, i.e., 
[1-(2-Hydroxy-1-naphthyl)ethanone 
-4Nitrobenzenamine] (HNETNBA) , was 
synthesized and characterized. The ligands 
coordinated with the metal ions through N or O 
donors (ONO type). From the analysis it can be 
concluded that the complexes have an octahedral 
structures for [Mn(HNETNBA)(H2O)3](H2O), 
[Ni(HNETNBA)(H2O)3] and 
[Cr(HNETNBA)(H2O)3](H2O)2, square planar 
for [Co(HNETNBA)(H2O)], 
[Cu(HNETNBA)(H2O)](H2O)metal and 
tetrahedral structure for [Zn(HNETNBA)(H2O)] 
and [Cd(HNETNBA)(H2O)](H2O). The 
suggested geometrical structure is shown below: 

H2O

O N

NO2

O
N

NO2

M

H2O

Where , M = Mn(II), Co(II), Ni(II), Cr(III), Cu(II), Zn(II) and Cd(II)
for Co(II), Cu(II), Zn(II) and Cd(II) ; H2O=0  
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ABSTRACT 

Thiohydantoins and their derivatives are the most important sulfer anolog, which acts as a intermediate to 

making various drugs. Thiohydantoin attracted enormous attention of all researchers in the worldwide. In this 

review article, we focused our interest on the most important methods for the synthesis of 2-thiohydantoin 

derivatives, determine spectral data of them. We explored their physicochemical properties like density, 

viscosity, ultrasonic velocity, intermolecular free path, adiabatic compressibility etc. 
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I. INTRODUCTION 

Thiohydantoin is a sulfur analog, which having most important feature. In general, 2-thiohydantoin 

molecules contribute to drug discovery as they possess attractive features of their structures by owning a 

stereogenic center at position 5 as well as the feasibility of their synthesis. The number of groups like phenyl, 

benzyl etc. are attached to position 5 which increases the reactivity of thiohydantoin. [1-4]   

 

                                                     

N

N

S

R

O

R

4 3

1
5

2

Nucleophilic

Centre  
 

2-Thiohydantoins are important class of compounds within pharmaceutical industries and exist in various 

pharmacologically active molecules that possess important bioactivities like antimicrobial [5], antiviral [6], 

fungicides [7], antiparasite, [8] and anticancer [9]. 

In 2017, Zuo and coworkers reported indoline thiohydantoin  as a potent androgen receptor (AR) antagonist 

[10]. 

Buchynskyy et al. prepared the thiohydantoins 1-benzyl-3-aryl-2-thiohydantoins which acts as a anti-

Trypanosoma brucei agents [11]. 

These molecules contribute to drug discovery and the importance of these compounds in bioactive, we have 

decided to synthesize the thiohydantoin and investigated its physicochemical properties because these properties 

explain the nature and reactivity towards drugs.   

 

II. METHODS AND MATERIALS 

2.1 General 
The purity of resultant compound was check by using TLC. The IR spectra were recorded in KBr by 

using FT-(IR Perkin Elmer - Spectrum RX-IFTIR).Mass spectra were recorded on mass spectrometer while 
1
HNMR were recorded on FT NMR Spectrometer (Bruker Avance Neo 500 MHz). Data are reported as 

https://rsic.puchd.ac.in/ft-nmr-spectrometer500.php
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chemical shifts in parts per million downfield from TMS, multiplicity (s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet), coupling constant and assignment, respectively. 

 

2.2 Synthesis 

Aurone is a starting material was prepared from Chalcone.  A mixture of aurone (0.01 M) and N-substituted 

thiourea (0.01 M) were taking in round bottom flask along with 10% KOH and Ethanol as a solvent. A reaction 

mixture was reflux about 3 hr. After 3 hr. cool the mixture and poured in to ice cold water and filter it by using 

suction pump. The final product recrystallized with Ethanol. 

R1 C

HN

R2

NH

R3

S

OH

H N N

C

S

R2

R3

OH

KOH

ETHANOL

O
O

O

R1

Aurone
Thiourea

2-Thiohydantoin

+

 
Table-01 

Sr. no. Compounds R1 R2 R3 

1. 1a C7H7 H C6H5 

2. 1b C4H3O C6H5 C6H5 

 

2.2.1 Preparation of 5-(hydroxyl (p-tolyl)methyl)-5-(2-hydroxyphenyl)-3-phenyl-2-thioxoimidazolidin-4-

one (1a) 

2-(4-methylbenzylidene)benzofuran-3(2H)-one (0.01M) reflux with N-phenyl thiourea (0.01M) in presence of 

10% KOH and appropriate ethanol solvent up to 3 hours. After completion of reaction, cooled the mixture and 

poured in to ice cold water. The solid product obtained which was filter and washed with dilute HCl and water. 

The product was crystallized by using ethanol.    

Mol. Formula C23H20O3N2S : yellowish Crystalline solid, m.p 246
o
C , yield 71%, Elemental analysis 

(%):C,68.30; H,4.98; N,6.93; O,11.87; S,7.93;  IR (KBr cm-1) 3551.78 (O-H), 3414.58 (N-H), 1711.05 (C=O), 

1638.5 (Ar C-H),ESI-MS[M+H]+ Calculated for C23H20O3N2S m/z  404.12, 405.12.406,14, 407.12 ; 
1
H-NMR 

(500 MHz, DMSO): δ 2.27 (3H, s), 5.50 (1H, s), 6.64 (1H, m, J = 8.3, 1.3, 0.5 Hz), 7.03 (1H, m, J = 8.0, 7.7, 1.3 

Hz),  

 

2.2.2 Preparation of 5-(furan-2-yl(hydroxy)methyl)-5-(2-hydroxyphenyl)-1,3-diphenyl-2-

thioxoimidazolidin-4-one (1b) 

2-(furan-2-ylmethylene)benzofuran-3(2H)-one (0.01M) reflux with N,N dIphenyl thiourea (0.01M) in presence 

of 10% KOH and appropriate ethanol solvent up to 3 hours. After completion of reaction, cooled the mixture 

and poured in to ice cold water. The solid product obtained which was filter and washed with dilute HCl and 

water. The product was crystallized by using ethanol.    

Mol. Formula C26H20O4N2S : faint red Crystalline solid, m.p 238
o
C, yield 73%, Elemental analysis (%):C,68.41; 

H,4.42; N,6.14; O,14.02; S,7.02, IR (KBr cm-1) 3616.5 (O-H), 3368.1 (N-H), 1720.42(C=O), 1436 (Ar C=C),  

ESI-MS[M+H]+ Calculated for C26H20O4N2S: m/z  456.10, 457.14, 458.16.
 1

H-NMR (500 MHz, DMSO) : δ 

5.86 (1H, s), 6.18-6.34 (2H, 6.24 (dd, J = 3.4, 1.1 Hz), 6.28 (dd, J = 3.4, 1.8 Hz)), 6.72 (1H, m, J = 8.3, 1.3, 0.5 

Hz), 6.97-7.14 (2H, 7.04 (m, J = 8.0, 7.7, 1.3 Hz). 

 

2.3 Physicochemical Properties of Thiohydantoin Derivatives:  
Physico-chemical properties are essential indicators used in hazard, exposure and risk assessments, 

hence in this experiments the physico-chemical parameters were studied in different solvents, and different 

concentrations, with temperature 20 degree. 

 

Density and Viscosity:  
In fluid dynamics, viscosity is useful parameter to determine the thickness or thinness of any given 

fluid. It also useful to find out the intermolecular interaction between solute and solvent. Density is useful to 

measure the distance between two particles in a given fluid. Viscosity and density are the most important 

characteristics of a fluid. The density and viscosity were taken in different solvent like DMSO and DMF with 

different concentration and temperature at 20 degree. Densities of the solutions were measured using a 25 mL 

specific gravity bottle and the weight of the liquid was measured using an electronic balance (Model Shimadzu 
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AX200).The viscosity were measured by Ostwald viscometer and time by digital stop watch. The formula for 

viscosity, . 

      
     

     
 

Acoustic parameters:  

The acoustic parameters were studied as follows. 

 Ultrasonic velocity was useful to determine the strength of material that is elastic moduli (measures the 

resistance of the material to elastic) as well as particle interaction in solution hence most of the scientist are 

attracted toward these parameters. Here ultrasonic parameters was measured using a single-crystal 

Interferometer (Mittal Enterprises) operating at 1MHz with an accuracy of ±1.0m/s. 

The acoustic parameters were determine using fallowing formulae  

 

a) Adiabatic compressibility (𝛽):  

In compression the heat is not absorb or release but the internal energy increases which effects on work done. 

                                             

                                                 𝛽=
 

   
 

b) Intermolecular free path length (𝐿𝑓): 
The mean free path or average distance between collisions for a molecule. In the liquid the mean free path is 

much probably less than one molecular diameter. There are 750 times more molecules in a given volume than 

there were in the gas state. 

𝐿𝑓 = 𝐾β
1/2

, 

Where 𝐾 is the temperature dependent Jacobson’s constant 

 

c)  Acoustic impedance (𝑍):  

The acoustic impedance is the ratio of sound pressure to volume flow. Acoustic impedances explain, how much 

resistance an ultrasound beam encounters as it passes through a liquid. 

𝑍 = 𝜌V, 

 d)  Relative association (RA):  

It is a property which explain the interaction of molecules in liquid as well as measure extent of association in 

molecules. 

RA=(
 

  
) (

  

 
) , 

 

e)  Ultrasonic attenuation (𝛼/𝑓2
): 

Ultrasound intensity is continuously reduces by the cohesive forces present in liquid molecules. 

𝛼/𝑓2 
=
    

   
 

 

 f)  Relaxation time (𝜏): 

It is related to both the elasticity and viscosity of the material. Relaxation time means rate of relaxation.it is 

inversely proportional to velocity. 

𝜏 =
  

    
 

 

III. RESULTS AND DISCUSSION 

The physico-chemical properties of thiohydantoin derivatives were given below  

3.1 Compound 1a  

Solvent: DMF    Temp. 20
0
 C 

Conc. (M) 

Mol/dm3 

Density(ρ) 

Kg/m-3 

Viscosity(ƞ) 

×103 NSm-2 

Ultasonic velocity(v) 

m/s 

Refractive Index 

0.000 970.76 0.94577 

 

1415.0 1.4305 

0.001 971.04 
 

1.22993 1513.92 1.4306 

0.002 971.84 

 

1.29764 1592.82 1.4308 

0.003 972.24 

 

1.34708 1600.28 1.4309 

0.004 972.92 

 

1.48921 1648.72 1.4310 

https://www.sciencedirect.com/topics/materials-science/elastic-moduli
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0.005 973.68 

 

1.62742 1704.81 1.4314 

 

Ultrasonic parameters in DMF 
Conc. (M) 

Mol/dm3 

Adiabetic 

compressibility 

(β)  
× 10-10 

Intermolecular 

Free path 

(Lf) 

×10-11 

Acoustic 

impedances 

(Z) 

×106 

Relative 

 Association 

(RA) 

 

Ultrasonic 

Attenuation 

   
  

  
    

×10-14 

Relaxation  

Time 

( ) 

×10-13 

0.000 5.14488 

 

4.62265 1.37362 1.00000 2.71240 6.48780 

0.001 4.49320 4.32011 
 

1.47007 0.93492 2.87928 7.36845 

0.002 4.05574 4.10443 

 

1.54796 0.88934 2.60620 7.01720 

0.003 4.01636 4.08445 
 

1.55585 0.88556 2.66674 7.21384 

0.004 3.78119 3.96307 

 

1.60407 0.86014 2.69393 7.50798 

0.005 3.53371 3.83118 
 

1.65994 0.83250 2.66074 7.68355 

 

Solvent: DMSO    Temp. 20
0
 C 

Conc. (M) 

Mol/dm3 

Density(ρ) 

Kg/m-3 

Viscosity(ƞ) 

×103 NSm-2 

Ultasonic 

velocity(v) m/s 

Refractive Index 

0.000 1126.28 

 

2.2026 1553.0 1.4740 

0.001 1128.27 

 

2.5426 1563.24 1.4742 

0.002 1128.96 

 

2.7287 1584.54 1.4745 

0.003 1129.42 

 

2.9642 1596.48 1.476 

0.004 1129.86 
 

3.1874 1608.74 1.4748 

0.005 1130.32 

 

3.4217 1618.56 1.4749 

 

Ultrasonic parameters in DMSO 
Conc. (M) 

Mol/dm3 

Adiabetic 

compressibility 

(β)  
× 10-10 

Intermolecular 

Free path 

(Lf) 

×10-11 

Acoustic 

impedances 

(Z) 

×106 

Relative 

 Association 

(RA) 

 

Ultrasonic 

Attenuation 

   
  

  
    

×10-14 

Relaxation  

Time 

( ) 

×10-13 

0.000 3.68138 
 

3.910414 1.749110 1 4.11835 10.8115 

0.001 3.62690 

 

3.881372 1.763756 0.995204 4.653046 12.2956 

0.002 3.52778 
 

3.828032 1.788882 0.982427 4.792002 12.8354 

0.003 3.47390 

 

3.798622 1.803096 0.975477 5.087577 13.7297 

0.004 3.41987 
 

3.768928 1.817650 0.968420 5.344458 14.5337 

0.005 3.37707 

 

3.745324 1.829490 0.962936 5.631233 15.4071 
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GRAPHICAL REPRESENTATION 

1. Viscosity                                                                         2. Ultrasonic velocity 

 

 
 

3. Adiabatic compressibility (β)                                    4. Intermolecular Free path (Lf) 

 
 

5. Acoustic impedances (Z)                                                   6. Relative Association (RA) 
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7. Ultrasonic Attenuation   
  

  
                                       8. Relaxation Time ( ) 

 
 

3.2 Compound 1b 

Solvent: DMF    Temp. 20
0
 C 

Conc. (M) 

Mol/dm3 

Density(ρ) 

Kg/m-3 

Viscosity(ƞ) 

×103 NSm-2 

Ultasonic velocity(v) 

m/s 

Refractive Index 

0.000 970.76 0.94577 
 

1415.0 1.4305 

0.001 971.24 1.19423 

 

1462.53 1.4306 

0.002 971.86 1.27421 1513.20 1.4308 
 

0.003 972.41 1.29946 1572.24 1.4309 

 

0.004 972.91 1.32764 1618.51 1.4310 
 

0.005 973.42 1.48742 1666.71 1.4312 

 

 

Ultrasonic parameters in DMF 
Conc. (M) 

Mol/dm3 

Adiabetic 

compressibility 

(β)  
× 10-10 

Intermolecular 

Free path 

(Lf) 

×10-11 

Acoustic 

impedances 

(Z) 

×106 

Relative 

 Association 

(RA) 

 

Ultrasonic 

Attenuation 

   
  

  
    

×10-14 

Relaxation  

Time 

( ) 

×10-13 

0.000   5.14488 
 

4.62265 1.37362 1.00000 2.71240 6.48783 

0.001 4.81352 

 

4.47145 1.42047 0.96797 3.10024 7.66460 

0.002 4.49368 
 

4.32034 1.47062 0.93615 2.98467 7.63453 

0.003 4.16018 

 

4.15692 1.52886 0.90151 2.71210 7.20799 

0.004 3.92369 
 

 4.03705 1.57467 0.87619 2.53868 6.94566 

0.005 3.69810 

 

3.91928 1.6224 0.85129 2.60316 7.33418 

 

Solvent: DMSO    Temp. 20
0
 C 

Conc. (M) 

Mol/dm3 

Density(ρ) 

Kg/m-3 

Viscosity(ƞ) 

×103 NSm-2 

Ultasonic velocity(v) 

m/s 

Refractive Index 

0.000 1126.28 

 

2.2026 1553.0 1.4740 

0.001 1128.62 
 

2.2733 1590.24 1.4744 
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0.002 1129.04 

 

2.3475 1598.72 1.4746 

0.003 1129.92 

 

2.4082 1604.57 1.4748 

0.004 1130.42 

 

2.4976 1615.54 1.4750 

0.005 1131.28 

 

2.5489 1624.82 1.4751 

 

Ultrasonic parameters in DMSO 
Conc. (M) 

Mol/dm3 

Adiabetic 

compressibility 

(β)  
× 10-10 

Intermolecular 

Free path 

(Lf) 

×10-11 

Acoustic 

impedances 

(Z) 

×106 

Relative 

 Association 

(RA) 

 

Ultrasonic 

Attenuation 

   
  

  
    

×10-14 

Relaxation  

Time 

( ) 

×10-13 

0.000 3.68138 
 

3.910414 1.749110 1.00000 4.11835 10.8115 

0.001 3.50370 

 

3.81488 1.79477 0.97861 3.95066 10.61994 

0.002 3.46534 
 

3.79393 1.80501 0.97378 4.01354 10.84651 

0.003 3.43744 

 

3.77863 1.81303 0.97098 4.06928 11.03739 

0.004 3.38941 
 

3.75214 1.82623 0.96482 4.13313 11.28720 

0.005 3.34826 

 

3.72929 1.83812 0.96004 4.14301 11.37917 

 

GRAPHICAL REPRESENTATION 

1. Viscosity                                                                    2. Ultrasonic velocity 
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3. Adiabatic compressibility (β)                              4. Intermolecular Free path (Lf) 

 
 

5. Acoustic impedances (Z)                                            6. Relative Association (RA) 
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7. Ultrasonic Attenuation   
  

  
                                             8. Relaxation Time ( ) 

 
 

Physico-chemical meaning that they are dependent on, or produced by, the combined actions of 

physical and chemical attributes. The physicochemical properties can be useful to manufacturing, food and 

beverages, and other chemical or biological product-based industries. The most important properties of an ideal 

drug are: effectiveness, safety, and selectivity. Here Thiohydantoin acts as good drugs for Cancer. It shows 

properties like antimicrobial, anticancer, antimalarial etc. The Thiohydantoin shows different physico-chemical 

properties in different solvent as well as different concentration which indicated that the different interaction of 

thiohydantoin molecules in different solvents.  

In above experiment clear that the ρ, η and U values increased linearly with concentration (C), due to 

specific molecular interactions. The variation of adiabatic compressibility with concentration. Here the 

concentration increases and adiabatic compressibility decreases due to formation of large cluster molecules. The 

aggregation of solvent molecules around the solute, supporting solute-solvent interaction. The intermolecular 

free path is a clear evidence for strong interactions between solvent and compound molecules in DMSO and 

DMF. Such interactions may be due to Ionic-dipole, dipole-dipole, dipole-induced-dipole interactions. 

Relative association decreases with increase in concentration for a thiohydantoin in DMSO and DMF. 

This may be due to the breaking up of the associated solvent molecules on addition of solute which indicates the 

structure-forming tendencies of solutes decreases at higher concentration in both the solvents. In DMF solvent 

the thiohydantoin molecules shows weak association than DMSO and less tendency to form structure. If 

relaxation time (τ) increasing with concentration which supports structure making capacity of the solute. Here 

the concentration of thiohydantoin increases which increase structure making capacity in DMSO than DMF. 

 

IV. CONCLUSION 

The synthesized Thiohydantoin might show different effect in DMSO and DMF. The good correlations 

are observed between density, viscosity and other physicochemical parameters and concentration in different 

solvents .The linear or nonlinear increases or decreases of acoustical parameters indicate the existence of strong 

molecular interactions in the solutions that depend on the interaction between solute and solvent molecules and 

structure formation tendency of solute. The polarity of DMSO is slightly higher than DMF due to which DMSO 

shows more structure making capacity than DMF. 
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ABSTRACT

	  Thiohydantoin analogues was heterocyclic non-aromatic five membered cyclic compounds 
obtained from aurones derivatives. In this article, we synthesized novel thiohydantoin derivatives and 
exploration of physicochemical parameters like density, viscosity, ultrasonic velocity, intermolecular 
free path, adiabatic compressibility etc. The structural elucidation of resultant compounds was done 
on the basis 1HNMR, IR, Mass etc. The present study revealed that, thiohydantoin analogues shows 
more structure making capacity in DMSO than DMF.

Keyword: 2-Thiohydantoin, Physicochemical properties, Viscosity, Refractive index.

INTRODUCTION

	 2-Thiohydantoin is an important class 
of compounds within chemistry. It is a sulphur 
derivative of hydantoin which is obtained by replacing 
the oxygen atom of carbonyl group by sulphur. 
Thiohydantoin is a intermediate to synthesis of 
many drugs1-12. In solid state thiohydantoin shows 
π-π stacking, hydrogen bonding which is important 
in pharmaceutical industries.13-16

	 One of the most important things that 
drew the attention of researchers to synthesized 
thiohydantoin due to wide range of application like anti-
inflammatory, anti-ulcer17, antifungal, antibacterial18, 
HIV19, hypolipidemic20, antimutagenic21, against 
HSV22, anticarcinogenic23, on tuberculosis24 and 

pesticide25, derivatives of thiohydantoin are also 
used as a fungicide26, N-phenyl derivative of 
2-Thiohydantion shows antiparasitic activity against 
Trypanosoma brucei species27.

	 K.H. Chikhalia et al.,28 reported a series 
of thiohydantoin derivatives having ethyl linked 
3,4-dimethoxyphenylethyl thiourea derivatives with 
styryl bridge  possessing antibacterial properties as 
well as anti HIV activity. Abubshait S.A.29 synthesized 
some 2-thiohydantoin drivatives and reported 
anticancer and antimicrobial properties against  
Gram-positive and Gram-negative bacteria. Kolhe 
S.V.30 prepared 2-thiohydantoin derivatives by mixing 
aurones derivative with suitable thiourea by refluxing 
with KOH and ethaonol as a solvent and reported 
antimicrobial properties using microbes such as 
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Escherichia coli, Staphylococcus aureus, Klebsilla, 
pseudomons. Saied E.M. et al.,31 synthesized 1, 
3-disubstituted 2-thiohydantoin analogues and 
reported anti-inflammatory activity. Gotmare P.A.  
et al.,32 synthesized 2-Thiohydantoin analogous and 
reported physicochemical properties. 

	 Literature survey reveals that, substituted 
2-thiohydantoin were found to be very instrumental 
in controlling the diseases in the field of medicine, 
agriculture. The present study has been undertaken 
to synthesis some new 2-thiohydantoin analogues 
and test them for their physico-chemical properties.

MATERIALS AND METHODS

	 All chemical s and reagents used in this 

research were commercially sourced and of 
analytical grade. The purity of resultant compound 
was check by using TLC. The IR spectra were 
recorded in KBr by using FT-(IR Perkin Elmer- 
Spectrum RX-FTIR). Mass spectra were recorded 
on mass spectrometer while 1HNMR were 
recorded on FT NMR Spectrometer (Bruker 
Avance Neo 500 MHz).

	 General Procedure for synthesis of 
2-Thiohydantoin:-Aurone  (0.01 M) and N-substituted 
thiourea (0.01 M) were taking in round bottom flask 
along with 10% KOH and Ethanol as a solvent. A 
reaction mixture was reflux for 3 hours. After this 
period, the mixture was poured in to ice cold water 
and filter it by using suction pump. The final product 
recrystallized with Ethanol.

HN

R2

NH

R3

S

KOH

EtOH, at reflux

O

O

R1

Aurone Thiourea
2-Thiohydantoin

+ R1 C

OH

H

C

N N
C

S

R2
R3

OH O

Table: 1

Sr. No	 Compounds	 R1	 R2	 R3

   1	 1a	 C4H3O	 C6H5	 C6H5

   2	 1b	 C6H4Cl	 C6H5	 H

Preparation of 5-(hydroxyl(4-methoxyphenyl)
methyl)-5-(2-hydroxyphenyl)-1,3-diphenyl-2-
thioxoimidazolidin-4-one(1a)
	 2-(4-methoxybenzylidene)benzofuran-
3(2H)-one (0.01M) reflux with N,N-diphenyl thiourea 
(0.01M) in presence of 10% KOH and appropriate 
ethanol solvent up to 3 hours. After completion of 
reaction, cooled the mixture and poured in to ice cold 
water. The solid product obtained which was filter 
and washed with dilute HCl and water. The product 
was crystallized by using ethanol.   

	 Mol. Formula C29H24O4N2S: Yellowish 
Crystalline solid. m. p. 258oC yield 70%, Elemental 
analysis (%): C, 70.14; H, 4.87; N, 5.64; S, 6.46; O, 
12.89; IR (KBr cm-1) 3617.5 (O-H), 3016 (=CH), 1614 
(C=N), 1438 (Ar C=C), ESI-MS[M+H]+ Calculated for 
C29H24O4N2S: m/z 496.15, 497.15, 498.15; 1H-NMR 
(500 MHz, DMSO) 3.76 (s, 3H), 5.68 (s, 1H), 6.86-
7.38 (m, J=8.4,1.1 Hz, 11H), 7.43 7.70 (m, 6H).

Preparation of 5-((4-chlorophenyl)(hydroxy)
methyl)-5-(2-hydroxyphenyl)-3-phenyl-2-
thioxoimidazolidin-4-one (1b)
	 2-(4-chlorobenzylidene)benzofuran-3(2H)-
one(0.01M) reflux with N-phenyl thiourea (0.01M) 
in presence of 10% KOH and appropriate ethanol 
solvent up to 3 hours. After completion of reaction, 
cooled the mixture and poured in to ice cold water. 
The solid product obtained which was filter and 
washed with dilute HCl and water. The product was 
crystallized by using ethanol.   

	 Mol. Formula C22H17O3N2SCl: faint 
yellowish Crystalline solid, m.p. 228oC, yield 74%, 
Elemental analysis (%): C,62.19; H,4.03; N, 6.59; 
O, 11.30; S, 7.55;Cl,8.34. IR (KBr cm-1) 3616.5 
(O-H), 3268.1 (N-H), 1682(Amide C=O), 1436  
(Ar C=C), 755.2 (C-Cl); ESI-MS[M+H]+ Calculated for 
C22H17O3N2SCl: m/z  424.06, 426.06, 425.07, 427.07. 
1H-NMR (500 MHz, DMSO) 5.58 (s, 1H), 7.04  
(m, J=8.0,7.8 Hz, 1H), 7.48 (m, J=8.3,1.6,0.5 Hz, 
8H), 8.02(m, J=8.0,1.4 Hz, 1H).

Physicochemical Properties of Thiohydantoin 
Derivatives 
	 Physico-chemical properties are essential 
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indicators used in hazard, exposure and risk 
assessments, hence in this experiments the 
physico-chemical parameters were studied in 
different solvents, and different concentrations, with 
temperature 20°C.

Density and Viscosity
	 Viscosity and density are affected by 
temperature. Which implies, for any given fluid, 
when the temperature is raised, the particle in it 
start to move apart, bringing down fluid density 
thereby the value of viscosity also falls down or fluid 
becomes less viscous. The density and viscosity 
were taken in different solvent like DMSO and 
DMF with different concentration and temperature 
at 20 degree. The density was measured by using 
pycnometer and viscosity by Ostwald viscometer 
using fallowing formula.

Acoustic parameters
	 Ultrasonic velocity was useful to determine 
the strength of material as well as particle interaction 
in solution hence most of the scientist are attracted 
toward these parameters. Here ultrasonic parameters 
was measured using a single-crystal Interferometer 
(Mittal Enterprises) operating at 1MHz with an 
accuracy of ±1.0m/s.

