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Title: Synthesis Of Bisoprolol Impurities

Rational and gap analysis : Bisoprolol is a beta blocker medicine used to treat high blood

pressure and heart failure.

For a heart patient, takig bisoprolol helps prevent future heart disease, heart attacks and
strokes. This drug is also used to prevent chest pain caused by angina.

The synthesis of bisoprolol impurities is essential for understanding the drug’s stability,
degradation pathways, and process-related by-products. Bisoprolol, a f1-selective adrenergic
blocker, is widely used in treating cardiovascular diseases. However, during its synthesis,
storage, and formulation, various impurities can form, which may impact the drug's safety,

efficacy, and regulatory compliance.

This helps in impurity profiling and ensures the production of a high-purity, stable bisoprolol

formulation.

Objectives :
1.Regulatory Compliance & Quality Control

e Developing reference standards for quality testing.
2. Process Optimization & Impurity Identification

e Understanding impurity formation mechanisms in the synthesis of Bisoprolol.

e Optimizing reaction conditions to minimize impurity formation.
3. Stability & Forced Degradation Studies

e Identifying degradation products under stress conditions (acid, base, oxidation, heat,
light).
e Predicting the long-term stability of Bisoprolol formulations.

4. Toxicological Risk Assessment

e Evaluating the safety profile of impurities.

e Ensuring impurities remain within acceptable limits to prevent toxicity.



Research design and method/ methodology:

The bisoprolol impurity would be synthesized in the laboratory

The target molecule is prepared using 4-hydroxybenzaldehyde and epichlorohydrin.
On workup the compound obtained would be characterized.

The reaction is reported in basic conditions.

The method would be developed such that the compound would be obtained in better yields
and higher purity. Also a greener approach will be preferred by variation of bases.

Expected outcomes :
K2CO3 :-

In the synthesis of Bisoprolol or its impurities, K2COs can act as a mild base to deprotonate
alcohols or amines, facilitating nucleophilic substitution reactions with epichlorohydrin or

other electrophilic reagents.

It can aid in forming ether linkages or amine derivatives, leading to potential side products or

impurities.
Na2CO3 :-

Na.COs can act as a base, neutralizing any acidic by-products (e.g., HCI) and facilitating the

reaction.

It may enhance the formation of ether impurities by promoting side reactions involving excess

reactants.

Na2COs can control the pH, preventing excessive hydrolysis while still allowing the desired

transformation.
TEA:-
TEA neutralizes acidic by-products (e.g., HCI in amide/ester formation).

Prevents unwanted protonation, ensuring cleaner reaction profiles.



Benefits to the society:

The synthesis of bisoprolol impurities benefits society in several ways, particularly in the fields

of pharmaceutical quality control, patient safety, and drug development
1. Ensuring Drug Purity and Safety

The presence of impurities in medications can lead to adverse effects. By synthesizing and
studying bisoprolol impurities, researchers can identify and control harmful contaminants,

ensuring that the final product is safe for consumption.
2. Environmental and Industrial Benefits

By identifying and minimizing impurities, companies can reduce waste and optimize
production, leading to more sustainable pharmaceutical manufacturing with lower

environmental impact.
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Title:

Occurrence of microplastics in selected marine benthic fauna of Arabian sea.
Rationale and gap analysis (Literature survey):

The issue of plastic pollution has garnered increasing attention on a global scale. Plastic has
emerged as a highly convenient material, supplanting numerous traditional substances utilized
in everyday applications. Statistical data indicates that in 1950, the production of plastic was
around 2 million tons, a figure that escalated to 368 million tons by the year 2019. Furthermore,
plastic consumption increased almost 180 times between 1950 and 2018 (Nayanathara
Thathsarani Pilapitiya & Ratnayake, 2024). It is now estimated that its production will increase
up to 33 billion tons by 2050 (Horton et al., 2017).

The disposed plastic is however exposed to various environmental degradation like mechanical
breakdown, photo-oxidation and biological action (Galloway et al., 2017) leading to the
generation of small sized plastic particles with size < 5mm, known as microplastics (MPs). Due
to their wide dispersion in aquatic environments and unclear potential ecotoxicological effects,
MPs account for a global concern. Considering MPs as an environmental contaminant, studies
about its prevalence and abundance have been conducted in all types of environmental matrices

and in human consumables as well (Vaid et al., 2021).

Microplastic accumulation in benthic environments, especially in invertebrates, including
suspension and deposit feeders is a growing concern, with studies showing negative impacts
on survival, development, and other biological processes (Mason et al., 2022). Benthic
organisms, like benthic fishes, bivalves, crabs, etc. can ingest or accumulate microplastics
present in the water column and sediments, and these particles can affect their health and the

overall ecosystem (Sfriso et al., 2020).

Studies indicate that different benthic species have varying preferences for microplastic size,
shape, and type, influenced by their feeding habits and behaviors (Porter et al., 2023). Exposure
to microplastics can negatively impact various biological processes, including survival,
development, reproduction, growth, feeding and energy loss in benthic organisms (Sfriso et al.,
2024). Microplastics may disrupt trophic energy transfer and interactions within benthic
ecosystems and can cause behavioral alterations in benthic marine organisms (Haegerbaeumer
etal., 2019).



