
 



 

Research and Development in Pharmaceutical Science 

Volume III 

(ISBN: 978-93-91768-47-8) 

 

Editors 

 

Dr. Abhilasha Mittal 

NIMS  Institute of Pharmacy,  

NIMS University,  

Jaipur, Rajsthan 

Dr. Kamran Javed Naquvi 

Faculty of Pharmaceutical Sciences, 

Rama University,  

Kanpur, Uttar Pradesh 

 

Ms. Devshree Gayakwad 

 Acropolis Institute of Pharmaceutical 

Education and Research,  

Indore, M. P. 

 

Mr. Abhishek Kumar 

 Faculty of Pharmaceutical Sciences, 

Rama University,  

Kanpur, Uttar Pradesh 

 

2022 



 

 
 

 

First Edition: September, 2022 

ISBN: 978-93-91768-47-8

 

 

 

 Copyright reserved by the Editor 

Publication, Distribution and Promotion Rights reserved by Bhumi Publishing, Nigave Khalasa, 

Kolhapur 

Despite every effort, there may still be chances for some errors and omissions to have crept in 

inadvertently.  

No part of this publication may be reproduced in any form or by any means, electronically, 

mechanically, by photocopying, recording or otherwise, without the prior permission of the 

publishers. 

The views and results expressed in various articles are those of the authors and not of editors or 

publisher of the book. 

 

Published by:  

Bhumi Publishing,  

Nigave Khalasa, Kolhapur 416207, Maharashtra, India 

Website: www.bhumipublishing.com  

E-mail: bhumipublishing@gmail.com 

Book Available online at:  

   https://www.bhumipublishing.com/books/ 

    

 

 

 

http://www.bhumipublishing.com/
mailto:bhumipublishing@gmail.com
https://www.bhumipublishing.com/books/


 

 

PREFACE 

Pharmaceutical field encloses a wide number of themens ranging from drug 

discovery to manufacturing, techniques and technology, regulation and 

marketing and involves several disciplines such as chemistry, physics, biology 

biotechnology, pharmaceutics and engineering. The introduction of complex 

compounds in to medicine resulted in pharmacy becoming a speciazed branch.  

To contribute the recent dimensions of the subject, we decided to publish the 

present book entitled "Research and Development in Pharmaceutical Science 

Volume III". This book is the unified approach to various research areas. The 

prime goal behind the publication of the book is to bring awareness and 

exposure to research scholars, academicians and professionals in various topics 

of current research so that they can actively persue or incorporate the novel 

methods in their area of work. It is the platform to exchange information and 

ideas on the recent trends in pharmaceutical sciences and research. 

The articles in the book have been contributed by eminent scientists, 

academicians. Our special thanks and appreciation goes to experts and 

research workers whose contributions have enriched this book. We thank our 

publisher Bhumi Publishing, India for taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their 

blessings, without which this book would not have come into existence. 

 

- Editors 

 

 

 

 

 

 

 

 



 

 
 

CONTENT 

Sr. No. Book Chapter and Author(s) Page No. 

 

1.  COMPUTER-ASSISTED DRUG DESIGN: A FRESH STRATEGY 

FOR PHARMACEUTICAL RESEARCH AND DEVELOPMENT  

Abhishek Kumar, Ajit Kumar Varma and Shubham Tripathi 

1 – 9  

2.  PHOSPHOLIPID BASED ENGINEERED NANOVESICLES: AN 

NOVEL NANOSYSTEM FOR DELIVERY OF DRUGS 

Vipul Sansare, Prashant Gurav and Sujit Nagare 

10 – 18  

3.  VALIDATION, QUANTIFICATION AND STRESS 

DEGRADATION STUDIES OF AFATINIB DIMALEATE IN BULK 

DRUG AND PHARMACEUTICAL DOSAGE FORMS USING 

ULTRA-PERFORMANCE LIQUID CHROMATOGRAPHY 

Jahnavi Bandla and Ashok Gorja 

19 – 30  

4.  SUMMARY OF THE METABOLIC EFFECT AND ITS 

CONCLUDING REMARKS AND FUTURE PROSPECTS WITH 

NMR 

Abhishek Kumar, Shubham Tripathi and Sonam Rajpoot 

31 – 37  

5.  RECENT UPDATES ON PHARMACOLOGICAL POTENTIALS OF 

BLACK SEED OIL 

Sumedha Bane, Vipul Sansare and Maya Desai 

38 – 44  

6.  A DELIVERY OF HERBAL ACTIVES THROUGH 

NANOPARTICLES, MICROPARTICLES AND MICROSPONGES:  

RECENT INVESTIGATIONS 

Vipul Sansare, Sujit Nagare and Prashant Gurav 

45 – 61  

7.  RECENT ADVANCES IN LIPID NANOPARTICLES MEDIATED 

OCULAR DRUG DELIVERY: OUTCOMES AND CHALLENGES  

Vipul Sansare, Prashant Gurav and Rehan Uddin 

62 – 70  

8.  LIVER TARGETING USING NANOMEDICINES:  

A PROMISING WAY TO TREAT LIVER DISEASES 

Vipul Sansare 

71 – 79  

9.  THE CONCEPT OF PRODRUGS IN PHARMACEUTICAL 

RESEARCH 

Shubham Tripathi, Bitu Gogoi and Rofiqul Islam 

80 – 85  



 

 

10.  RECENT ADVANCEMENTS IN NEUROTRANSMITTERS AND 

PHARMACOLOGICAL EFFECT OF ANXIOLYTICS, SEDATIVES, 

AND HYPNOTICS 

Anamika P. K., Prashanth C. B., Ramanagowda B.,  

Kotresh K. N. and Yashaswini S. 

86 – 97  

11.  SIGNIFICANT PROTAGONIST OF NEUROTRANSMITTER 

HISTAMINE IN ADVANCED PHARMACOLOGY 

Anamika P. K., Hannah, Divya C, Naziya Kausar and Pavan MG 

98 – 106  

12.  IOT (INTERNET OF THINGS) BASED HEALTHCARE SYSTEM:  

A BREAKTHROUGH IN THERAPEUTICS 

Aparna Singh and Rohit Batra 

107 – 112  

13.  PHARMACEUTICAL BASED CYCLOHEPTA[B]INDOLES 

SCAFFOLDS 

Ezhumalai Yamuna, Kumaresan Prabakaran and  

Thirupathy Jayabalan 

113 – 120  

14.  AQUASOME: A SELF-ASSEMBLED NANO VESICLE   

Shivam Bhadauria and Simran Chaurasia 

121 – 129  

15.  OPPORTUNITIES AND CHALLENGES OF  

PERSONALISED MEDICINE 

Arunima Biswas 

130 – 137  

16.  SYNTHESIS, THERMAL BEHAVIOR AND ANTIMICROBIAL 

ACTIVITY OF POLYESTER BASED ON 2-(2-(NAPHTHALENE-

1-YL) ETHYL) MALONIC ACID 

Upendra Patel and Pradhuman Parmar 

138 – 148  

17.  SYNTHESIS, THERMAL BEHAVIOR AND ANTIMICROBIAL 

ACTIVITY OF POLYESTER BASED 5-

(CYCLOPENTANOYLAMINO) ISOPHTHALIC ACID 

Pradhuman Parmar and Upendra Patel 

149 – 158  

18.  A BRIEF OVERVIEW ON NANOROBOTS AND THEIR 

APPLICATIONS IN ADVANCED THERAPEUTICS 

Rohit Batra, Aparna Singh and Vinay Jain 

159 – 163  

 