	 The acoustic parameters were determine 
using fallowing formulae 

Adiabatic compressibility (b) 

Intermolecular free path length (Lf) 

Lf=Kb1/2

	 Where K is the temperature dependent 
Jacobson’s constant

Acoustic impedance (Z) is given as follows:

Z=rV,

Relative association (RA) 

Ultrasonic attenuation (a/f2)

Relaxation time (t)

RESULTS AND DISCUSSION:

	 The physico-chemical proper ties of 
thiohydantoin derivatives were given below 

Compound 1a
Solvent: DMF Temperature 20°C

Conc. (M) Mol/dm3	 Density(r)Kg/m-3	 Viscosity( )×103 NSm-2	 Ultasonic velocity(v) m/s	 Refractive Index

        0.000	 970.76	 0.94577	 1415	 1.4305
        0.001	 972.46	 1.19646	 1434.4	 1.422
        0.002	 972.94	 1.2428	 1558.8	 1.424
        0.003	 973.88	 1.30469	 1603.2	 1.425
        0.004	 974.68	 1.40073	 1632	 1.426
        0.005	 976.2	 1.5086	 1694.8	 1.426

Ultrasonic parameters in DMF

Conc. (M)	 Adiabetic	 Intermolecular	 Acoustic	 Relative	 Ultrasonic 	 Relaxation
Mol/dm3	 compressibility	 Free path(Lf)×10-11	 impedances(Z)×106	 Association(RA)	 Attenuation	 Time(t)×10-13

	 (b)×10-10				    ( /f2)×10-14

0.000	 5.14488	 4.622658	 1.373625	 1.000000	 2.7124	 6.4869
0.001	 4.99790	 4.556149	 1.394896	 0.988202	 3.28825	 7.9731
0.002	 4.22993	 4.191512	 1.516618	 0.909788	 2.66007	 7.0094
0.003	 3.99502	 4.073461	 1.561324	 0.885446	 2.56637	 6.9498
0.004	 3.85210	 3.999935	 1.590677	 0.870535	 2.60784	 7.1944
0.005	 3.56635	 3.848718	 1.654463	 0.839585	 2.50397	 7.1737
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Solvent: DMSO Temperature 20 °C

Conc. (M)Mol/dm3	 Density(r)Kg/m-3	 Viscosity( )×103 NSm-2	 Ultasonic velocity(v)m/s	 Refractive Index

          0.000	 1126.28	 2.2026	 1553.0	 1.4740
          0.001	 1129.04	 2.4404	 1566.2	 1.4742
          0.002	 1129.86	 2.6248	 1594.6	 1.4744
          0.003	 1130.12	 2.8067	 1604.0	 1.4748
          0.004	 1130.98	 3.2115	 1734.2	 1.4751
          0.005	 1131.06	 3.3924	 1788.2	 1.4752

Ultrasonic parameters in DMSO

Conc. (M)	 Adiabetic	 Intermolecular Free	 Acoustic	 Relative	 Ultrasonic	 Relaxation
Mol/dm3	 compressibility	 path(Lf)×10-11	 impedances(Z)×106	 Association(RA)	 Attenuation-14 	 Time(t)×10-13

	 (b)×10-10				    ( /f2)×10

0.000	 3.68138	 3.910414	 1.749110	 1	 4.11835	 10.8115
0.001	 3.61074	 3.872715	 1.768302	 0.994001	 4.43771	 11.7489
0.002	 3.48074	 3.802360	 1.801674	 0.977024	 4.51924	 12.1817
0.003	 3.43897	 3.779470	 1.812872	 0.971591	 4.74645	 12.8695
0.004	 2.94000	 3.494549	 1.961345	 0.899266	 4.29442	 12.5891
0.005	 2.76492	 3.388900	 2.022560	 0.872172	 4.13954	 12.5063

Graphical representation
1. Viscosity 

2. Ultrasonic velocity

3. Adiabatic compressibility (b) 

4. Intermolecular Free path (Lf)
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5. Acoustic impedances (Z)                               6. Relative Association (RA)

7. Ultrasonic Attenuation(a/f2)                            8. Relaxation Time (t)

Compound 2a
Solvent: DMF Temperature 20oC

Conc. (M)Mol/dm3	 Density(r)Kg/m-3	 Viscosity( )×103 NSm-2	 Ultasonic velocity(v) m/s	 Refractive Index

         0.000	 970.76	 0.94577	 1415	 1.4305
         0.001	 971.68	 1.15997	 1438.72	 1.4306
         0.002	 971.91	 1.22426	 1452.81	 1.4308
         0.003	 972.18	 1.30241	 1464.86	 1.4309
         0.004	 972.82	 1.42826	 1506.91	 1.4311
         0.005	 973.52	 1.51763	 1585.68	 1.4312

Ultrasonic parameters in DMF

Conc. (M)	 Adiabetic	 Intermolecular	 Acoustic impedances	 Relative	 Ultrasonic	 Relaxation
Mol/dm3	 compressibility-10	 Free path(Lf)×10-11	 (Z)×106	 Association(RA)	 Attenuation( /f2)×1014	 Time(t)×10-13

	 (b)×10

0.000	 5.14488	 4.622658	 1.373625	 1.000000	 2.71240	 6.4878
0.001	 4.97192	 4.544431	 1.397975	 0.984445	 3.16187	 7.6897
0.002	 4.87479	 4.499826	 1.412000	 0.975128	 3.24019	 7.9574
0.003	 4.79359	 4.462190	 1.424107	 0.967375	 3.16000	 8.3243
0.004	 4.52681	 4.336246	 1.465952	 0.941000	 3.38424	 8.6206
0.005	 4.08530	 4.119357	 1.543691	 0.894898	 3.08406	 8.2666
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Solvent: DMSO Temperature 20oC

Conc. (M)Mol/dm3	 Density(r)Kg/m-3	 Viscosity( )×103 NSm-2	 Ultasonic velocity(v) m/s	 Refractive Index

         0.000	 1126.28	 2.2026	 1553.0	 1.4740
         0.001	 1127.26	 2.5128	 1609.0	 1.4742
         0.002	 1127.98	 2.5247	 1612.22	 1.4746
         0.003	 1128.48	 2.5382	 1614.20	 1.4747
         0.004	 1128.82	 2.6141	 1618.70	 1.4748
         0.005	 1129.72	 2.8663	 1622.0	 1.4750

Ultrasonic parameters in DMSO

Conc. (M)	 Adiabetic	 Intermolecular	 Acoustic	 Relative	 Ultrasonic	 Relaxation
Mol/dm3	 compressibility	 Free path	 impedances	 Association (RA)	 Attenuation	 Time
	 (b)×10-10	 (Lf)×10-11	 (Z)×106		  ( /f2)×10-14	 (t)×10-13

0.000	 3.68138	 3.910414	 1.749110	 1	 4.11835	 10.8115
0.001	 3.426603	 3.772675	 1.813761	 0.966035	 4.22099	 11.4808
0.002	 3.410751	 3.763938	 1.818551	 0.964721	 4.21303	 11.4817
0.003	 3.400881	 3.758488	 1.821592	 0.963965	 4.21802	 11.5094
0.004	 3.380980	 3.747475	 1.827220	 0.961575	 4.30687	 11.7846
0.005	 3.645538	 3.738360	 1.832405	 0.960384	 4.39528	 12.0510

Graphical representation
1. Viscosity                                                           

2. Ultrasonic velocity

3. Adiabatic compressibility (b)                          

4. Intermolecular Free path (Lf)
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5. Acoustic impedances (Z)                              6. Relative Association (RA)

7. Ultrasonic Attenuation(a/f2)                          8. Relaxation Time (t)

    	 Phys i cochemica l  p rope r t i es  a re 
a key to determinant of pharmacokinetic and 
pharmacodynamics profile, and essential to 
increasing the success rate of drug sample candidates 
within the preclinical development process. The 
importance of the physicochemical properties for 
active transport. The density and viscosity are 
depends on temperature and concentration, here 
the density and viscosity increases by increasing 
concentration but solvent changes change the 
density and viscosity that means density as well as 
viscosity  affected by solvent.

	 Ultrasonic velocity in which sound waves 
travel through liquid sample. Here Ultrasonic velocity 
increases by increasing concentration due to an 
increase of cohesive forces which is created due 
to  strong molecular interactions. The experimental 
Ultrasonic velocity values are different for the 
same compound in the two different solvents. This 

suggests that solvent plays an important role in 
solutions, molecular interactions exists which differs 
with different solvents. In this case thiohydantoins 
shows higher Ultrasonic velocity in DMSO solvent 
than DMF because in DMSO samples shows strong 
interaction with solvent DMSO. 

	 If intermolecular free path decreases with 
increase of concentration, explain that the distance 
between solute and solvent molecules decrease 
due to increase in solute-solvent interactions, 
which causes velocity to increase. It is supported by 
compressibility and relaxation time. Here relaxation 
time increases by increasing concentration. 
Compressibility is a measure of the relative 
volume change of a sample as a response to a 
pressure change. Here compressibility decreases by 
increasing concentration that means concentration 
increases which increase strong interaction between 
solute and solvent.
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CONCLUSION

	 It is concluded that physicochemical 
proper t ies of  a th iohydantoin der ivat ives 
depends on its structure, concentration and 
solvents in which it is dissolved. In this case 
DMSO and DMF shows different values for 
same compound due to interactions changes in 
different solvents thereby affecting properties. 
Further, position of substitution in a compound 
also affects physicochemical proper ties. In 
DMSO solvent, strong solute solvent interaction 
appear than DMF.
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Abstract 

 Breast cancer is the most commonly diagnosed cancer in female, hence there is an urgent 

demand for the discovery of novel anticancer drugs with potent activity but also safe for long-

term application. Toward this aim, the current study described the synthesis and 

characterization of novel analogues of thiohydantoins. The results revealed that the synthesized 

compounds possess a cytotoxic activity against MCF-7 cell line in best to moderate level. 

Among synthesized compounds, compound 1d exhibited the most potent cytotoxic activity 

with IC50 of 0.74 μg/ml, compared to Doxorubicin drug (IC50 value 0.68 μg/ml). This review 

highlights that, synthesized compounds endowed with promising anti-breast cancer properties. 

 

Key word: Cancer, Thiohydantoin, MCF-7 cell line etc  

 

 1. Introduction 

Cancer is a universal disease, which effect on the particular organs as well as disturb to whole 

body systemi. The cancer  occurs due to uncontrolled progression of normal cells. The numbers 

of factors influenced on the normal cell due to which the transformation of a normal cell to a 

cancerous cellii. In universe a different types of cancer are present out of which, the breast 

cancer is very common to the entire world and normally diagnosed in female candidates. In 

worldwide an estimated value for the breast cancer grasp more than one million women’s. The 

periodical statistical data will be observed for this disease varied widely such as in 2008, nearly 

about 421,000 cases were recovered for breast cancer, where as in 2009–2010, more than 

49,500 women were diagnosed with breast cancer in Europe. From the breast cancer about 

11,600 women’s and 75 men were died in 2010. The estimated data caused from this cancer is 

more than 458,000 women in 2008 worldwide. In 2008, the new cases 184,450 were appeared 

in persistent stages and this number varies to 230,480 in 2011 in USA. This estimated value is 

increases day by day and new cases (~268,600) for breast cancer was identified in women, the 

breast cancer also detected in men in 2019iii.Environmental factors and dietary habits are the 

primary source of breast cancer induction with some secondary factors like virus-mediated 

genetic disturbances iv. In an average about 42,170 women in the U.S. predictable to die in 

2020v. Now a day number of therapies are present to cure this devastating disease such as 

http://heteroletters.org/
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radiotherapy, hormone therapy, chemotherapy, proton beam therapy, targeted drug therapy, 

clinical trials, immunotherapy, cryoablation etcvi-viii .Including this, the another way also 

available to treat the cancer and remove carcinogenic organ from body by surgery, preventive 

diagnostic, staging, palliative, supportive, cryosurgery, laser, electro surgery and various others 
ix-x. 
                     Thiohydantoin containing a nonaromatic ring along with sulfur anolog. In 

thiohydantoin one or more oxygen atoms were replaced by sulfurxi-xv. The number of 

thiohydantoins are present like 2-thiohydantoinxvi (Figer-1), 4-thiohydantoinxvii (Figer-2), and 

2, 4-thiohydantoinxviii (Figer-3). 

N N

S

O

2-Thiohydantoin

      Figer-1

RR1

               

N N

O

S

4-Thiohydantoin

      Figer-2

RR1

          

N N

S

S

2,4-Thiohydantoin

      Figer-3

RR1

 
The well-known analogue is 2-thiohydantoins because it shows wide range of applications as 

anticonvulsantxix, antiepilepticxx, antimicrobialxxi, antiviralxxii, antineoplasticxxiii, 

hypolipidemicxxiv, antithrombioticxxv    and potential antitumor activitiesxxvi-xxvii.  

    Recently Abdellatif et al. reported the synthesis of hybrid (3,5-disubstituted)-2-

thiohydantoin-pyrazole compounds with considerable anticancer activity toward MCF-7, A-

549, and HCT-116 cell linesxxviii.  Elhady et al. reported the synthesis of novel 2‑

thioxoimidazolidin‑4‑one derivatives bearing pyrazole, triazole and benzoxazole moieties and 

explore its anticancer properties based on the group present in 2-thiohydantoin moiety xxix. The 

current study aims to design and develop novel 2-thiohydantoin derivatives and explore 

anticancer applications. 

 

2. Experiment 

The starting material were commercially available in analytical grade. The purity of resultant 

compound was check by using TLC. The IR spectra were recorded in KBr by using FT-(IR 

Perkin Elmer -Spectrum RX-IFTIR).Mass spectra were recorded on mass spectrometer while 

1HNMR were recorded on FT NMR Spectrometer (Bruker Avance Neo 500 MHz). 

  2.1 General Procedure for synthesis of 2-Thiohydantoin:- A mixture of aurone (0.01 M) 

and N-substituted thiourea (0.01 M) were taking in round bottom flask along with 10% KOH 

and Ethanol as a solvent. A reaction mixture was reflux about 3 hr. The mixture had been 

cooled, poured into ice cold water and filtered using a suction pump. The final product 

recrystallized with Ethanol. 
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Table-01 
Sr. no. Compounds R1 R2 R3 

1. 1a C4H3O C6H5 C6H5 

2. 1b  C6H4Cl C6H5 H 

3. 1c C6H5 CH3 CH3 

4. 1d C7H7 CH3 CH3 

 

2.2 Preparation of 5-(hydroxyl(4-methoxyphenyl)methyl)-5-(2-hydroxyphenyl)-1,3-

diphenyl-2-thioxoimidazolidin-4-one(1a)  

2-(4-methoxybenzylidene) benzofuran-3(2H)-one (0.01M) was refluxed with N,N-diphenyl 

thiourea (0.01M) in presence of 10% KOH and appropriate ethanol solvent up to 3 hours. After 

completion of reaction, cooled the mixture and poured in to ice cold water. After filtering and 

washing with diluted HCl and water, a solid product was produced. The product was 

crystallized by using ethanol.    

Mol. Formula C29H24O4N2S : yellowish Crystalline solid, m.p 258oC , yield 70%, Elemental 

analysis (%):C,70.14; H,4.87; N,5.64; O,12.89; S,6.46;  IR (KBr cm-1) 3617.5 (O-H), 3016 

(=CH), 1614 (C=N), 1438 (Ar C=C),ESI-MS[M+H]+ Calculated for C29H24O4N2S: m/z  

496.15, 497.15,498.15   ; 1H-NMR (500 MHz, DMSO) δ3.76 (s, 3H), 5.68 (s,1H), 6.86-7.38 

(m, J =8.4,1.1 Hz, 11H), 7.43 7.70 (m, 6H), 

2.3 Preparation of 5-((4-chlorophenyl)(hydroxy)methyl)-5-(2-hydroxyphenyl)-3-phenyl-

2-thioxoimidazolidin-4-one (1b)  

2-(4-chlorobenzylidene)benzofuran-3(2H)-one(0.01M) was refluxed with N-phenyl thiourea 

(0.01M) in presence of 10% KOH and appropriate ethanol solvent up to 3 hours. After 

completion of reaction, cooled the mixture and poured in to ice cold water. After filtering and 

washing with diluted HCl and water, a solid product was produced. The product was 

crystallized by using ethanol.    

Mol. Formula C22H17O3N2SCl : faint yellowish Crystalline solid, m.p 228oC, yield 74%, 

Elemental analysis (%):C,62.19; H,4.03; N,6.59; O,11.30; S,7.55;Cl,8.34. IR (KBr cm-1) 

3616.5 (O-H), 3268.1 (N-H), 1682(Amide C=O), 1436 (Ar C=C), 755.2 (C-Cl); ESI-

MS[M+H]+ Calculated for C22H17O3N2SCl: m/z  424.06, 426.06, 425.07, 427.07. 1H-NMR 

(500 MHz, DMSO) δ5.58 (s, 1H), 7.04 (m, J = 8.0,7.8 Hz, 1H), 7.48 (m, J = 8.3,1.6,0.5 Hz, 

8H), 8.02(m, J = 8.0,1.4 Hz, 1H). 

2.4 Preparation of 5-(hydroxyl (phenyl) methyl)-5-(2-hydroxyphenyl)-1,3-dimethyl-2-

thioxoimidazolidin-4-one(1c) 

2-benzylidenebenzofuran-3(2H)-one (0.01M) was refluxed with N,N-dimethyl thiourea 

(0.01M) in presence of 10% KOH and appropriate ethanol solvent up to 3 hours. After 

completion of reaction, cooled the mixture and poured in to ice cold water. After filtering and 

washing with diluted HCl and water, a solid product was produced. The product was 

crystallized by using ethanol.    

Mol. Formula C18H18O3N2S: faint red crystalline solid, m.p 210oC, yield 76%, Elemental 

analysis (%): C, 63.14; H, 5.30; N, 8.88; O, 14.02; S, 9.36. 

IR (KBr cm-1) 3520.5 (O-H), 3268.1 , 1712(Amide C=O), 1436 (Ar C=C), 755.2 ; ESI-MS 

M+H]+ Calculated for C18H18O3N2S: m/z  342.10, 343.11, 344.10,. 1H-NMR (500 MHz, 

DMSO)  δ 3.08 (3H, s), 3.40 (3H, s), 5.64 (1H, s), 6.64 (1H, m, J = 8.3, 1.3, 0.5 Hz), 7.04 (1H, 

m, J = 8.0, 7.7, 1.3 Hz). 
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2.5 Preparation of 5-(hydroxy(p-tolyl)methyl)-5-(2-hydroxyphenyl)-1,3-dimethyl-2-

thioxoimidazolidin-4-one(1d) 

2-(4-methylbenzylidene)benzofuran-3(2H)-one (0.01M) was refluxed with N,N-dimethyl 

thiourea (0.01M) in presence of 10% KOH and appropriate ethanol solvent up to 3 hours. After 

completion of reaction, cooled the mixture and poured in to ice cold water. The solid product 

obtained which was filtered and washed with dilute HCl and water. The product was 

crystallized by using ethanol.  

Mol. Formula C19H20O3N2S: faint orange crystalline solid, m.p 224oC, yield 73%, Elemental 

analysis (%): C, 64.02; H, 5.66; N, 7.86; O, 13.47; S, 9.01. IR (KBr cm-1) 3416.5 (O-H), 

1720(Amide C=O), 1436 (Ar C=C), 755.2; ESI-MS[M+H]+ Calculated for C19H20O3N2S: m/z 

356.12,357.12,358.12. 1H-NMR (500 MHz, DMSO) δ 2.27 (3H, s), 3.08 (3H, s), 3.40 (3H, s), 

5.62 (1H, s), 6.64 (1H, m, J = 8.3, 1.3, 0.5 Hz), 7.04 (1H, m, J = 8.0, 7.7, 1.3 Hz), 7.15-7.35 

(5H, 7.21 (m, J = 8.0, 1.2, 0.5 Hz). 

 

3. Result and discussion  

Biological assessment 

The anti-cancer activity of all synthesized compounds has been evaluated against cell lines 

MCF-7 (breast carcinoma cell line). Cytotoxicity of the 2-thiohydantoin derivatives on MCF-

7 cell line (Procured from NCCS Pune) was determined by NRU (Neutral Red Uptake) Assay. 

The cells (5000-8000 cells/well) were cultured in 96 well plates for 24 h in DMEM medium 

(Dulbecco's Modified Eagle Medium-AT149-1L) supplemented with 10% FBS (Fetal Bovine 

Serum - HIMEDIA-RM 10432) and 1% antibiotic solution at 37°C with 5% CO2. Next day, 

medium was removed and fresh culture medium was added to each well of the plate. 5 μl of 

Treatment dilutions (of different concentrations) were added to the defined wells and treated 

plates were incubated for 24 h. 100 μl of NRU (SRL Chem-36248) (40 μg/ml in PBS - 

phosphate buffered saline) was added to the defined wells and incubated (Heal Force-Smartcell 

CO2 Incubator-Hf-90) for 1 h. After that medium was removed, NRU was dissolved in 100 μl 

of NRU Destain solution. Finally plates were read at 550/660 nm using Elisa Plate Reader 

(iMark BioRad-USA). IC-50 Was calculated. 

                              Table 2 show the IC 50 value of the synthesized compounds as well as 

reference compound Doxorubicin against breast carcinoma cell line MCF-7. Tables 3, 4, 5 and 

6, show percentage viability in vitro cytotoxicity against breast carcinoma cell line MCF-7.  

                               Table 2 
 

Sample 

 

        IC50 value (μg/ml) 

1a  36.06 

 

1b  27.31 

 

1c  2.19 

 

1d  0.74 

 

Doxorubicin 

(Reference) 

 

0.68 
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Table 3. Cytotoxicity of compounds 1a against breast carcinoma cell line MCF-7 

 

 

                   Control                              1 µg/ml                                10 µg/ml      

 

 

 

 

 

 

 

 

                50 µg/ml                              100 µg/ml                               250 µg/ml  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concentration 

μg/mL 

Viability (%) 

0 

 

100 

1 

 

84.14239 

10 

 

70.87379 

50 

 

43.3657 

100 

 

27.18447 

250 

 

18.4466 

500 

 

14.23948 

1000 

 

3.559871 
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Table 4. Cytotoxicity of compounds 1b against breast carcinoma cell line MCF-7 

 

 

 

     Control                                     1 µg/ml                                   10 µg/ml      

 

 

 

 

 

  

 

 

 

 

 

                50 µg/ml                                 100 µg/ml                                250 µg/ml      

 

 

 

 

 

 

 

 

 

 

 

 

 

Concentration 

μg/mL 

Viability (%) 

0 

 

100 

1 

 

116.0112 

10 

 

89.04494 

50 

 

51.40449 

100 

 

11.51685 

250 

 

-9.55056 

500 

 

-51.1236 

1000 

 

-46.9109 
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Table 5. Cytotoxicity of compounds 1c against breast carcinoma cell line MCF-7 

 

 

 

                Control                                     1 µg/ml                               10 µg/ml      

 

 

 

 

 

 

 

 

 

 

 

                50 µg/ml                                 100 µg/ml                            250 µg/ml      

 

 

 

 

  

 

 

 

 

 

 

 

Concentration 

μg/mL 

Viability (%) 

0 

 

100 

1 

 

58.59031 

10 

 

35.68282 

50 

 

10.13216 

100 

 

-12.3348 

250 

 

-7.04846 

500 

 

-23.348 

1000 

 

-89.4273 
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Table 6. Cytotoxicity of compounds 1d against breast carcinoma cell line MCF-7 

 

 

 

                 Control                                     1 µg/ml                               10 µg/ml      

 

 

 

 

 

 

 

 

 

 

 

 

                   50 µg/ml                                 100 µg/ml                            250 µg/ml      

 

 

 

 

 

 

 

 

 

 

 

 Concentrati   

on μg/mL 

Viability (%) 

0 

 

100 

1 

 

38.78505 

10 

 

22.42991 

50 

 

3.271028 

100 

 

-2.02492 

250 

 

-2.49221 

500 

 

-22.5857 

1000 

 

-11.0592 
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The resulting data of the 50% inhibition concentration (IC50) summarized in Table 2 showed 

that, the synthesized 2-Thiohydantoin compounds have different activity against breast cancer 

cell line MCF-7. Data examination revealed that, the tested compounds showed good to 

moderate activity. The compound 1c and 1d shows best activity against MCF-7 cell line. 

Doxorubicin is a anticancer drugs used since 1960. If synthesized compound compare to 

Doxorubicin then compound 1c and 1d shows best result while compound 1a and 1b shows 

moderate result again MCF-7 cell line  

Generally the structure and biological activity of the compound is responsible for anticancer 

activity. In 2-Thiohydantoin number of groups like phenyl, benzyl, hydroxyl etc. present at N1 

and N3 increases the reactivity against cancerous cell.   

 

4. Conclusion  

 In this work, we report the effective synthesis of 2-thiohydantoin derivatives and evaluated 

anticancer property. In present study the compound 1d is very effective against MCF-7 cell 

line due to methyl group attached to N1 and N3 position. The other compounds like 1a, 1b and 

1c shows moderate activity. If different groups are attached at different positions which are 

responsible to change the effectiveness against MCF-7 line. These results highlight the 

significance of these compounds as promising new prospects for the discovery and 

development of innovative chemotherapeutic drugs in the treatment of breast cancer. 

 

Conflicts of interest  

The authors declare there is no conflict of interest. 

 

5. Acknowledgements 

The authors would like to thanks Department of chemistry, Shri Shivaji Arts Commerce and 

Science College, Akot for providing lab equipment’s. Also thankful to Shri Gajanan Ingle sir 

for his cooperation. The authors extend their appreciation to Chhatrapati Shahu Maharaj 

Research, Training And Human Development Institute (SARTHI), for financial support in the 

form of Fellowship (CSMNRF-2022). Authors are also thankful to CIL and SAIF, Panjab 

University, Chandigarh for providing spectral data. 

 

References 

i  Wahab  R.; Dwivedi S.; Umar A.; Singh S.; Hwang  I.H.; Shin H.S.; Musarrat  J.; 

Al- Khedhairy A. A.; Kim Y. S.; ZnO Nanoparticles Induce Oxidative Stress in  

Cloudman S91 Melanoma Cancer Cells; J. Biomed Nanotech; 2013, 9 (3), 441–

449. 

ii  Bray F.; Jemal A.; Grey N.; Ferlay J.; Forman D.; Global cancer transitions 

according to the Human Development Index : a population-based study. Lancet 

Oncol; 2012, 13 (8), 790–801. 

iii  Nardin S.; Mora E.; Varughese F.M.; Avanzo F.D.; Vachanaram A.R.; Rossi V.; 

Saggia C.; Rubinelli S.; Gennari A.; Breast Cancer Survivorship, Quality of Life, 

and Late Toxicities; Front Oncol.; 2020, 10, 864. 

iv  Su N.N.; Wu Q.; and Cui J.; Applications and prospects of light environment control  

technology for vegetable seedling cultivation in factory; China Vegetables; 2013, 

4, 006. 

v  American Cancer Society. Breast Cancer Facts & Figures 2019-2020. 

Atlanta:American Cancer Society, Inc. 2019. https://www.cancer. org/content/dam/ 

https://www.cancer/


 
 

P. A. Gotmare  et al. / Heterocyclic Letters Vol. 14| No.1|131-141|Nov-Jan|2024 

 

140 
 

cancer-org/research/cancer-  facts-and-statistics/breastcancer-facts-and-

figures/breast-cancer-facts-and-  figures-2019-.pdf. 

vi  Chen K.; Wei1 J.; Ge C.; Xia W.; Shi Y.; Wang H.; Jiang X.;.Application of 

autoplanning in radiotherapy for breast cancer after breast conserving surger; 

Scientific Reports; 2020,10, 10927. 

vii  Cammarata F.P.; Forte G.I.; Broggi G.; Bravatà V.; Minafra L.; Pisciotta P.; 

Calvaruso M.;Tringali R.; Tomasello B.; Torrisi F.; Petringa G.; Cirrone G.; 

Cuttone G.; Acquaviva R.; Caltabiano R.; Russo G.; Molecular Investigation on a 

Triple Negative Breast Cancer Xenograft Model Exposed to Proton Beams; Int. J. 

Mol. Sci.; 2020, 21 (17), 6337.  

viii  Li J.; Li M.; Tian L.; Qiu Y.; Yu Q.; Wang X.; Guo R.; He Q.;. Facile strategy by 

hyaluronic acid functional carbon dot-doxorubicin nanoparticles for CD44 targeted 

drug delivery and enhanced breast cancer therapy. Inter. J. Pharmaceutics; 2020, 

578, 119122.  

ix  He X.; Zhang Q.; Feng Y.; Li  Z.; Pan Q.; Zhao Y.; Zhu W.; Zhang N.; Zhou J.; 

Wang  

L.; Wang M.; Liu Z.; Zhu H.; Shao Z., Wang L.; Resection of liver metastases from  

breast cancer: a multicentre analysis; Clin. Transl. Oncol.; 2020, 22 (4), 512–521. 

x  Wahab R.; Siddiqui M.A.; Saquib Q.; Dwivedi S.; Ahmad J.; Musarrat J.; Al- 

Khedhairy A.A.; Shin H.S.; ZnO nanoparticles induced oxidative stress and 

apoptosis in HepG2 and MCF-7 cancer cells and their antibacterial activity; 

Colloids Surf. BBiointerfaces; 2014, 117, 267–276. 

xi  Johnson T.B.; Scott W.M.; J. Am. Chem. Soc.; 1913, 35, 1136–1143.  

xii  Johnson T.B.; Bengis R.; J. Am. Chem. Soc.; 1913, 35, 1605-1606. 

xiii  Johnson T.B.; Hemingway E.H.; J. Am. Chem. Soc.; 1916, 38, 1550-1557.  

xiv  Cromwell L.D.; Stark G.R.; Biochemistry; 1969, 8, 4735–4740.  

xv  Wyzlic I.M.; Tjarks W.; Soloway A.H.; Perkins D.J.; Burgos M.; O’Reilly K.P.; 

Inorganic Chemistry; 1996, 35, 4541–4547. 

xvi  Johnson T.B.; Scott W.M.;  J. Am. Chem. Soc.; 1913, 35, 1130–1136.  

xvii  El-Sharif A.; Hussein A.;  El-gaby M.; Atalla A.;  Ahmed A.; Phosphorus, Sulfur, 

and 

Silicon; 2001, 170, 47-63.  

xviii  Ahmedova A.; Marinova P.;  Paradowska K.; Marinov M.; Wawer I.; Mitewa M.;  

Polyhedron; 2010, 29, 1639-1645.  

xix  Davis R.A.; Aalbersberg W.; Meo S.;  Moreira da Rocha R.;  Ireland C. M.; 

Tetrahedron; 2002, 58, 3263. 

xx  Kandra L.; Remenyik J.; Batta G,;  Somsâk L.; Gyêmânt G.;  Park K. H.; 

Carbohydr Res.; 2005, 340, 1311. 

xxi  Roue N.; Bergman J.; Tetrahedron; 1999, 55, 14729. 

xxii  Chang W. J.; Kulkarni M. V.; San C. M.; J Comb Chem.; 2006, 8, 141. 

xxiii  Fuentes J.; Salameh B. A. B.; Pradera M. A.; Córdoba F. J. F.; Gasch C.; 

Tetrahedron; 2006, 62, 97. 

xxiv  Beloglazkina E.K.; Majouga A. G.;  Romashkina R. B.; Zyk N. V.;Tetrahedron  

Lett.; 2006, 47. 2957. 

xxv Lin M.J.; Sun C. M.; Tetrahedron Lett. ; 2003, 44, 8739. 

xxvi  Chazeau V.; Cussac M.; Boucherle A.; Eur J Med Chem.; 1992, 27, 615. 

xxvii  Kononowicz K. K.; Wojciechowska J. K.; Phosphorus Sulfur Silicon Relat Elem.; 

1992, 73, 235. 

xxviii  Abdellatif  K.R.A.; Fadaly  W.A.A.; Mostafa  Y.A.; Zaher  D.M.; Omar  H.A.;  



 

 

 

P. A. Gotmare  et al. / Heterocyclic Letters Vol. 14| No.1|131-141|Nov-Jan|2024 

 

141 
 

Thiohydantoin derivatives incorporating a pyrazole core: Design, synthesis and 

biological evaluation as dual inhibitors of topoisomerase-I and cycloxygenase-2 

with anti-cancer and anti-inflammatory activities;Bioorg. Chem.; 2019, 91, 103132.  

xxix  Elhady H.A.; El‑Sayed R.; Al‑Nathali H.S.;  Design, synthesis and evaluation of 

anticancer activity of novel 2‑thioxoimidazolidin‑4‑one derivatives bearing 

pyrazole, triazole and benzoxazole moieties; Chemistry Central Journal; 2018,  

12(1),51. 