In India, the per capita plastic waste generation is approximately 20 kg per year accounting to
a total of about 26 million metric tonnes annually (Law et al., 2020). Over the last three
decades, Maharashtra has emerged as a significant contributor to plastic waste generation;
harbouring Mumbai, one of the largest metropolises of India (Hossain et al., 2022). The city
has experienced rapid urbanization and industrialization which has led to poor waste

management affecting the coastal habitats the most (Joelsson & Lord, 2016).

Marine plastic pollution has been studied along the coast of Mumbai over the past decade, and
MPs have been reported in abundance from water, sediments and marine fauna (Gurjar et al.,
2022). Literature on the occurrence of microplastics is relatively more for the eastern coast of
India than the western coast (Vaid et al., 2021). However, there is dearth of information on the
occurrence of MPs ingestion by the marine benthic fauna of the eastern Arabian sea, including
India. Thus, the present study aims to fulfil the following objectives.

Objectives:

1. Investigate occurrence of microplastics in selected marine benthic finfishes and shellfishes

of Arabian sea.

2. Characterize the variation in microplastics based on the habit and habitat of the benthic

marine fauna.
Research design and method/ methodology:
Collection of samples and extraction of microplastics:

Specimens of a selected marine benthic organisms representing marine benthic habitat will be
collected from the local fish market or fishermen. The samples will be processed to digest the
organic matter followed by separation of MPs using density floatation method and vacuum
filtration of suspended particles through a glass fibore membrane (Hasan et al., 2022, 2023;
Masura et al., 2015). The filter membranes will be used for further analysis of MPs.

Quantification and identification of microplastics:

The MPs will be enumerated based on size, shape and colour using stereomicroscope. Chemical
composition of a few selected or pooled samples will be analysed by Fourier Transform
Infrared (FTIR) spectroscopy/ Raman spectroscopy/ SEM-EDX.



Expected Outcome:

e The present study will provide comparative data on the occurrence and distribution of

microplastics in different marine benthic organisms of Arabian sea.

e Additionally, an investigation into the ingestion of microplastics by selected marine

benthic organisms will help understand the associated risks.
Benefits to the society:

Microplastic pollution is a significant issue in the benthic (bottom-dwelling) ecosystems of the
Mumbai coast, with studies revealing high abundances of microplastics in mangrove sediments
and fish, raising concerns about potential impacts on marine life and human health. (Gurjar et
al., 2022). Benthic organisms can bioaccumulate microplastics, potentially leading to higher
concentrations in higher trophic levels. They can serve as bioindicators of microplastic

pollution, helping to assess the extent and source of contamination (Keerthika et al., 2023).
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Study of Intertidal Faunal Diversity of Bandstand and Priyadarshini Park,

Mumbai.

Rational and gap analysis (Literature survey):

Researchers have extensively investigated the intertidal faunal richness of the
West Coast of Mumbai and its adjacent intertidal zones, focussing on varied intertidal
shore habitats such as sandy, rocky, mudflats, and mangroves. Dana Pani Beach in
Malad was studied for documentation and for producing a tentative checklist of the
intertidal organisms, during which 47 intertidal fauna were documented (Shetty et al.,
2024). Similarly, a short-term biodiversity study of intertidal fauna was carried out
from the shores of Haji Ali (Rocky Shore) and Girgaon chowpatty (Sandy Shore) was
conducted during which 23 species were recorded from Haji Ali and 18 species from
Girgaon chowpatty. Also, biostatistical tools were used to compare the intertidal
faunal components, which showed higher diversity in rocky habitats than sandy ones
(Fatema et al., 2021). Two new species of Cratena sea slugs were recorded from the
west coast of India from the Rocky Shore habitat, out of which one species, C.
pawarshindeorum, was recorded from the shores of Mumbai (Bharate et al., 2020). A
study to assess intertidal microbenthic fauna was conducted at four sites in the
Mumbai region, which provided baseline data, during which a total of 59 species were
documented despite the increase in anthropological activities (Kulkarni et al., 2017).
Six species of Thais were documented from the coast of Maharashtra. The taxonomic
evaluation was done based on the external morphometric features and the radula
structure. A total of 177 specimens were collected from seven different sites. The
findings will help in the identification of Thais species. It is not an economically
important species but plays a part in the food chain of the intertidal ecology (Kumar et
al., 2017). A study was carried out from Uran, on the west coast of Maharashtra, to
study the biodiversity of brachyuran crabs. This resulted in documenting 31 species

representing 20 genera and 11 families (Pawar, 2017).

Since Mumbai is a tourist destination and Mumbaikars love to visit the shores
to spend their leisure time, researchers have also done work on recreational beaches
like Juhu and Dadar Chowpatty to assess the molluscan diversity and the physio-

chemical parameters of the seawater. A total of 19 genera of molluscs were recorded



on these beaches. The parameters of both the beaches studied for a year showed less
variation. The seawater analysis showed that the water is slightly polluted, which may
further damage the marine ecosystem and the abundance of molluscs (Joshi et al.,
2013). In intertidal habitats, organisms range from cell aggregate body plan to
multicellular. Hence, it is important to classify each organism; thus, researchers
identified sponges from the Raigad coastline by observing their spicules. Samples
observed belong to some type, i.e., the monoaxon subtype tylostyle. (Sutar & Bhoir,
2013). The shoreline of Khardanda, where entire biodiversity was observed, during
which seven orders of algae, 1 Cnidarian, five families of Arthropoda, 35 families of
Molluscans, and 13 families of superclass Pisces were documented. The
anthropogenic activities in this area were having adverse effects on the shoreline.