 

 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 1  

COMPUTER-ASSISTED DRUG DESIGN: A FRESH STRATEGY FOR 

PHARMACEUTICAL RESEARCH AND DEVELOPMENT  

Abhishek Kumar*1, Ajit Kumar Varma1 and Shubham Tripathi2 

1Faculty of Pharmaceutical Sciences,  

Rama University, Nh-91 Mandhana, Bithoor Road, Kanpur, Uttar Pradesh 209217 

2Geeta Pharmacy College, Gomti Nagar, Lucknow 

*Corresponding author E-mail: abhiworld1997@gmail.com  

 

Abstract: 

The latest computer-aided drug design (CADD) strategies are looked at. In the drug 

discovery pipeline, CADD's job is to speed up the process of finding new lead compounds and 

optimizing their structures for the next set of pharmacological tests. The main directions in 

CADD are based on whether or not the three-dimensional structure of the target macromolecule 

has been found through experiments. Structure-based drug design is used if the structure of the 

space is known. In the other case, ligand-based drug design is used, a type of CADD that uses 

the structures of known ligands. The main goals of CADD and how they fit together are looked 

at. The main CADD methods of designing molecules from scratch and mining databases are 

explained. Some methods include molecular docking, de novo design, pharmacophore design, 

and structure-activity relationship models. CADD is talked about in new ways and from new 

points of view. 

Introduction: 

Disease selection, target selection, lead compound identification, lead optimisation, 

preclinical trial testing, clinical trial testing, and pharmacogenomic optimisation are the seven 

core processes in the drug discovery pipeline from idea to market. In practice, the last five 

criteria must always be met. Testing substances can come from plants, animals, or natural 

microbes or be made in a lab. Lack of activity or low activity, toxicity or carcinogenicity, 

difficulty to make, insufficient effectiveness, etc., may all lead to rejecting such compounds as 

uninteresting. Therefore, just one in a hundred thousand compounds that undergo research have a 

chance of making it to market. The average price of developing a new medication has increased 

to $800 million. Due to stringent governmental regulations on their realisation, it is quite 

improbable that the time and money spent on the final phases of drug testing would be reduced. 

As a result, the drug development process focuses primarily on the ligand discovery and 

optimisation phases (1). 

There has been a massive increase in the number of potential targets due to the extensive 

genome decoding of numerous animals, including man, proteomic investigations, discoveries of 

molecular processes of many diseases, and advancements in protein chemistry. Pharmacology is 

mailto:abhiworld1997@gmail.com
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currently in what has been termed a "target-rich lead-poor environment. Because of this, we can 

anticipate that pharmacology's greatest area of weakness shortly will be the search for new 

ligands for hitherto undiscovered targets. Recent decades have seen the development of a modern 

scientific discipline known as "rational pharmaceuticals design," which applies computational, 

bioinformatic, and experimental methods to drug discovery to locate novel ligands. Both 

experimental and computational approaches (computing-assisted drug design, or CADD) fall 

under the latter category. Combinatorial chemistry and high-throughput screening are the 

primary experimental approaches. Pharmacologically active chemicals are thought to exert their 

effects through interactions with their macromolecule targets, primarily proteins and nucleic 

acids. This is the premise upon which computational approaches to drug design are founded. 

Electrostatic force, hydrophobic contact, hydrogen bond formation, and the steric 

complementarity of interacting molecular surfaces are all critical aspects of such interactions. 

The analysis and prediction of molecular interactions rely heavily on these considerations (2). 

Medicines derived from plants and animals have been utilised by humans across cultures 

to both prevent and treat illness. Getting your hands on drugs to treat illness or improve your 

state of mind is almost as primal as looking for food and a safe place to sleep. Drugs derived 

from natural sources are highly prized, but synthetic organic chemistry and biotechnology 

developments have led to the development of the vast majority of today's pharmaceuticals. So, a 

drug is any substance, natural or manufactured, that is intended to change the structure or 

function of the body in some way related to its use in the diagnosis, cure, alleviation, treatment, 

or prevention of disease. Consequently, a drug is a substance that alters physiology (3). 

Structure-based drug design 

Computer-aided methodologies, including virtual screening and de novo design 

procedures, play an essential part in many of the group's rational drug design efforts. Dr Richard 

Bryce4, who heads the school's computational chemistry group, is working on these initiatives. 

In addition to molecular dynamics, solvation, hybrid QM/MM methods, and carbohydrate 

modelling, his team is developing novel computational approaches. Molecular mechanisms of 

ligand-target recognition can be studied at the atomic level by combining NMR spectroscopy 

with molecular spectroscopic techniques. Important contacts between the drug and target, which 

determine affinity and specificity, are described, as well as the region of the target and drug 

surfaces engaged in the interaction. High-field nuclear magnetic resonance structural study of 

DNA/RNA-ligand interactions is essential for elucidating structure-function relationships. Drug 

interaction prediction and new treatments’ development rely on this data. 
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For instance, the group can examine the conformations of bound ribosomal macrolide 

antibiotics5. Moreover, the group has investigated the specifics of ligand binding to the minor 

groove of DNA using fluorescent dyes like Hoechst 33258 and transfer RNA. The group also 

used NMR techniques to investigate protein-ligand interactions. The institution possesses 

equipment with a frequency range of 300 MHz, while the group has access to high-field 

instruments with a frequency range of 500 MHz located in the Chemistry Department. The team 

works closely with Professor Gareth Morris, a pioneer developing several cutting-edge NMR 

techniques to apply cutting-edge methods to pressing biological issues (4). 

A role for bioinformatics in data-driven drug development 

The National Institutes of Health (NIH) launched the Biomedical Information Science 

and Technology Initiative (BISTI) a few years ago to assess the current level of bioinformatics in 

the country. Bioinformatics was defined as a tool for use in biomedical research by BISTI, 

namely in drug discovery and development initiatives. Bioinformatics was once considered a 

promising new area that could revolutionise drug discovery, development, and 

commercialisation. 

Computer-aided drug design (CADD) simulates the interactions between drugs and their 

receptors as a subfield of computational biology. Bioinformatics relies mainly on the 

infrastructure provided by IT, which includes Information Management, software applications, 

databases, and computing resources. On the scientific side, bioinformatics approaches are widely 

employed in molecular biology, genomics, proteomics, and other new disciplines (i.e., 

metabolomics, transcriptomics), as well as CADD study (5). 