                 

                Received on September 25, 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



www.ijcrt.org                                                     © 2024 IJCRT | Volume 12, Issue 1 January 2024 | ISSN: 2320-2882 

IJCRT2401357 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c982 
 

NOVEL SYNTHESIS AND ANTICANCER 

SCREENING OF NEW THIOHYDANTOIN-

CHALCONE CONJUGATES  
 

1Ms. Vaishnavi A. Petkar and 2Dr. Sanjay V. Kolhe 
1Research Student 2Professor 

 P. G. Department of Chemistry, Shri Shivaji Arts’, Commerce & Science College  

Akot, Dist. Akola 444101, Maharashtra, India 

 

Abstract: Thiohydantoins and chalcones both are the privileged pharmacophores with significant 

importance in medicinal chemistry. A series of eight thiohydantoin- chalcones conjugates was synthesized 

and these hybrid compounds were also screened for in vitro anticancer activity. Few compounds were found 

active against the pathogenic bacterial strains. 

 

 

  Index Terms - Breast Cancer activity, chalcones, thiohydantoin, MCF-7 cell line, pharmacophores 

 
I. INTRODUCTION 

Thiohydantoins are sulfur analogs of hydantoins with one or both carbonyl groups replaced by thiocarbonyl 

groups1. Among the known thiohydantoins, 2-thiohydantoins are most notably known due of their wide 

applications as hypolipidemic2 , anticarcinogenic3 , antimutagenic4 , antithyroidal5,  antiviral (e.g., against 

herpes simplex virus, HSV)6 , human immunodeficiency virus (HIV)7 and tuberculosis8 , antimicrobial 

(antifungal and antibacterial)9 , anti-ulcer and anti-inflammatory agents10 , as well as pesticides11. 

Additionally, 2-thiohydantoins have been used as reference standards for the development of C-terminal 

protein sequencing12, as reagents for the development of dyes13 and in textile printing, metal cation 

complexation and polymerization catalysis14. It is therefore not surprising that various different synthetic 

methods have been developed to prepare 2-thiohydantoin and its derivatives. Some of the most commonly 

used methods are the treatment of α-amino acids with acetic anhydride followed by ammonium 

thiocyanate15 and the coupling reaction between α-amino acid derivatives and isothiocyanate 4a,12b,16 . Other 

preparative methods for 2-thiohydantoins include the reactions between thiourea and benzil17 thiourea and 

α-halo acids18, oxazolinone and thiocyanate 19, amino amide and diimidazole thiocarbonate 20, and others21. 

In addition, some of the above reactions have been modified to take place under microwave irradiation17c 

and solid-phase16a, 22 or fluorous-phase 23 supported reaction conditions. However, the above methods often 

suffer from one or more synthetic limitations for large-scale preparation of 2-thiohydantoin derivatives due 

to their use of expensive, moisture sensitive and/or highly toxic starting materials and reagents. Moreover, 

the methods developed for combinatorial synthesis and used to prepare 2-thiohydantoin derivatives in small 

quantities for purposes like biological testing may not be feasible when operated on a large scale 22d, 24. A 

Thiohydantoin derivative has also been reported as herbicidal25. Bucherer reaction has also been reported 

for the synthesis of thiohydantoin26. Sulfenylated thiohydantoins has also been reported as fungicides. Ant 

diabetic hydantoins have been synthesized by Japanese scientists27. 1-3-diglycidyl-5, 5-dimethyl hydantoin 

has been used for primed steel plate to give a good coating for weathering, alkali, acid and water 

resistance28. Some thiohydantoin derivatives have been used in the treatment of blood circulation 

disorder29. Some thiohydantoins have been reported as inhibitors of pyrimidine biosynthesis30, 5, 5-

disubstituted thiohydantoins have also been synthesized for their anti HIV activity31. Synthesis of 

benzylidene derivatives of 3(2, 3, 4-chlorophenyl) thiohydantoins are reported for their anticonvulsant 
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properties32, 1-bromo thiohydantoins is reported where transposition of halogen atom from nitrogen to 3-

alkyl group is studied33. 1-N-phenyl substituted 2-thiohydantoins derivatives were synthesized by Z. Jinpei 

et al for their antinociceptive activity34. Acetylation of 3-substituted 1-amino-thiohydantoins has been 

reported35. Reaction of 5-arylidene-3-phenyl-2-thiohydantoin with 2,3,4,6-tetra-o-acetyl-a-D-gluco-

pyranosyl bromide are reported. The product is arylidene-phenyl [(tetra acetyl glyco pyranosyl) 

thiohydantoin.36 Chalcones are one of the most important compounds. The framework 1,3-diphenylprop-2-

en-1-one  is well known by the generic term ‘‘chalcone,’’ a name coined by Kostanecki and Tambor37. It is 

also known as benzal acetophenone and benzylidene acetophenone. The chalcones has most important 

properties like anticancer 38, antimalarial39, antimicrobial40 and antiinflammatory41etc. 2-Hydroxy 

chalcones are a group of naturally occurring compounds and are used as the intermediates for the synthesis 

of various other flavanoids41, 42. The unsaturated carbonyl system in chalcones makes them biologically 

active43.Indeed,chalcones constitute an important group of natural compounds that are especially abundant 

in fruits (e.g., citruses, apples), vegetables (e.g., tomatoes, shallots, bean sprouts, potatoes) and various 

plants and spices (e.g., licorice),many of which have been used for centuries in traditional herbal medicine44-

45  

The cancer is occurs due to uncontrolled progression of normal cells. The numbers of factors influenced on 

the normal cell due to which the transformation of a normal cell to a cancerous cell46. In universe a different 

types of cancer are present out of which, the breast cancer is very common to the entire world and normally 

diagnosed in female candidates. In worldwide an estimated value for the breast cancer grasps more than one 

million women’s. The periodical statistical data will be observed for this disease varied widely such as in 

2008, nearly about 421,000 cases were recovered for breast cancer, where as in 2009–2010, more than 

49,500 women were diagnosed with breast cancer in Europe. From the breast cancer about 11,600 women’s 

and 75 men were died in 2010. The estimated data caused from this cancer is more than 458,000 women in 

2008 worldwide. In 2008, the new cases 184,450 were appeared in persistent stages and this number varies 

to 230,480 in 2011 in USA. This estimated value is increases day by day and new cases (~268,600) for 

breast cancer was identified in women, the breast cancer also detected in men in 201947. 

  

II .METHODOLOGY 

The chemicals used in the synthesis were purchased from Sigma Aldrich and were used as such. Melting 

points of the compounds have been measured using automated melting point apparatus and are uncorrected. 

IR spectra were recorded in Nijol, 1H NMR spectra were recorded in CDCl3 with TMS as an internal 

standard. The purity of synthesized compound was check by TLC. The structural elucidation of compound 

was done on the basis of chemical and spectral data.  

 

2.1 Preparation of N-(3-(4-acetyl phenyl)-2- Chloro acetamide (1B) :- 

0.01mol of Para-amino acetophenone (1A) was dissolved in dichloromethane (DCM) and cooled to 0-5 ºC 

in ice bath. Further, 0.01 mol of potassium carbonate (K 2CO3) were added to this reaction mixture followed 

by drop wise addition of 0.01 mol of Chloro acetyl chloride (ClCOCH2Cl) at 0 ºC temperature. This reaction 

mixture was stirred at room temperature for 3 hrs. After completion of reaction, solvent was evaporated. 

The residue was washed with distilled water to get N-(4-acetyl phenyl)-2- Chloro acetamide (1B).  
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2.2 Preparation of N-(3-(4-acetyl phenyl) imidazolidine-2,4-dione) (1C) :- 

0.01 mol of 1B was refluxed with 0.01 mol of NH4CNS in presence of 0.01 mol of tetra butyl ammonium 

iodide and ammonium acetate using acetonitrile as solvent at 80 ºC for 12 hrs., after completion of reaction 

solvent was evaporated. The crude product N-(3-(4-acetyl phenyl) imidazolidine-2, 4-dione) 1C was 

extracted with ethyl acetate and was purified with column chromatography using ethyl acetate and hexane 

as eluent. 

To compared the yield and texture of 1C the reaction was refluxed with two different thiocyanate with 

Scheme - A and  Scheme –B 

 

Scheme: - A  Refluxed with NH4CNS :- 

 
Scheme: - B Refluxed with KCNS :- 

0.01 mol of 1B was refluxed with 0.01 mol  KCNS in presence of 0.01 mol of tetra butyl ammonium iodide 

and ammonium acetate using acetonitrile as solvent at 80 ºC for 12 hrs., after completion of reaction solvent 

was evaporated. The crude product N-(3-(4-acetyl phenyl) imidazolidine-2, 4-dione) 1C was extracted with 

ethyl acetate and was purified with column chromatography using ethyl acetate and hexane as eluent. 

        
2.3Preparation of N-(3-(4-Carboxy phenyl)-3” substituted Chalcone-Thiohydantoin Conjugates (1D-

E) :- 

To a well stirred solution of N-(3-(4-acetyl phenyl)- imidazolidine-2,4-dione) 1C (0.01 mol) in methanol, 

0.01 mol of LiOH were added followed by the addition of 0.01 mol of corresponding substituted  aromatic 

aldehyde. The reaction mixture was stirred at room temperature for 3 hrs. After formation of cake, keep the 

reaction overnight, completion of reaction, precipitate obtained was filtered washed with distilled water. The 

crude product obtained was purified by crystalized from methanol. 
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Table 1: Synthesized Chalcone-Thiohydantoin Conjugates Compounds, M.P. and yields 

    Sr. No.     Compounds           R 1       M. P. (o C)        Yield (%) 

1 1E C5H3O2 276 74% 

2 1D C6H4NO2 225 71 % 

 

III.SPECTRAL ANALYSIS 

Compound 1E 

Mol. Formula C18H14O4N2S :  Brown red amorphous solid, m.p 276  oC , yield 74%, Elemental analysis 

(%):C,61.01; H,3.98; N,7.90; O,18.06; S,9.05; IR (KBr cm-1) 3426.58 (N-H), 17.34 (C=O), 1642.5 (Ar C-

H),ESI-MS[M+H]+ Calculated for C18H14O4N2S: m/z 354.08, 355.06; 1H-NMR (500 MHz, DMSO): δ 3.81 

(2H, d, J = 6.8 Hz), 3.96 (2H, d, J = 17.7 Hz), 4.32 (2H, d, J = 9.7 Hz), 5.70 (1H, dt, J = 10.7, 9.7 Hz), 5.89-

6.03 (3H, 5.96 (d, J = 15.8 Hz), 5.96 (d, J = 5.9 Hz), 5.97 (d, J = 5.9 Hz)), 6.36 (1H, d, J = 3.5 Hz), 6.63 

(1H, d, J = 10.7 Hz), 7.01 (1H, dt, J = 15.8, 6.8 Hz), 7.15 (1H, d, J = 3.5 Hz), 9.74 (1H, s). 

Compound 1D 

Mol. Formula C19H15O4N3S :  Golden yellow amorphous solid, m.p  225oC , yield 71%, Elemental analysis 

(%):C,59.83; H,3.96; N,11.02; O,16.78; S,8.41; IR (KBr cm-1) 3420.58 (N-H), 17.34 (C=O), 1632.5 (Ar C-

H),ESI-MS[M+H]+ Calculated for C19H15O4N3S : m/z 381.08, 382.08; 1H-NMR (500 MHz, DMSO): δ 

3.30 (2H, d, J = 6.8 Hz), 3.96 (2H, d, J = 17.7 Hz), 4.32 (2H, d, J = 9.7 Hz), 5.70 (1H, dt, J = 10.7, 9.7 Hz), 

5.90-6.06 (3H, 5.96 (d, J = 5.9 Hz), 5.99 (d, J = 15.8 Hz), 5.97 (d, J = 5.9 Hz)), 6.56-6.75 (3H, 6.63 (d, J = 

10.7 Hz). 

IV. BIOLOGICAL ASSESSMENT  
The anti-cancer activity of synthesized compounds has been evaluated against cell lines MCF-7 (breast 

carcinoma cell line. Cytotoxicity of the Chalcone-thiohydantoin conjugates derivatives on MCF-7 cell line 

(Procured from NCCS Pune) was determined by NRU (Neutral Red Uptake) Assay. The cells (5000-8000 

cells/well) were cultured in 96 well plates for 24 h in DMEM medium (Dulbecco's Modified Eagle 

Medium-AT149-1L) supplemented with 10% FBS (Fetal Bovine Serum - HIMEDIA-RM 10432) and 1% 

antibiotic solution at 37°C with 5% CO2. Next day, medium was removed and fresh culture medium was 

added to each well of the plate. 5 μl of Treatment dilutions (of different concentrations) were added to the 

defined wells and treated plates were incubated for 24 h. 100 μl of NRU (SRL Chem-36248) (40 μg/ml in 

PBS - phosphate buffered saline) was added to the defined wells and incubated (Heal Force-Smartcell CO2 

Incubator-Hf-90) for 1 h. After that medium was removed, NRU was dissolved in 100 μl of NRU Destain 

solution. Finally plates were read at 550/660 nm using Elisa Plate Reader (iMark BioRad-USA). IC-50 Was 

calculated. 
Tables 2 show the IC 50 value of the synthesized compounds as well as reference compound Doxorubicin 

against breast carcinoma cell line MCF-7. Tables 3, 4, 5 and 6, show percentage viability in vitro 

cytotoxicity against breast carcinoma cell line MCF-7. 
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Concentration (µg/ml)

NRU Assay-MCF-7-1E                Table: 2 

 

  

 

Control                 1ug/mL          10ug/mL        50ug/mL       100ug/mL         250ug/mL 

            
 

 

                 Table :3  

 

 

 Concentration (µg/ml) 
 Control               1ug/mL         10ug/mL     50ug/mL    100ug/mL      250ug/mL 

             
IV.RESULT AND CONCLUSION  

The result evaluated that, thiohydantoin conjates shows moderate to good effect on breast cancer cell 

line.Therefore, much research efforts are still required to be focused on studying the substituents effects that 

highly enhance the drug-like properties of the thiohydantoin conjates scaffolds to reach the outmost 

challenges and prominent  to improve human health and reduce suffering.  
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Concentration 

 ug/mL 

Viability 

 (%) 

0 100 

1 96.17486 

10 91.25683 

50 84.69945 

100 56.01093 

250 32.24044 

500 3.005464 

1000 -177.322 
 

Concentration 

 ug/mL 

Viability 

 (%) 

  0 100 
 

 1 113.1579 

10 99.12281 

50 45.02924 

100 22.80702 

250 7.894737 

500 15.2047 

1000 47.6608 
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Abstract 

Novel 2-thiohydantoin derivatives (1a and 1b) were synthesized from aurones with solvent ethanol. The 

structures of synthetic compounds were characterized using Fourier-transform infrared spectroscopy 

(FT-IR), 1H-nuclear magnetic resonance (NMR) spectroscopy, and mass spectrometry. Synthesized 

compounds shows good to moderate antibacterial and antifungal activities against Bacterial culture, 

Escherichia coli (MTCC-452), Pseudomonas aeruginosa (MTCC-3541), Mycobacterium tuberculosis 

(MTCC-300), Enterococcus faecalis, Aspergillus niger, (MTCC-281), Candida. Albicans, (MTCC- 

854) species. 

 
Keywords: 2-thiohydantoin, antibacterial, antifungal 

 

1. Introduction 

The chemical substances that stop microorganisms from growing or that eradicate them, is 

known as an antimicrobial agent. This characteristic is displayed by a variety of substances 

when utilized at a sufficiently higher focus. Nonetheless, the term is typically limited to 

substances that exhibit efficacy at concentrations appropriate for real-world use. The 

substance ought to have a wide range of antibacterial activity at low concentrations.  

Hippocrates, a Greek physician who lived in 450 B.C., is credited with introducing the idea 

of disease as a pathogenic process and organizing the field of medicine through the use of 

deduction, analysis, and abbreviation. James Gregory (1753-1821) is credited with 

popularizing heroic symptomatic treatment, which included bloodletting, high dosages of 

ematic, and drastic purgatives - many of which had disastrous outcomes. This treatment, 

which lacked any scientific foundation, was dubbed ("allopathy").  

The oldest and most revered scripture, the Rigveda, which was composed between 4500 and 

1600 B.C., contains the first record of the use of plants for medicinal purposes. Certain drug 

properties and their applications have been detailed in detail in the Ayurveda, which is 

regarded as an "Upa-Veda." Actually, the basis of India's traditional medical knowledge is 

Aryurveda [1]. 

Several Western scholars have determined that Ayurveda dates back to between 2500 and 

600 B.C. Ayurveda is divided into eight branches, which are separated by two later works 

called Sushruta [2]. 

Literature survey reveals that chalcones, aurones and 2-thiohydantoin derivatives has 

antimicrobial, anti-inflammatory, anti-diabetic. Anticancer, analgesic, insecticidal etc. 

properties. 

Kolli et al. revealed that, 2-thioxo imidazolidinones derivatives shows moderate to higher 

antimicrobial activity against Escherichia coli, Enterococcus faecalis, Pseudomonas 

aeruginosa and Staphylococcus aureus [3]. 

Joshi et al., synthesized thiohydantoin derivative and explored regioselectivity as well as 

antimicrobial activity [4]. 

Badiger et al., synthesized 5-[6-aryl-2-(4-methoxybenzyl)imidazo[2,l-b][l,3,4] thiadiazol-5-

yl]methylene-2-thioxoimidazolidin-4-one derivatives & screened for their antibacterial and 

antifungal activities [5]. 

Bhambi et al., synthesized 3-Thiazolidin-4-one-2-yl-methylene hydrazido-1H-indole 2 and 

3-[2-thioxo-imidazolin-4-one-3-yl-imino methylene]-1H-indole 3, which were characterized 

for their antibacterial and antifungal activities, with some showing significant inhibition [6]. 
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2-Thiohydantoins are important class of compounds within 

pharmaceutical industries and exist in various 

pharmacologically active molecules that possess important 

bioactivities like antimicrobial [7], antiviral [8], fungicides [9], 

anti-parasite, [10] and anticancer [11]. 

These molecules contribute to drug discovery and the 

importance of these compounds in bioactive, we have 

decided to synthesize the thiohydantoin derivatives and 

investigated its antimicrobial properties because these 

properties explain the nature and reactivity towards drugs. 

 

2. Methods and Materials 

2.1 General 

Using TLC, the final compound's purity was assessed. The 

FT-(IR Perkin Elmer - Spectrum RX-IFTIR) was used to 

record the IR spectra in KBr. While 1HNMR data was 

recorded on an FT NMR Spectrometer (Bruker Avance Neo 

500 MHz), mass spectra were recorded on a mass 

spectrometer. The data are presented as chemical shifts in 

parts per million downfield from TMS, assignment, 

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, 

and m = multiplet), and coupling constant, in that order. 

A round bottom flask containing 10% KOH and ethanol as a 

solvent was filled with aurone (0.01 M) and N-substituted 

thiourea (0.01 M). For three hours, reflux was a reaction 

mixture. The mixture was then added to ice-cold water and 

filtered using a suction pump after this time. Ethanol was 

used to help the finished product recrystallize. 

 

 
 

Compounds R1 R2 R3 

1a C7H7O C6H5 C6H5 

1b C6H4Cl H C6H5 

 

2.2 Preparation of 5-(hydroxyl (4-methoxyphenyl) 

methyl)-5-(2-hydroxyphenyl)-1,3-diphenyl-2-

thioxoimidazolidin-4-one (Thiohydantoin-1a) 

2-(4-methoxybenzylidene) benzofuran-3(2H)-one (0.01 M) 

and 1,3-diphenylthiourea (0.01 M) were taking in round 

bottom flask along with 10% KOH and Ethanol as a solvent. 

A reaction mixture was reflux for 3 hours. After complete 

the reaction, the mixture was poured in to ice cold water and 

filter it by using suction pump. The final product 

recrystallized with Ethanol. 

 

Mol. Formula C29H24O4N2S 

Light yellow amorphous solid, M.P 226 °C, yield 71%, 

Elemental analysis (%):C,70.14; H,4.87; N,5.64; O,12.89; 

S,6.46; IR (KBr cm-1) 3548.78 (O-H), 3418.58 (N-H), 

1690.05 (C=O), 1632.5 (Ar C-H),ESI-MS[M+H]+ 

Calculated for C29H24O4N2S m/z 496.12, 497.15; 1H-NMR 

(500 MHz, DMSO): δ 3.76 (3H, s), 5.66 (1H, s), 6.85-7.37 

(11H, 6.91 (ddd, J = 8.4, 1.1, 0.5 Hz), 8.03 (1H, ddd, J = 

8.0, 1.3, 0.5 Hz). 

 

2.3 Preparation of 5-((4-chlorophenyl)(hydroxy)methyl)-

5-(2-hydroxyphenyl)-3-phenyl-2-thioxoimidazolidin-4-

one (Thiohydantoin-1b) 

2-(4-chlorobenzylidene) benzofuran-3(2H)-one (0.01 M) 

and 1-phenylthiourea (0.01 M) were taking in round bottom 

flask along with 10% KOH and Ethanol as a solvent. A 

reaction mixture was reflux for 3 hours. After complete the 

reaction, the mixture was poured in to ice cold water and 

filter it by using suction pump. The final product 

recrystallized with Ethanol. 

 

Mol. Formula C22H17O3N2SCl 

Faint yellowish crystalline solid, M.P. 228 °C, yield 74%, 

Elemental analysis (%): C, 62.19; H, 4.03; N, 6.59; O, 

11.30; S, 7.55; Cl, 8.34. IR (KBr cm-1) 3616.5 (O-H), 

3268.1 (N-H), 1682(Amide C=O), 1436 (Ar C=C), 755.2 

(C-Cl); ESI-MS [M+H]+ Calculated for C22H17O3N2SCl: 

m/z 424.06, 426.06, 425.07, 427.07. 1H-NMR (500 MHz, 

DMSO) 5.58 (s, 1H), 7.04 (m, J=8.0, 7. 8 Hz, 1H), 7.48 (m, 

J=8.3, 1. 6, 0. 5 Hz, 8H), 8.02(m, J=8.0, 1.4 Hz, 1H). 

 

3. Antimicrobial Screening 

The Antibacterial activity was checked by following Zone 

Inhibition Method (Kirby-Bauer method). The MHA plates 

were inoculated by spreading with 100 μl of Bacterial 

culture, Escherichia coli (MTCC-452), Pseudomonas 

aeruginosa (MTCC-3541), Mycobacterium tuberculosis 

(MTCC-300), Enterococcus faecalis, Aspergillus niger, 

(MTCC-281), Candida. Albicans, (MTCC- 854). (Adjusted 

to 0.5 McFarland Unit - Approx cell density (1.5 X 108 

CFU/mL) and followed by placing the discs containing 10 

μl of different concentration (0 to 1000 mg/ml). One disc in 

each plate was loaded with solvent alone which served as 

vehicle control and Ciprofloxacin disc (10μg) were taken as 

positive control. The plates were incubated at 37 °C for 24 

hrs. A clear zones created around the disc were measured 

and recorded. 

 

3.1 Result and Discussion  

The antimicrobial activities of synthesized compounds 1a 

and 1b, have been assayed at the concentration of 1000 

μg/disc against some pathogens viz. bacteria Escherichia 
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coli (MTCC-452), Pseudomonas aeruginosa (MTCC-

3541),Mycobacterium tuberculosis (MTCC-300), 

Enterococcus faecalis, and some fungi viz. 

Aspergillus niger, (MTCC-281), Candida. Albicans, 

(MTCC- 854). The efficacy of titled compounds is given in 

following table. 

 
Table 1: Zone of inhibition (mm) 

 

Compounds 

Zone of inhibition (mm) 

Bacterial pathogens Fungal pathogens 

E. coli P. aeruginosa M. tuberculosis E. faecalis A. niger C. Albicans 

1a 15.33 20.67 18 16.24 15 21 

1b 12.14 12 9.50 11.46 10 13 

 

The results of antimicrobial screening indicate that the titled 

compound shows good to moderate antimicrobial activity 

against tested bacteria. Here compound 1a shows highest 

antimicrobial activity than compound 1b due to electron 

donating group present at para position as well as phenyl 

group attached to nitrogen in thiohydantoins. These changes 

in functional groups cause changes in the biological 

activities of the compounds. The newly synthesized titled 

compounds are capable to cramp the growth of fungal and 

bacterial pathogens. 

 

Conclusion 

The presented data showed that the diversity of chemical 

synthesis of thiohydantoins has benefited many drug 

discovery projects. The chemical structure of these 

molecules possesses two main variable positions 3-N and 5-

C where most of their derivatives could be synthesized. In 

present study compound 1a shows higher antimicrobial 

activity than 1b due to presence of electron donating group 

directly attached to benzene ring as well as nitrogen atom 

contains phenyl group.  
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ABSTRACT: 

The heterocyclic coumaran-3-one derivative was synthesized from chalcone and purity check 

by TLC. The characterization of coumaran-3-one derivative was done by IR, H-NMR and mass 

Spectrometer. The physico-chemical parameters of heterocyclic coumaran-3-one derivative 

such as density, viscosity, refractive index and acoustic parameter etc. has been studied at 

different temperature, concentrations and solvents etc. 

 

KEY WORDS: Heterocyclic , density, refractive index, ultrasonic velocity, solvents etc. 

 

INTRODUCTIONS: 

A coumaran-3-one derivative (aurone) is a heterocyclic chemical compound which is a type of 

flavonoid. Coumaran-3-one derivative is a constitute of a subclass of naturally occurring 

compounds which are structurally isomeric to flavones, biogenetically related to chalcones, 

and are responsible for imparting beautiful yellow colors to some of the flower petals1-4. It is a 

subtype of flavonoids these are isosteres of flavones5-6. The aurone shows great antimicrobial 

properties although the studies and  biological activities of aurones are still limited, it is a 

promising material to prepared  bioactive compounds with a broad spectrum of activity 

including such as anti-microbial7, anti-cancer8, anti-leishmanial9-11, anti-histaminic12, 

antiinflammatory13, antioxidant14, insect anti-feedant15, herbicidal16,anti-HIV17-18, anti-HCV 

(hepatis C virus)19-20, anti-malarial21-22, ChE inhibitory23-24, MAO inhibitory25 activities. The 

antileishmanial activity of a series of aurones was first reported by Kayser and Kiderlen in 

199926. Aurones having great tendency to shows coupling reactions with ligands 27.  

                                            Lawrence et al. studied the aurone, isolated from Uvaria hamiltonii, 

which were subsequently evaluated for anticancer activity 28.  Chen et al. prepared new aurones 

which acts as a chemosensors for cyanide anions 29. 

                                             The properties like density, viscosity, refractive index , ultrasonic 

velocity play a very important role to find out thermochemistry parameters. Physico-chemical 
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properties are useful to design of new pesticides and drugs.Thus, the present work was 

undertaken to synthesized new heterocyclic coumaran-3-one derivative and study of its 

physicochemical properties such as density, viscosity, refractive index, acoustic parameter etc. 

in different solvents, different concentrations and different temperatures.    

 

EXPERIMENTAL: 

1. Synthesis of heterocyclic coumaran-3-one derivative:                                                                                           

The coumaran-3-one derivative was prepared by simple cyclization process. In this synthesis, 

the starting materials is 2-hydroxy chalcone which is prepared from equimolar mixture 2-

hydroxy acetophenone and furfuraldehyde. The chalcone undergoes cyclization in presence of 

mercuric acetate with suitable solvent to gives coumaran-3-one derivative. The solvent like 

DMSO and pyridine showed good yield of aurones 30- 32. Agrawal et al. described  the method 

of preparation of aurone by cyclisation of Hydroxy chalcones  using pyridine-Hg (OAc)2.
33  The 

characterization of novel synthesized coumaran-3-one derivative was done by using 

spectroscopic technique like H-NMR (Bruker Avance Neo 500 MHz), IR (Perkin Elmer - 

Spectrum RX-IFTIR), mass spectrometry etc. 

R1

O

O

(CH3COO)2Hg

DMSO

O

O

O

(Z)-2-(furan-2-ylmethylene)benzofuran-3(2H)-one
Chalcone

R1=OH                                                       

                                                                     Table:-1 

Compound Molecular 

formula 

Molecular 

 weight 

Yield colour m.p. 

(Z)-2-(furan-2-ylmethylene)
benzofuran-3(2H)-one  

C13H8O3 212   74% yellowish 

brown  

1020 C 

 

SPECTRAL DATA :IR (KBr cm-1) 1688 (C=O cyclic), 1642(C=C aliphatic), 1480 (C=C 

aromatic), 1210(C-O furane ), 1H-NMR (500 MHz, DMSO) δ 6.34 (dd, J = 3.4,1.8 Hz, 1H), δ 
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6.80 (s, 1H), δ 7.08  (dd, J=3.4, 0.6 Hz, 1H), δ 7.64 (dd, J = 1.6, 0.8 Hz, 1H), ES-MS[M+H]+  

Calculated for C13H8O3: m/z was found 212.04, 213.06. 

 2. Physicochemical parameters of coumaran-3-one derivative:  

Physico-chemical properties are essential indicators used in hazard, exposure and risk 

assessments, hence in this experiments the physico-chemical parameters were studied in 

different solvents, different temperature and different concentrations. 

 

Density and Viscosity:  

Viscosity and density are affected by temperature. Which implies, for any given fluid, when 

the temperature is raised, the particle in it start to move apart, bringing down fluid density 

thereby the value of viscosity also falls down or fluid becomes less viscous. The density and 

viscosity were taken in different solvent like DMSO and DMF with different concentration and 

temperature. The density was measured by using pycnometer and viscosity by Ostwald 

viscometer using fallowing formula. 

ƞ� = ƞ�  
�� × ��

�� × ��
 

 

Refractive index:                                                                                                                                                

 The refractive index is generally used to measure the concentration of a solute in an aqueous 
solution. In current experiment the Abbe’s refractometer is used to determine refractive index 
of synthesized coumaran-3-one derivative in different solvents that is DMSO and DMF at 
various concentrations. 

Acoustic parameters:   
 
 Ultrasonic velocity was useful to determine the strength of material as well as particle 

interaction in solution hence most of the scientist are attracted toward these parameters. Here 

ultrasonic parameters was measured using a single-crystal Interferometer (Mittal Enterprises) 

operating at 1MHz with an accuracy of ±1.0m/s. 