(Prabhu & Kulkarni, 2012).

Assessment of biodiversity is incomplete without the use of Biostatistical tools
like ANOVA, Shannon’s diversity index, Simpson’s diversity index, etc., from the
rocky shores of NCPA, Nariman point were examined for biodiversity and ecological
health status using the biostatistical tools which showed 49 species, results also
showed rich molluscan diversity and moderate pollution. The diversity of organisms
seen was mainly due to the wave action, which brings nutrients and washes off the
pollution. Thus, the existing bio-diversity must be protected from anthropological
effects (Datta et al., 2008). Some studies dealt with particular species classification;
one such work was with the mollusc from the family Neritidae from the coast of
Mumbai. The study sites were NCPA, Bandstand and Gorai. 4 species were
documented. Bandstand had abundant Nerita ozyrum and N. polita (B. G. Kulkarni &
Jaiswar, 2000).

The work on Mumbai’s shoreline was also carried out in the 1900s, which is
helpful in understanding the changing fauna components with the rise in pollution
levels. The rising input of anthropogenic waste into the water system has resulted in
low DO and high BOD values in the inner regions of the creek and surrounding
coastal areas in Mumbai. However, 20 species of polychaetes and 13 species of
molluscan were observed in 15 months from eight stations around the coastline of
Mumbai. (Mathew & Govindan, 1995). Moving back in time, researchers noted the

resources of the rock oyster S. cucullata present in the two selected centres in



Bombay, i.e. Bandra and Worli Seaface. The results showed that the high quantity of
Rock oysters indicated that coastal waters have not deteriorated; hence, it does not
hamper the settlement and growth of the oysters in the littoral zones. (Sundaram,
1987). Vertical Zonation of the intertidal regions plays a vital role in species
occurrence in the various intertidal zones on Rocky shores. The study sites were the
shores of Cuffe Parade, Chowpatty Rocks, Breach Candy and Mahim. The dominant
group of species that occurred were Littorina species in the upper littoral zone,
Balanus and oyster dominated the mid littoral zone, while trochids dominated the

lower littoral zone. (Bhatt & Bal, 1973).

Need / Rationale:

In Mumbeai, the ever-increasing demand for land due to the ever-increasing population
has put the intertidal ecology at risk, directly and indirectly. Anthropogenic factors,
such as untreated sewage discharge, sedimentation, and landfills, are exploiting and
putting pressure on biodiversity, causing current diversity to be depleted and habitats

to degrade.

Marine Walks are occasionally conducted in these areas as part of biodiversity
awareness drives. Personal communication with experts revealed the occurrence of
few coral varieties in this region. Coral growth in these areas is striking despite

pollution.

Hence, it is of utmost importance to monitor the rate at which the intertidal fauna is
changing on the Mumbai coast. This will help us understand the current condition of

the ecosystem.

Objectives:

1. Document the Intertidal Biodiversity: Identify and record marine intertidal fauna
present at Bandstand and Priyadarshini Park.

2. Evaluate Habitat Zones: Examine species distribution about tidal zones



Research design and method/ methodology:

1. Sampling Period:

(¢]

Conduct fieldwork in the months of February, March and April 2025. The
Study will be done monthly during the low tides, measuring less than 1 meter,

for both study sites.

2. Sampling Techniques:

o

A combination of line transects and quadrats (1m?) will be used for
biodiversity surveys, where the line transects will be laid starting from the
supralittoral zone to the infralittoral zone of the intertidal area, and the
consecutive quadrates will be laid on the transects at a distance of 25 meters
apart from each other.(Kantharajan et al., 2017) Recording of Transect and
Quadrate will be done using the GPS Essential App
(https://play.google.com/store/apps/details?id=com.mictale.gpsessentials)
Random walks will also be done during the low tide to record micro-habitat
(Tidepools, Crevices, Algae tufts) specific species, if any (Fatema et al.,
2021).

3. Data Collection:

o

Photographic documentation of various intertidal organisms using Canon 7D
Mark II and Redmi Note 10 Pro will be carried out.

Identification of the organisms will be done by using the Standard key
Reference books (Apte, n.d., 2012; Karve, 2019)and websites like iNaturalist

(www.inaturalist.org), WORMS (https://www.marinespecies.org/) and

previous ten years of research work from the shores of Mumbai.

4. Data Analysis:

Data Analysis will be carried out using Microsoft Excel 2021 and PAST
software (https://palaco-electronica.org/2001 1/past/pastprog/index.html), and
suitable biodiversity indices will be used to compare differences in

biodiversity composition and to indicate the health of the ecosystem.



Expected outcomes:

1.

Detailed biodiversity profiles of Bandstand and Priyadarshini Park.

2. To analyse the comparative diversity among the study sites.

Benefits to the society:

Will help to understand the current condition of the Intertidal ecosystem for Mumbai’s

coastline
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Title: SYNTHESIS OF S IMPURITIES OF PHENOTHIAZINE

Rational and gap analysis (Literature survey): Phenothiazine is a chemical compound

primarily used in the treatment of various conditions like schizophrenia, as well as in

veterinary medicine for parasites in animals. It is also used as a dye, pesticide, and even in

some industrial applications. If you're referring to phenothiazine sulfoxide, which is a

metabolite of phenothiazine, the harmful effects are somewhat similar but also carry specific

concerns.