 

A small history of computer-assisted drugs 

 In the 1960s, a review of how the drug affected the target 

Bioinformatics

Molecular 
Biology

Information 
Technology

Application 
Database

CADD

Genomics
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 In the 1980s: High-throughput drug and target selection 

 Information technology databases from the 1980s: combinatorial libraries 

 Fast computers in the 1980s: Docking 

 The 1990s: Genome assembly and choosing targets based on genomics 

 The 2000s: Handling much information: pharmacogenomics 

Computer-aided drug design and drug pharmacokinetic prediction 

It is hard to predict pharmacokinetics and drug targeting when making a drug. Many 

kinds of software can be used to guess a medicine's pharmacokinetic profile. QSAR modelling is 

used to come up with cost-effective ways to make medicines. Docking technologies can predict 

how a drug and its active ingredient will interact. With the help of computerised drug target 

prediction and docking tools, you can figure out how the chemical should be placed on the active 

site of the receptor and what side effects it might cause. Drug release and distribution in the 

blood and central nervous system can be predicted better if you know how the drug is absorbed, 

moves through the body, is broken down, and leaves the body (CNS). Computer-aided drug 

design and delivery can speed up and lower the cost of the process of making medicines that 

work well (6). 

Drug admet and pharmacokinetics 

Setting up an in-silico model for ADMET research is crucial because doing so manually 

is risky and time-consuming. The ADMET criteria for new pharmacological compounds must be 

suitable. Two of the most crucial ADMET characteristics are the human intestinal absorption 

(HIA) and the blood-brain barrier (BBB) fraction. The use of simulator software, like Discovery 

Studio, allows for the calculation of HIA and BBB. ADMET predictors like PreADMET 

(https://PreADMET.bmdrc.Kr/) are available online and for no cost. This program allows for 

predicting HIA, BBB, and other pharmacokinetic parameters. Since pharmacological and 

toxicological investigations are costly, the approach used to determine HIA and BBB is based on 

epidemiological studies. 

Formulation projections 

The pharmaceutical business is rapidly developing new areas, including formulating 

pharmaceuticals into nanoparticulate systems, including liposomes, micelles, and dendrimers. 

Whether a medicine successfully enters nanoparticles can be predicted in some cases. Predictions 

can also be made regarding how drug payloads will with the polymers employed in the delivery 

mechanism. These forecasts can be quickly executed in docking software. MGL tools, Auto dock 

Vina, and Argus lab are a few examples of docking programs used for the tasks. Above all, the 

molecular dynamics approach and other docking algorithms are worth mentioning. Though 
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molecular docking has proven effective in developing targeted drug delivery systems, the 

associated procedures and research on macromolecules are challenging, time-consuming, and 

prone to error. The molecular dynamic algorithm can mimic many environmental conditions and 

the motion of thousands of atoms. In large systems, however, molecular dynamics can only 

simulate for a nano-second at a time. 

Gastrointestinal absorption 

ADMET is one sort of software that can be used to quantify HIA. An integral part of any 

formulation's characterisation is its release profile. A zero-order kinetic model best describes a 

formulation's desired drug release profile. However, different formulations have distinct patterns 

of drug release. 

Prediction of targets 

It's crucial to understand which receptors the medicine binds to after it's been absorbed 

through the gastrointestinal tract. The drug's intended target(s) can be predicted using online 

servers—at least one of them (see http://59.78.96.61/pharmmapper/help.php). SWISS target 

prediction (http://www.swisstargetprediction.ch/?) is the second piece of online software worth 

checking out. Drugs' effects on liver microsomal enzymes can be anticipated with the help of this 

program. Once drug targets have been predicted, docking software can be used to determine how 

the drug will fit into the receptor's active site. Consideration of the toxicological characteristics 

of potential drug candidates is also crucial. Predicting the toxic dose of a drug in a computer 

reduces the time and money spent on developing new medicines. ProTox (accessible at 

http://tox.charite.de/) is a full service for predicting the hazardous dose of compounds. Data on 

the compounds’ toxicological effects on animals is stored in an internal database accessible via 

this server. 

Blood and CNS concentration 

Once medication absorption is estimated, blood concentration can be estimated using 

only blood volume as a variable (5.5 to 6 litres). PreADMET is yet another source for obtaining 

BBB. The software can determine what proportion of the drug is bound to proteins in the plasma. 

Once this is done, calculating the drug's concentration in the central nervous system at various 

times is straightforward. 

Volume of distribution 

The theoretical volume that dilutes the medication to a concentration equal to the plasma 

concentration is the volume of distribution (Vd). Vd is initially determined by observing animals, 

and only then is it applied to humans. The volume of distribution (Vd) is traditionally estimated 

using the elimination rate (Kel) in the equation Cl/Kel. However, recent techniques have 

reported a link between molecular structure and pharmacokinetic parameters. Equations are used 

to determine the volume of distribution (Vd), the systemic clearance (Cl), and the hepatic 

clearance (Ch) of medicines with a quaternary ammonium component.  
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 (logVd=1/ (359(logP)- 10.7 +1.45), Vd for quaternary ammonium 

 logCl=1/ (20.4(logP)-4.48 +1.16) Cl for quaternary ammonium 

 logCh=1 (23.9(logP)-9.72+0.365) logVd Ch for quaternary ammonium 

An online tutorial for explaining the concept of computer-aided drug design to the public 

The invention of new pharmaceuticals can pique the interest of a large audience and offer 

a unique window into the fields of chemistry and biochemistry because of the profound effect 

they can have on people's lives. It is possible to think of the process of designing new medicines 

as a multi-stage, iterative optimisation of several factors. Indeed, it is critical to learn that 

medication is typically an efficient ligand for a protein of therapeutic relevance and that these 

compounds need to have drug-like features. Using bioinformatics and computer-aided drug 

creation is crucial in overcoming these many obstacles. Drug Design Workshop is an open-

source, web-based learning platform that teaches the fundamentals of drug design and gives 

anybody access to the computational methods and resources necessary to create and assess 

compounds for their therapeutic potential. Anti-inflammatory compounds and medications for 

immunotherapy or targeted cancer therapy are three examples of drug design targets that we 

present to help instructors introduce the various concepts straightforwardly linked to drug 

development. Over 1,500 attendees have participated in the workshop since it began in 2015. 

Input from high school instructors and students (15–19 years old) was used to improve the site 

(7). 

Examples of molecular modeling and computer-aided drug design in medical chemistry 

One of the most challenging tasks in the pharmaceutical industry is the creation of novel 

medications with therapeutic potential. New therapeutic agents are researched and developed at 

the cost of millions of dollars and thousands of person-hours. For ages, rational drug design has 

been an unattainable utopia since the activity of a medication is the result of several aspects, 

including bioavailability, toxicity, and metabolism. Incredible recent scientific developments in 

fields like the structural characterisation of biomacromolecules, computing, and molecular 

biology have made rational drug design a reality. 

This chapter's goal is to give an overview of research in medicinal chemistry that shows 

how molecular modelling has helped scientists find new medicines. Much attention will be paid 

to getting leads and improving conversion rates (8). 