The acoustic parameters were determine using fallowing formulae  

a) Adiabatic compressibility (�)  

                                             

                                                 �=
�

��� 

b) Intermolecular free path length (��)  
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                                                �� = �β1/2, 

     Where � is the temperature dependent Jacobson’s constant 

 c)  Acoustic impedance (�) is given as follows: 

                                         � = �V, 

 d)  Relative association (RA)  

                                       RA=�
�

��
� �

��

�
� , 

 

e)  Ultrasonic attenuation (�/�2) 

                                                       �/�2 =
���ƞ

���  

 

 f)  Relaxation time (�) 

                                                   � =
�ƞ

���� 

 

RESULTS AND DISCUSSION: 

 Density and Viscosity of heterocyclic coumaran-3-one derivative: The tables given below, 

gives the values of density and Viscosity at different temperatures. 

Table:-2                                                           Temperature: 303.15K                                    

Conc. DMSO Solvent DMF Solvent 

(M). Density (ρ)(kg/m3)  Viscosity (ɳ.10-3) 

NSM-2   

Density (ρ)(kg/m3)  Viscosity (ɳ)×10-3 

NSM-2   

0.00 1112.888 1.38726 961.447 0.77064 

0.01 1114.824 1.65091 966.942 0.79783 

0.02 1115.624 1.69827 967.492 0.80924 

0.03 1116.625 1.72817 968.874 0.82057 

0.04 1117.184 1.89264 969.142 0.85762 

0.05 111.782 2.10763 969.846 0.89081 

 

 Table:-3                                                          Temperature: 308.15K                                    

Conc. DMSO Solvent DMF Solvent 

(M). Density (ρ)(kg/m3)  Viscosity (ɳ.10-3) 

NSM-2   

Density (ρ)(kg/m3)  Viscosity (ɳ)×10-3 

NSM-2   

0.00 1112.483 1.45428 957.628 0.70773 

0.01 1114.276 1.50130 960.842 0.72865 
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0.02 1115.428 1.53762 963.827 0.74876 

0.03 1116.142 1.57211 964.074 0.77142 

0.04 1116.892 1.59762 966.242 0.78874 

0.05 1117.124 1.62874 967.841 0.79823 

 

Table:-4                                                          Temperature: 313.15K              

Conc. DMSO Solvent DMF Solvent 

(M). Density (ρ)(kg/m3)  Viscosity (ɳ.10-3) 

NSM-2   

Density (ρ)(kg/m3)  Viscosity (ɳ)×10-3 

NSM-2   

0.00 1108.728 1.49087 940.286 0.65872 

0.01 1109.287 1.51724 951.287 0.67428 

0.02 1109.872 1.52422 952.874 0.68976 

0.03 1114.426 1.54762 954.764 0.69982 

0.04 1116.287 1.57428 957.876 0.71264 

0.05 1116.827 1.59778 959.743 0.73878 

                       

In viscosity measurements of different concentration of solutions depend on the size of the 
molecules and molecular weight. The larger the molecules, the more drag and also the more 
intermolecular attraction, and so the higher the viscosity. 

                                                              If the concentration of solution increases then 

interaction between solute and solvent increases that leads to enhanced intermolecular 

attractions that contribute to a resistance to flow and viscosity increases. The density is slightly 

varies by changing the concentrations. In general, liquids tend to get "thinner" when their 

temperature increases and viscosity decreases. In different solvents the viscosity is depends on 

solvent density and interaction between solute solvent molecules, here the solvent dimethyl 

sulfoxide (DMSO) having higher density as well as higher viscosity than dimethyl formamide 

(DMF). 

Refractive index of heterocyclic coumaran-3-one derivative: The tables given below gives 

the values of refractive index of synthesized heterocyclic coumaran-3-one derivative in 

different solvents 

 DMSO 
 

DMF 

(M) R.I. 
 

R.I. 

0.01 1.469 1.425 

0.02 1.472 1.428 
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 In this study, the refractive index heterocyclic coumaran-3-one derivative was studied in 

DMSO and DMF at wavelength 589 nm. The higher the refractive index the slower the light 

travel,which causes a correspondingly increased change in the direction of the light within the 

material. The refractive index is higher in DMSO than DMF at same wavelength which explain 

that, DMSO is thicker solvent than DMF. The Concentration is also responsible to change 

refractive index due to solute solvent interaction and change in thickness of solution.  

 Acoustic parameters of heterocyclic coumaran-3-one derivative: 

The experimental values of acoustic parameters in different solvents and different 
concentration are given bellow  
 

 

 

 

 

 

 

 

0 . 0 1 0 . 0 2 0 . 0 3 0 . 0 4 0 . 0 5

0

1

2

3

4

CONC.
R

.I
.

REFRACTIVE INDEX

DMSO DMF

0.03 1.473 1.430 

0.04 1.474 1.432 

0.05 1.476 1.435 

Conc. 

(M). 

DMSO 

Solvent 

Velocity (m/s) 

DMF 

Solvent 

Velocity 
(m/s) 

0.00 1466.74 1402.91 

0.01 1498.78 1405.24 

0.02 1508.24 1406.12 

0.03 1520.72 1406.63 

0.04 1548.46 1407.48 

0.05 1586.76 1408.94 
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ACOUSTIC PARAMETERS AT 308.15K 

CONC. DMSO SOLVENT 

β×10-10 Lf×10-11 Z×106 RA α/f2×10-14     10-13 

0.00 4.17831 4.28096 1.63172 1 3.26772 8.10191 

0.01 3.99513 4.18607 1.67005 0.98020 3.15653 7.99729 

0.02 3.94112 4.15767 1.68233 0.97505 3.16916 8.07991 

0.03 3.87426 4.12223 1.69733 0.96767 3.15910 8.12092 

0.04 3.73412 4.04702 1.72946 0.95097 3.03886 7.95428 

0.05 3.55532 3.94893 1.77260 0.92821 2.87849 7.72089 

 

ACOUSTIC PARAMETERS AT 308.15K 

CONC. DMF SOLVENT 

β×10-10 Lf×10-11 Z×106 RA α/f2×10-14     10-13 

0.00 5.30578 4.82403 1.34344 1 2.11126 4.97372 

0.01 5.27074 4.80809 1.35017 1.00171 2.15577 5.12070 

0.02 5.24769 4.79754 1.35523 1.00418 2.20417 5.23901 

0.03 5.24262 4.79526 1.35606 1.00408 2.26788 5.39239 

0.04 5.22491 4.78715 1.35988 1.00576 2.30964 5.49481 

0.05 5.20517 4.77808 1.36359 1.00636 2.32612 5.53992 
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The ultrasonic velocity is continuously increases in both the solvent as concentration increases 

which indicate that solute and solvent shows strong intermolecular attraction, the ultrasonic 

velocity is higher in DMSO than DMF due to strong Molecular association in DMSO.  

              The compressibility factor is decreases if concentration increases because the solute 

intrinsic effect is more dominant and shows more attachment with solute. In DMSO 

Compressibility is higher than DMF due to strong interaction of solute and solvent. The 

intermolecular free path is useful to find out the distance between collision particles. In solution 

concentration increases the distance between particle decreases and average free path also 

decrease. In DMSO intermolecular free path is lower than DMF. In case of DMSO some 

parameter shows variation by increasing concentration which is due to weak and strong 

interaction of solute and solvent molecules.   

                                      However, acoustic impedance, relative association, ultrasonic 
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attenuation, and relaxation time increase with increasing concentration which indicate that 

strong intermolecular  interaction between solute and solvent molecules.  

 

CONCLUSION: 

In this work, the synthesis of (Z)-2-(furane-2-ylmethylene) benzofurane-3(2H)-one and check 

the physico-chemical properties. It is concluded that, physicochemical properties of a 

compound depends on nature of solvent and concentration. The temperature also effect on 

density, viscosity and refractive index. Acoustic parameter was determine interaction between 

solute and solvent molecules in various concentrations.   
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Abstract 

Hydantoin, imidazolidine-2,4-dione, demonstrated by its use in a number of clinically authorized medications, 

including phenytoin, nitrofurantoin, and nilutamide etc. is a highly valued and preferred heterocyclic scaffold in 

the field of medicinal chemistry. Numerous pharmacological and biological characteristics, such as 

antibacterial, anticonvulsant, antidiabetic, anticancer, and anti -inflammatory effects, are displayed by the 

hydantoin scaffold. The main objective of this thorough review is to investigate the potential of hydantoin 

derivatives as antimicrobial agents and clarify their various mechanisms of action. 
Keywords: Hydantoin, Drugs, Antimicrobial properties, Pharmacophores, Heterocycles, Bioactive molecules, 

etc. 
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I. Introduction 

Hydantoin is a heterocyclic compound with five members, also referred to as imidazolidine -2,4-dione. The class 

of chemicals that use the hydantoin substructure as a scaffold is generally referred to as "hydantoins" [1]. 

Heterocyclic-based scaffolds are well known to be ext remely useful for finding bioactive molecu les. 

 

NH

O
N
H

O

Hydantoin

imidazolidine-2,4-dione
 

 

These scaffolds have one carbon atom in the ring structure plus at least one heteroatom, such as 

nitrogen, sulfur, or oxygen. They may successfully generate intermolecular hydrogen bonds with biological 

targets thanks to their structural arrangement, which allows them to behave as hydrogen bond donors or 

acceptors [2]. Consequently, because these compounds have important pharmacophoric moiet ies or structural 

features and may find use in business and medicine, they have been thoroughly studied [2].  

Hydantoin has four hydrogen donors and acceptors despite its small size [3]. The androgen receptor 

antagonists nilutamide, andenzalutamide, the muscle relaxants nitrofurantoin and dantrium, and the 

anticonvulsants phenytoin, mephenytoin,ethotoin, and fosphenytoin are a few examples of clinically approved 

medications containing the hydantoin moiety [1]. Many pharmacological and biological properties, such as 

anticancer [4-6], anti-in flammatory [7,8], antidiabetic [9], antibacterial [10,11], adrenoceptor modifying [12–

14], anticonvulsant [15,16], antiplatelet [17], and anti-HIV act ivity [18,19], are exh ibited by compounds based 

on hydantoin. Additionally, there are two widely used synthetic techniques for the manufacture of hydantoin. 

The first technique uses the Bucherer Bergs reaction, a single-step reaction involving potassium cyanide and 

ammonium carbonate that makes use of the matching cyclic ketones. 
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In summary, we described the importance and recent applications of hydantoin, 2-thiohydantoin, and 

selenohydantoin scaffolds in medicinal chemistry owing to their wide range of pharmacological p roperties. The 

data presented herein showed that many drug discovery projects took advantage of the chemical diversifiability 

and readiness for the synthesis of hydantoin. The hydantoin moiety functioned in two ways, specifically to 

frame structural components as medicinal scaffo lds and pharmacophores as… 
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Figures: Some Clinically approved drugs containing the hydantoin moiety  

 

Infectious diseases are stay chief deaths cause especially in rising countries, for instance new 

infectiousdiseases ascend and a developing number of mult i-drug resistant strains of microbial pathogens occur 

[1] 

Multidrug resistance indicates acritical function in the letdown of remedy of cancer and infectious 

illnesses [2]. Microorganis ms have developedvarious approaches to face up to the antibiotics poisonous effects 

and different capsules [3],[4]. Discovery ofchemotherapeutic marketers played a very necessary position in 

controlling and preventing such diseases. Chemotherapeutic dealers are remoted both from dwelling organisms 

recognized as antibiotics, or they arechemical compounds organized throughchemist [5],[6]. Hydantoin 

derivatives have a diversity of biochemical andpharmacological traits and are used to deal with quite a few 

human ailments and extensive vary of otherpharmacological characteristics. 

Fujisaki et al. 2013, reportedthe study investigates molecular modifications of new oxazolidinones 

against Gram-positive and Gram-negative strains. It investigates 4-aminomethyloxazolidin-2-ones, 4-
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acylaminomethyloxazolidin-2-one derivatives, twin-drug type molecules, and synthesizes of additional 4-

dialkylaminomethyloxazolidin-2-ones. 

 

II. Material and method 

All chemicals and reagents used in this research were commercially sourced and of analytical grade. 

The purity of resultant compoundwas check by using TLC. The IR spectra were  recorded in KBr by using FT- 

(IR Perkin Elmer-Spectrum RX-FTIR). Mass spectra were recordedon mass spectrometer while 1 HNMR 

wererecorded on FT NMR Spectrometer (BrukerAvance Neo 500 MHz). 

General Procedure for synthesis ofhydantoinderivatives: - Equimolar Aurone and N-substituted urea 

were taking in round bottom flaskalong with KOH and Ethanol as a solvent. Areaction mixture was reflux for 

few hours. After thisperiod, the mixture was poured in to ice cold waterand filter it by using Buchner funnel and 

suction pump. The final productrecrystallized with Ethanol.  
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Synthesis of5-(2-hydroxy-2-(4-methoxyphenyl)ethyl)-5-(2-hydroxyphenyl)-3-methylimidazolidine-2,4-

dione (3a):2-(4-methoxybenzylidene)benzofuran - 3(2H)-one reflux withN-methyl ureain presence of KOH and 

appropriateethanol solvent up to few hours. After completion ofreaction, cooled the mixture and poured in to ice 

coldwater. The solid product obtained which was filterand washed with dilute HCl and water. The productwas 

crystallized by using ethanol. 

Mol. Formula: C19H20O5N2: YellowishCrystalline solid. m. p. 248
o
C yield 75%, Elemental analysis  (%): C, 

64.04; H, 5.66; N, 7.86; O,22.45; IR (KBr cm-1) 3627.5 (OH), 3020 (=CH), 1625(C=N), 1442 (Ar C=C), ES I-

MS[M+H] + Calculated fo rC19H20O5N2: m/z 356.14, 357.14, 358.14; 1 H-NMR(500 MHz, DM SO) 2.29-2.41 

(s, 3H), 2.35 (s, 1H), 3.33 (m, J=8.4,1.1 Hz, 11H), 3.74-4.58(m, 6H). 

Synthesisof5-(2-hydroxy-2-(4-methoxyphenyl) ethyl)-5-(2-hydroxyphenyl)-3-phenylimidazolidine-2,4-

dione(3b):2-(4-methoxybenzylidene) benzofuran- 3(2H)-one reflux with N-phenyl ureain presence of KOH and 

appropriate ethanolsolvent up to few hours. After completion of reaction,cooled the mixture and poured in to ice 

cold water.The solid product obtained which was filter andwashed with dilute HCl and water. The product 

wascrystallized by using ethanol. 

Mol. Formula C24H22N2O5: faintyellowish Crystalline solid, m.p. 258
o
C, yield78%,Elemental analysis  (%): 

C,68.89; H,5.30; N, 6.69;O, 19.12; IR (KBr cm -1 ) 3645.5 (OH), 3032 (=CH), 1631 (C=N), 1455 (Ar 

C=C),ES I-MS[M+H]+ Calculated fo rC24H22O5N2: m/z 418.15, 419.16, 420.16,1 H-NMR (500 MHz, DMSO) 

6.0 (s, 1H), 7.08(m, J=8.0,7.0 Hz, 1H), 7.64(m, J=8.3,1.6,0.5 Hz,8H), 7.68 (m, J=8.0,1.4 Hz, 1H). 

Antibacterial Assay:The Antibacterial activ ity was checked by following Zone Inhibition Method (Kirby-

Bauer method). The MHA plates were inoculated by spreading with 100 µl of Bacterial cu lture, E. coli (adjusted 

to 0.5 McFarland Unit - Approx cell density (1.5 X 10
8
 CFU/mL) and followed by placing the discs containing 

10 µl of different concentration (0 to 100 mg/ml) . 10 % of the sample was taken and serially diluted to achieve 

the required amount to be loaded on the disc. One disc in each p late was loaded with solvent alone which served 

as vehicle control and Ciprofloxacin disc (10µg) were taken as positive control. The plates of E. coli were 

incubated at 37 °C for 24 hrs. A clear zones created around the disc were measured and recorded. 

Antifungal Assay:The Antifungal activity was checked by following Zone Inhibition Method (Kirby -Bauer 

method). The PDA plates were inoculated by spreading with 100 µl of fungal culture, A. niger (adjusted to 0.5 

McFarland Unit - Approx cell density (1.5 X 108 CFU/mL) and followed by placing the discs containing 10 µl 

of different concentration (0 to 100 mg/ml). One disc in each plate was loaded with solvent alone which served 

as vehicle control and Amphotericin B (50µg) were taken as positive control. The plates of A. niger were 

incubated (Basil Scientific Corp. India- Incubator) at 37 °C for 48 hrs. The clear zones created around the d isc 

were measured and recorded. 
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III. Results and Discussion 

Based on the study, in the experimental work when test organism E. coli,A.n iger,M. tuberculosis ,S. 

aureus was exposed with different amounts of disks on agar plate, sample 3a , 3b were found active against E. 

coli A.niger,M.tuberculosis,S.aureus and shown antibacterial activ ity against the organisms.  Sample 3a shown 

zone of inhibit ion (17mm) around the disk at highest  dose of 1000 µg with respect to positive control 23.67 mm 

diameter zone at 10 µg dose while Sample 3b shown highest zone of inhib ition (6 mm) around the disk at 

highest  dose of 1000 µg with respect to positive control 22.33 mm d iameter zone at 10 µg dose. 

 

IV. Conclusion 

A novel set of imidazo lidine-2, 4-dione compounds 3a and 3b have synthesized and characterized 

successfully. The screening of antimicrobial act ivity shows that both compounds possess antimicrobial 

activities. In addit ion, the objective of the study was succeeded with the promising molecules, which are proving 

to be a potential treatment of bacterial infection candidates. 

 

Aim of the Study 

Synthesis and analyzing for new hydantoin derivative (compound) as a precise antimicrobial action which 

maybe suitable to be used as chemotherapeutic means . 
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Abstract: This work presents the synthesis, characterization and evaluation of a series of new multifunctional N-substituted hydantoin 

derivative for their antibacterial and antifungal activity. Elemental analysis, 1H NMR, IR and mass spectroscopy were used to confirm 

the newly synthesized compound structure. The antibacterial and antifungal properties of each synthesized molecule were examined. 

The examined compound showed significant to moderate antimicrobial activity against the tested Gram-positive, Gram-negative, and 

fungal strains. The antimicrobial activities were influenced by the structure and concentration of the tested compounds as well as the 

type of test microorganisms. The examined hydantoin derivatives seem as drug-like candidate for further evaluation of biological 

activities examined. 
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1. Introduction 
 

The important heterocyclic moiety hydantoin has two 

nitrogen atoms organized in a five-membered ring and 

contains nitrogen. Researchers have examined the properties 

and chemistry of hydantoins and their derivatives for more 

than 140 years. Many physiologically active compounds 

contain the hydantoin moiety, which has important medical 

applications [1]. The synthesis and characterization of 

hydantoin derivatives, a noteworthy family of heterocyclic 

compounds, have garnered a great deal of interest [2]. 

Hydantoin derivatives have been found to have fascinating 

effects on a range of biological targets [3,4]. Hydantoins 

have been extensively researched because of their many 

applications in both medicine and commerce as necessary 

pharmacophoric moieties or skeletal components. Despite its 

small size, hydantoin offers four derivatizable areas and four 

hydrogen donors and acceptors. The activity of hydantoin 

derivatives is dependent on the location and kind of 

substitution of hydantoin rings. By altering the hydantoin 

core at N-1 or N-3, the molecule's properties are changed 

[5]. 

 

Edward and Nielsen looked into the effects of various alkyl 

and aryl groups on these locations on the hydantoin ring 

under different circumstances [6]. Furthermore, hydantoins 

are essential components in the chemical production of 

artificial and natural amino acids. Derivatives of hydantoin 

are considered preferred structures in medicinal chemistry 

and have been used widely. Hydantoins, for instance, are 

helpful as nonsteroidal antiandrogens (enzalutamide and 

nilutamide), antibiotics (nitrofurantoin), and anticonvulsants 

(phenytoin and mephenytoin). the chemical structure of the 

above-mentioned drugs having hydantoin ring that have 

received clinical approval. 

 

One of the main components in lowering the burden of 

infectious diseases worldwide is the use of antimicrobial 

medications. The consistent rise in antimicrobial resistance 

is a major global public health concern [7]. The development 

of novel molecules to combat bacteria and fungi has become 

one of the most important areas of antibacterial and 

antifungal research today, as the resistance of dangerous 

bacteria and fungi to currently available antimicrobial drugs 

is rapidly becoming a major concern worldwide. For this 

reason, chemists nowadays face more challenges and 

demands in their quest to discover novel, potent antibacterial 

and antifungal drugs. By lowering excessive sPLA2 release, 

hydantoin derivatives may be able to alleviate symptoms. 

They have shown strong antibacterial and anti-inflammatory 

properties [8], [9], and [10].In light of this, and as part of our 

ongoing research into potential therapeutic compounds 

[11,12,13,14,15,16].At the same time, some hydantoin 

derivatives also have applications in the agrochemical area 

as bactericides, fungicides, and herbicides [17,18,19,20,21]. 

 

2. Need of the Study 
 

Even with the emergence of new infectious diseases and the 

growth of multi-drug resistant strains of microbial 

pathogens, infectious diseases continue to be a leading cause 

of death, particularly in underdeveloped nations. Antibiotic 

resistance is now a significant public health issue. The 

demand to create novel antibacterial and antifungal 

medicines with improved activity profiles and reduced 

toxicity is growing due to the quick emergence of resistance 

to the current antimicrobial medication portfolio [22]. 

Bacterial antibiotic resistance has emerged, making many 

antimicrobial drugs used to treat or prevent illnesses less 

effective [22]. New antimicrobial agents with broad-

spectrum activity and a lower risk for the emergence of 

antibiotic resistance are desperately needed as a result. The 

major medical problem of bacterial and fungal resistance 

and the rapid rate at which it develops has therefore made 

the discovery and development of effective antibacterial and 

antifungal medications with novel mechanisms of action 

critical goals for infectious disease research programmers 

[23, 24]. The current generation of antimicrobial drugs has a 

number of disadvantages, including toxicity, drug resistance 

in microorganisms, and limited spectrum of action. The 
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emergence of novel bacterial pathogens and the 

development of increasingly effective antimicrobial 

medications have been the two main areas of research for the 

creation of new antimicrobial agents. The primary factors in 

the synthesis of efficacious medications are their rate of 

activity and structural characteristics. To create the potent 

antibacterial medication, a heterocyclic molecule has first 

been considered as a parent compound. Analyzing the 

extensive body of research on antibacterial literature reveals 

that heterocyclic compounds have been essential to the area 

of medicine. The fascinating biological significance of 

antibacterial pathogens has led to the urgency of drug 

discovery and the synthesis of new antimicrobial 

compounds; consequently, the design of new compounds to 

deal with these problems has become one of the most 

challenging targets in antibacterial and antifungal research 

today [25]. As a result, heterocycles are very popular in the 

field of pharmacology for their unique controlling properties 

within a drug, such as a solubility, lipophilicity, and polarity, 

and are also being investigated twice for the discovery of 

desired active drugs. 

 

3. Material and methods 
 

All chemicals and reagents used in this research were 

commercially sourced and of analytical grade. The purity of 

resultant compound was check by using TLC. The IR 

spectra were recorded in KBr by using FT-(IR Perkin Elmer- 

Spectrum RX-FTIR). Mass spectra were recorded on mass 

spectrometer while 1 HNMR were recorded on FT NMR 

Spectrometer (BrukerAvance Neo 500 MHz). 

 

General Procedure for synthesis of hydantoin derivatives: -

Equimolar Aurone and N-substituted urea were taking in 

round bottom flask along with KOH and Ethanol as a 

solvent. Areaction mixture was reflux for few hours. After 

this period, the mixture was poured in to ice cold water and 

filters it by using Buchner funnel and suction pump. The 

final product recrystallized with Ethanol 

 

 
 

Synthesis of 5-(2-hydroxy-2-p-tolylethyl)-5-(2-

hydroxyphenyl)-3-methylimidazolidine-2,4-dione (3a) :2-

(4-methylbenzylidene) benzofuran- 3(2H)-one reflux withN-

methyl urea in presence of KOH and appropriate ethanol 

solvent up to few hours. After completion ofreaction, cooled 

the mixture and poured in to ice coldwater. The solid 

product obtained which was filterand washed with dilute 

HCl and water. The productwas crystallized by using 

ethanol. 

 

 
 

Mol. Formula: C19H20N2O4: Yellowish Crystalline solid. m. 

p. 244
o
C yield 72%, Elemental analysis (%): C, 67.05; H, 

5.92; N, 8.23; O,18.80; IR (KBr cm-1) 3635.5 (OH), 3018 

(=CH), 1629(C=N), 1436 (Ar C=C), ESI-MS[M+H] + 

Calculated forC19H20O5N2: m/z 340.14, 341.15, 342.15; 1 H-

NMR(500 MHz, DMSO) 2.20-2.30 (s, 3H), 2.25 (s, 1H), 

3.03 (m, J=8.4,1.1 Hz, 11H), 3.62-4.65(m, 6H). 
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Antimicrobial activity 

The disc diffusion technique was used to test for 

antimicrobial activity against various Gram-positive and 

Gram-negative bacterial and fungus strains in the newly 

synthesized compounds. The broth dilution method was used 

to determine the MIC of these molecules. A careful review 

revealed that two compounds had antimicrobial activity that 

was equivalent to that of the reference medications which 

are broad-spectrum antifungal and antibiotic agents, 

respectively. Additionally, these two compounds 

demonstrate lower MIC values against bacterial and fungal 

strains than reference drugs. Nearly both the drugs showed 

greater MIC values against Gram-negative bacterial strains 

than they did against Gram-positive bacterial strains when 

comparing the two groups of bacteria. 

 

4. Result and Discussion 
 

Bioassay Antibacterial Activity 

Test Organism E. Coli 

X Axis Amount (µg/disk) 

Y Axis Zone Size (in mm) 

Sample code 3a 

Title Antibacterial Activity-E.Coli–3a 

 
Amount 

(µg/disk) 
Plate A Plate B Plate C Average SD SEM 

PC 24 24 22 23.3333 1.1547 0.6666 

0 0 0 0 0 0 0 

50 10 10 10 10 0 0 

125 10 12 12 11.3333 1.1547 0.6666667 

250 11 10 11 10.6667 0.57735 0.3333333 

500 13 12 13 12.6667 0.57735 0.3333333 

1000 14 13 14 13.6667 0.57735 0.3333333 

 

 
 

Bioassay Antifungal Activity 

Test Organism A. niger 

X Axis Amount (µg/disk) 

Y Axis Zone Size (in mm) 

Sample code 3a 

Title Antifungal Activity-A. niger –3a 

 
Amount  

(µg/disk) 
Plate A Plate B Plate C Average SD SEM 

PC 18 19 17 18 1 0.57735 

0 0 0 0 0 0 0 

50 5 6 6 5.66667 0.57735 0.33333 

125 7 8 7 7.33333 0.57735 0.33333 

250 10 10 10 10 0 0 

500 11 13 12 12 1 0.57735 

1000 13 15 13 13.6667 1.1547 0.66667 

 

 
 

5. Conclusions 
 

To sum up, we created and synthesized hydantoin 

derivatives in order to find novel substances that inhibit 

microbes. When these compounds were tested against strains 

of bacteria and fungi, both of them shown excellent efficacy. 

Broad-spectrum antibacterial action was demonstrated by 

the MIC ranges of the compounds against the gram-positive, 

gram-negative, and fungal pathogens under study. 

 

Aim of the Study 

To studies the antimicrobial activities of new hydantoin 

derivatives which may influenced to be used as 

chemotherapeutic means. 
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ABSTRACT: Heterocyclic compounds are widely known for their medicinal properties. Flavonoids have 

gained significant attention due to their potent pharmacological behaviour. Flavones among them have 

been reported to be an important class of heterocyclic compounds possessing a wide range of biological 

activities. The synthesis of 7,8-benzoflavone derivatives can be challenging due to the complexity of the 

molecular structure. The precise manipulation of chemical reactions to achieve the desired substitutions at 

specific positions requires careful planning and optimization. In present work series of ten novel 7,8-

benzoflavone have been synthesized by reported literature and tested for antioxidant potential. Structural 

analysis carried by FTIR, 1HNMR and GCMS. It was found that structural modification and substitution 

effects on the pharmacological potency. The primary objective of this study is to assess the impact of 

functional groups on the chemical behavior of benzoflavone derivatives. The present study shows that 

electron-donating groups exhibit better antioxidant potential and increase radical scavenging. This work 

introduces new 7,8-benzoflavone derivatives, expanding the chemical diversity of this class of compounds. 

This contributes to the pool of potential bioactive molecules for further exploration. Depending on the 

antioxidant activity observed, these novel derivatives might have potential applications in pharmaceuticals, 

nutraceuticals, or functional foods. 

Keywords: Acylation, Esterification, 7,8-Benzoflavone, Antioxidant, Baker-Venkataraman rearrangement, 

Flavones. 

 

INTRODUCTION 

Benzoflavone derivatives are a class of compounds that 

have gained significant attention in the field of 

medicinal chemistry due to their diverse 

pharmacological activities and potential therapeutic 

applications (Singh et al., 2017; Yahiaoui et al., 2008; 

Dhawan, 2003; Juvale et al., 2013). The benzoflavone 

scaffold consists of fused benzene and flavone ring 

system, which imparts unique structural and chemical 

properties to these derivatives (Singh et al., 2019; Dong 

et al., 2020; Wang et al., 2008; Rishita et al., 2021). 

This structural design, combined with the flexibility for 

functional group modifications, offers numerous 

opportunities for designing and developing novel 

compounds with enhanced biological activity. 

The flavone backbone, commonly found in natural 

products and plant extracts, possesses a wide range of 

biological effects, including antioxidant (Stermitz et al., 

2001), anti-inflammatory (Boek et al., 2001), anticancer 

(Ji-Tai et al., 2007; Eisinger et al., 1981; Gupta et al., 

2010; Zampieri et al., 2008; Jayashankara et al., 2008), 

antimicrobial (Sharma et al., 2014; Desai et al., 2014), 

and neuroprotective activities (Abid et al., 2009). The 

incorporation of a benzene ring into the flavone 

structure further extends the potential pharmacological 

properties of benzoflavone derivatives. The presence of 

the benzene ring confers lipophilicity, enabling these 

compounds to interact with specific cellular targets and 

exhibit improved drug-like properties. 