Some harmful effects of phenothiazine or its derivatives, such as phenothiazine sulfoxide, can

include:

1.

Toxicity to the Liver and Kidneys: Prolonged exposure to phenothiazine compounds
can cause liver and kidney damage. This toxicity can result from the accumulation of

the compound or its metabolites in the body, leading to organ dysfunction.

Neurotoxic Effects: Phenothiazine-related compounds can affect the nervous system.
Symptoms like tremors, seizures, and even coma may occur with high doses or
chronic use, especially in animals. This can also impact human health in cases of

overdose or improper medical use.

Skin Reactions: Direct contact with phenothiazine compounds can cause skin
irritation. Long-term exposure can lead to more serious skin reactions, such as rashes,

pigmentation changes, or hypersensitivity.

Cardiovascular Effects: Phenothiazine derivatives can affect the cardiovascular
system. They may lead to a reduction in blood pressure (hypotension), arrhythmias, or

other heart-related issues, particularly at high doses.

Respiratory Effects: In severe cases, phenothiazine overdose may impact breathing or

cause respiratory failure due to its sedative effects.

Hematological Changes: Long-term exposure can lead to changes in blood cell
counts, such as leukopenia (low white blood cell count), which makes the body more
susceptible to infections.

Environmental Impact: If phenothiazine derivatives, including phenothiazine
sulfoxide, enter the environment through improper disposal or industrial leaks, they

can be toxic to aquatic life, disrupting ecosystems.



The harmful effects of phenothiazine derivatives depend largely on dosage, method of
exposure, and individual health conditions. It is very necessary to follow safety protocols
when handling chemicals and use prescribed medications under the supervision of a

healthcare provider.

The impurities in pure form can be used as standard reference to determine their presence

qualitatively as well as quantitatively in the sample under analysis.

Such analysis can provide the idea about purity of the sample and also helps to pass/ discard

the batch during production.

If the impurities are beyond the sanctioned limit then further purification of the drug can be

done. This also takes care of the safety of the consumer.

Objectives The study aims to evaluate:
1. Reaction efficiency.
2. Selectivity
3. Solvent effect
4. Reagent efficiency
5. Reaction conditions
Research design and method/ methodology:
The drug Phenothiazine would be oxidised using different oxidising agents.
There are different types of oxidising agents-
1) Strong oxidising agents
2) Mild oxidising agents
We propose to carry out experiment with mild oxidising agents like H202 and m-CPBA.

The oxidation may be carried out under various solvent systems and the effect of solvent system

may be noted.

The reaction conditions may be varied to check the effect of different parameters.



Expected outcomes
1. Reaction efficiency: Conversion rate and yield of phenothiazine-S-oxide.
2. Selectivity: Avoiding over oxidation to phenothiazine-S,S-dioxide.
3. Solvent effect: Influence of different solvents on reaction rate and product selectivity.
4. Reagent efficiency: Comparing the effectiveness of different oxidants.

5. Reaction conditions: Optimizing temperature, time, and reagent ratios for best results.

1. Benefits to the society: Pharmaceutical Applications

o Phenothiazine-S-oxide derivatives have potential use in antipsychotic,

antimalarial, and anti-inflammatory drugs.
o Selective oxidation techniques can improve drug synthesis efficiency.
2. Green Chemistry and Sustainability

o H20:-based oxidation minimizes harmful byproducts, unlike traditional

oxidants (e.g., chromium-based).
o Using water or methanol as solvents reduces environmental toxicity.
3. Industrial and Material Science

o Phenothiazine-S-oxide derivatives are used in dye synthesis, polymer

chemistry, and organic electronics.
o Cleaner oxidation methods enhance industrial sustainability.
4. Environmental and Economic Benefits
o Reduction in hazardous waste disposal costs.

o Sustainable oxidation processes align with global green chemistry initiatives.
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1. Title: Optimization and Application of UHPLC for the determination of Glimepiride in

Tablet Dosage Forms.
2. Rational and gap analysis (Literature survey):

Glimepiride is a widely used antidiabetic drug belonging to the sulfonylurea class. Its
molecular formula is C24H34N4O0sS and molecular weight of 490.617 g/mol, practically

insoluble in water.
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Structure of Glimepiride

Being a potent drug with low dosage, it’s essential to ensure its accurate quantification in
pharmaceutical formulations to guarantee therapeutic efficacy and patient safety.

The traditional analytical methods such as HPLC, are reliable but may lack the speed,
sensitivity, and resolution required for modern pharmaceutical analysis. Ultra-High-
Performance Liquid Chromatography (UHPLC) offers superior performance with faster
analysis times, higher resolution, and reduced solvent consumption.

The pharmaceutical industry requires robust, precise, and rapid methods for quality control.
UHPLC can provide a more efficient and cost-effective solution for routine analysis of
glimepiride in tablet dosage forms.

Regulatory agencies emphasize the use of advanced analytical techniques for method
validation and quality assurance.