Development of anti-drug alzheimer's using CADD for that disease 

In the brain, amyloid plaques build up over time, leading to the neurodegenerative illness 

known as Alzheimer's (AD). Produced by amyloid precursor protein (APP) processing by the a-, 

b-, and g-secretases, the pathogenic characteristics mainly consist of extracellular amyloid 
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plaques and intracellular neurofibrillary tangles. Many computationally developed amyloid-b 

drugs and secretase inhibitors against AD are based on the amyloid cascade hypothesis of the 

disease. Recent advancements in the development of amyloid drugs for AD therapy and 

diagnosis utilising the Computer-Aided Drug Design technique are discussed, along with the 

pathophysiology of AD and the structure of the Ab plaques and g-secretases (9). 

The use of computers in the development of epigenetic drugs 

Several diseases, including cancer, have been linked to problems with epigenetics. This 

shows that pharmacological treatments could be helpful in this area. With the fast growth of 

computational methods and high-performance computing resources, computer-aided drug design 

has become a helpful way to speed up the process of finding epigenetic drugs. This review looks 

at the most important computational methods successfully used to design and find epi-drugs and 

epi-probes. These include draggability prediction, virtual screening, homology modelling, 

scaffold hopping, pharmacophore modelling, molecular dynamics simulations, quantum 

chemistry calculations, and 3D quantitative structure-activity relationship. Finally, we discuss 

the main problems with current virtual drug design methods for finding drugs based on 

epigenetics and what might happen in this area in the future (4). 

Relaxed complex scheme: a methods improvement for receptor flexibility in computer-

aided drug design 

Molecular recognition is already a complicated process, and the interactions between 

(macro) molecules are constantly changing, making it even more so. Even though computational 

drug design has made much progress in considering ligand flexibility, it is still tough to consider 

receptor flexibility. The relaxed complex scheme (RCS) is a promising computational method 

that explicitly considers the flexibility of both the receptor and the docked ligands. It combines 

the benefits of docking algorithms with the dynamic structural information provided by 

molecular dynamics (MD) simulations. Here, we give a brief overview of the RCS and talk about 

recent changes and additions to this method in the context of ligand binding to kinetoplast RNA 

editing ligase one and the W191G cavity mutant of cytochrome c peroxidase, which are used as 

examples. The RCS has been improved by adding virtual screening, better characterising local 

and global binding effects, and limiting the receptor ensemble to a representative set of 

configurations to make computing faster. We also quickly go over the current limits for a correct 

assessment of the solvent contributions and how the choice of receptor ensemble affects the 

ability of RCS to predict. Lastly, we suggest a few changes to how things are done to help things 

move forward (10). 

The use of computers in the development of medicines for neurodegenerative disorders 

Millions of people worldwide suffer from neurodegenerative diseases (NDs) like 

Alzheimer's, Parkinson's, ALS, and Huntington's, all of which are incurable. There is a 

significant global research challenge in developing solutions for this unmet therapeutic need. By 
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lowering the potential number of ligands to be screened in biological assays, computer-aided 

drug design (CADD) techniques help speed up the discovery and development of new 

therapeutics while saving money and time. We introduce CADD and state of art in molecular 

docking research for NDs. We update the previous summary of therapeutic targets for different 

NDs and discuss some of these methods' pros and cons (11).  

Current developments in computer-aided drug design 

System biology, proteomics, molecular biology, bioinformatics, and materials science 

can all benefit from the extensive molecular simulation repertory made possible by the constant 

progress of molecular biology and information technology. Using computational methods such 

as protein structure modelling, docking, binding site prediction, quantitative structure-activity 

relationship (QSAR), and molecular dynamics simulation, we want to introduce recent advances 

in drug design. Current docking concerns, such as protein structural accuracy and protein-ligand 

interaction, are also briefly covered. Possible solutions to these problems are detailed, including 

weight formulae and regulations and a novel idea of flexibility (12). 

Advantages of computer-aided drug design 

 The time and money spent evaluating synthetic and biological components can be reduced 

with its help. 

 It provides the most promising therapeutic candidate by using in silico filters to weed out 

molecules with negative characteristics (low effectiveness, weak ADMET, etc.). 

 It's a fast, simple, and fully automated procedure that saves money and time. 

 It allows us to learn about the structure of drug-receptor interactions. 

 Compared to conventional high throughput screening, this method yields compounds with 

higher hit rates by searching through massive libraries of compounds in silico. 

 These methods make failures in the last stage e less likely to occur. 

Conclusion and future aspects: 

Computer-aided drug design has revolutionised the drug discovery and development 

industry as a cost-effective method of identifying the most promising therapeutic candidate. 

There's always room for improvement in drug discovery, which keeps people optimistic. Many 

outstanding forms of research have been accomplished in recent years thanks to Computer-aided 

drug design. Therefore, it will play an essential role very soon. The current progress in computer-

aided drug design bodes well for its future use in facilitating the development of many more 

effective drugs. 
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Abstract: 

The therapeutically active phytoconstituents are famous for their therapeutic potential. 

The hepatoprotective, antimicrobial, neuroprotective, antitumor, antioxidant, skin protective 

potentials are major therapeutic potentials of herbal drugs. However, poor stability, 

bioavailability and solubilty are major contrains in delivery of herb based drugs. A promising 

solution to these problems is use of phospholipid based nanovesicles. Phospholipid-based novel 

nanovesicles like transfersomes, glycerosomes, hyalurosomes, glycethosomes, ufasomes and 

discosomes were utilised to solve drawbacks associated with conventional delivery of 

phytoconstituents. Thus phospholipid based novel nanovesicles is attractive avenue for herbal 

drug delivery.  

Keywords: Herbal novel drug delivery systems, Phospholipid nanovesicles, Transfersomes, 

Glycerosomes, Hyalurosomes, Discosomes, Ufasomes 

Introduction: 

The plant-derived therapeutically active chemical constituents have been used to treat and 

manage diseases since ancient times (Musthaba et al., 2009). Ancient Indians have reported the 

therapeutic efficacy of many herbs and herbal constituents in many traditional literatures. The 

ancient Indian technique of medicine, i.e. Ayurveda, has been accepted by the whole world for 

effective treatment of many diseases. The herbal medicines used nowadays are designed using 

isolated phytoconstituents from plants. The novel therapeutically active molecules were designed 

using lead molecules isolated from the plant (Chanchal et al., 2008).  

However therapeutic efficacy of some herb-based constituents is limited due to various 

unacceptable physicochemical properties like poor solubility, stability in biological fluid 

permeability across various stratum corneum and oral bioavailability. ssNumerous scientific 

experts have utilised novel drug delivery systems to minimise constraints associate with herb 

herb-based constituents (Goyal et al., 2011). 
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Novel drug delivery systems in the herbal drug delivery have been inquired to enhance 

skin permeability, stability, and consequently bioavailability of herb-based constituents. A 

number of nanovesicles like ethosomes, (Abdulbaqi et al., 2016) glycerosomes, (Manconi et al., 

2018) santosomes, (Apolinário et al., 2021) glycethosomes, (Pleguezuelos-villa et al., 2019) as 

well, as hyalurosomes (Manca et al., 2019) were effectively used for efficient delivery of herb-

based phytoconstituents (Bonifácio et al., 2014).  