The biological activities of benzoflavone derivatives 

have been extensively studied in various disease models 

and cell-based assays. For instance, these derivatives 

have shown promising antioxidant potential by 

scavenging free radicals and inhibiting oxidative stress-

induced damage. Moreover, their anti-inflammatory 

properties have been attributed to the modulation of key 

inflammatory mediators, such as cytokines, enzymes, 

and transcription factors. 

In addition to their antioxidant and anti-inflammatory 

effects, benzoflavone derivatives have exhibited 

significant anticancer activity. They have been reported 

to inhibit the proliferation of cancer cells, induce 

apoptosis, and interfere with various signaling 

pathways involved in tumor growth and metastasis. 

Furthermore, benzoflavone derivatives have 

demonstrated antimicrobial activity against both Gram-

positive and Gram-negative bacteria, as well as 

antifungal properties. 

The neuroprotective potential of benzoflavone 

derivatives has also been investigated extensively. 

These compounds have shown the ability to protect 

neuronal cells against oxidative stress, 

neuroinflammation, and neurodegenerative processes. 
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Furthermore, benzoflavone derivatives have been 

explored as potential candidates for the treatment of 

neurodegenerative disorders such as Alzheimer's 

disease and Parkinson's disease. 

Given the broad spectrum of pharmacological activities 

exhibited by benzoflavone derivatives, they represent 

an attractive class of compounds for the development of 

novel therapeutics. However, despite the considerable 

research efforts in this field, there is still a need for a 

deeper understanding of the structure-activity 

relationships and the underlying mechanisms of action 

of benzoflavone derivatives.  

Overall, the study of benzoflavone derivatives offers an 

exciting opportunity to contribute to the field of 

medicinal chemistry and drug discovery. By harnessing 

the unique structural features and biological activities 

of these compounds, we can pave the way for the 

development of novel therapeutic agents with enhanced 

efficacy and reduced side effects, ultimately benefiting 

patients and improving their quality of life. 

MATERIAL AND METHODS 

Benzaldehyde (99.5 %), Ethanol, Methanol, acetonitrile 

was acquired from Avra. 4-nitrobenzaldehyde (98%), 

Zinc chloride, acetic acid, Benzoic acid (99.9%), 4-

chloro benzoic acid (98%), 4-nitro benzoic acid (98%) , 

4-methoxy benzoic acid (97%) and 4-bromo benzoic 

acid were purchased from S D Fine-Chem Ltd. 

Acetonitrile and Ethyl Acetate (99%) were obtained 

from Sisco Research Laboratories Pvt. Ltd. All of these 

reagents were used as received without any further 

purification. 

Characterization Techniques. The structure of 

synthesized compounds was determined by chemical 

properties elemental analysis and spectral data. The IR 

spectra were recorded on KBr pellet on SHIMADZU-

400 FTIR spectrometer at Shri Shivaji Science College, 

Amravati, Maharashtra (India). 1H-NMR spectra were 

recorded on BRUKER AVANCE NEO 500 MHz 

spectrometer using CDCl3 solvent and TMS as internal 

standards at SAIF, Punjab University, Chandigarh 

(India). Chemical shifts are expressed in ppm. Mass 

spectrums were recorded on Thermo Scientific TSQ 

8000 Gas Chromatogram. 

Experimental 

Stepwise synthesis of benzoflavone 

a) Preparation of 1-(1-hydroxy-4-

methoxynaphthalen-2-yl)ethan-1-one (1a) 

There are different methods for the acetylation of α-

naphthol. Here modified Nenchi’s method is used for 

the acetylation reaction (Stoughton, 1935; Blicke et al., 

1932; Wadodkar, 1977; Jamode, 1977).Fused zinc 

chloride (5g) was added in hot glacial acetic acid (34 

mmol) and reflux, till dissolved then finely powdered 4-

methoxynaphthalen-1-ol (2 mmol) was added with 

constant stirring and the mixture, was refluxed further 

for 8 hrs. Then the reaction mixture was cooled and 

poured in ice cold acidulated water. The solid obtained 

was filtered, washed with brine solution, and sodium 

sulphate and recrystallized from rectified spirit 

(Scheme 1). 

 
Scheme 1: Preparation of (1a). 

FT-IR: (KBr, ν/cm): 420.43, 485.03, 570.93, 678.94, 

790.81, 856.39, 983.70, 1020.34, 1083.99, 1147.65, 

1207.44, 1263.37, 1334.74, 1384.89, 1460.11, 1624.06 

(C=O, acyl), 1745.58, 1836.23, 1880.60, 1963.53, 

2048.40, 2100.48, 2231.64, 2297.22, 2657.91, 2694.56, 

2735.06, 2827.64, 2922.16, 3059.10, 3228.84, 3745.76, 

3909.71 ,4087.16, 4145.03 ,4281.97, 4415.06, 4642.66. 

HRMS (m/z): Cal. Mol. Wt.:216.12, Mol. Wt. (Found): 

216.08. 1H NMR (ppm):  (500 MHz, CDCl3): δ 13.98 

(s,1H), 8.411-8.413 (t,1H), 8.394-8.396 (t,1H), 7.66-

7.68 (d,1H), 7.54-7.57 (m,1H), 7.44-7.48 (s,1H), 3.45 

(s,3H), 2.59 (s,3H) 

Plausible mechanism of Acylation. Stepwise 

mechanism of acylation as shown in Fig. 1. According 

to literature reports phenols interacts with Lewis’s acid 

ZnCl2 and simultaneously, the acetic acid comes in 

vicinity via chelation. Due to chelation the electrophilic 

nature of carbonyl carbon of acetic acid increases. 

Then the nucleophilic attack of the pi-bond on the 

carbonyl carbon generates the unstable tetrahedral 

intermediate. 

Lastly, the unstable tetrahedral intermediate undergoes 

rearrangement to forms desired product by removal of 

water molecule and deprotonation (Fig. 1). 

Fig. 1. Plausible mechanism of Acylation. 

b) Esterification of 1-(1-hydroxy-4-

methoxynaphthalen-2-yl)ethan-1-one with 

substituted aromatic acids to obtain esters (2a-e) 

Esterification is a chemical reaction that involves the 

formation of an ester from a carboxylic acid and an 

alcohol, typically in the presence of an acid catalyst. 

Numbers of methods are available for esterification of 

phenols and alcohols with organic acids (Wadodkar et 

al., 1972; Doyle et al., 1948; Doifode, 1965). 

Esterification reactions are often conducted under 

reflux conditions, where the reactants are heated in the 

presence of an acid catalyst, such as sulfuric acid or 

hydrochloric acid. The acid catalyst protonates the 

carboxylic acid, making it more reactive towards the 
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alcohol. Products are confirmed by FTIR, NMR and 

GCMS characterization. General scheme for the 

synthesis of esters is given as below (Scheme 2). 

Structures of synthesized esters are shown in Table 1. 

 
Scheme 2: Preparation of (2a-e) 

a) 2-acetyl-4-methoxynaphthalen-1-yl benzoate (2a). 

FT-IR: (KBr, ν/cm): 420.48, 495.71, 559.36, 684.73, 

794.67, 858.32, 931.62, 979.84, 1018.41, 1082.07, 

1139.93, 1199.72, 1276.88, 1321.24, 1406.11, 1618.28 

(C=O, Acyl), 1683.86 (C=O, benzoyl) , 1926.89, 

2094.69, 2304.94, 2566.33, 2669.48, 2748.56, 2835.36, 

2914.44, 3061.03, 3736.12, 3880.78, 4067.87, 4143.10, 

4193.25, 4264.61, 4405.42, 4494.14, 4573.22. GCMS 

(m/z):Cal. Mol. Wt.: 321.03 Mol. Wt. (Found): 320.06. 

1H NMR (ppm): (500 MHz, CDCl3): δ 14.05 (s,1H), 

12.25 (s,1H), 8.47-8.48 (s,1H), 8.16-8.17 (d,2H), 7.74-

7.76 (d,1H), 7.60-7.64 (t,2H), 7.51-7.58 (m,1H), 7.48-

7.49 (d,1H), 7.23 7.25 (d,1H), 3.45 (s,3H), 2.67(s,3H) 

b) 2-acetyl-4-methoxynaphthalen-1-yl 4-

chlorobenzoate (2b). FT-IR: (KBr, ν/cm): 384.55, 

418.55, 476.42, 563.21, 677.01, 798.53, 852.54, 929.69, 

979.84, 1022.27, 1089.78, 1134.14, 1203.58, 1284.59, 

1323.17, 1409.96, 1620.21 (C=O, Acyl) , 1681.93 

(C=O, benzoyl), 1878.67, 1932.67, 2102.41, 2154.49, 

2297.22, 2571.11, 2669.48, 2835.36, 2999.48, 2835.36, 

2929.87, 3014.74, 3061.03, 3734.19, 3880.78, 4079.45, 

4164.31, 4270.40, 4335.98, 4378.41, 4407.34, 4478.71, 

4570.10. GCMS (m/z): Cal. Mol. Wt.: 353.12 

Mol. Wt. (Found): 354.44. 1H NMR (ppm): (500 MHz, 

CDCl3): δ 13.99 (s,1H), 8.41-8.43 (s,1H), 7.70-7.71 

(d,1H), 7.55-7.60 (m,2H), 7.47-7.50 (m,1H), 7.19-7.23 

(t,1H), 3.45 (s,3H), 2.63(s,3H) 

c) 2-acetyl-4-methoxynaphthalen-1-yl 4-

bromobenzoate (2c). FT-IR: (KBr, ν/cm): 353.95, 

420.50, 474.51, 564.20, 678.97, 800.49, 856.43, 927.80, 

985.67, 1015.57, 1081.15, 1134.19, 1278.86, 1234.19, 

1411.95, 1617.38, 1684.80, 1830.52, 1880.68, 1938.54, 

2100.57, 2244.27, 2299.25, 2574.12, 2675.38, 2841.27, 

2920.35, 3021.02, 3062.13, 3721.81, 3767.14, 3914.70, 

3970.64, 4075.76, 4150.99, 4269.62, 4330.38, 4416.21, 

4573.42 

GCMS (m/z):Cal. Mol. Wt.: 400.01, Mol. Wt. (Found): 

399.71.1H NMR (ppm): (500 MHz, CDCl3): δ 14 

(s,1H), 8.43-8.45 (m,1H), 7.73-7.74 (d,1H), 7.59-7.62 

(q,2H), 7.50-7.53 (m,1H), 7.24-7.25 (d,1H), 3.45 

(s,3H), 2.67 (s,3H). 

d) 2-acetyl-4-methoxynaphthalen-1-yl 4-

nitrobenzoate (2d). FT-IR: (KBr, ν/cm): 422.21, 

511.14, 567.07, 678.94, 719.45, 798.53, 860.25, 931.62, 

981.77, 1020.43, 1126.43, 1207.44, 1286.52, 1328.95, 

1415.75, 1614.42 (C=O, acyl), 1691.57 (C=O, 

benzoyl), 1824.66, 1876.74, 1957.75, 2090.84, 2144.84, 

299.15,2 553.75,2 667.55,2 841.15,2 924.09,3 010.88,3 

064.89, 3111.18, 3741.90, 3886.56, 4046.66, 4094.88, 

4299.88, 4287.76, 4335.98, 4413.13, 4494.14, 

4582.87.GCMS (m/z):Cal. Mol. Wt.: 364.15, Mol. Wt. 

(Found): 365.30.1H NMR (ppm):(500 MHz, CDCl3): 

δ14.03 (s,1H), 8.47-8.49 (d,1H), 7.76-7.78 (d,1H), 

7.63-7.65 (t,2H), 7.53-7.56 (t,1H), 7.27-7.28 (d,1H), 

3.45 (s,3H), 2.71(s,3H) 

e) 2-acetyl-4-methoxynaphthalen-1-yl 4-

methoxybenzoate (2e). FT-IR: (KBr, ν/cm): 419.54, 

479.33, 563.24, 682.83, 745.52, 796.64, 862.22, 896.94, 

980.84, 1024.25, 1086.93, 1149.62, 1271.14, 1308.76, 

1408.10, 1461.14, 1621.24 (C=O, acyl), 1682.96 (C=O, 

benzoyl), 1832.45, 1963.62, 2094.78, 2301.18 2667.06, 

2922.28, 3063.09, 3732.42, 3880.94, 3960.03, 4103.73, 

4193.43, 4281.19, 4340.99, 4414.26, 4499.16.GCMS 

(m/z): Cal. Mol. Wt.: 349.29. Mol. Wt. (Found): 350.02

 
Fig. 2. Plausible mechanism of aromatic acids. 

Plausible mechanism of esterification of aromatic 

acids. Esterification, in general is an acid catalysed 

process which involves an addition elimination 

mechanism. Carboxyl oxygen gets protonated by 
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H2SO4 to give delocalized carbocation making the 

carbocation a better electrophile. A proton is transferred 

to one of the hydroxyl groups to form a good leaving 

group. The hydroxy group’s alcohol oxygen atom 

donates a pair of electrons to a carbon atom which 

makes a π bond by eliminating water. This reaction is 

possible only at reflux temperature (Fig.  2). 

c) The Baker-Venkatraman transformation of esters 

to obtain (3a-e). Baker-Venkataraman is a base 

catalysed intramolecular Claisen condensation between 

ester and methyl ketone. Many bases have been 

reported but pyridine is found most suitable (Bourne et 

al., 1949; Kumar et al., 1999; Maiti et al., 2011; Sarda 

et al., 2006; Pandya et al., 2012). This step involves the 

conversion of ester into diketones in presence of basic 

medium. This step follows Baker-Venkataraman 

rearrangement mechanism (Scheme 3). 

Structures and spectral data of compounds (3a-e) is 

shown in Table 2. 

 
Scheme 3: Preparation of (3a-e) 

 
Fig. 3. Plausible mechanism of Baker-Venkataraman rearrangement. 

Plausible mechanism of Baker-Venkatraman 

rearrangement. This mechanism involves an 

intramolecular Claisen Condensation between an ester 

and methyl ketone  (Khanapur et  al., 2015). Base 

abstracts α-proton to form enolate which subsequently 

attack on carbonyl of ester to form tetrahedral 

intermediate. Upon workup it forms β-diketones (Fig. 

3). 

d) Synthesis of benzoflavone derivatives (NF1-

NF10). Literature survey already showed that there are 

various synthetic routs for 7,8-benzoflavone synthesis. 

Structure modification plays significant role in 

enhancing the biological potential   (Yahiaoui et al., 

2008; Rokade et al., 2009; Cushnie et al., 2011; Yoon 

et al., 2012; Juvale et al., 2013; Singh et al., 2017; 

Vhanale et al., 2019). To a mixture of glacial acetic 

acid and fused zinc chloride 4-methoxynaphthalen-1-ol 

was added under reflux condition to form 1-(1-

hydroxy-4-methoxynaphthalen-2-yl)ethan-1-one (1a), 

which further on acid catalyzed esterification with 

variously substituted benzoic acids gives benzoylated 

products (2a-e). Under Baker-Venkataraman reaction 

condition esters are rearranged to 1, 3-diketones (3a-e). 

Diketones on reaction with substituted aromatic 

aldehydes under aldol conditions followed by 

cyclization using suitable cyclizing agent converted to 

7,8-benzoflavones (Scheme 4). 



Nahate  et al.,               Biological Forum – An International Journal     15(5a): 398-407(2023)                                           402 

 
Scheme 4. Synthesis of Benzoflavones. 

 
Fig.  4. Plausible mechanism of benzoflavone synthesis. 

Structures and spectral data of compounds (NF1- 

NF10) are shown in Table 3. 

Plausible Mechanism of benzoflavone synthesis. It 

was reported the possibility of the formation of an α-

aroylchalcone as an intermediate which under the 

experimental conditions cyclizes to give the flavone 

(Chicholkar, 1981). Flavones are usually synthesized 

from β-diketones by refluxing them with acetic acid 

and H2SO4. This method involves base catalyzed 

piperidine cyclization. Structures are confirmed by 

spectral data. The reaction probably proceeds via 

intermediate flavanone which decomposes to flavone 

(Fig. 4). 

Biological Investigation of benzoflavone derivatives. 

Antioxidant activity. An antioxidant may be defined as 

“any substance that when present at low concentration, 

compared with those of the oxidizable substrate 

significantly delays or inhibits oxidation of that 

substrate.” 

Method: DPPH Free Radical Scavenging Assay. 

Preparation of Sample: The free-radical scavenging 

activity was estimated by DPPH assay. The reaction 

mixture contained 10 μl of test sample and positive 

control ascorbic acid with 10 mg concentration and 190 

μl of methanolic solution of 0.1 mM DPPH radical. The 

mixture was then shaken vigorously and incubated at 37 

°C for 5 min. The absorbance was measured at 517 nm 

on ELISA plate reader indicated higher free radical 

scavenging activity, which was calculated using the 

following equation: 

Antioxidant Potential of synthetic compounds. The 

antioxidant activities of benzoflavone derivatives were 

successfully assessed using the free radical scavenging 

assay. The results are shown in the Table 4 and Fig. 5. 

(%) Free radical scavenging effect [Control Absorbance(Ac) - Sample Absorbance(As)]  

Control Absorbance(Ac)
  
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Table 1: Structure of compounds (2a-2e). 

(1a) (R2) (2a-e) 

 

 
 

(2a) 

 

 

  

(2b) 

 

 

  

(2c) 

 

 

  

(2d) 

 

 

  

(2e) 

 

 

 

 

 

 

 

 

 

 

 



Nahate  et al.,               Biological Forum – An International Journal     15(5a): 398-407(2023)                                           404 

Table 2: Confirmation of compounds by 1HNMR and GCMS. 

Structure and code of product Confirmation by 1HNMR and GCMS 

 

(3a) 

1H NMR (ppm): (500 MHz, CDCl3): δ 11.04 (s, 1H), 8.59 

(s,1H), 8.38 (s,2H), 7.96 (s,1H), 7.82-7.39 (m, 3H), 6.02 

(s,1H), 3.81 (s,2H), 3.79 (s,3H).GCMS(m/z): 

Cal.Mol.Wt.:  320.00 Mol. Wt. (Found): 320.57 

 

(3b) 

GCMS (m/z): 

Cal. Mol. Wt.: 355.01 

Mol. Wt. (Found): 354.02 

 

 

(3d) 

1H NMR (ppm):  (500 MHz, CDCl3): δ 11.03 (s,1H), 8.40 

(d,2H), 8.31-8.32 (d,2H), 7.37-7.40 (t,2H), 7.26-7.27 

(d,2H) 6.69-7.00 (d,2H) ,6.02 (s,1H), 3.81 (s,2H), 3.74 

(s,3H) 

 

 

(3e) 

GCMS (m/z): 

Cal. Mol. Wt.: 351.02 

Mol. Wt. (Found): 350.35 

 

Table 3: Confirmation of compounds by 1H NMR and GCMS. 

Structure and code of product Confirmation by 1HNMR and GCMS 

 
NF1 

1H NMR (ppm): (500 MHz, CDCl3): δ 8.12-8.13 

(d,2H), 8.11-8.12 (d,2H), 7.97-7.99 (t,3H), 7.89-

7.88 (d,1H), 7.65-7.69 (m,5H), 7.03-7.06 (d,1H), 

5.70 (s,1H), 3.64 (s,3H) 

GCMS (m/z): 

Cal. Mol. Wt.: 406.04 

Mol. Wt. (Found): 405.11 

 

 
NF2 

GCMS (m/z): 

Cal. Mol. Wt.: 440.08 

Mol. Wt. (Found): 440.31 
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NF3 

1H NMR (ppm): (500 MHz, CDCl3): δ 8.32-8.33 

(d,2H), 8.29-8.30 (d,2H), 8.12-8.13 (d,2H), 8.11-

8.12 (d,2H), 7.89-7.99 (m,4H), 7.65-7.69 (M,1H), 

7.03-7.09 (d,2H), 5.70 (s,1H), 3.64 (s,3H) 

 

 
NF4 

 

 

GCMS (m/z): 

Cal. Mol. Wt.: 451.11 

Mol. Wt. (Found): 450.22 

 

Table 4: % Antioxidant Potential using DPPH Assay Method (Conc. used 1 mg). 

 

Compound Code 

 

R 

 

Antioxidant Potential 

(%) (Mean±SD) R2 R3 

NF1 -H -H 34.265±1.32 

NF2 4-Cl -H 16.552±1.56 

NF3 4-Br -H 30.2.06±2.11 

NF4 4-NO2 -H 18.065±0.55 

NF5 4-OCH3 -H 36.546±1.22 

NF6 -H 4-NO2 12.852±1.45 

NF7 4-Cl 4-NO2 12.323±1.58 

NF8 4-Br 4-NO2 13.121±1.45 

NF9 4-NO2 4-NO2 39.125±1.14 

N10 4-OCH3 4-NO2 - 

Standard 
+Ve Control 

(Ascorbic acid) 
86.78±2.15 

*All the data statistically analyzed with mean±SD (n=3) 

 

Fig. 5. Graphical representation of antioxidant potential of benzoflavones. 

RESULTS AND DISCUSSION 

The synthesis of novel 7,8-benzoflavone derivatives 

was successfully achieved through a multi-step 

synthetic routes. Structural characterization was carried 

out using a combination of spectroscopic techniques. 

The antioxidant activity of the synthesized 7,8-

benzoflavone derivatives was assessed using DPPH 

assay method. The observed antioxidant activity 

suggests that the modifications made to the 

benzoflavone scaffold influence its ability to scavenge 

free radicals and mitigate oxidative stress. 

CONCLUSIONS 

In the present work, we investigated that the benzo ring 

at the C-7 and C-8 positions of the flavone structure is a 

promising moiety that can synthesize compounds such 

as 7,8-benzoflavone derivatives that are likely to exhibit 

promising biological activities. Furthermore, the benzo 
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ring inflection of the 7,8-benzoflavones structure 

intentionally incorporation of methoxy (OMe) and 

hydroxyl (-OH) group over the ring. Which enhances 

the strong biological activities.   

FUTURE SCOPE 

On the basis of reported literature and present work, we 

have synthesized the 7,8-benzoflavone but in future 

researchers could take the advantages to this protocol to 

synthesized novel benzoflavones. 
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ABSTRACT:

In an increasingly digitized world, the intersection of artificial intelligence (AI)
and literature has emerged as a captivating domain, offering both
transformative opportunities and unprecedented challenges. This paper delves
into the confluence of digital literature and AI, scrutinizing the evolving
landscape and its profound implications for the future of literary expression
and consumption. The paper begins by charting the trajectory of digital
literature, tracing its evolution from hypertext narratives to interactive
storytelling and immersive experiences. Simultaneously, it examines the
advancements in AI technologies, including natural language processing,
machine learning, and generative models, that have enabled AI's foray into
creative processes and literary creation. It also dissects the symbiotic
relationship between digital literature and AI, elucidating how AI can
augment authorship, create interactive narratives, and personalize reading
experiences. While AI presents a plethora of opportunities, it also raises
pressing concerns. This paper addresses the ethical dilemmas surrounding AI-
generated content, exploring issues such as authorship attribution, plagiarism,
and the potential homogenization of literary voices. Additionally, it scrutinizes
the biases embedded in AI models and their implications for diverse and
inclusive storytelling. Furthermore, the paper delves into the implications of
AI on the consumption of digital literature, analyzing how recommender
systems and personalized content delivery can both enhance and potentially
limit readers' exposure to diverse literary perspectives. The potential for AI to
perpetuate echo chambers and homogenize literary preferences is a
significant concern explored in this research.

Key words: Digital Literature, AI, Opportunities, Threats, Authorship, Creativity
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Introduction

In the rapidly evolving landscape of the digital age, two powerful forces are converging to
reshape the very essence of literature as we know it: Digital Literature and Artificial
Intelligence (AI). For Karl Schroeder: “AI is more a cultural than a technological revolution –
one that requires reflection on ethical, governance and legislation issues” (Schroeder). The
emergence of these intertwined realms marks a profound inflection point in the world of
storytelling, offering a dynamic synergy that transcends traditional boundaries. This article
embarks on a compelling journey into the heart of this confluence, where the ancient art of
literature merges with cutting-edge technology, presenting us with an intricate tapestry of
both threats and opportunities. The allure of literature has always rested in its ability to
transport us to distant worlds, evoke profound emotions, and illuminate the human condition.
With the advent of digital literature, this timeless art form has undergone a metamorphosis,
expanding beyond the confines of printed pages and into a realm where stories come alive
through interactive experiences, multimedia elements, and reader engagement.
Simultaneously, AI has emerged as a formidable creative collaborator, capable of generating,
analyzing, and enhancing the written word in ways previously unimaginable.

This convergence raises pivotal questions that resonate at the very core of human creativity,
expression, and imagination. Can algorithms truly replicate the depth and authenticity of
human storytelling? How do we navigate the ethical, legal, and philosophical complexities
surrounding AI-generated content? What doors does this digital literary frontier open for both
authors and readers, and how do we ensure that it remains an avenue for enriching the world
of literature rather than diminishing it? This article undertakes a comprehensive exploration
of the captivating intersection between Digital Literature and AI. It delves into the fascinating
world of interactive narratives, AI-authored novels, and immersive literary experiences.
Along the way, it uncovers the potential threats that loom on the horizon, from concerns
about dehumanization to privacy challenges, as well as the extraordinary opportunities that
beckon towards innovation, accessibility, and creativity.

The Rise of Digital Literature

Digital literature is also known as electronic literature. John Cayley defines it as “writing in
networked and programmable media” (Scott 04). It has emerged as a transformative force,
fundamentally altering the landscape of storytelling. Unlike its traditional print counterpart,
digital literature harnesses the power of digital technology to craft immersive and interactive
reading experiences. It includes “hypertext fiction and poetry, kinetic poetry in
flash…chatterbots, interactive literature, literary apps, literary performances on web” (Scott
07). In this realm, literature transcends the confines of static text, encompassing a diverse
range of media, from hypertext fiction to interactive narratives found in video games. One of
the defining features of digital literature is its malleability. It grants readers a unique agency,
often inviting them to take on the role of co-creators in the narrative journey. In this dynamic
space, stories evolve beyond linear structures, offering branching pathways that allow readers
to make choices that directly shape the plot's development. Each reader's interaction with the
narrative becomes a distinctive adventure, akin to navigating a labyrinth of possibilities. This
transformation extends beyond mere interactivity; it blurs the line separating author and
reader. No longer passive consumers of a predetermined story, readers become active
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participants, influencing the trajectory of the plot through their decisions. The sense of
ownership and connection between readers and the narratives they explore is a hallmark of
digital literature. Furthermore, digital literature embraces multimedia to enrich storytelling. It
seamlessly integrates images, audio, and video into the narrative fabric, creating a multi-
sensory reading experience. This fusion of various art forms blurs the boundaries between
literature, visual art, and soundscapes, adding depth and richness to the reading encounter.

Some digital literary platforms take collaboration to a new level, permitting readers to
contribute their own content to the story. This collaborative approach transforms narratives
into living entities that evolve with each participant's input. It's akin to a communal
storytelling circle, where every voice adds a layer to the ongoing tale. Thus digital literature
signifies a profound evolution in how stories are expressed and consumed. It liberates
literature from the constraints of printed pages, offering a dynamic, participatory, and
multimedia-rich experience. As technology continues to advance, the horizons for digital
literature remain limitless, marking an exciting frontier where creativity knows no bounds. In
this realm, the reader is not merely an observer but an active collaborator in the ongoing
evolution of storytelling, where the only limit is the boundless expanse of human imagination.

The Power of Artificial Intelligence

Artificial intelligence technology, which is an important landmark in computer science, is “a
field of study which focuses on forming smart machines performing tasks that naturally
necessitate human intelligence” (Celik). Artificial intelligence, with its cornerstone
technologies like natural language processing (NLP) and machine learning, stands at the
forefront of this transformative literary evolution. AI algorithms, fueled by the capability to
process vast datasets of text, possess the remarkable capacity to identify patterns and generate
coherent and contextually relevant content. This newfound capability has given birth to a
plethora of AI-driven literary endeavors. One striking manifestation of AI's creative prowess
is AI-authored literature. These algorithms can craft prose and poetry, producing works that
often blur the line between human and machine authorship. The result is a body of literature
that challenges our notions of creativity and authorial identity. Whether it's a novel penned by
a collaborative effort between human and AI or poetry that elicits genuine emotional
responses, AI-authored content has carved a niche in the literary landscape.

AI's reach extends even further into literature. Chatbots, imbued with AI capabilities, engage
in conversations with readers, mimicking the writing style of famous authors or creating
entirely unique dialogues. These literary chatbots offer readers an immersive experience,
allowing them to interact with fictional characters or literary personas in unprecedented ways.
Moreover, recommendation algorithms, another facet of AI, play a pivotal role in guiding
readers on their literary journeys. By analyzing readers' preferences, past choices, and reading
patterns, these algorithms curate personalized reading lists. This not only simplifies the
process of discovering new books but also ensures that readers are more likely to encounter
literature that resonates with their tastes. In essence, AI has made literary exploration more
accessible and enjoyable, serving as a literary compass in the vast ocean of literature. Thus,
the power of artificial intelligence in literature is multifaceted. AI-authored content
challenges our understanding of creativity and authorship, while literary chatbots provide
interactive and engaging reading experiences. Furthermore, recommendation algorithms
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elevate the accessibility and enjoyment of literature, ensuring that readers can embark on
literary adventures tailored to their preferences. As AI continues to advance, its role in
shaping the future of literature is poised to become increasingly significant, promising both
innovation and new horizons for literary expression and engagement.

The Threats: Dehumanization and Privacy Concerns

Yet, beneath the promising façade of digital literature and AI lies a shadow of potential
threats, ones that demand our careful consideration.

Dehumanization of Literature

As AI takes on a more prominent role in content creation, a nagging question lingers: Can
artificial intelligence authentically capture the depth of human emotions, experiences, and
cultural subtleties that have defined literature for centuries? There's a legitimate concern that
the soul of literature, the essence that has connected generations of readers to stories, may be
diluted in the pursuit of efficiency and novelty. The risk of homogenization looms large. AI-
generated content, while technically proficient, might lack the diversity, the idiosyncrasies,
and the raw, unfiltered emotions that make human-created works resonate so profoundly. In
this brave new literary world, there's a danger that the richness and complexity of human
storytelling could be reduced to a formulaic exercise driven by algorithms.