While HPLC methods for glimepiride are well-documented, there is limited research on the
application of UHPLC for its determination in tablet dosage forms. UHPLC's potential for
faster analysis and better sensitivity remains underexplored in this context.

Speed and Efficiency: Traditional HPLC methods often require longer run times (15-30
minutes), which can be a bottleneck in high-throughput laboratories.

UHPLC can significantly reduce analysis time (to 5-10 minutes) while maintaining or

improving system suitability requirements.



Sensitivity and Detection Limits: Existing methods may not achieve the desired sensitivity
for detecting low concentrations of glimepiride, especially in complex matrices.

UHPLC, coupled with advanced detectors (e.g., UV/PDA), can enhance sensitivity and lower
detection limits due to increased area response and sharpness of peaks .

Method Validation: Many existing methods lack comprehensive validation parameters as
per ICH guidelines (e.g., robustness, stability-indicating properties), using UHPLC method,
ensuring reliability and reproducibility.

Environmental Impact:

HPLC methods often consume larger volumes of organic solvents, which are environmentally
harmful. UHPLC uses smaller particle sizes and lower solvent volumes, making it a greener
alternative.

The optimization and application of UHPLC for the determination of glimepiride in tablet
dosage forms address critical gaps in existing analytical methods. By leveraging the
advantages of UHPLC - such as faster analysis, improved sensitivity, and reduced
environmental impact - this research can contribute to more efficient and reliable quality
control processes in the pharmaceutical industry. Additionally, the development of a
validated, stability-indicating UHPLC method will align with regulatory standards and

support the safe and effective use of glimepiride in clinical practice.

4. Objectives:

Method Development: To develop a rapid, sensitive, and specific UHPLC method for the
quantitative determination of glimepiride in tablet dosage forms.
- Focus on optimizing chromatographic conditions (e.g., mobile phase composition, column

type, flow rate, and detection wavelength) to achieve optimal separation and resolution.

Method Validation: To validate the developed UHPLC method in accordance with ICH
Q2(R1) guidelines.

- Validate parameters such as linearity, accuracy, precision, specificity, robustness, limit of
detection (LOD), and limit of quantification (LOQ) to ensure the method's reliability and
reproducibility.

Application to Real Samples: To apply the optimized UHPLC method for the quantification
of glimepiride in commercially available tablet formulations.



- Analyze multiple brands of glimepiride tablets to assess the method's applicability in real-

world pharmaceutical quality control.

Stability-Indicating Properties: To evaluate the stability-indicating capability of the UHPLC
method by analyzing glimepiride under stress conditions (e.g., acid/base hydrolysis,
oxidation, thermal degradation, and photodegradation).

- Ensure the method can separate and quantify glimepiride from its degradation products,
making it suitable for stability studies.

Comparison with Existing Methods: To compare the developed UHPLC method with
existing HPLC methods in terms of analytical performance (e.g., analysis time, sensitivity,
resolution, and solvent consumption).

- Highlight the advantages of UHPLC over traditional HPLC for the determination of

glimepiride in pharmaceutical formulations.

These objectives provide a clear roadmap for the research, ensuring the development of a

robust, efficient, and practical UHPLC method for glimepiride analysis.

5. Research design and method/ methodology:

This study will follow an experimental research design aimed at developing, optimizing, and
validating a UHPLC method for the determination of glimepiride in tablet dosage forms. The
design will include:

- Method Development: Optimization of UHPLC parameters.

- Method Validation: Validation of the developed method as per ICH Q2(R1) guidelines.

- Application: Analysis of glimepiride in commercial tablet formulations.

- Comparative Analysis: Comparison of the UHPLC method with existing HPLC methods.

Methodology:

Materials and Reagents

The Reference Standard of Glimepiride will be acquired from the industry. The commercially
available tablet products will be used for the study. Required chemicals and reagents will be

sourced from local vendors. The UHPLC system with UV/PDA detector will be used with



suitable analytical column and desired dimensions (e.g., C18/C8 column, 1.7-2.1 pm particle

size), and software for data analysis.

Instrumentation and Chromatographic Conditions:

UHPLC System: Equipped with a binary pump, autosampler, and UV/PDA detector.
HPLC Column

Mobile Phase

Detection Wavelength: Based on glimepiride's UV absorption.

Injection Volume: 1-10 uL (optimized for sensitivity and precision).

Run Time: Aim for <10 minutes for rapid analysis.

Suitable analytical method will be developed with mobile phase selection of

different compositions of organic solvents and aqueous buffers to achieve optimal peak
resolution and symmetry. The flow rate will be optimized to balance analysis time and
resolution. The detection wavelength will be selected based on UV spectrum of glimepiride.
The column temperature will be optimized(e.g., 30-40°C) to improve peak shape and
reproducibility. Sample preparation method will be optimised based on the physical and
chemical properties of the drug and the sample matrix with extraction studies if required to

ensure complete dissolution of glimepiride from tablet formulations.

Method Validation:

Method validation will be executed by UHPLC method as per ICH Q2(R1) guidelines with
below parameters:

I. Linearity: A calibration curve using glimepiride standard solutions with desired linearity
(R2>0.999) will be performed.

ii. Accuracy: Recovery studies will be performed by spiking known amounts of glimepiride
into placebo tablets at three concentration levels (e.g., 80%, 100%, 120%).

iii. Precision: Intra-day and inter-day precision will be performed by analysing replicate
samples at the same concentration.

iv. Specificity: The method's specificity will be confirmed to check any interference due to
blank, placebo at the retention time of Glimepiride peak.