The use of phospholipid based novel nanovesicles is the most viable drug delivery 

technique because they offer various advantages like improved solubility, skin permeability, in 

vivo stability, bioavailability and consequently the therapeutic activity of the herbal drug 

(Sansare et al., 2021)(Yan et al., 2019).  

Thus, the present concise review has been prepared to highlight the use of phospholipid-

based novel nanovesicles for the delivery of herbal constituents.  

Phospholipid based novel nanovesicles  

The novel formulations provide advantages over conventional drug delivery systems of 

active phytoconstituents, such as overall enhancement in pharmacological activities, solubility, 

bioavailability, and in vivo stability with sminimised side effects (Bonifácio et al., 2014). The 

novel nanovesicles made from phospholipid sutilised for efficient delivery of phytoactive are 

represented below.  

 

Figure 1: Diagrammatic representation of ethosomes and transfersomes 

 

Transfersomes 

Transfersomes are patented phospholipid nanovesicular systems investigated to enhance 

skin permeation of phytoactive. (Benson, 2006) These are elastic bundles of lipid having 

phospholipid bilayer with edge activator (Fig. 1). Single chain surfactant molecules are used as 

edge activators in transfersomes. The significant outcomes of transfer some vesicles based herbal 

active delivery are represented in Table 1.   

These novel phospholipid based nanovesicles are more flexible than conventional 

liposomes. The more flexible nature of these vesicles possibly enhanced their ability to penetrate 
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across skin barrier layers (Benson, 2006). Edge activators played a crucial role in enhancing 

permeation across skin b generating transepidermal osmotic gradient across skin layers. The 

transepidermal osmotic gradient enhances the skin permeation ability of transfersomes.  

Many scientific investigators have attempted to encapsulate herbal constituents in 

transfersomes. Kaur and Saraf (2011) formulated Curcuma longa extract encapsulated 

transfersomes to enhance skin permeation of curcumin. Transfersomes enhanced sebum content 

and skin hydration of skin thus can be effectively used as a sun protective.  

Table 1: Literature relating encapsulation of phytoconstituents in transfersomes 

Sr. No. Plants/constituents Major outcome of transfersomes 

delivery 

Reference 

1 Curcuma longa 

extract 

Potentiate skin hydration  (Kaur and Saraf, 2011) 

2 Camellia sinensis   Enhanced antioxidant activity and 

skin permeability of extract  

(Ramadon et al., 2018) 

3 Dromaius 

novaehollandiae oil 

Improved skin permeation  (Sundralingam et al., 

2020) 

4 Capsaicin Enhanced antiarthritic activity (Sarwa et al., 2014) 

5 Epigallocatechin-3-

gallate  

Enhanced antioxidant potential in 

HaCaT cell 

(Avadhani et al., 2017) 

6 Tocopherol Potentiate protective of HaCaT cell 

against hydrogen peroxide 

(Caddeo et al., 2018) 

7 Resveratrol Improved solubility and 

bioavailability 

(Wu et al., 2019) 

8 Emodin Enhanced reduction of body weight 

and fat animal   

(Lu et al., 2014) 

 

Green tea is famous for its antioxidant activity. Ramadon et al. (2018) engineered green 

tea extract encapsulated transfersomes. The authors reported enhanced skin permeability of 

extract on its loading in transfersomal nanovesicles. Capsicum fruits have been traditionally used 

in spices. In addition to this, the principal constituent of capsicum fruits, i.e. capsaicin, have anti-

inflammatory potential.  

The transfersomal nanovesicle to improve skin permeability of capsaicin was used by 

Sarwa et al. (2014). The capsaicin encapsulated transfersomes were formulated using the thin 

film hydration method. The carrageenan-induced rat paw edema animal model evaluated the 
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anti-inflammatory potential of the developed transfersomal system. The phytoactive loaded 

transfersomes exhibited enhanced anti-inflammatory activity with reduction of paw edema than 

free phytoactive.  

Epigallocatechin-3-gallate (EGCG) encapsulated transfersomes (Avadhani et al., 2017). 

EGCG is an antioxidant constituent present in green tea. Transfersomes exhibited enhanced 

permeation of EGCG across rat skin. Caddeo et al. (2018) attempted to encapsulate tocopherol in 

transfersomes. Tocopherol loaded transfersomes exhibited enhanced HaCaT cells' protection 

against oxidative stress induced by hydrogen peroxide. Wu et al. (2019) formulated resveratrol 

loaded transfersomes. Transfersomes were successful in enhancing skin permeability of 

resveratrol across the skin.  

Lu et al. (2014) loaded emodin in transfersomes. Emodin is a well-known constituent of 

buckthorn and rhubarb. It can inhibit lipid peroxidation thus can sminimise obesity. Emodin 

encapsulated transfersomes enhanced weight reduction and obesity parameters in animal models.  

The strong evidence from the above studies reflect the efficacy of transfersomes as novel 

phospholipid based carriers for delivery of herb-based constituents.  

Glycerosomes and glycethosomes 

The novel phospholipid nanovesicles, i.e. glycerosomes were successfully developed in 

2012. These are novel phospholipid vesicles made from phospholipid and glycerol (Gupta et al., 

2020).  

Structurally these are phospholipid vesicles surface modified with glycerol. The polar 

glycerol molecules interact with the polar groups of the skin lipid bilayer and enhance the skin 

permeation of glycerosomes (Salem et al., 2018).  

Numerous research personnel attempted structural change in glycerosomes in order to 

enhance skin permeation. The successful outcome of these investigations is emergence of novel 

nanovesicular system, i.e. glycethosomes. These are phospholipid nanovesicles made from 

mixture of phospholipid, glycerol and ethanol (Fig. 2).  

The skin permeation ability of these vesicles is more than glycerosomes due to the 

presence of glycerol and ethanol. Many scientific experts have sutilised these vesicles to enhance 

the skin permeation of phytoconstituents.  

Moolakkadath et al. (2020) engineered fisetin encapsulated glycerosomes. Fisetin 

antioxidant phytoconstituent found in fruits. The fisetin loaded glycerosomes exhibited 

significantly better permeation across rat skin.  

Paeoniflorin is an anti-inflammatory phytoconstituent isolated from the root of Paeonia 

lactiflora. It has the potential to manage rheumatoid arthritis pain. However, the oral 

bioavailability of this phytoconstituent is very low, which limits its clinical use. Zhang et al. 

(2017) loaded paeoniflorin in glycerosomes. The glycerosomes enhanced permeation of 

paeoniflorin across rat abdominal skin.  
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Figure 2: Diagrammatic representation of glycerosomes and hyalurosomes 

 

Manconi et al. (2018) formulated Thymus capitatus oil encapsulated glycerosomes and 

evaluated its wound healing activity. Essential oils obtained from Thymus capitatus antioxidant 

as well as wound healing potentials. The formulated glycerosomes showed reduced wound width 

with improved proliferation and migration of keratinocytes.  