Privacy in the Digital Literary Realm

Privacy, too, emerges as a pressing concern in this digital literary realm. The power of AI,
particularly in the form of recommendation algorithms, lies in its ability to sift through vast
amounts of data, including readers' preferences, browsing habits, and personal information.
This data-driven approach enhances the reading experience by tailoring book
recommendations to individual tastes, but it also raises serious privacy questions. The line
between providing personalized reading suggestions and intrusive surveillance is a fine one.
Without proper safeguards and ethical guidelines, the vast reservoir of personal data gathered
in the name of enhancing the reading experience could be misused or exposed, leading to
privacy breaches and potential exploitation. Navigating these treacherous waters requires a
delicate balance. While embracing the transformative potential of AI and digital literature, we
must remain vigilant in protecting the essence of literature's humanity and the sanctity of
individuals' private lives. Ethical considerations, robust regulations, and a vigilant eye on the
evolving landscape are imperative to ensure that these threats do not overshadow the
immense opportunities that this convergence offers to the world of storytelling.

The Opportunities: Expanding Creativity and Accessibility

However, within the blend of digital literature and AI, lies a wealth of opportunities, ready to
be harnessed for the enrichment of literature and its accessibility to a broader audience.
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AI as a Creative Ally

Artificial intelligence, when employed as a creative ally, can be a powerful asset for authors.
It can catalyze the creative process by assisting authors in generating ideas, refining writing
quality, and automating repetitive tasks. By analyzing vast datasets and identifying patterns in
language and storytelling, AI can provide valuable insights and suggestions that serve as a
wellspring of inspiration for authors. This symbiotic relationship between human creativity
and AI-driven assistance has the potential to spark a new era of literary innovation. Moreover,
AI's proficiency in language translation is a game-changer for authors seeking to reach a
global readership. With remarkable accuracy, AI can translate literary works into multiple
languages, preserving the nuances and beauty of the original prose. This not only broadens an
author's reach but also fosters cultural exchange and appreciation by breaking down language
barriers.

Enhanced Accessibility

Digital literature and AI have the power to make literature more inclusive and accessible than
ever before. For visually impaired readers, AI-driven tools can provide audio descriptions,
rendering literature as an auditory experience, ensuring that everyone, regardless of visual
ability, can immerse themselves in the world of stories. Language is no longer a barrier to
literary exploration. AI can offer real-time translation services, enabling readers to access
content in their preferred language, broadening literary horizons and fostering cross-cultural
understanding. Furthermore, AI can create customizable reading experiences tailored to
individual preferences and accessibility needs. Readers can adjust fonts, text sizes, and even
the pacing of audiobooks, ensuring that literature adapts to their unique requirements. In
essence, the fusion of digital literature and AI heralds a future where creativity flourishes,
borders dissolve, and literature becomes a universal and inclusive art form. By embracing
these opportunities, we not only enrich the world of storytelling but also ensure that literature
remains a vibrant and accessible medium for all.

The Future of Literature in the Digital Age

As we stand at this crossroads of digital literature and AI, we must acknowledge the
complexity of this evolving landscape. The threats of dehumanization and privacy invasion
are real, and they demand thoughtful regulation and ethical considerations. However, the
opportunities to expand creativity, accessibility, and literary exploration are equally
significant. The future of literature in the digital age is likely to be a hybrid one, where
human creativity and AI-driven assistance work in tandem. Authors will harness AI as a tool
to enhance their craft, and readers will continue to be active participants in the narrative
process.

Conclusion

In conclusion, the confluence of digital literature and AI is an exciting frontier that offers
both perilous pitfalls and boundless promise. It challenges us to rethink the very essence of
literature and storytelling, urging us to explore new horizons while safeguarding the
fundamental human elements that make literature a timeless art form. As we navigate this
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uncharted territory, our choices and regulations will determine whether this confluence
ultimately enriches our literary world or diminishes its soul. The future of literature in the
digital age is in our hands, waiting to be crafted into a masterpiece of human and artificial
creativity. The promise lies in the potential to redefine storytelling, making it more engaging,
immersive, and accessible. AI, as a tool, can assist authors, broaden literary experimentation,
and enhance readers' experiences. Yet, there are significant threats to authenticity and
creativity. AI-generated content may lack the profound human insights that make literature a
reflection of the human condition. Ethical dilemmas surrounding authorship, ownership, and
copyright must be addressed, and safeguards should be established to ensure AI augments
human creativity rather than replaces it.
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ABSTRACT:
The intersection of literature and psychology has long fascinated scholars,
revealing how narratives can wield a profound impact on an individual's
personality development. This paper delves into the transformative potency
of Mahasweta Devi's literary gem, 'Rudali,' and its influence on shaping
personalities. By analyzing the intricate interplay of characters, themes,
and narrative structure, we explore how this novella transcends
conventional storytelling norms to evoke deep-seated emotions and
catalyze introspection. The narrative journey in 'Rudali' goes beyond mere
entertainment, unveiling a psychological expedition where characters
grapple with their inner struggles. This exploration becomes a mirror for
readers, reflecting their own complexities and vulnerabilities. The
unconventional narrative structure provides a unique vantage point to
contemplate the multifaceted nature of human psychology, opening
avenues for self-discovery and personal evolution. The paper investigates
how 'Rudali' acts as a catalyst for personality transformation by delving
into characters' responses to life's adversities. Through intricate character
development, Mahasweta Devi's narrative expertise showcases the
malleability of personalities when confronted with challenges. This
analysis underscores the narrative's potential to evoke catharsis and
inspire personal growth. Ultimately, this paper aims to shed light on the
transformative prowess of literature, exemplified by 'Rudali,' and its role in
shaping personalities. By delving into the alchemical fusion of narrative
elements, it contributes to the discourse on the symbiotic relationship
between literature and psychological development. The presentation seeks
to inspire a deeper appreciation for the written word's capacity to initiate
introspection, emotional resonance, and profound transformation in
individuals.

Keywords: Narrative, Transformative Power, Personality, Psychological Development, Self-
Discovery.
Introduction:

Literature has always held the power to influence and shape the development of an
individual's personality. Through its narratives, characters, and themes, literature can inspire
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introspection, empathy, and personal growth. One such remarkable example is Mahasweta
Devi's poignant work, 'Rudali,' which transcends traditional literary boundaries and serves as
an innovative catalyst for personality development.'Rudali' exemplifies how literature can go
beyond its role as mere entertainment and become a transformative force in shaping an
individual's personality and worldview. The novel's intricate narratives, vivid characters, and
profound themes provide readers with a unique opportunity for introspection, empathy, and
personal growth.

'Rudali' explores the lives of marginalized women in rural India who are known as
professional mourners. Through the story of Sanichari, the protagonist, Mahasweta Devi
delves deep into the complexities of human emotions, societal norms, and the struggles faced
by those living on the fringes of society. As readers engage with the characters' experiences
and challenges, they are compelled to confront their own assumptions, biases, and privileges.
This confrontation serves as a catalyst for introspection, encouraging readers to reevaluate
their own lives, beliefs, and values.Empathy is a central theme in 'Rudali.' By portraying the
harsh realities of Sanichari and other rudalis, Mahasweta Devi encourages readers to step into
the shoes of these characters and view the world from their perspectives. This empathetic
engagement has the power to break down barriers of prejudice and narrow-mindedness,
fostering a greater understanding of the human condition as well as the complexities of
societal hierarchies. Readers are prompted to extend their empathy not only to the characters
in the novel but also to real-life individuals facing similar struggles.

The personal growth that 'Rudali' can inspire is rooted in its ability to challenge
conventional norms and prompt readers to question the status quo. The characters' resilience
in the face of adversity can serve as a source of inspiration, motivating readers to reconsider
their own challenges and setbacks. Moreover, the novel's exploration of themes such as
gender roles, caste discrimination, and economic disparities can push readers to become more
socially conscious and engaged citizens, driving them to advocate for a more just and
equitable society.'Rudali' also transcends traditional literary boundaries through its innovative
narrative techniques and evocative language. The novel's narrative structure and style
encourage readers to think critically and engage deeply with the text, leading to a heightened
sense of intellectual curiosity and a willingness to explore new perspectives. This
engagement with the text can, in turn, contribute to the expansion of one's intellectual
horizons and personal growth.
Unveiling Empathy through Character Identification:

In 'Rudali,' Mahasweta Devi ingeniously crafts characters that evoke deep emotional
connections with readers. The story centresaroundShanichari, a woman from a marginalized
community, whose life is marked by tragedy and hardship. Readers find themselves
immersed in her struggles, fears, and aspirations, fostering an empathetic bond that
encourages introspection into their own lives. This identification with characters from diverse
backgrounds promotes a broader worldview and nurtures the growth of compassion and
understanding within the reader's personality.

Shanichari, stands as a remarkable embodiment of the marginalized and oppressed,
leading readers to introspectively reflect on their own lives and the broader human experience.
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Shanichari's journey through tragedy and adversity resonates deeply with readers,
regardless of their personal backgrounds. Her struggles, fears, and aspirations become a
mirror through which readers can examine their own challenges and triumphs. This
connection prompts readers to consider how they might respond in the face of similar
difficulties, encouraging a more profound introspection into their own lives and
motivations.The power of literature lies in its capacity to transport readers into the lives of
characters who inhabit worlds different from their own. Through the eyes of Shanichari and
other characters in 'Rudali,' readers gain insights into the realities faced by marginalized
communities. This immersive experience broadens their worldview, breaking down barriers
of ignorance and prejudice. As readers step into Shanichari's shoes, they develop a
heightened sensitivity to the struggles of others and cultivate a more compassionate and
empathetic outlook.

The act of identifying with characters from diverse backgrounds inherently nurtures a
sense of understanding and compassion within readers. As they witness Shanichari's
resilience, they are inspired to reflect on their own capacity for strength in the face of
adversity. This recognition of shared humanity encourages personal growth, prompting
readers to expand their capacity for empathy and their ability to connect with people from
various walks of life.By evoking such emotional connections, 'Rudali' becomes a
transformative tool that encourages readers to reflect on their own attitudes, biases, and
privileges. The story invites readers to engage with uncomfortable truths about societal
inequalities and injustices, fostering a desire for positive change. This engagement is crucial
for the development of a well-rounded personality that seeks to contribute to a more equitable
and just world.
Catharsis and Emotional Resonance:

Mahasweta Devi's narrative prowess in 'Rudali' goes beyond mere character
identification, delving into the profound territories of catharsis and emotional resonance. The
novel's portrayal of grief, loss, and societal oppression serves as a reflective surface, inviting
readers to explore their own emotional landscapes and life experiences. Through this process
of empathy and self-reflection, readers undergo a parallel journey of self-discovery that has
the potential to be deeply transformative.

The depiction of grief and loss in 'Rudali' resonates with readers on a universal level.
The characters' experiences of pain and sorrow evoke a sense of shared human vulnerability,
reminding readers of their own encounters with suffering. This shared emotional experience
encourages readers to process their own feelings of grief and loss, facilitating catharsis—a
release of pent-up emotions. By engaging with the characters' emotional struggles, readers are
prompted to confront their own emotional wounds and, in doing so, initiate a healing process.

Moreover, the portrayal of societal oppression and injustice in the novel acts as a
mirror that reflects not only the characters' experiences but also prompts readers to examine
the injustices in their own societies. This reflection encourages readers to consider their own
role in perpetuating or challenging these systemic issues. In this way, 'Rudali' becomes a
catalyst for readers to confront uncomfortable truths and question their own complicity or
agency in shaping the world around them.
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As readers empathize with the characters' emotional journeys, they develop a
heightened emotional intelligence—an ability to recognize, understand, and manage their
own emotions as well as those of others. This emotional resonance nurtures empathy, a
critical aspect of personal growth and interpersonal relationships. By vicariously
experiencing the characters' emotions, readers expand their emotional vocabulary and gain
insights into the diverse ways that people cope with and express their feelings.

The emotional resonance achieved through 'Rudali' becomes a transformative tool for
readers to navigate their own emotional landscapes and develop a deeper understanding of
themselves. It encourages readers to confront their vulnerabilities, fears, and aspirations,
leading to enhanced self-awareness. This, in turn, contributes to the development of a more
well-rounded personality—one that is attuned to both its own emotions and the emotions of
those around them.
Exploration of Complex Themes:

'Rudali' stands as a testament to Mahasweta Devi's ability to transcend literary
conventions by delving into intricate and thought-provoking themes such as gender inequality,
social injustice, and the resilience of the human spirit. This multifaceted exploration
challenges readers to engage in critical analysis of societal norms and their own convictions,
leading to intellectual stimulation and the cultivation of a sense of agency that can profoundly
shape their personalities.The novel's unflinching examination of gender inequality and social
injustice serves as a powerful lens through which readers can scrutinize the inequities present
in their own societies. By portraying the harsh realities faced by marginalized women like
Shanichari, 'Rudali' encourages readers to question deeply ingrained biases and assumptions.
This process of introspection and critical analysis prompts readers to reevaluate the status quo
and consider their own roles in perpetuating or challenging oppressive systems.

The intertwining of these themes in the novel fosters an environment where readers
are inspired to think beyond surface-level narratives and delve into the complexities of
societal structures. As they engage with the intricate interplay of gender, class, and power
dynamics, readers are prompted to challenge their preconceptions and expand their
intellectual horizons. This intellectual stimulation encourages a deeper understanding of the
world and a willingness to seek out diverse perspectives.

Through the characters' resilience in the face of adversity, 'Rudali' highlights the
indomitable human spirit's capacity to overcome challenges. This portrayal serves as a source
of inspiration for readers, prompting them to reflect on their own sources of strength and
resilience. This reflection can foster a sense of agency—a belief in their own capacity to
effect positive change. By witnessing characters navigate and confront adversity, readers are
empowered to contribute actively to society and become agents of change themselves.

The themes explored in 'Rudali' not only challenge readers' intellect but also evoke an
emotional response. This emotional engagement deepens the impact of the novel's themes,
driving readers to consider their own values and convictions. The resulting introspection can
lead to a transformation of beliefs and attitudes, as readers grapple with the ethical
implications of the issues presented in the novel.Incorporating such complex themes and
encouraging critical analysis in 'Rudali' equips readers with the tools to be more than passive
consumers of literature. It empowers them to be active participants in shaping their own
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personalities around values of justice, equality, and empathy. By confronting societal issues
head-on and engaging in these conversations, readers are better prepared to contribute
positively to their communities and advocate for meaningful change.
Metaphorical Reflections and Symbolism:
The innovative use of metaphors and symbolism in 'Rudali' adds a layer of depth that invites
readers to engage in metaphorical thinking. Through the symbolism of the "rudali"
(professional mourners), readers are prompted to consider the performative aspects of their
own lives – the masks they wear and the roles they play. This introspection fuels personal
growth by encouraging readers to align their actions with their true selves, ultimately shaping
a more authentic and integrated personality.
Interactive Reading Experience:

Integrating digital platforms to enhance the impact of 'Rudali' on personality
development is a brilliant idea that can leverage technology to create a more immersive and
interactive reading experience? Augmented reality (AR) and virtual discussions can
undoubtedly elevate the transformative power of the novel, fostering a deeper connection
between readers, characters, and themes.
Augmented Reality (AR) Interaction:

By using AR, readers could access a new dimension of engagement with the
characters and settings of 'Rudali.' Through a dedicated app or platform, readers could scan
certain pages or images in the book to trigger interactive AR elements. For instance, scenes
could come to life with visual and audio effects, enhancing the emotional impact of the story.
Readers could virtually walk through the village, witness characters' expressions and actions,
and even experience pivotal moments from different perspectives.
Character Interaction and Empathy:

AR could enable readers to engage with the characters on a more personal level. By
visualizing the characters in 3D, readers might feel a stronger connection and empathy
towards their struggles. This technology could provide a profound immersive experience,
enabling readers to virtually accompany characters through their journeys and emotional arcs.
Virtual Discussions and Forums:

Creating virtual spaces for readers to engage in discussions, share insights, and
exchange perspectives can foster a sense of community around the novel. Virtual forums
could be facilitated through social media, dedicated websites, or even within the AR app
itself. Readers from different backgrounds and cultures could come together to share their
thoughts, interpretations, and personal reflections, enriching the overall reading experience.
Access to Supplementary Content:
Digital platforms could host supplementary materials such as interviews, documentaries, or
multimedia content related to the themes of the novel. This content could enhance readers'
understanding of the societal issues explored in 'Rudali,' prompting them to consider the real-
world implications of the narrative.
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Collaborative Projects:
Digital tools could enable collaborative projects where readers contribute their own

creative interpretations of the story. This could include art, music, short films, or written
pieces inspired by 'Rudali.' Such projects could serve as an outlet for readers to express their
emotional and intellectual responses to the novel.

By incorporating these digital elements, the reading experience of 'Rudali' could be
transformed into an interactive and multi-dimensional journey. The integration of AR and
virtual discussions not only modernizes the way literature is engaged with but also amplifies
the novel's potential to shape personality development. This approach combines the power of
technology with the timeless impact of literature, ultimately encouraging readers to explore
their emotions, expand their perspectives, and contribute positively to society.
Conclusion:

Mahasweta Devi's 'Rudali' transcends the boundaries of traditional literature, offering
an innovative approach to personality development. Through character identification,
emotional resonance, exploration of complex themes, and metaphorical reflections, the
narrative acts as a catalyst for self-discovery, empathy, and personal growth. By leveraging
technology for an interactive reading experience, the transformative power of 'Rudali' can be
amplified, fostering a generation of individuals with enriched and evolved personalities.In
conclusion, Mahasweta Devi's 'Rudali' exemplifies how literature can play a pivotal role in
shaping an individual's personality and development. Through its narratives, characters, and
themes, the novel encourages introspection, empathy, and personal growth. By challenging
assumptions, fostering empathy, and inspiring readers to think critically about societal issues,
'Rudali' stands as a testament to the transformative power of literature in expanding one's
understanding of the world and fostering positive personal change.
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This paper delves into the empowering feminist perspectives found within Mahasweta Devi's 

critically acclaimed novel, Mother of 1084. As a prominent feminist writer in Indian English 

Literature, Devi skillfully weaves a tapestry of human values and complex relationships, 

while also confronting the societal struggles for self-identity, self-assertion, individuality, and 

freedom faced by women. Her literary work is deeply rooted in sociological and cultural 

contexts and driven by a strong feminist ideology that profoundly influences her storytelling. 

Drawing from Mother of 1084, this paper explores how Devi utilizes female characters as 

powerful devices to expose and challenge a society that perpetuates discrimination and 

victimization of women. By highlighting the multifaceted barriers, including cultural norms, 

legal constraints, political dynamics, and social restrictions, Devi offers a profound critique 

of the patriarchal structures that constrain women's agency and opportunities for self-

actualization. 

Key words: empowering, transformative dialogue, societal norms, gender dynamics, 

discrimination, victimization,  



 

GAJANAN DAYARAMJI TAYADE                                     2 P a g e  

INTRODUCTION  

Feminist writers have long harnessed the power of fiction to give voice to their inner 

struggles, championing themes of self-identity, self-assertion, individuality, and freedom. 

These literary works draw strength from the sociological and cultural contexts in which they 

emerge, underpinned by the core tenets of feminist ideology. Among the luminous voices in 

this realm, Mahasweta Devi occupies a revered position in the landscape of Indian English 

Literature. Her literary contributions delve beyond the realm of storytelling, probing human 

values and intricate relationships with profound insight. In her renowned novel, Mother of 

1084, Devi artfully employs female characters as vehicles to lay bare a society that 

perpetuates discrimination and victimization of women. With unwavering courage, she 

illuminates the multifaceted struggles faced by women, exposing the patriarchal structures 

and norms that circumscribe their lives. Beyond mere storytelling, Devi's narratives function 

as powerful social commentaries, unearthing the cultural, legal, political, and social barriers 

that constrict women's agency. One of Devi's remarkable abilities is to draw parallel 

narratives that highlight the symbiotic relationship between the struggle for women's rights 

and the pursuit of political empowerment. By intertwining the narratives of her female 

protagonists with political struggles, she underscores the inseparable link between women's 

liberation and broader societal progress. In this way, Devi portrays the pivotal role that 

women novel in shaping the destiny of their communities and nation. 

Feminist writers have long harnessed the power of fiction to give voice to their inner 

struggles, championing themes of self-identity, self-assertion, individuality, and freedom. 

These literary works draw strength from the sociological and cultural contexts in which they 

emerge, underpinned by the core tenets of feminist ideology. Among the luminous voices in 

this realm, Mahasweta Devi occupies a revered position in the landscape of Indian English 

Literature. Her literary contributions delve beyond the realm of storytelling, probing human 

values and intricate relationships with profound insight. In her renowned novel, Mother of 

1084, Devi artfully employs female characters as vehicles to lay bare a society that 

perpetuates discrimination and victimization of women. With unwavering courage, she 

illuminates the multifaceted struggles faced by women, exposing the patriarchal structures 

and norms that circumscribe their lives. Beyond mere storytelling, Devi's narratives function 

as powerful social commentaries, unearthing the cultural, legal, political, and social barriers 

that constrict women's agency. One of Devi's remarkable abilities is to draw parallel 

narratives that highlight the symbiotic relationship between the struggle for women's rights 

and the pursuit of political empowerment. By intertwining the narratives of her female 

protagonists with political struggles, she underscores the inseparable link between women's 

liberation and broader societal progress. In this way, Devi portrays the pivotal role that 

women novel in shaping the destiny of their communities and nation. 
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This paper delves into the empowering feminist perspectives found within Mahasweta Devi's 

critically acclaimed novel, Mother of 1084. As a prominent feminist writer in Indian English 

Literature, Devi skillfully weaves a tapestry of human values and complex relationships, 

while also confronting the societal struggles for self-identity, self-assertion, individuality, and 

freedom faced by women. Her literary work is deeply rooted in sociological and cultural 

contexts and driven by a strong feminist ideology that profoundly influences her storytelling. 

Drawing from Mother of 1084, this paper explores how Devi utilizes female characters as 

powerful devices to expose and challenge a society that perpetuates discrimination and 

victimization of women. By highlighting the multifaceted barriers, including cultural norms, 

legal constraints, political dynamics, and social restrictions, Devi offers a profound critique 

of the patriarchal structures that constrain women's agency and opportunities for self-

actualization. 

Indian society grapples with profound conflicts and contradictions, particularly in its 

treatment of women. Females find themselves on the periphery of family dynamics, both in 

their parental homes and within their marital households. They lack the agency to determine 

their roots, and their societal status remains precarious, leaving them with a pervasive sense 

of insecurity. Devi, as a woman, explores the multifaceted challenges faced by every woman 

in this hypocritical society. They are compelled to occupy a secondary role while 

simultaneously expected to be the linchpin holding families together. This dichotomy inflicts 

a profound psychological toll, as it forces women to grapple with the clash between their 

intrinsic knowledge and the expectations imposed upon them by their environment. In 

"Mother of 1084," Devi skillfully portrays the inner turmoil experienced by women as they 

navigate this internal conflict. 

In "Mother of 1084," Sujatha, a grieving mother, comes to a profound realization about why 

her murdered son, Brati, chose to join a violent uprising. The narrative skillfully blends 

indigenous oral histories with contemporary events to delve into the bitter and often bloody 

relationship between tribal communities and India's dominant classes and systems. Alongside 

this exploration, it sensitively portrays the intricate emotions of a mother. 

The novel draws its strength from a rich tapestry of history, folk myths, and the stark realities 

of the present day. Devi uses a recent historical event as a lens through which to comment on 

the present, presenting it as a cautionary fiction that universalizes the human experience, a 

narrative that sheds light on what drives many sons to martyrdom. On one level, the novel 

might seem like a straightforward account of the brutal suppression of an apolitical woman in 

the role of a mother. However, it ultimately reveals her awakening to a deeper truth about 

martyrdom, transcending the specific circumstances to touch upon broader themes of 

sacrifice and devotion. 
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The novel "Mother of 1084" unfolds within the span of a single day in the life of its central 

character, Sujata. She is the mother of Brati, also known as corpse number 1084, and hails 

from a relatively affluent middle-class family. Despite being a sensitive wife and a loving 

mother, Sujata feels like a stranger within her own household, where her role has been 

reduced to that of a mere cog in the machinery. She finds solace and a sense of belonging in 

the company of her younger son, Brati Chatterjee. Unlike her other children, Brati is a man of 

ideals, and it is his life and activities that Sujata struggles to comprehend. The absence of 

understanding between them adds to the tragic depth of the novel. It's only when Sujata 

pieces together the fragments of her son's life that she can find a moral rationale for his 

involvement in the uprising, and this process of discovery continues until the novel's 

conclusion. 

Sujata, a traditional and subjugated woman, reflects on her life two years prior when she 

prepared to bring Brati into the world. She faced the challenges of pregnancy alone, without 

any support, and Brati was born on the dawn of January 17, 1948. Her life became a misery 

due to her husband's lustful behaviour and her overbearing mother-in-law. As a traditional 

wife, she continues to coexist with her husband, who is the family's primary breadwinner and 

caretaker of their children. However, the patriarchal norms of society prevent women from 

breaking free from the entanglements of family ties. Sujata's husband, Dibyanath, treats her 

as a mere childbearing machine, mirroring her mother-in-law's attitude. She is not even 

allowed to care for her children, Jyothi, Neepa, and Tuli, and they grow up inheriting the 

same character as their grandmother. Sujata finds no fulfillment in her marital life, leading to 

frustration and disillusionment, causing her to forget her self-worth as a woman. 

In contrast to her other children, Brati has a special affection for his mother. He is the only 

son who yearns for her and cries for her when she is away working at the bank. He revels in 

her presence. Sujata reminisces about the fateful night when she received a phone call in her 

sleep, delivering the devastating news of her beloved son's death. She is not only shattered by 

this news but also by her husband's callousness. Dibyanath denies Sujata the use of his car on 

the day of Brati's death, fearing that it might tarnish his social standing. He even goes to great 

lengths to prevent Brati's name from being published in newspapers, attempting to erase 

Brati's existence from their home by relocating his picture, old shoes, and raincoat from the 

common areas to a room on the second floor. 

Brati's death leaves a profound void in Sujata's life, and even two years after his passing, his 

memories continue to haunt her. She is determined to uncover the reasons behind her son's 

sacrifice. Despite the deep emotional connection between Sujata and Brati, she remains 

largely unaware of his ideology and his activities. As she reflects, "Brati was the soul of my 

life, yet I know so little about him" (Devi 8).  
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Sujata's quest for understanding leads her into a series of encounters with individuals who 

shared Brati's cause. This learning process continues until she gradually aligns herself with 

her son's ideology. Her interactions with Somu's mother and Nandhini open her eyes to a 

different facet of life to which she had previously been a stranger. She begins to identify with 

the suffering of humanity and transitions from her previous position as an apolitical mother to 

becoming socially conscious. 

Nandhini, an activist and devoted follower of Brati, provides Sujata with insight into a part of 

her son's life and helps her realize the distressing social realities. Sujata's confrontation with 

Somu's mother, who lost her son to a mob's outrage, fills Sujata with a deep sense of 

empathy. It is profoundly moving to witness people entrusted with the responsibility of 

upholding human values acting callously toward the innocent. This contrast is especially 

evident when comparing Brati's father with Somu's father. Somu's father's futile attempt to 

seek help from the police station and his subsequent return with shattered hopes underline the 

inhumanity of the situation. Somu's mother's heart-wrenching cry upon identifying her son in 

the police morgue shocks even those who may have appeared stone-hearted. 

Mahasweta Devi's literary works predominantly feature female protagonists and serve as a 

powerful vehicle to expose the societal injustices and discrimination faced by women. Her 

writings have garnered political support from various quarters. Devi firmly believes that 

women and society are interconnected, with both being essential for the well-being of the 

people. She emphasizes the cultural, legal, political, and social restrictions that limit women's 

freedoms and seeks to liberate them from being mere appendages or shadows of men. Her 

literary heroines are often portrayed as courageous intellectuals who challenge the prevailing 

norms that victimize women. 

Throughout her writings, Mahasweta Devi vividly depicts the lives of ordinary women, 

particularly tribal women. She explores the simple joys and sorrows they experience, the 

exploitation and suffering they endure, and the abject poverty that often defines their 

existence. Her treatment of women in her works is imbued with empathy, and her profound 

humanism reflects a deep-seated love for humanity, particularly for those who are suffering. 

Most of her short stories and novels shed light on the lives of oppressed and neglected tribal 

women who are subjugated by society and exploited by the greed, narrow-mindedness, and 

selfishness of men. 

Mahasweta Devi's prominence in contemporary literature is a testament to her ongoing efforts 

to bring the struggles of oppressed communities to the forefront. Her works have contributed 

to the emergence of these communities from the shackles of subjugation, slavery, and 

oppression. She continues to be a beacon of hope and a voice for those who have long been 

marginalized and silenced. 



 

GAJANAN DAYARAMJI TAYADE                                     6 P a g e  

CONCLUSION:  

The history of the world is fundamentally a narrative of conflict between two distinct 

communities: the community of oppressors and the oppressed often referred to as the 

subalterns. When these two communities, each embodying opposing value systems, coexist, 

the one with political, economic, and technological dominance tends to subjugate the other. 

Mahasweta Devi's unique literary approach involves taking unconventional themes from 

contemporary life and transforming them into works of artistic excellence. At the core of her 

creative endeavours is the central message of survival through struggle. Consequently, her 

writing vividly portrays the authentic and harrowing details of abject poverty through the 

lives of real subaltern characters with their unique histories. Driven by a profound social 

concern, she is compelled to write about the plight of the impoverished, shedding light on 

their struggles and suffering. 

 

Mahasweta Devi. Mother of 1084. Translated by Samik Banerjee, Seagull Books, 2019.  

Tiwari, Prof. Shubha. “Writing as Social Service: The Literary Compass of Mahashweta Devi 

by Shubha Tiwari”. Boloji.com, October 26 2011, https://www.boloji.com/ 

articles/11565/writing-as- social-service.  