V. Robustness: Test the method's robustness by varying critical parameters (e.g., mobile

phase composition, flow rate, column temperature).



vi. LOD and LOQ: Determine the limit of detection (LOD) and limit of quantification (LOQ)
using signal-to-noise ratios (e.g., 3:1 for LOD, 10:1 for LOQ).

Application to Tablet Dosage Forms

The sample preparation shall be done by weighing and grinding glimepiride tablets,
extraction of the active ingredient using a suitable solvent, and filter the solution.

Inject the prepared sample solutions into the UHPLC system and quantify glimepiride.

The measured glimepiride content shall be compared against the labeled amount to assess the

method's accuracy.

Comparative Analysis
Compare the developed UHPLC method with existing HPLC methods in terms of analysis
time, Sensitivity (LOD and LOQ), resolution and peak symmetry, solvent consumption.

Report results as mean * standard deviation (SD) or relative standard deviation (RSD).

This methodology ensures a systematic approach to developing and validating a UHPLC
method for glimepiride, with a focus on accuracy, precision, and practical applicability. Let

me know if you need further details!

6. Expected outcomes:

Expected Outcomes

A validated, rapid, and sensitive UHPLC method for glimepiride quantification.
Demonstration of the method's applicability in pharmaceutical quality control.
Evidence of the method's stability-indicating properties.

Comparative data highlighting the advantages of UHPLC over HPLC.

7. Benefits to the society:

The optimization and application of Ultra-High Performance Liquid Chromatography
(UHPLC) for the determination of glimepiride in tablet dosage forms can offer several

benefits to society, particularly in the fields of pharmaceuticals, healthcare, and public health.



Improved Drug Quality Control- Due to enhanced accuracy and precision, UHPLC provides
superior resolution, sensitivity, and speed compared to traditional HPLC, ensuring more
accurate and precise quantification of glimepiride in tablet formulations.

Consistency in Dosage- By optimizing UHPLC methods, pharmaceutical manufacturers can
ensure that each tablet contains the correct amount of glimepiride, maintaining therapeutic
efficacy and safety.

High Throughput- UHPLC significantly reduces analysis time, allowing for faster quality
control processes in pharmaceutical manufacturing. This leads to quicker release of batches,
reducing delays in drug availability.

Reduced Solvent Consumption- UHPLC uses less solvent compared to traditional HPLC,
lowering operational costs and reducing environmental impact.

Meeting Standards- UHPLC methods can be developed to meet stringent regulatory
requirements, ensuring that pharmaceutical products comply with international quality
standards.

Green Chemistry- The reduced solvent usage in UHPLC aligns with the principles of green

chemistry, minimizing the environmental footprint of pharmaceutical analysis.

The optimization and application of UHPLC for the determination of glimepiride in tablet
dosage forms offer multifaceted benefits that enhance drug quality, patient safety, regulatory
compliance, and overall public health, while also providing economic and environmental

advantages.
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Title: Preparation of Mixed Metal Oxides (MMO)
Rational and gap analysis (Literature survey):

Over the last ten years, researchers from various fields such as physics, chemistry, and material science,
have become very interested in mixed metal oxide (MMO) semiconductors and its applications, including
fuel cells, solar cells, photocatalysts, sensors, microelectronic circuit fabrication, and piezoelectric
devices(1, 2) So, in the present study the MMO will be prepared.

Objectives (two to five):

1. Preparation of the MMO by co-precipitation method
2. Different combinations of MMO will be prepared for the study

Research design and method/ methodology:

There are various methods of preparation of mixed metal oxides such as combustion, solvothermal, thermal
decomposition, hydrothermal, inverse microemulsion, electrospinnig, microwave irradiation, liquid-feed
flame spray pyrolysis, co-precipitation, glycolysis, and the sol-gel method, have been used to create mixed
metal oxide nanoparticles. These techniques are expensive and call for specialised equipment. Low surface
area, lack of stoichiometry control, and often inhomogeneous products are the main disadvantages of the

high temperature approach, co-precipitation, and other techniques.

Among these methods the co-precipitation method is a popular way to create a mixed metal oxide also the

cheaper one so the MMO will be prepared by the co-precipitation method of the project.

Expected outcomes (One to five):
1. Combination of Mixed Metal oxide will be prepared
Benefits to the society:
Mixed metal oxide have a wide range of applications in photonic, optoelectronic, and sensing systems.
Reference:

[1] Saravanan R, Karthikeyan S, Gupta VK, Sekaran G, Narayanan V, Stephen A. Enhanced photocatalytic
activity of ZnO/CuO nanocomposite for the degradation of textile dye on visible light illumination. Mater.
Sci. Eng. C 2013, 33, 91-98.10.1016

[2] Mariammal RN, Ramachandran K, Renganathan B, Sastikumar D. On the enhancement of ethanol
sensing by CuO modified SnO2 nanoparticles using fiber-optic sensor. Sens. Actuators B 2012, 169, 199
207.10.1016.
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Title: A study of the treatment of gender in Select Mythological retellings by Anand

Neelkanthan, Chitra Banerjee Divakaruni, Devdutt Pattanaik, and Koral Dasgupta.