Mangiferin is a free radical scavenging phytoactive isolated from Mangifera indica. 

Pleguezuelos Villa, et al. (2019) encapsulated mangiferin in nanoglycethosomes. The formulated 

nanoglycethosomes exhibited a significantly better reduction of tetradecanoylphorbol-13-acetate 

(TPA) TPA-induced ulceration as well as oedema in an animal model. Thus glycethosomes 

could be prominent alternative phospholipid novel nanovesicles to improve skin permeability 

and therapeutic potential of phytoconstituent. 

Hyalurosomes 

These are phospholipid based novel vesicular system composed of phospholipid and 

hyaluronic acid (Fig. 2). In a simple way, these are drug-loaded phospholipid vesicles surface 

modified with hyaluronic acid (Broom et al., 2020). Hyaluronic acid is a natural polymer having 

radical scavenging activity. Hyalurosomes are more physically stable than conventional 

liposomes; thus possibly sminimise limitations associated with conventional liposomes.  

Manca et al. (2019) formulated curcumin loaded hyalurosomes which showed significant 

downregulation of anti-apoptotic protein in rheumatoid arthritis-formed synovial cells. Guo et al. 

(2018) formulated curcumin and resveratrol co-loaded hyalurosomes. The phytoactives 

encapsulated hyalurosomes significant better reduction of DPPH (1,1-diphenyl-2-picrylhydrazyl) 

radical with controlled release. Thus hyalurosomes could be a promising novel carrier for the 

effective delivery of antioxidant herbal constituents. Castangia et al. (2016) designed 

phycocyanin loaded hyalurosomes. Phycocyanin is constituent isolated from Spirulina algae. 

Human keratinocytes cells injured by H2O2 was used to assess the antioxidant effect of 
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formulated vesicles. Hyalurosomes exhibited a greater protective effect in H2O2 injured 

keratinocytes cells.  

Ufasomes 

 

Figure 3: Diagrammatic representation of discosomes and ufasomes 

 

Gebicki and Hicks first time proposed ufasomes in 1973. These are bilayered vesicular 

systems made using unsaturated fatty acids. Fatty acids are long chain molecules with long 

hydrocarbon chain and ionizable carboxylic acid functional group. In aqueous medium, the 

carboxylic acid functional group of fatty acid ionize by loss of proton and arrange in the form of 

vesicles. The ionized polar functional group of fatty acid orient towards aqueous medium 

whereas long hydrocarbon chain orient away from water results in formation of bilayer vesicles.  

The unsaturated fatty acids like oleic acid and linoleic acid can be used for preparation of 

ufasomes. The biocompatibility, better bioavailability of encapsulated drugs, ease of 

encapsulation of both polar and non-polar drugs as well as ease of preparation are few 

advantages of ufasomes (Cristiano et al., 2021). 

Discosomes  

These are bilayered, disc shaped vesicles formed by non-ionic surfactants. Discosomes 

can entrap drug molecules with a broad range of solubility. Surfactants are ampiphilic molecules 

having both polar and non-polar functional groups.  In aqueous medium, the surfactant organized 

in the form of bilayer where, polar head of surfactant orient towards water and non-polar tail 

orient away from water results in formation of vesicles. The center core of the discosome is 

aqueous where hydrophilic drugs are entrap. The bilayer of discosomes is non-polar in nature 

because of presence of non-polar tails. Thus lipophilic drugs can encapsulate in non-polar bilayer 

of discosomes (Jose et al., 2021). 

Conclusion: 

The constituents isolated from plants have better therapeutic properties with minimal 

toxic effects. These active constituents' therapeutic potential can be enhanced by applying novel 

drug delivery technologies. In recent years, natural and synthetic phospholipids have been used 

by many scientific experts for the efficient delivery of herbal actives. The phospholipid based 
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novel vesicles like ethosomes, hyalurosomes, glycerosomes, glycethosomes and transfersomes 

have been used by many scientific experts to sminimise limitations associated with conventional 

delivery of phytoactive. These vesicular systems enhance solubility, skin permeability, 

bioavailability and consequently the therapeutic potential of herbal drugs. Thus, phospholipid-

based novel vesicles could be a viable and promising alternative drug delivery system to enhance 

the therapeutic potential of phytoactive.  

References: 

1. Abdulbaqi, I.M., Darwis, Y., Khan, N.A., Assi, R.A., Khan, A., 2016. Ethosomal 

nanocarriers : the impact of constituents and formulation techniques on ethosomal properties 

, in vivo studies , and clinical trials. Int. J. Nanomedicine 11, 2279–2304. 

https://doi.org/http://dx.doi.org/10.2147/IJN.S105016 

2. Apolinário, A., Hauschke, L., Nunes, J., Lopes, L., 2021. Lipid nanovesicles for biomedical 

applications: ‘What is in a name’? Prog. Lipid Res. 82, 101096. 

https://doi.org/https://doi.org/10.1016/j.plipres.2021.101096 

3. Avadhani, K.S., Manikkath, J., Tiwari, M., Godavarthi, A., Vidya, S.M., Raghu, C., Kalthur, 

G., Udupa, N., Avadhani, K.S., Manikkath, J., Tiwari, M., Chandrasekhar, M., Godavarthi, 

A., 2017. Skin delivery of epigallocatechin-3-gallate ( EGCG ) and hyaluronic acid loaded 

nano-transfersomes for antioxidant and anti-aging effects in UV radiation induced skin 

damage loaded nano-transfersomes for antioxidant and anti-aging effects. Drug Deliv. 24, 

61–74. https://doi.org/http://dx.doi.org/10.1080/10717544.2016.1228718 

4. Benson, H.A.E., 2006. Transfersomes for transdermal drug delivery. Expert Opin. Drug 

Deliv 727–737. https://doi.org/10.1517/17425247.3.6.727 

5. Bonifácio, B., Bento da Silva, P., Aparecido dos, M., Ramos, S., Negri, S., Bauab, T., 

Chorilli, M., 2014. Nanotechnology-based drug delivery systems and herbal medicines : a 

review. Int. J. Nanomedicine 9, 1–15. https://doi.org/http://dx.doi.org/10.2147/IJN.S52634 

6. Broom, S., Dressings, H., Abruzzo, A., Cappadone, C., Farruggia, G., Luppi, B., Bigucci, F., 

Cerchiara, T., 2020. Glycyrrhetinic Acid Liposomes and Hyalurosomes on Spanish Broom, 

Flax, and Hemp Dressings to Heal Skin Wounds. Molecules 25, 2558. 

https://doi.org/10.3390/molecules25112558 

7. Caddeo, C., Letizia, M., Esteban, J., Usach, I., Diez-sales, O., 2018. Tocopherol-loaded 

transfersomes : In vitro antioxidant activity and efficacy in skin regeneration Tocopherol-

loaded transfersomes : In vitro antioxidant activity and e ffi cacy in skin regeneration. Int. J. 