Mahasweta Devi, “Bengali Literary Personality”.  

https://www.indianetzone.com/18/mahasweta_devi.htm. 

 



 
 

 

 

 

Title of Programme :- Journal Paper Presented     
Organize by :- Department of History ,Shri Shivaji Arts, Commerce and Science College, Akot 

.

 

Date :- November 2023 

Venue :- B.Adhar International Peer Reviewed Indexed Journal  

Co-ordinator :-  Prof. S. P. Kothekar 

Assistant Co-ordinator :-  

Students Co-ordinator :-  

No. of Teachers 

Participant 
:- --  

No. of Girls Participant :-  

No. of Boys Participant :-  

No. of people participant :-  

Document Attach with  

Report 
  

 



 



 



























Journal of Physics:
Conference Series      

PAPER • OPEN ACCESS

Vacuum Ultraviolet Spectroscopic Properties in
Gd3+-Eu3+ Ions Pair Doped MYF4 (M = Li, Na, and
K)
To cite this article: S. R. Jaiswal et al 2023 J. Phys.: Conf. Ser. 2576 012005

 

View the article online for updates and enhancements.

You may also like
Experimental and theoretical study of
–Eu2(MoO4)3 under compression
C Guzmán-Afonso, S F León-Luis, J A
Sans et al.

-

Synthesis of photocatalytic TiO2-Eu2O3 for
phenol decomposition in wastewater
Van Tien Mai and Le Thi Hai Le

-

On the role of Gd3+ ions in enhancement
of UV emission from Yb3+–Tm3+ up-
converting LiYF4 nanocrystals
Magorzata Misiak, Orest Pavlosiuk, Marcin
Szalkowski et al.

-

This content was downloaded from IP address 152.58.18.240 on 30/12/2024 at 09:05

https://doi.org/10.1088/1742-6596/2576/1/012005
/article/10.1088/0953-8984/27/46/465401
/article/10.1088/0953-8984/27/46/465401
/article/10.1088/0953-8984/27/46/465401
/article/10.1088/0953-8984/27/46/465401
/article/10.1088/0953-8984/27/46/465401
/article/10.1088/0953-8984/27/46/465401
/article/10.1088/2043-6262/abfa8d
/article/10.1088/2043-6262/abfa8d
/article/10.1088/2043-6262/abfa8d
/article/10.1088/2043-6262/abfa8d
/article/10.1088/2043-6262/abfa8d
/article/10.1088/2043-6262/abfa8d
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
/article/10.1088/1361-6528/acd701
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstH0MRGvKWkSHjCSKLp0y2F1M1JqSAh7JT7HR1OtI4vqAjlXVTs0pK13JCwCQYgKnKcQ0RbYdm5qyGPeNlAjDFmA8lr2m4ZZff_z4d9s7UNgiUQnbwHpduJps6g15THfwMYnJuv27KTSLVMEWs-6Gc8u_rgGgJwJ5vJ9w9tfjj_I4Htkd8fFEENu0X0uWELmzuWpz19KuECzh518OT8OEUrLUrtx1cB-Jx6jucVjzb3ZdumQtUOxQH3F3ROYo5p2ObeY7ZWdRLHpYpkdAQgalzDd_gZQ5qN4gTaX0wHQA0mYCS2fqhwq50oEQrO28j-pix4LAo3UlWnol0ABr2agXlU-9DL9uo-un0zFjuZxCox&sig=Cg0ArKJSzPmyGp5du6sp&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/248/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_248_abstract_submission%26utm_id%3DIOP%2B248%2BAbstract%2BSubmission


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

NSSEMA-2023
Journal of Physics: Conference Series 2576 (2023) 012005

IOP Publishing
doi:10.1088/1742-6596/2576/1/012005

1

Vacuum Ultraviolet Spectroscopic Properties in Gd3+-Eu3+ 

Ions Pair Doped MYF4 (M = Li, Na, and K) 

S. R. Jaiswal*1, U. T. Bhati2, P.A. Nagpure3, S. K. Omanwar4 
1 Department of Physics, Shri R. L. T. College of Science, Akola. 444001 (INDIA) 

E-Mail: srjaiswal07@gmail.com 
2Department of Physics, Shri Shivaji Arts, Comm. & Sci. College Akot. 444101 

(INDIA) 
3Department of Physics, Shri Shivaji Science College, Amravati. 444602 (INDIA) 
4Department of Physics, Sant Gadge Baba Amravati University, Amravati. 444602 

(INDIA) 

 

Abstract. LiYF4, NaYF4, and KYF4 doped with Gd3+-Eu3+ ion pairs synthesised by soft route 

(wet) chemical technique tracked by Reactive Atmosphere Process (RAP). The phase purity of 

every synthesized material is verified using the X-ray Diffraction (XRD) method. The 

photoluminescence excitation (PLE) and photoluminescence emission (PL) properties are 

examined in ultra-violet (UV) and vacuum ultraviolet (VUV) regions. A new type of photon 

harvesting (cutting) process is studied in the synthesized phosphors. The Quantum Cutting (QC) 

is observed only in host LiYF4 doped with Gd3+-Eu3+ Phosphor. 

 
Keywords: Visible Quantum Cutting, Down-Conversion (DC), Mercury-Free Fluorescent Lamps 

(MFFL), Quantum Efficiency (QE) 

1. Introduction 

Visible QC through DC is the process in which gain more than one visible photon for 

respectively absorbed VUV Photon by the materials. Subsequently, it results to luminescence QE larger 

than unity (100%) and recover energy proficiency in illumination devices or 3D display [1]. The Dexter 

was projected primary possibility and far ahead on confirmed in YF3:Pr3+ with absorption at 185 nm 

wavelength in the VUV region and QE around 140% [2-4]. In the succeeding research, the Quantum-

Cutting (QC) phenomenon was found in case of luminescent materials doped by rare-earth ions such as 

Gd3+, Tm3+, or Pr3+ [5-6]. According to the prediction of Judd–Ofelt theory and experimental results it 

has also been concluded that utilizing a single ion activator system cannot further improve the efficiency 

of the QC phosphors [5]. In further surveys, it was found that the Gd3+ - Eu3+ pair in the appropriate host 

matrix results QE larger than unity under the excitation of VUV [7–8]. Jaiswal et al also showed the 

visible QC in Gd3+, Eu3+ doped YF3 phosphor synthesised by the wet chemical method trailed by RAP 

[9]. 

In this research report, possibility of visible QC with Gd3+- Eu3+ pair in the yttrium fluoride host 

matrix with alkali metal ions is explored. This paper presents, for the first time, an analysis of the 

quantum harvesting and energy transfer process in the MYF4:Gd3+, Eu3+ (Li, Na, K) phosphor.  

2. Experimental 

The MYF4 phosphor (where M = Li, Na, K) doped with Gd3+ and Eu3+ ions were synthesised 

via the soft route (wet) chemical, followed by heating in a RAP. In the preparation, A. R. grade 

precursors such as Oxide (Y2O3) and nitrates MNO3 (M=Li, Na, K) were used. In the least amount of 

HNO3 the combination of stoichiometric quantities of nitrates of Y, Gd, and Eu were got by liquifying 

the corresponding oxides. The stoichiometric quantity of lithium nitrate (LiNO3) was added to the 

combination. A small quantity of double distilled (DD) water was introduced into a complete nitrate 

mixture and stirred for 30 minutes. The dropwise hydrofluoric acid (HF) was added to the mixture to 

get a whitish paste. The paste undertook washing, filtered, and subsequent drying using under the 

filament/IR light. After the dried, the powder was heated at 500 ◦C for 1 hour in the wrapped/sealed 

glass test tube under reactive gas environment which was formed by appropriate quantity of ammonium 

mailto:srjaiswal07@gmail.com
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fluoride (NH4F). It was then heated for 4 hours in the pre-heated graphite crucible at 800 ◦C temperature 

and then abruptly quenched to normal (25◦C) temperature [9-11]. After cooling the sample was crushed 

in a mortar pestle to make a white fine powder of LiYF4: Gd3+, Eu3+ Phosphor. 

The identical procedure was replicated for the Gd3+, Eu3+-doped NaYF4 and KYF4 phosphors. 

The fig.1 shows the flow map of the synthesis process. 

 
Figure 1. Flow map of the complete synthesis procedure 

3. Outcomes & Argument 

3.1 The study of XRD 

The fig. 2 represents detailed XRD pattern of doped-undoped MYF4 (M= Li, Na, K) phosphor. 
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Figure 2. (a), (b), and (c): XRD pattern of doped-undoped MYF4 (M= Li, Na and K) phosphors  

The purity of phase of resulting synthesized products doped and undoped MYF4 (M= Li, Na, 

K) were verified by XRD on a Rigaku D/max-2400 powder diffractometer with CuKa radiation. In the 

XRD pattern, all major diffraction peaks for doped and undoped LiYF4 match well with the JCPDS file 

No. 77 -0816 [12] and has a tetragonal structure. The XRD pattern of NaYF4 doped and undoped shows 

the hexagonal phase match with the β-phase of JCPDS file no.16-0334 [13], while quite a few puny 

scattered crests correspond to the cubic phase match with α-phase of JCPDS file no. 01-77-2042 [14]. 

The XRD pattern of the doped and undoped KYF4 phosphors proves a close match between all 

diffraction peaks of the standard PDF card no. 79-1688, confirming that the synthesised KYF4 samples 

exhibit a hexagonal structure [15].  

3.2 Photoluminescence Analysis: 

The concentration quenching of sensitizer Gd3+ in the MYF4 (M = Li, Na, K) i.e.,                              

Li Y (1-x) F4: XGd3+, Na Y (1-x) F4: XGd3+, and K Y (1-x) F4: XGd3+ (0.01 ≤ x ≤ 0.09) host related was 

unbendable. The largest energy difference amongst the ground level 8 S7/2 and the first excited level 6 P7/2 

was found in Gd3+ ion among trivalent RE ions. The luminescent intensity rises with an intensification 

in the concentration of Gd3+ ions lacking concentration quenching up to x = 0.05 at 311 nm. The 

quenching starts when there is an adequate drop in the average distance among activators due to increase 

in its concentration in the host lattice to favour nonradiative energy transfer (ET). In this case 

concentration quenching starts when concentration of Gd3+ exceeds over 0.05. In the PL emission 

spectrum, we got a sharp peak at 311 nm is attributed to the 6P7/2 to 8S7/2 transitions of Gd3+ ions. Apart 

from that, a small peak at 306 nm is ascribed to the 6P5/2 to 8S7/2 transitions of Gd3+ ions [16]. From Fig.3 

(a), 3 (b), and 3 (c) it can be encounter that at 0.05 moles of Gd3+ ions in the MYF4 host illustrate the 

bigger intensity peak at 311 nm under the excitation of 274 nm.  
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Figure 3 (a), 3 (b), and 3 (c) are emission spectra of Li Y(1-x) F4: XGd3+, Na Y(1-x) F4: XGd3+, and K Y(1-

x) F4: XGd3+ (0.005 ≤ x ≤ 0.07) shows maximum intensity peak (311 nm) 

 

3.3 PL Excitation and Emission Spectra: 

Excitation spectra of MY0.94F4: 0.05Gd3+, 0.01Eu3+ (M = Li, Na, K) phosphor monitor at 593 nm 

emission wavelength shown in fig. 4. The excitation lines peak maximum at about 154 is accredited to 

the charge transfer band [17] and peaks at 273, 236 and 201 nm might be attributed to the transitions 
8S7/2 →6IJ, 6DJ

 and 6GJ of Gd3+ respectively. As we have seen in the excitation spectra, here we compare 

the intensity peaks at 154 nm of the CT band and the peak at 273 nm of 8S7/2 to 6IJ shift of Gd3+. The 

excitation spectra show the intensity peaks at 154 nm are decreasing and the peaks at 273/274 nm are 

increasing while we replace Li, Na, K in the host lattice. The intensity of peak at 154 nm in LiY0.94F4: 

0.05Gd3+, 0.01Eu3+ phosphor is optimum as compared to NaY0.94F4: 0.05Gd3+, 0.01Eu3+ and KY0.94F4: 0.05Gd3+, 

0.01Eu3+ phosphor. 
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Figure 4. Excitation spectra of MY0.94F4: 0.05Gd3+, 0.01Eu3+ (M = Li, Na, K) phosphor monitor at 593 

nm. 

The fig. 5 illustrates the spectra of PL emission of MY0.94F4: 0.05Gd3+, 0.01Eu3+ (M = Li, Na, K) 

phosphors monitored in the series of 450 to 750 nm at 154 nm excitation wavelength. The PL 

emission lines of Eu3+ peak at about 593, 614, 649, 691, and 701 nm conforming to 5D0→7FJ=1, 2, 3, 4 

transitions respectively, and the 5DJ=0, 1, 2, 3 →7FJ conversion peaks of Eu3+ are far punier than those 

of 5D0→7FJ transition are shown in the fig 5. The figure express that the intensities of emission 

spectra vary with the replacement of Li, Na, K in the crystal lattice. It was found to be optimum in 

the LiY0.94F4: 0.05Gd3+, 0.01Eu3+ phosphor. No additional change was detected in both the PL emission 

and excitation spectra excepting the intensity. The inorganic luminescent phosphors are normally 

exaggerated by the factors such as lattice faults, crystal filed, and charge disparity. Due to the point 

defects in the crystal, growths the non- radiative process resulting in the decrease of the PL emission 

intensity [18,19]. To improve the PL intensity of the phosphors, the alkaline metal ions such as Li, 

Na and K are combined in the phosphors. These alkali metal ions are univalent cations which interim 

as a charge compensator. From the emission intensity outline, it was noted that the PL intensity 

amplified (K+ < Na+ < Li+). It may occur due to the unalike ionic radii of Li, Na, and K. So that host 

lattice which may reason a consequence on luminescence intensity. 
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Figure 5.  PL emission spectrum of MY0.94F4: 0.05Gd3+, 0.01Eu3+ (M = Li, Na, K) phosphors monitored 

at 154 nm. 

4. Study of ET and QC Process 

Blend of Gd3+- Eu3+ ion pairs in the host lattice plays an energetic role in delivering the 

luminescence QE of the phosphor greater than100%. In the process of ET, the one high energy VUV 

photon absorb by the Gd3+ ion in the host crystal, transmission of energy to two Eu3+ ions leading to 7FJ 

to 5D0 shifts, and got two visible photons emissions via 5DJ to 7FJ transition of Eu3+ ions. Fig. 7 represent 

Cross Relaxation Energy Transfer (CRET) process via energy level diagram of Eu3+ and Gd3+. 

The figures 6(a), (b), and (c) represent PL emission spectra of LiY0.94F4: 0.05Gd3+, 0.01Eu3+, NaY0.94F4: 

0.05Gd3+, 0.01Eu3+, and KY0.94F4: 0.05Gd3+, 0.01Eu3+ in the wavelength of visible range observed at 154 and 

274 nm excitation, to confirm an ET process and QC.  
The 154 and 273 nm excitations of Gd3+ corresponds to 6GJ and 6IJ states respectively. The QC 

is intolerable due to the excitation at 6IJ states.  So, the emission corresponds to 5DJ to 7FJ transitions of 

Eu3+ have a characteristic branching ratio between 5D0 and others 5DJ states. The QC can happen via 

two-step energy transfer at 154 nm excitation wavelength of 6GJ states. Its growths 5D0 emissions over 

the typical branching ratio between 5D0 and other 5DJ states. This circumstance is utilised to determine 

the luminesce QE of the phosphor using the equation (1) projected by Wegh [20-30] as follows: 

6 6

6

5 5 5 5

0 1,2,3 0 1,2,3

5 5

0 1,2,3

( / ) ( / )

( / ) 1

J J

J

G ICR

CR DT I

R D D R D DP

P P R D D

−
=

+ +
………… (1) 

 

Where, PCR = possibility for cross-relaxation, PDT = possibility for the direct energy transfer 

from Gd3+ to Eu3+. R (5D0/5D1,2,3) is the proportion of the 5D0 and 5D1,2,3 emission integral intensities. The 

subscript 6GJ and 6IJ denotes the level of excitation for which the ratio is observed. 
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Figure 6 (a), 6 (b), and 6 (c): PL emission spectra of LiY0.94F4: 0.05Gd3+, 0.01Eu3+, NaY0.94F4: 0.05Gd3+, 

0.01Eu3+, and KY0.94F4: 0.05Gd3+, 0.01Eu3+ monitored at 154 and 273 nm 

From the emission spectra of LiY0.94F4: 0.05Gd3+, 0.01Eu3+ shown in fig. 6 (a), the values of intensity                               

ratio of 5D0/5D1,2,3 of 6GJ state and the ratio of 5D0/5D1,2,3 of 6IJ state are found to be 1.24 and 0.76 

respectively. Therefore, the value CRET attained is 0.27. So, the inclusive QE of the phosphor comes 

out to be 127%.  

From the emission spectra of NaY0.94F4: 0.05Gd3+, 0.01Eu3+ and KY0.94F4: 0.05Gd3+, 0.01Eu3+   shown in fig. 6 

(b) and (c), we can say that the phenomenon of the quantum cutting process has not possible in these 

synthesized phosphors. The reason behind that is the emission strength at 273 nm excitation wavelength 

of 6IJ states is comparable to or greater than the emission strength at excitation wavelength 154 nm of 
6GJ states. Hence QC is unbearable due to excitation at 6IJ states. 
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Figure7. Energy states illustrations of Eu3+ and Gd3+ present the CRET process. 

5. The SPD Spectrum and CIE Co-ordinates 

The colour excellence of the phosphor will be generally measure by CIE chromaticity 

synchronize (X, Y). As per the PL emission spectra of LiY0.94F4: 0.05Gd3+, 0.01Eu3+, the chromaticity 

coordinates of the material are found to be (0.434 and 0.4041). The fig. 8 shows Spectral Power 

Distribution (SPD) input spectra of LiY0.94F4: 0.05Gd3+, 0.01Eu3+, tailored to the CIE 1931 chromaticity 

diagram. 

 

Figure 8. SPD input and CIE chromaticity coordinates of the phosphor LiY0.94F4: 0.05Gd3+, 0.01Eu3+ 

 

6. Conclusions 

The inorganic phosphor materials MYF4:Gd3+, Eu3+ (where M = Li, Na, K) doped with Gd3+-

Eu3+ ion pairs are successfully synthesized through a soft chemical route (wet chemical) and succeeding 

heating in reactive atmosphere. The LiYF4 doped and undoped XRD pattern shows a tetragonal structure 

and matches well with JCPDS file No. 77 -0816. The XRD pattern of NaYF4 doped and undoped shows 

mixed phases of hexagonal and cubic that resembles with JCPDS file no. 16-0334 (called β-phase) and 
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JCPDS file no. 01-77-2042 (called α-phase) respectively. From the emission spectra it is clear that, the 

PL intensity improved when the alkali metal ions are incorporated in the subsequent order K+ < Na+ < 

Li+ in the phosphors.  The visible QC and ET through DC is observed only in LiY0.94F4: 0.05Gd3+, 0.01Eu3+ 

and the QE was intended to be around 127% under the excitation of 154 nm wavelength. No quantum 

cutting is observed in NaY0.94F4: 0.05 Gd3+, 0.01 Eu3+ and KY0.94F4: 0.05 Gd3+, 0.01 Eu3+ phosphor under the 

154 nm excitation wavelength. Hence LiY0.94F4: 0.05 Gd3+, 0.01 Eu3+ phosphor may be potential candidate 

for MFFL. 
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===================================================================== 
Abstract:- QE is an important characteristic of luminescence materials and phosphor. 

There are different theoretical and experiment technique to measurement  QE.  From the 
photoluminescence spectrograph QE is calculated theoretical. There are some technique in 
which experimental find out the QE. It’s important to researcher Comparison of cost of 
measurement of QE by different technique and application of material on the QE 
characteristic. Initial stage and easy step to find out QE of phosphor then its easy to find out 
application of phosphor. In some application QE is sacrifices over luminescence and vice 
versa. On the basis QE application of phosphor is decided to use in Medical, PV solar panel , 
TV screen display etc. 

Keyword:- PL an QE  
Introduction:- 
Fig. 1 shows how the luminescence process works. Two different forms of returns to 

the ground state—one radiative and the other non-radiative—are shown in the image. The 
process of luminescence happens through the former. The other, which is responsible for 
radiative emission caused by phonons that are transformed into lattice vibrations that carry 
energy in the form of heat, is unrelated to luminescence. When radiative transitions 
outweigh non-radiative ones in a luminous material, it is said to be efficient. 

 
Figure 1: Energy level scheme of the luminescent ion. 

The quantum efficiency of the luminescent material (phosphor) is defined as the 
ratio of the number of photons emitted by the sample to the number of photons absorbed 
by the irradiated sample. Since the existence of luminescent materials, the quantum 
efficiency (QE) is one of the most important characteristic of the phosphors. 

Literature survey:- 
QE is a crucial feature of phosphor and luminescence materials. There are several 

experimental and theoretical methods for measuring QE. Theoretical calculations are made 
using the photoluminescence spectrograph results. There are a few methods via which 
experiments determine the QE. Comparing the costs of measuring QE using various 
techniques and applying different materials to the QE characteristic is an important area of 
research. Beginning stage and simple procedure to find out QE of phosphor then its easy to 
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find out application of phosphor. In certain applications, luminescence is sacrificed for QE, 
and vice versa. Phosphorus application in medical, photovoltaic, TV screen display, and 
other fields is determined based on QE.  

In the context of photoluminescence measurements, the phrase "quantum 
efficiency" refers to the ratio of photons released to photons absorbed, or external 
quantum efficiency (EQE). Typically, PL measurements in an integrating sphere are used to 
get such data. If there is no non-radiative quenching process, the internal quantum 
efficiency (IQE) is the ratio of the experimentally determined decay time by the radiative 
decay time of the luminescent centre. The IQE can be obtained through time-dependent 
measurements, i.e., by determining the decay time. The quantum efficiency rating of a solar 
cell represents the amount of current it can generate when exposed to photons of a specific 
wavelength. 

The quantum efficiency of the cell may be used to calculate how much current it will 
generate in the presence of sunlight if it is integrated throughout the complete solar 
electromagnetic spectrum. The cell's total energy conversion efficiency value is determined 
by dividing this energy-production value by the maximum energy-production value that 
could be achieved (i.e., if the QE were 100% over the complete spectrum). Because the 
incoming photons have more than twice the band gap energy and can produce two or more 
electron-hole pairs per incident photon, it should be noted that in the event of multiple 
exciton generation (MEG), quantum efficiencies of higher than 100% may be attained. 

 
A fast and accurate method for determining the internal quantum efficiency of 

strongly scattering luminous materials is described using an integrating sphere-based setup. 
Two different but related measuring techniques—a "two measurement" and a "three 
measurement" approach—are commonly discussed in literature. We assess both 
approaches using the rigorous integrating sphere theory. It was discovered that the two 
measuring techniques are reliable. Furthermore, a comparison is made between the two 
approaches concerning the uncertainty budget of the calculated quantum efficiency values. 
It was done an inter-laboratory validation with the two different processes. The 
experimental findings supported the theoretical study's conclusions. 
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Given 100 photons, a device with a 50% quantum efficiency (QE) will generate 50 

electrons of signal. For light-detecting equipment like cameras, solar cells, and 
photodetectors, QE is essential. The wavelength of the photons and the properties of the 
device material influence quantum efficiency, or QE. Quantum efficiency (QE) is defined as a 
function of energy or wavelength and can be either internal or eternal. 

Conclusion:- 
There are number of theoretical and experiment  technique to find out of QE of 

Phosphor, each with its limitations. But its need to find out low cost technique to find out 
QE which make a correlation between  theoretical and experiment value. 
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Abstract  
The present study was aimed to assess the effects of lemongrass supplementation on biochemical profile of 

freshwater fish Channa punctatus (Bloch, 1793). The Channa punctata is one of the commonly cultivated fish 

in India known for its deliciousness and nutrient contents. Cymbopogon citratus is commonly known as lemon 

grass is pharmacological properties in traditional medicine of India. Control and experimental feed were 

formulated with using easily available ingredients and lemongrass powder.  The improved serum biochemical 

profile of fish fed on lemongrass based formulated feed was observed. In the present study, total protein, 

albumin, globulin and albumin/globulin ratio increased. The serum triglycerides, Total cholesterol and LDL- 

cholesterol decreased while HDL-Cholesterol increase. The increased level digestive enzymes (amylase and 

lipase) while decreased level of metabolic enzymes (SGOT and SGPT) were observed. The control and test 

feed groups were significantly different (P<0.05). In considering the overall observations, lemongrass 

supplementation in diet is recommended for successful aquaculture of this important fish species.   

Keywords: Biochemistry, Channa punctatus, feed, herb, lemongrass, supplementation. 

 
Introduction  

The Channa punctata, the spotted snakehead, is a 

species of snakehead fish. It is a highly nutritive 

and rich source of animal proteins. During culture, 

provided an artificial feed, by which fish grow 

rapidly and attain maximum weight in shortest 

possible time. One approach is to include new 

substances into fish diets to improve feed 

conversion efficiency or elevate general conditions 

for fish growth and maintenance (Bhosale et al., 

2010). The hormones, antibiotics and several other 

chemicals have been tested as growth promoters, 

antibacterial and for other purposes in aquatic 

animals, but their use in aquatic animal production 

cannot be recommended due to the residual effects 

in the muscle of fish (Shrivastava et al., 2012) 

Plants are natural sources of safer and cheaper 

chemicals. The beneficial effects of bioactive plant 

substances in animal nutrition may include the 

stimulation of appetite and feed intake, growth 

promotion, the improvement of endogenous 

enzyme secretion, and activation of immuno-

stimulation and antioxidant actions in aquaculture 

practices (Joshi, 2017). A lemongrass 

(Cymbopogon citratus) is well known for its 

cytoprotective, antioxidant, and anti-inflammatory 

properties.  In traditional medicine of India, the 

leaves of the plant are used as stimulant, sudorific, 

antiperiodic, and anticatarrhal, while the essential 

oil is used as carminative, depressant, analgesic, 

antipyretic, antibacterial, and antifungal agent 

(Shah et al., 2011, Joshi et al. 2022). 

In this concern, present study aims to study the 

effect of lemongrass supplementation on some 

biochemical parameters of freshwater fish Channa 

Punctatus (Bloch, 1793) 

Materials And Methods  

Experimental diets: For the experiment, 

Lemongrass from conventional organic farm was 

used. A mature lemongrass trimmed to 1/2-inch 

above the soil. Then the fresh meat was thin sliced. 

The harvested grass blades and meat slices were 

laid on a clean baking sheet separately and placed 

into food dehydrator. The temperature was set to 

150
O
 F for eight hour or until dry; then grinded in 

food processor. The ingredients were weighed, 

mixed and pelleted. After pelleting, the feeds were 

air dried and put in an air-tight container. The 

composition of experimental diet is given in              

Table 1. 
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Table 1: Ingredient composition of the experimental feeds (on % basis) 
Ingredients (%) LG 0 LG 1 LG 2 LG 3 LG 4 LG 5 

Wheat flour 45 44 43 42 41 40 

Soybean flour 24 24 24 24 24 24 

Corn flour 10 10 10 10 10 10 

Meat powder 15 15 15 15 15 15 

Soybean oil 05 05 05 05 05 05 

Watrmin
®
 Forte* 01 01 01 01 01 01 

Lemongrass Powder 00 01 02 03 04 05 

* Vitamins, Minerals and Amino Acids supplements for Aquatic feed. Manufactured by Virbac Animal 

Health India Pvt. Ltd. 

 

Experimental fish and feeding: Channa punctatus 

is commonly known as the spotted snakehead 

murrel. For experiment, the specimens were 

collected from the local sources. They were 

disinfected with 0.1% KMNO4 solution to avoid 

fungal infection. These collected fishes were 

acclimatized for 2 weeks and maintained in 

specially designed closed re-circulating system 

tanks in groups (control and test feeds). During 

acclimation, fish were fed the control diet to 

satiation twice a day at 09:00 and 15:00 hours. 

After acclimation, fish were fasted for one day; 

batch weighted and randomly distributed. During 

the experiment, fish were fed on experimental diet 

to satiation third a day at 08:00, 12:00 and 16:00 

hours.  

Experimental system: The closed recirculation 

aquaculture system was used for the experimental 

trailer. The culture system composed of different 

tanks with specific volumes. System primarily 

composed of rearing tanks of 200L volume of each. 

The fish were maintained in these tanks. The 

rearing tank also aerated by air pump for supply of 

oxygen to individuals. The drain settled in tanks is 

collected by drainage pipe is transferred to filtration 

unit. The filtration unit composed four different 

chamber settling tank, gravel filter, sand filter and 

bio-filter of 250 each.   

Water quality standards: Water quality was 

maintained during the feeding trial with light: dark 

cycle of 12:12 h during study. The water analysis is 

performed according to APHA (2000). The water 

composition and characteristics were maintained 

within the effective range (Bhatnagar and Devi, 

2013). During the experimental period, water 

temperature was 28.5±2.5
O
C; pH 8.1±0.5; total 

dissolved solids 240.5±19.5 mg/L; dissolved 

oxygen 4.42±0.24 mg/L; biological oxygen demand 

1.70±0.20 mg/L; free CO2 13.4±1.3 mg/L; 

alkalinity 65.3±5.0 mg/L; hardness 123.20±16.76 

mg/L; ammonia 0.55±0.01 mg/L; nitrate 

0.136±0.28 mg/L; nitrite 11.39±0.37 mg/L; salinity 

0.3±0.1 ppt in the experimental tanks (Joshi et al., 

2022).  

Biochemical analysis  

The serum biochemical analysis of experimental 

fishes were carried out at the end of 60 days. The 

blood samples of fish were collected directly from 

heart with the help of syringe for Biochemical 

analysis (Hassaan and Soltan, 2016; Joshi et al, 

2021). Blood samples were collected 18 h after the 

final feeding for the biochemical assay. The 

samples were collected in non-heparinized tubes 

and stored in freezer at 4-8°C up to 24 hrs. The 

blood samples were allowed to clot and then 

centrifuged at 4000 rpm for 10 minutes to separate 

the serum (Hassan and Sotan, 2016; Pradhan et al., 

2021). The parameters were estimated with help of 

Automated Analyzer (Mispa Ace Clinical 

Chemistry Analyser, Agappe Diagnostic Ltd. 