Rational and gap analysis (Literature survey): To understand the gender discrimination in

canonical texts.
Objectives (two to five):

1. To understand the original scriptures and epics written ages ago by great sages.

2. To read and understand the modern representation of the stories and the epics.

3. To draw parallels and contrasts in the original texts and their modern counterparts.

4. To study the representation of different genders in the original texts and the adopted

versions.

Research design and method/ methodology: The study will largely rely on the texts published
by the authors and the translated versions of the original scriptures. A comparative study will
be undertaken in order to draw parallels or understand contrasts between the representation of
the characters in the scripts. The secondary source of information for the study will be scholarly
articles related to the study, critical theories and interviews of the authors. MLA ninth edition
manual style will be used to cite the quotations. All the resources used for the purpose will be

duly acknowledged in the same style.
Expected outcomes (One to five):

Benefits to the society: A fresh perspective of approach towards religious texts.

Reference:
1. Ramayana by Sage Valmiki translated version by C. Rajagopalachari
2. Mahabharata by Sage Vyasa translated version by C. Rajagopalachari
3. Valmiki’s women by Anand Neelkanthan
4. Forest of Enchantments and Palace of Illusions by Chitra Banerjee Divakaruni.
5. Ahalya by Koral Dasguta
6. The Pregnant King by Devdutt Pattanaik
7. https://studymoose.com/role-of-women-in-hinduism-essay
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Title: Synthesis of Deep Eutetic Solvents
Rational and gap analysis (Literature survey):

Deep eutectic solvents (DES) were discovered in 2003 [1]. Typically, DES are prepared by a simple
combination of two chemical compounds from which one acts as hydrogen bond donor (HBD), and
the second one as hydrogen bond acceptor (HBA). The formation of specific interactions between
HBA and HBD, including

hydrogen bonding and electrostatic interactions, leads to a large melting point depression upon the
formation of DES. In most cases, pure DES components are solid, while the eutectic mixture is a
liquid at room temperature (RT) [2,3].

Therefore, a study id required to know the different combination of HBA & HBD and their exact
proportion for the formation of DES..

Objectives (two to five):

1. Combination of HBA & HBD at variable concentration will be study

2. The Formation of the DES will be understood on the basis of phase diagram
Research design and method/ methodology:

Deep eutectic solvents are obtained by mixing two substances in appropriate molar ratios. The
mixture is then mixed together at an elevated temperature (typically from 40 to 80°C) until clear

liquids are obtained. The resulting DES is then cooled to room temperature,

Expected outcomes (One to five):
1. The DES of variable concentration will be prepared
Benefits to the society:

The synthesized DES have various applications as they are emerging as promising materials for
environmentally friendly chemistry, electrochemical applications, and also as active

pharmaceutical ingredients (APIs).

Reference:
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[3] Y. Wang, Y. Hou, W. Wu, D. Liu, Y. Ji, S. Ren, Roles of a hydrogen bond donor
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using deep eutectic solvents, Green Chem. 18 (2016) 3089-3097,
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TITLE: SIMULTANEOUS QUANTIFICATION OF FDC IN A CARDIOVASCULAR DRUG
BY STABILITY INDICATIONG RP-HPLC METHOD

RATIONAL AND GAP ANALYSIS (LITERATURE SURVEY):

The quest for a more reliable and suitable drug is always fascinating and challenging. A good quality

drug is something, which will meet the established product specifications, can be safely bought and

confidently used for the purpose for which it is intended.

Based on the literature survey it was found that there scope to develop a simple, rapid and

reproducible method for estimation of cardiovascular drugs.

Individually and simultaneously in combinations and also in combination with other types of drugs.

The developed methods need to be validated in accordance with ICH guidelines recommended by

the Food and Drug Administration (FDA) of the United States.

National Status:

1. R. Patel et al [2] published a review paper titled, “An introduction to analytical method

development for pharmaceutical formulations”. The article focused on pharmaceutical products

formulated with more than one drug, typically referred to as combination products, are intended to

meet previously unmet patients need by combining the therapeutic effects of two or more drugs in

one product. These combination products can present daunting challenges to the analytical chemist

responsible for the development and validation of analytical methods.

2. A. Birajdar et al [3] published an article, “New Method Development by HPLC and Validation

as per ICH Guidelines”. An injection of a volume of 20 ul form a solution of mg/ml concentration

normally provides good signals for UV active compounds around 220 nm.

3. K. Rao et al [8] published research work titled, “RP-HPLC Method for the

Determination of Losartan Potassium and Ramipril in Combined Dosage Form”. A simple, specific

and accurate reverse phase liquid chromatographic method was developed for the simultaneous

determination of losartan potassium and ramipril in table dosage forms. A hypersil ODS C18,

4.6x250 mm, 5 um column in isocratic mode, with mobile phase acetonitrile: methanol: 10 mM tetra

butyl ammonium hydrogen sulphate in water in the ratio of 30:30:40% v/v/v was used. The flow

rate was 1.0 mL/min and effluent was monitored at 210 nm.