Pharm. 551, 34–41. https://doi.org/https://doi.org/10.1016/j.ijpharm.2018.09.009 

8. Castangia, I., Manca, M.L., Catalán-Latorre, A., Maccioni, A.M., Fadda, A.M., Manconi, 

M., 2016. Phycocyanin-encapsulating hyalurosomes as carrier for skin delivery and 

protection from oxidative stress damage. J. Mater. Sci. Mater. Med. 27, 75. 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 17  

https://doi.org/10.1007/s10856-016-5687-4 

9. Chanchal, D., Pharm, M., Swarnlata, S., Pharm, M., 2008. Novel approaches in herbal 

cosmetics. J. Cosmet. Dermatol. 7, 89–95. 

10. Cristiano, M.C., Froiio, F., Mancuso, A., Cosco, D., Dini, L., Marzio, L. Di, Fresta, M., 

Paolino, D., 2021. Oleuropein-laded ufasomes improve the nutraceutical efficacy. 

Nanomaterials 11, 1–16. https://doi.org/10.3390/nano11010105 

11. Goyal, A., Kumar, S., Nagpal, M., Singh, I., Arora, S., 2011. Potential of Novel Drug 

Delivery Systems for Herbal Drugs. Indian J. Pharm. Educ. Res. 45, 225–235. 

12. Guo, C., Yin, J., Chen, D., 2018. Co-encapsulation of curcumin and resveratrol into novel 

nutraceutical hyalurosomes nano-food delivery system based on oligo-hyaluronic acid-

curcumin polymer. Carbohydr. Polym. 181, 1033–1037. 

https://doi.org/10.1016/j.carbpol.2017.11.046 

13. Gupta, P., Mazumder, R., Padhi, S., 2020. Glycerosomes: Advanced liposomal drug delivery 

system. Indian J. Pharm. Sci. 82, 385–397. https://doi.org/10.36468/pharmaceutical-

sciences.661 

14. Jose, A.M., Lakshmi, V.U., Gayathri, S., Nair, S.C., 2021. Discosomes: A futuristic 

upheaval in vesicular drug delivery. Int. J. Appl. Pharm. 13, 41–46. 

https://doi.org/10.22159/ijap.2021v13i6.42008 

15. Kaur, C.D., Saraf, S., 2011. Topical vesicular formulations of Curcuma longa extract on 

recuperating the ultraviolet radiation – damaged skin. J. Cosmet. Dermatol. 10, 260–265. 

16. Lu, K., Xie, S., Han, S., Zhang, J., Chang, X., Chao, J., Huang, Q., Yuan, Q., Lin, H., Xu, 

L., Shen, C., Tan, M., Qu, S., Wang, C., Song, X., 2014. Preparation of a nano emodin 

transfersome and study on its anti-obesity mechanism in adipose tissue of diet-induced obese 

rats. J. Transl. Med. 12, 72. https://doi.org/10.1186/1479-5876-12-72 

17. Manca, M.L., Lattuada, D., Valenti, D., Marelli, O., Corradini, C., Fernàndez-Busquets, X., 

Zaru, M., Maccioni, A.M., Fadda, A.M., Manconi, M., 2019. Potential therapeutic effect of 

curcumin loaded hyalurosomes against inflammatory and oxidative processes involved in 

the pathogenesis of rheumatoid arthritis: The use of fibroblast-like synovial cells cultured in 

synovial fluid. Eur. J. Pharm. Biopharm. 136, 84–92. 

https://doi.org/10.1016/j.ejpb.2019.01.012 

18. Manconi, M., Petretto, G., Guy, D., Escribano, E., Milia, E., Maria, A., Caddeo, C., Letizia, 

M., 2018. Thymus essential oil extraction , characterization and incorporation in 

phospholipid vesicles for the antioxidant / antibacterial treatment of oral cavity diseases. 

Colloids Surfaces B Biointerfaces 171, 115–122. 

https://doi.org/10.1016/j.colsurfb.2018.07.021 

19. Moolakkadath, T., Aqil, M., Ahad, A., Sarim, S., Praveen, A., Sultana, Y., Mujeeb, M., 

2020. Preparation and optimization of fi setin loaded glycerol based soft nanovesicles by 

Box-Behnken design. Int. J. Pharm. 578, 119125. 

https://doi.org/10.1016/j.ijpharm.2020.119125 



Bhumi Publishing, India 

18 
 
 

 

20. Musthaba, S.M., Baboota, S., Ahmed, S., Ahuja, A., Ali, J., 2009. Status of novel drug 

delivery technology for phytotherapeutics. Expert Opin. Drug Deliv 6, 625–638. 

21. Pleguezuelos-villa, M., Diez-sales, O., Letizia, M., Manconi, M., Ruiz, A., Escribano-ferrer, 

E., Nácher, A., 2019. Mangiferin glycethosomes as a new potential adjuvant for the 

treatment of psoriasis. Int. J. Pharm. 573, 118844. 

https://doi.org/10.1016/j.ijpharm.2019.118844 

22. Ramadon, D., Harme, M., Anwar, E., 2018. Formulation of Transfersomal Green Tea ( 

Camellia sinensis L . Kuntze ) Leaves Extract Cream and in vitro Penetration Study Using 

Franz Diffussion Cell. J. Young Pharm. 10. https://doi.org/10.5530/jyp.2018.2s.12 

23. Salem, H.F., Kharshoum, R.M., Sayed, O.M., Abdel Hakim, L.F., 2018. Formulation design 

and optimization of novel soft glycerosomes for enhanced topical delivery of celecoxib and 

cupferron by Box–Behnken statistical design. Drug Dev. Ind. Pharm. 44, 1871–1884. 

https://doi.org/10.1080/03639045.2018.1504963 

24. Sansare, V., Gupta, M.K., Shrivastava, B., Jadhav, S., Gurav, P., 2021. Comprehensive 

review on use of phospholipid based vesicles for phytoactive delivery. J. Liposome Res. 

https://doi.org/10.1080/08982104.2021.1968430 

25. Sarwa, K.K., Mazumder, B., Rudrapal, M., Verma, V.K., 2014. Potential of capsaicin-

loaded transfersomes in arthritic rats. Drug Deliv. 22, 638–646. 

https://doi.org/10.3109/10717544.2013.871601 

26. Sundralingam, U., Chakravarthi, S., Radhakrishnan, A.K., 2020. E ffi cacy of Emu Oil 

Transfersomes for Local Transdermal Delivery of 4-OH Tamoxifen in the Treatment of 

Breast Cancer. Pharmaceutics 12, 807. https://doi.org/10.3390/pharmaceutics12090807 

27. Wu, P., Li, Y., Kuo, Y., Tsai, S.J., Lin, C., 2019. Preparation and Evaluation of Novel 

Transfersomes Combined with the Natural Antioxidant Resveratrol. Molecules 24, 600. 

https://doi.org/10.3390/molecules24030600 

28. Yan, W., Leung, S.S.Y., To, K.K.W., 2019. Updates on the use of liposomes for active 

tumor targeting in cancer therapy. Nanomedicine 15, 303–318. 