India).  

Statistical analysis 

Results were recorded as Mean ± Standard 

Deviation of triplicate. One way ANOVA followed 

by Tuckey’s post-hoc test analysis used for 

comparison of means. Differences between means 

were considered as significant at P < 0.05 (Joshi et 

al., 2015). 

Results snd Discussion  

The present study was aimed to assess the effects of 

lemongrass supplementation on enzyme activity in 

freshwater fish Channa punctatus (Bloch, 1793). In 

the present study, total protein, albumin, globulin 

and albumin/globulin ratio increased. The serum 

triglycerides, Total cholesterol and LDL- 

cholesterol decreased while HDL-Cholesterol 

increase. The increased level digestive enzymes 

(amylase and lipase) while decreased level of 

metabolic enzymes (SGOT and SGPT) were 

observed. The control and test feed groups were 

significantly different (P<0.05). 
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Table 1: Effects of lemongrass supplementation on some biochemical parameters of freshwater fish 

Channa punctatus 
Parameter  LG 0 LG 1 LG 2 LG 3 LG 4 LG 5 

Total Protein  

(g/dl) 

Mean 7.095 7.265 8.016 8.334 9.051 9.881 

±SD 0.421 0.512 0.569 0.603 0.671 0.750 

Albumin 

(g/dl) 

Mean 3.911 4.014 4.468 4.673 5.071 5.571 

±SD 0.512 0.352 0.296 0.114 0.523 0.478 

Globulin  

(g/dl) 

Mean 3.195 3.252 3.547 3.661 3.980 4.309 

±SD 0.011 0.011 0.023 0.011 0.045 0.011 

Albumin/Globulin 

Ratio 

Mean 1.387 1.399 1.433 1.455 1.444 1.467 

±SD 0.034 0.011 0.034 0.023 0.034 0.102 

Triglycerides  

(mg/dl) 

Mean 232.4 224.1 215.5 199.5 187.0 182.4 

±SD 6.697 6.799 7.879 8.800 7.811 7.129 

Total Cholesterol  

(mg/dl) 

Mean 239.5 232.9 219.7 221.6 212.2 201.9 

±SD 9.255 8.425 9.551 9.710 7.766 6.140 

HDL- Cholesterol  

(mg/dl) 

Mean 36.18 43.42 46.89 50.99 55.24 59.19 

±SD 1.023 1.228 1.319 1.319 1.433 1.444 

LDL- Cholesterol  

(mg/dl) 

Mean 172.8 161.0 145.5 143.6 131.5 125.2 

±SD 4.286 4.525 4.639 4.559 4.662 4.150 

Amylase  

(U/mg protein)  

Mean 0.375 0.307 1.194 2.081 1.615 2.308 

±SD 0.114 0.034 0.409 0.330 0.239 0.466 

Lipase 

(U/mg protein) 

Mean 0.387 0.284 0.637 0.955 0.785 1.194 

±SD 0.057 0.114 0.102 0.296 0.273 0.398 

SGOT 

(U/L) 

Mean 11.36 11.57 11.05 10.56 10.64 10.40 

±SD 0.580 0.659 0.296 0.637 0.432 0.443 

SGPT 

(U/L) 

Mean 7.788 8.311 7.220 6.947 7.038 6.072 

±SD 1.455 0.637 1.217 0.978 1.069 1.148 

 

Biochemical parameters are useful tool for 

assessing fish health and nutritional status as well 

as other physiological disturbances in intensively 

farmed fish (Satheeshkumar et al., 2011; Rodge et 

al., 2018). As biochemical changes help to detect 

different types of stress conditions like exposure to 

pollutants, diseases, and hypoxia. Hence, it could 

be suggested that any unhealthy condition caused 

by poor nutrition could affect the biochemical 

characteristics of fish (Hassaan et al., 2014; Lee et 

al., 2016).  

Proteins present in blood that serve many different 

functions, including transport of lipids, hormones, 

vitamins, and minerals in the circulatory system 

and the regulation of acellular activity and 

functioning of the immune system. Albumin 

functions primarily as a carrier protein for steroids, 

fatty acids, and thyroid hormones in the blood and 

plays a major role in stabilizing extracellular fluid 

volume by contributing to oncotic pressure of 

plasma. Globulins are a group of proteins in your 

blood. They are made in your liver by your immune 

system. Globulins play an important role in liver 

function, blood clotting, and fighting infection. 

Low ratios may also increase the risk of death for 

those with cancer or heart disease. In present 

investigation, biochemical parameters analyzed 

were within normal range. In fishes, albumen 

account for more than 50% of total serum protein 

and normal A/G ration is between 1.1 and 2.5.  

Elevated triglycerides may contribute to 

pancreatitis or hardening of the arteries. This 

increases the risk of stroke, heart attack and heart 

disease. Healthy Cholesterol (HDL) plays a vital in 

many of the body's processes, including building 

cellular membranes, making hormones. HDL (high-

density lipoprotein), or good cholesterol, absorbs 

cholesterol and carries it back to the liver. The liver 

then flushes it from the body. LDL stands for low-

density lipoproteins. It is sometimes called the bad 

cholesterol because a high LDL level leads to a 

build-up of cholesterol in arteries. High levels of 

VLDL cholesterol have been associated with the 

development of plaque deposits on artery walls, 

which narrow the passage and restrict blood flow. 

The SGOT and SGPT are liver enzymes and they 

have the function of transferring the amino group 

from alpha-amino acids to alpha-keto acids. A large 

amount of GOT and GPT is released in the blood 

mostly during liver cell damage. Thus, detection of 

the serum level of GOT and GPT allows 

monitoring liver cell damage. Application of 

phytochemically potent herbs in diet may cause 

stabilization cell membrane and protect the liver 

against deleterious agents and free radical-mediated 

toxic. This is reflected in the reduction of liver 
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enzymes. Hence supplementation do not affect 

metabolic enzyme status in freshwater fish Channa 

punctatuts. The quality food helped to maintain 

serum biochemical characteristics of fish. 

The quality food helped to maintain serum 

biochemical characteristics of fish. These views are 

in well agreement with the findings of earlier 

researchers (Thongprajukaew et al., 2011; Hassaan 

and Soltan, 2016; Baldissera et al., 2019; Amanda 

et al. 2020; Pradhan et al., 2021).  

Conclusion  

An experimental study was carried out successively 

to evaluate the effects of lemongrass 

supplementation on biochemical profile of 

freshwater fish Channa punctatus (Bloch, 1793). 

The improved serum biochemical profile of fish fed 

on lemongrass based formulated feed was 

observed. The control and test feed groups were 

significantly different (P<0.05). In considering the 

overall performance, lemongrass supplementation 

in diet is recommended for successful aquaculture 

of this important fish species.   
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Abstract 
The present study is the assessment of morphometric relationship and intermuscular bones of Catla catla 

(Hamilton, 1822). Samples of farmed fish were collected from local fish market. They were cultivated 

intensively on isonitrogenous and isocaloric formulated pelleted feed. Fish specimens of one year culture 

with average length of specimens was 43.17+0.76 cm while average weight was 1209.33+64.51 g. The 

Calculated weight [W = a L
b
] was significantly similar to observed weight with a= 0.015 & b= 3.0005. The 

average Relative Condition Factor (KR) was observed to be 1.00 while Fulton condition factor equation (KF) 

was observed to be 1.5. indicating the robustness or well-being of experimental fish. The number of S pin and 

Y pin intermuscular bones were 38 & 54 respectively in fish specimen with length 42.5 cm and weight 1150 g. 

Keywords: Catla catla, condition factor, fish, intermuscular bones morphometry. 

 

Introduction 

The Catla catla commonly cultivated fish also 

known as the major South Asian carp, is an 

economically important South Asian freshwater 

fish in the carp family Cyprinidae. It is native to 

rivers and lakes in northern India, Bangladesh, 

Myanmar, Nepal, and Pakistan, but has also been 

introduced elsewhere in South Asia and is 

commonly farmed (Day 1986, Jayaram 2010)  

Catla is a fish with large and broad head, a large 

protruding lower jaw, and upturned mouth. It has 

large, greyish scales on its dorsal side and whitish 

on its belly. It reaches up to 182 cm (6.0 ft) in 

length and 38.6 kg (85 lb) in weight. Catla is a 

surface and midwater feeder. Adults feed on 

zooplankton using large gill rakers, but young ones 

on both zooplankton and phytoplankton. Catla 

attains sexual maturity at an average age of two 

years and an average weight of 2 kg (Menon 1987, 

1992). 

It is one of the most important aquacultured 

freshwater species in South Asia. It is grown in 

polyculture ponds with other carp-like fish, 

particularly with the  Labeo rohita  and mrigal carp. 

The reported production numbers have increased 

sharply during the 2000s, and were in 2012 about 

2.8 million tonnes per year. Catla is sold and 

consumed fresh, locally and regionally. It is 

transported on ice. Fish of 1–2 kg weight are 

preferred by consumers (Talwar and Jhingran 

1991). 

It is rich in Omega 3 fatty acids, Vitamin A, 

Vitamin B and Vitamin C. It is also rich in Vitamin 

D, a Vitamin which is present only in a few foods 

and consumption of the fish will prevent 

Osteoporosis, a Vitamin D deficiency disease 

(Eschmeyer and Fricke 2011). 

According to Elliot et al., (2023) reviewed that 

along with length-weigh relationship and condition 

factor, Intermuscular bones (IBs) are a common 

characteristic of Asian carp. Ingested IBs and other 

fishbone fragments are associated with health 

complications and have remained a significant 

concern among consumers. Asian carp are bony, 

and their safety concerning IBs is a hot topic, 

prompting extensive research on possible ways of 

eliminating IBs from fish products.  

In this concern, present investigation aims to study 

the length -weight relationship, condition factor and 

the intermuscular bones of Catla catla. 

Materials and Methods 

Sample Collection: Samples of farmed fish were 

collected from fish market of Akot, Dist. Akola, 

Maharashtra (India). They were cultivated 

intensively on isonitrogenous and isocaloric 

formulated pelleted feed. Fish specimens of one 

year culture and each of 1100-1200 g weight range 

were collected for concern species. Specimens were 

brought to laboratory and identified using available 

literature (Day 1986, Jayaram 2010; Menon 1987, 

1992; Talwar and Jhingran 1991, Eschmeyer and 

Fricke 2011). 

Morphometric Study: Length-weight 

relationships (LWRs) and relative condition factor 

are of great importance in fishery assessment 

studies since it provide information about the 

growth of the fish, its general wellbeing, and fitness 

in culture system.  

Length-Weight Relationship: The log 

transformation formula of was used to establish 
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LWRs (Le Cren, 1951). The length-weight equation 

W = a L
b
 was used to estimate the relationship 

between the weight (g) of the fish and its total 

length (cm). Using the linear regression of the log-

transformed equation: log (W) = log (a) + b log (L), 

the parameters a and b were calculated with ‘a’ 

representing the intercept and ‘b’ the slope of the 

relationship. In order to establish LWRs with 

respect to periodic variations that can 

affect b (Zargar et al., 2012). When applying this 

formula on sampled fish, b may deviate from the 

“ideal value” of 3 that represents an isometric 

growth (Ricker and Carter, 1958) because of certain 

environmental circumstances or the condition of the 

fish themselves. When b is less than 3, fish become 

slimmer with increasing length, and growth will be 

negatively allometric. When b is greater than 3.0, 

fish become heavier showing a positive allometric 

growth and reflecting optimum conditions for 

growth. Simple linear regression was calculated 

with using PAST Ver. 4.03. The formula for simple 

linear regression is Y=mX+b, where Y is the 

response (dependent) variable, x is predictor 

(independent) variable, m is the estimated slope and 

bis the estimated intercept.  

Condition Factor: The condition factor or 

ponderal index (K) was determined using length 

and weight data of fish samples. The condition 

factor was calculated as per the standard method of 

Le Cren (1951).  The Relative Condition Factor 

(KR)= W0/Wc Where W0 is observed weight while 

Wc is Calculated weight. The Fulton condition 

factor equation (KF) =(WX100) / L
3
. These 

formulae were used to estimate the relationship 

between the weight (g) of the fish and its total 

length (cm). When ‘K’ value for fish is greater than 

1.0, indicate the robustness or well-being of 

experimental fish. 

Inter-Muscular Bones: The fishes were taken to 

post-harvest laboratory, sacrificed and bled. The 

whole fish was cooked for few minutes for both the 

sides. The whole fish after cooking were chilled 

and placed on a dissecting tray, the skeleton and pin 

bones were dissected out using needle and artery 

forceps (Sahu et al., 2012). 

Statistical Analysis: The statistical analyses were 

performed following Zar (1999) using the SPSS 

version 10 (SPSS Inc., Chicago, IL, USA; Kinnear 

and Gray 2000). 

Results and Discussion 

Length-Weight Relationship: The average length 

of specimens was 43.17+0.76 cm while average 

weight was 1209.33+64.51 g (Table 4.1).  The 

calculated weight was significantly like observed 

weight. The obtained b value for the experimental 

fishes was observed to be greater than 3 showing a 

positive allometric growth and reflecting optimum 

conditions for growth. Length weight relationship 

is significant at p<0.05. 

 

Table 1: Length weight relationship in Catla catla (Hamilton, 1822)  
Sr. No. Total  

Length
X
 

Observed  

Weight
Y
 

Length-Weight Relationship 

a b Calculated W 

1 42.5 1150  

0.015 

 

3.0005 

1153.428 

2 43.0 1200 1194.624 

3 44.0 1278 1279.936 

Length-Weight Relationship equation  Y=0.015X
3.0005 

Linear regression equation  Y=84.28X-2429 

r= 0.9979 r
2
= 0.9958 p=0.0410  

 

 
Figure 1: Length weight relationship in Catla catla 

(Hamilton, 1822)  

 

The present findings are in well agreement with the 

findings of previous studies of Sarder et al., (2011), 

Kumaresan (2011), Saima et al., (2013), Ujjania et 

al., (2013), Roshni et al., (2014), Javaid et al., 

(2015), Bhatt et al., (2016), Soni and Ujjania 

(2017), Balai et al., (2017), Rathore and Sharma 

(2017), Taymaa et al., (2018), Chandrvanshi et al. 

(2019), Soni and Ujjania (2019), Nimat et 

al.(2020), Andrabi et al. (2021), Beata et al. (2022) 

and Elliot et al., (2023). 

Condition Factor: The average length of 

specimens was 43.17+0.76 cm while average 

weight was 1209.33+64.51 g. The average Relative 

Condition Factor (KR) was observed to be 1.00 

while Fulton condition factor equation (KF) was 

observed to be 1.5. indicating the robustness or 

https://www.sciencedirect.com/science/article/pii/S1687428518300724#b0120
https://www.sciencedirect.com/science/article/pii/S1687428518300724#b0225
https://www.sciencedirect.com/science/article/pii/S1687428518300724#b0175
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well-being of experimental fish (Table 4.2). The 

present findings are in well agreement with the 

findings of previous studies of Ujjania et al., 

(2013), Roshni et al., (2014), Bhatt et al., (2016), 

Soni and Ujjania (2017), Balai et al., (2017), 

Rathore and Sharma (2017), Chandrvanshi et al. 

(2019), Nimat et al.(2020), Andrabi et al. (2021). 

Table 2: Condition factor of Catla catla (Hamilton, 

1822) 
Sr. 

No. 

Total 

Length 

Observed 

Weight 

KR  KF 

1 42.5 1150 0.9970 1.4981 

2 43.0 1200 1.0045 1.5093 

3 44.0 1278 0.9985 1.5003 

Inter-Muscular Bones: The fish with length 42.5 

cm and weight 1150 g was taken to laboratory, 

sacrificed and bled. The whole fish was cooked for 

few minutes for both the sides. The whole fish after 

cooking were chilled and placed on a dissecting 

tray, the skeleton and pin bones were dissected out 

using needle and artery forceps. In studied fish 38 

Spins and 54 Y Pins intermuscular bones were 

observed (Table 4.3). The number of intermuscular 

bones (IBs) are related with length and weight of 

specimens and have a significant concern among 

consumers. These views are in well agreement with 

the findings of previous studies of Sahu et al., 

(2012), Roshni et al., (2014), Sahu et al., (2014), 

Beata et al. (2022) and Elliot et al., (2023). 

Table 3: Intermuscular bones of Catla catla 

(Hamilton, 1822)  
Sr. 

No. 

Total 

Length 

Observed 

Weight 

S  

Pins 

Y  

Pins 

1 42.5 1150 38 54 

 

 
Figure 2: Catla catla (Hamilton, 1822)  

 
Figure 3: Inter-Muscular Bones of Catla catla 

(Hamilton, 1822)  

 

Conclusion 

From the above observations and discussed results, 

it is concluded that the obtained values of length-

weigh relationship, condition factor and 

Intermuscular bones (IBs) represented its healthy 

status and have a significant concern among 

consumers. 
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Abstract: The Popatkhed Dam is principal fresh water body located in Popatkhed village of Akot Tahsil in 

Akola District of Maharashtra State. Akot is a tahsil place and it is 45 km north side away from Akola. In 

present investigation Popatkhed Dam is 15 km north side away from Akot tahsil and it is about 778Mabove 

form sealevel and is at 77o 5’3.89” E longitude and 21o 12’ 15.17” N latitude and depth of water is 42.6 M 

(140 feet). The gross storage capacity of water is 10,709 km3 (2,569 cu. mi), the water of this dam is 

primary used for washing, bathing, fishing activities, agricultural and other domestic purpose but now it is 

at a traditional state with respect to degradation. The Macrophytes were studied from Jan 2023 to Dec 

2023 during this period total 21 species of Macrophytes were found in sample of water three sites A, B and 

C. In the present study total 21 Macrophytes species of 5 different types were recorded in Popatkhed Dam.. 

 

Keywords: Macrophytes diversity, Popatkhed Dam, Akot, Maharashtra 

 

I. INTRODUCTION 

Aquatic macrophytes play a vital role in healthy ecosystems. Macrophytes are the conspicuous plants that dominate 

wetlands, shallow lakes and streams. They serve as primary producers of oxygen through photosynthesis provide a 

substrate for algae and shelter for many invertebrates. There are three types of macrophytes, floating macrophytes. 

Submerged plants with small leaves and growing in dense stands, provide structure, where as floating-leaves plants and 

pleustophytes provide little submerged surface, but support animals such as amphibians and water birds. As a 

conscquence, aquatic macrophytes are one of the essential ecological components wherever they occur. In the present 

study total 21 Macrophytes species of 5 different types were recorded in Popatkhed Dam. 

 

II. MATERIAL AND METHODS  

Macrophytes is shallow water were collected directly while those from deeper water with the help of long handled 

hook. On collection the specimen were thoroughly washed, excess water soaked with filter paper, kept in polythene 

bags lined with filter paper and brought to the laboratory. The specimen was identified up to species level as per the 

guidelines of Kodarkar (1994). 

 

III. RESULT AND DISCUSSION 

Macrophytes are most of the aquatic weeds referred such as the macrophytes that grows in or near Water. On the basis 

of habit and habitats aquatic weeds are classified into floating weeds, submerged weeds, emergent weeds, marginal 

weeds, filamentous weeds and algal blooms. 

Narayana, et. al. (2006) reported about the aquatic macrophytes of Husain sagar in Karanataka. Kiran, et al., (2006) 

observed about the macrophytes in the fish culture pond in Bhadra fish farm, Karnataka. Game and Salaskar (2007) 

recorded about the macrophytcs on Malchmali lakes of Thane, Maharashtra. Sanjay Mishra and Satya Narain (2010) 

they observed and reported of wetlands macrophytes. Uzma Ahmad (2012) observed thc aquatic macrophytes in 

Chautal pond at Aligarh. NV. Harney, et. al.,(2013) founded 19 species of macrophytes belonging to 5 groups in three 

lakes in Bhadrawati, District Chandrapur, Maharashtra. 
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K. Harish Kumar (2015) observed the 13 species belonging to 11 families were recorded in Jannapura tank Bhadravati 

Taluka of Karnataka. Santosh Kumar and Narendra V. Harney (2015) reported 16 species representing 15 families from 

Moharli lake near Chandrapur. (M.S.).Venkatraman et al. (2000), Yadav   Sardesai (2002), Pejawar (2005), Kumar 

(2011), Sitre (2013), Sitre et al. (2014), Datta (2014), Parveen et al. (2014), Parikhet et al. (2015), Pradeep & Dwivedi 

(2016), Murkute & Chavan (2016), Kaisar et al. (2016), Islam et al. (2017), Sanyal (2017), Prasad & Das (2018), 

Pimpalshende et a1. (2021), Yadav (2021), Patil (2022), Rathod (2022), Paul (2022), Bhanja et al. (2023), there are no 

reported research work on aquatic macrophytes diversity in Popatkhed dam near Akot tahsil, district Akola, India. 

Therefore the work was carried out to Study on Aquatic Macrophytes Diversity of Popatkhed Dam Near Akot Tahsil, 

District Ako1a (M.S.), India. 

The total 21 species of macrophytes belonging to 5 groups are observed during the present study. Among different 

macrophytes, Salvenia sp. Vallisneria sp. Ipomoea sp and Nymbhaea sp. Were founded in abundance in site A as 

compare to site B and site C While Utricularia sp. was not recorded from site A. 

Table No. 1.1: Macrophytes forms of site A, Site B and Site C 

Sr. No. Types/Life Forms Name of the Macrophytes 

1 Submerged floating weeds Ceratophyllum echinatum  

2 Submerged floating weeds Ceratophyllum demersum 

3 Submerged floating weeds Nymphaea odorata 

4 Submerged floating weeds Myriophyllum exalbescens 

5 Submerged floating weeds Utricularia sp. 

6 Submerged floating weeds Eutricularia sp. 

7 Submerged floating weeds Vallisneria americana 

8 Rooted floating leaves weeds Marsilea quadrifolia 

9 Rooted floating leaves weeds Nymphaea tuberosa 

10 Rooted floating leaves Weeds Trapa natans 

11 Rooted emergent with heterophile weeds Sagittaria sp 

12 Free floating suspended submerged Lemna minor 

13 Free floating suspended submerged Azolla carolimana 

14 Free floating suspended submerged Salvinia rotundifolia 

15 Free floating suspended submerged Pistia stratiates 

16 Free floating suspended submerged Najas indica 

17 Free floating suspended submerged Wolfia 

18 Free floating suspended submerged Nymphidis 

19 Rooted submerged hydrophytes Hydrilla 

20 Rooted submerged hydrophytes Ipomoea aquatica 

21 Rooted submerged hydropbytes Ipomoea indica 
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Abstract 

The study was conducted during February 2021 to January 2023 to assess the biodiversity of zooplankton in 

Wan River Flowing Lower Stram to Hanuman Sagar Dam of Wari, Dist. Akola, Maharashtra, India. The 

effective protocol was adopted. The study revealed the rich zooplankton diversity. During the period of 

investigation, 51 species belonging to four groups namely Rotifera, Cladocera, Ostracoda and Copepoda 

were identified. The maximum number of individuals was observed during winter and lower by summer and 

monsoon. The Rotifers were obtained in maximum quantity while Cladocera, Copepoda and Ostracoda 

showed the moderate population.  

Keywords: Diversity, Zooplankton, Wan River, Hanuman Sagar Dam, Wari. 

 

Introduction  

Among entire aquatic biota, the zooplanktons are 

one of the important biological indicators that 

represent the health of water body. Zooplanktons 

are tiny animals suspended in the water column. 

Like phytoplankton, these species have developed 

mechanisms that keep them from sinking to deeper 

waters, including drag-inducing body forms and the 

active flicking of appendages such as antennae or 

spines (Singh et al., 2021). Plankton are organisms 

drifting in oceans, seas, and bodies of fresh water. 

Individual zooplanktons are usually microscopic, 

but some are larger and visible to the naked eye. 

Zooplankton is a categorization spanning a range of 

organism sizes including small protozoans and 

large metazoans (Barskar and Kumar, 2022). It 

includes holoplanktonic organisms whose complete 

life cycle lies within the plankton, as well as 

meroplanktonic organisms that spend part of their 

lives in the plankton before graduating to either the 

nekton or a sessile, benthic existence. Although 

zooplankton are primarily transported by ambient 

water currents, many have locomotion, used to 

avoid predators or to increase prey encounter rate 

(Surachita, and Palita, 2023).   

The study was conducted during February 2021 to 

January 2023 to assess the biodiversity of 

zooplankton of Wan River Flowing Lower Stram to 

Hanuman Sagar Dam of Wari, Dist. Akola, 

Maharashtra, India.  

Materials and Methods  

Wan reservoir is also known as Hanuman Sagar.  It 

is located between 21.183611°N and 76.804047°E 

on wan river at the site of Wari village in Telhara 

Taluka of Akola District in Maharashtra, India. 

This is one of the largest irrigation projects in the 

Indian state of Maharashtra. The water is mainly 

used to irrigate agricultural land in the western 

Vidarbha. It also provides water for drinking to 

nearby towns, villages and Cities like Akola, 

Telhara and Shegaon. The surrounding area of the 

dam has a garden old Hanumana temple. The 

height of the dam above its lowest foundation is 

67.65 m (221.9 ft) while the length is 500 m (1,600 

ft). The volume content is 599 km3 (144 cu mi) and 

gross storage capacity is 0.081 km3 (0.019 cu mi). 

During monsoon reservoir gets enough water but in 

post monsoon period particularly March and April 

water level is very much reduced. The reservoir is 

surrounded by red laterite soil and black cotton soil. 

The inland reservoir is fed by seasonal drainage to 

its periphery and nearby local streams and springs 

(Gazetteer of Maharashtra, 2022). 

After detailed survey of the lake, convenient 

stations were fixed for study. Water samples were 

collected from the flowing lower stream of dam 

from three different spots at early in the morning 

between 07.00 a.m. to 08.30 a.m. Water samples 

were collected separately for the study of all the 

zooplankton. Zooplankton were collected by 

filtering net known quantity (1000 liter) of water 

filtered from sampling site through zooplankton net 

which is made up of fine mesh and zooplankton 

collected in to 100 ml bottle which is attached at 

the bottom of net. The samples were preserved in 

4% formaldehyde solution and studied for diversity 

by using standard key literature (Trivedy and Goel, 

1986; IAAB, 1992). 

https://en.wikipedia.org/wiki/Zooplankton
https://geohack.toolforge.org/geohack.php?pagename=Wan_Dam,_Akola&params=21.183611_N_76.804047_E_type:landmark
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Figure 1: Map of Hanuman Sagar Dam flowing lower stream 

 

Result and Discussion  

During the period of investigation, species 

belonging to four groups were identified. The 

maximum number of individuals was observed 

during winter and lower by summer and monsoon. 

The Rotifers were obtained in maximum quantity 

while Cladocera and Copepoda showed the 

moderate population. The observed Zooplankton 

groups with their respective genera composition is 

shown in Table 1. The observed species 

composition was found to be in well agreement 

with many of previous studies that mainly deals 

with zooplankton diversity of similar ecosystem. 

These recent studies mainly included Patra et al 

(2011), Bhoopendra et al (2012), Shukla and. 

Hassan (2013), Dutta (2014), Nair et al. (2015), 

Anand et al (2016), Kadam (2016), Sivalingam et 

al. (2016), Krishna and Kumar (2017), 

Narasimman et al. (2018), Sivalingam (2018) and 

name a few. 

  

 

Figure 2: Quantitative zooplankton composition at Wan River Flowing Lower Stram to Hanuman 

Sagar Dam  

 
 

 

53% 

29% 

17% 

1% 

Rotifera

Cladocera

Copepoda

Ostracoda



Vidyabharati International Interdisciplinary Research Journal 18(1) Mar.2024 - May.2024                  ISSN 2319-4979 

    

www.viirj.org | 68 

Figure 3: Quantitative analysis of zooplankton (org/L) at Wan River Flowing Lower Stram to 

Hanuman Sagar Dam 

 
 

 

Table 1: Zooplankton groups with their respective genera composition 
A] Rotifera   B] Cladocera  

1. Ascomoypha saltans  1. Bosmina longirostris  

2. Asplanchna prodota  2. Ceriodaphnia laticaudata  

3. Brachionus bidentata 3. Chydorus spharicus  

4. Brachionus calyciflorus  4. Dadaya sp.  

5. Brachionus caudate 5. Daphnia laevis 

6. Brachionus plicatilis  6. Leydigia acanthocercoides  

7. Cephallodella forficulla  7. Macrothrix sp. 

8. Colurella obtuse 8. Moina brachiata  

9. Conochilus unifornis  9. Moinodaphnia macleayli 

10. Epiphanes senata   

11. Euchlanis sp. C] Ostracoda  

12. Filinia longiseta  1. Condona ohioensis  

13. Gastropus minor 2. Cyclocypris sp. 

14. Gastropus stylifer  3. Cyprinotus glaucus  

15. Harringia rousseleti 4. Cypris subglobosa 

16. Hexarthra mira 5. Stenocypris sp. 

17. Horella brahmi   

18. Keratella coachlearis D] Copepoda  

19. Keratella hiemalis 1. Cyclops sp.  

20. Keratella quadrata  2. Diaptomus edax 

21. Keratella tropica  3. Diaptomus marshianus  

22. Keratella vulga  4. Eucyclops agilis  

23. Lacane luna  5. Nauplii sp.  

24. Lepadella ovalis  6. Senecel calanoides 

25. Limnias melicerata   

26. Monommata grandia  

27. Monostyla lunais   

28. Monostyla mucronata  

29. Notholca acuminate   

30. Philodina roseola   

31. Trichocerca sp.  
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Conclusion  

During the period of investigation, 51 species 

belonging to four groups namely Rotifera, 

Cladocera, Ostracoda and Copepoda were 

identified. The maximum number of individuals 

was observed during winter and lower by summer 

and monsoon. The Rotifers were obtained in 

maximum quantity while Cladocera, Copepoda and 

Ostracoda showed the moderate population. The 

study revealed the rich zooplankton diversity. The 

observed status of zooplankton diversity was 

mostly related to the studied physicochemical 

parameters. 
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