4. N. Chivate et al [17] published their research work titled, “Development of UV

spectrophotometric method for estimation and validation of Telmisartan as a pure API”. It is simple,

fast, accurate and cost effective and reproducible spectrophotometric method, developed for the

estimation of Telmisartan as a pure API. The wavelength (A max) was found to be240 nm by using

60%



ethanol (95%) and 40% of 0.1 N NaHCO3 as a solvent for the Telmisartan. The linearity for this
drug at the selected wavelength lies between 2-14 pg/ml.

International Status:

1. A. Palakurthi et al [7] development QbD based of HPLC method for simultaneous quantification
of Telmisartan and Hydochlorothiazide impurities in tablets dosage form. The separation was
acquired with Inertsil ODS-3V, 150x 4.6 mm, 3.5 um column at a flow rate of 1.0 mL min-1 with
the mobile phase-Aconsists of 0.02 M potassium dihydrogen phosphate (pH of 3.5) and mobile
phase-B consists of a mixture of Milli-Q water and acetonitrile (100: 900 v/v) respectively. The
detection of impurities was carried out at 230 nm and column temperature was maintained at

40 °C. Further optimized chromatographic conditions were applied to design of experiments to find
out the critical quality attributes and established the design space.

2. S. Dai et al [8] development and validation of an RP- HPLC method for simultaneous
determination of Ramipril and Amlodipine in tablets. The chromatographic column utilized in these
studies was an Inertsil ODS-3 column (250 mmx4.0 mm, 3 pm). A 10 mmx4.0 mm (i.d.) guard
column packed with 5 pum diameter Inertsil ODS-3 packing was also utilized. The column
temperature was maintained at 55 °C.

3. M. Abady et al [9] published, “Development and validation of an analytical method using liquid
chromatography-tandem mass spectrometry for the therapeutic drug monitoring of seven
cardiovascular drugs in clinical usage”. The chromatographic separations were accomplished within
15 min on a reversed-phase C18 column with a gradient elution of aqueous solvent and

acetonitrile while maintaining 0.1 (v/v) % formic acid and 2 mM ammonium formate. The optimized
MS/MS conditions in ESI-positive mode offered sufficient sensitivity for the seven cardiovascular
drugs.

4. A. Pandey et al [10] published research work titled, “UV-Spectrophotometric Method for
estimation of Telmisartan in Bulk and Tablet Dosage Form”. UV spectrophotometric method has
been developed and validated for the estimation of Telmisartan in bulk and tablet dosage form. The
zero order spectra of Telmisartan in 0. 1N NaOH shows Amax at 234.0 nm and estimation was carried
out by A(1% 1cm) and by comparison with standard. Calibration graph was found to be linear (r2
=0.999) over the concentration range of 4-24 pg/mL.

OBJECTIVES:

Based on extensive literature review, attempts will be done.

1. To develop simple, precise, economical, sensitive and robust analytical methods to
simultaneously determine the FDC in the drug in the sample. Various mobile phase compositions,

different columns, pH, flow rate parameters will be studied and validated.



2. To validate developed methods as per ICH guideline which ensure optimum method performance
over the life cycle of the drugs.

4. To conduct forced degradation study under various stressed conditions like hydrolysis
(acid/alkali), oxidation, thermal and photolysis of few samples.

RESEARCH DESIGN AND METHOD/ METHODOLOGY:

Development of analytical method for the drugs under study:

1. HPLC method: Here method development involves optimization of the chromatographic
conditions such as various mobile phase compositions, different columns, pH, flow rate parameters,
injection volume, selection of wavelength of absorption etc.

2. UV-visible spectroscopic method: Once the solubility of the drug is checked and mobile phase
combination is finalized on HPLC, further study will involve fixation of various parameters like
Amax, linearity range and other instrumental parameters.

3. Additionally, the method's greenness was evaluated using tools like GAPI (Green Analytical
Procedure Index) 0.77 score, AMGS(Analytical green metrics score)123 score, AGREE prep
(Analytical GREEnness metric for preparation) 0.69 score and AGREE (Analytical GREEnness

metric)0.81score, confirming its eco-friendly compliance.

EXPECTED RESULTS AND OUTCOMES:

a) An analytical quality by design (AQbD) approach coupled with green chemistry for the
simultaneous quantification of FDC in a cardiovascular drug by stability indicationg RP-HPLC will
be developed.

b) Successful completion of method development, validation of newly developed method will
results in availability of improved, highly sensitive, diminutive innovative methods for
quantification of FDCin cardiovascular drug. The proposed methods would be precise, accurate,
linear, sensitive and robust.

BENEFITS TO THE SOCIETY:

v' The comprehensive understanding of method variables achieved through the AQbD approach,
combined with the environmental benefits realized by adhering to green chemistry principles,
underscores the importance of this integrated strategy.

v' These findings highlight the need for formulation scientists to incorporate antioxidants to
enhance the stability of CHL, OLM, and AML particularly in formulations susceptible to
oxidative or hydrolytic degradation. Additionally, appropriate packaging and storage measures

should be implemented to prevent photolysis and minimize exposure to sunlight.



v An analytical quality by design (AQbD) approach coupled with green chemistry demonstrated
a significant reduction in solvent usage, waste generation, and energy consumption, aligning with
the principles of green analytical chemistry. This integrated approach not only minimizes
experimental burden, risk, and errors but also enhances analytical performance, making the

method suitable for research fields.
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