29. Zhang, K., Zhang, Y., Li, Z., Li, N., Feng, N., 2017. Essential oil-mediated glycerosomes 

increase transdermal paeoniflorin delivery : optimization , characterization , and evaluation 

in vitro and in vivo. Int. J. Nanomedicine 12, 3521–3532. 

https://doi.org/http://dx.doi.org/10.2147/IJN.S135749. 

 

 

 

 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 19  

VALIDATION, QUANTIFICATION AND STRESS DEGRADATION STUDIES OF 

AFATINIB DIMALEATE IN BULK DRUG AND PHARMACEUTICAL DOSAGE 

FORMS USING ULTRA-PERFORMANCE LIQUID CHROMATOGRAPHY 

Jahnavi Bandla*1 and Ashok Gorja2 

1Department of Pharmaceutical Analysis and QA, Faculty of Pharmacy,  

Vishnu Institute of Pharmaceutical Education and Research,  

Narsapur-502313, Medak, Telangana, India  

2Department of Pharmaceutical Analysis and QA, Faculty of Pharmacy,  

Gokaraju Rangaraju College of Pharmacy, Bachupally-500090, Hyderabad, Telangana, India 

*Corresponding author E-mail: jahnavi.bandla@gmail.com 

 

Abstract: 

The aim of the present study is to develop and validate a stability indicating method for 

the estimation of afatinib dimaleate in bulk and pharmaceutical dosage form using ultra-

performance liquid chromatography (UPLC). The drug was eluted by using acquity UPLC 

waters C18 (150mm x 2.1mm, 1.7) column with mobile phase consisting of 0.01N potassium 

dihydrogen orthophosphate and acetonitrile in the ratio 50:50%v/v run on isocratic mode at a 

flow rate of 0.3ml/min. The column oven temperature was maintained at 30ºC. The drug, afatinib 

was detected at 250nm. The retention time for afatinib was found to be 1.3min. The developed 

method was validated in accordance to international conference on harmonization (ICH) 

guidelines. The method obeyed Beer’s law in the concentration range of 10µg/ml – 60µg/ml with 

correlation coefficient of 0.9997. The % Relative Standard Deviation (RSD) and % recovery 

were found to be 0.4 and 99.70% - 100.27% respectively. The method was found to be rugged, 

robust and stable in solution. When drug was exposed to various stress conditions, it was found 

to be stable as net degradation was within the limits. The developed method can be used for 

quality control of afatinib in pharmaceutical dosage form.  

Keywords: Afatinib dimaleate, method development, stability indicating, UPLC, validation. 

Introduction: 

 Afatinib dimaleate1-4 (Fig. 1), is chemically known as (Z)-but-2-enedioic acid;(E)-N-[4-

(3-chloro-4-fluoroanilino)-7-[(3S)-oxolan-3-yl]oxyquinazolin-6-yl]-4-(dimethylamino)but-2-

enamide. Its molecular formula is C32H33ClFN5O11 and molecular weight is 718.083g/mol. It is 

white to brownish yellow powder and soluble in water. It has pKa values of 8.81 and 12.49. It is 

an anticancer drug used for the treatment of patients with metastatic non-small lung cancer. It 

acts as an irreversible covalent inhibitor of receptor tyrosine kinases epidermal growth receptor 

(EGFR) and erbB-2 (HER2).  
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Ultra performance liquid chromatography (UPLC)5-7 is a relatively new technique giving 

new possibilities in liquid chromatography, especially concerning the decrease of time and 

solvent consumption. UPLC chromatographic system is designed in a special way to withstand 

extreme system back pressures. 

Literature survey reveals that there is only one method i.e., reverse phase high 

performance liquid chromatography (RP-HPLC) method8 developed for the estimation of 

afatinib in bulk and pharmaceutical dosage form.  

As there is no method with UPLC, the aim of the present study is to develop and validate 

a stability indicating UPLC method for the estimation of afatinib in bulk and pharmaceutical 

dosage form. 

 

Figure 1: Chemical structure of Afatinib dimaleate 

 

Material and methods: 

Chemicals and Reagents: Afatinib working standard was procured from spectrum labs, 

Hyderabad as gift sample. The gilotrif tablets were purchased from local pharmacy. All the 

chemicals used were of analytical reagent grade purchased from Merck, Mumbai. All the 

solvents used were of HPLC grade purchased from Sigma-Aldrich, Mumbai.  

Chromatographic conditions and Instruments: The acquity UPLC system equipped with 

binary solvent manager, sample manager, ultra violet (UV) detector and water C18 (150mm × 

2.1mm, 1.7µ) column was used for the determination of afatinib. The optimized conditions 

include 0.01N potassium dihydrogen orthophosphate and acetonitrile (50:50%v/v) as mobile 

phase run on an isocratic mode at flow rate 0.3ml/min. The column was maintained at 30ºC and 

detection was done at 250nm. Other equipment includes pH meter, ultrasonic bath sonicator and 

weighing balance.  

Preparation of mobile phase: Dissolve 1.36g of potassium dihydrogen orthophosphate into 

1000ml of distilled water. Adjust the pH of the solution to 3 using dilute ortho-phosphoric acid. 

This gives 0.01N potassium dihydrogen orthophosphate buffer. 
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Mixture of above buffer solution with acetonitrile in the ratio of 50:50%v/v was used as 

mobile phase. 

Preparation of standard and sample solutions: Dissolve 40mg of Afatinib working standard in 

100ml of diluent. Dilute 1ml of the above stock solution to 10ml with diluent.  

 Average weight of 20 tablets (Gilotrif) was calculated and an amount equivalent to 40mg 

of drug was dissolved in 100ml of diluent. Filter and dilute 1ml of the above solution to 10ml 

with diluent.  

Method Validation: The developed method was validated9 for the following parameters. 

Specificity: The specificity of the method was determined by comparing the drug solution with 

the placebo solution and observed for the interference of retention time of placebo peak with that 

of drug peak.  

Accuracy: Accuracy of the method was determined by % recovery. The drug solution along 

with sample was prepared in three concentration levels 50%, 100% and 150%. Then the % 

recovery was calculated. 

Precision: Precision of the method was determined by injecting the standard solution six times 

into the UPLC system and % RSD was calculated.  

Linearity: Linearity of the method was determined by preparing series of dilutions ranging from 

10µg/ml – 60µg/ml and injecting them into UPLC system. 

Ruggedness: Ruggedness was determined by injecting the standard solution into UPLC six 

times for different days. The %RSD was calculated. 

Robustness: Robustness of the method was determined by varying the optimized analytical 

conditions such as mobile phase composition by ±5%, flow rate by ±0.1ml/min and column oven 

temperature by ±5ºC. 

Solution stability: Solution stability was determined by analyzing the standard drug solution 

after storage for 24hours under laboratory conditions.  

Forced degradation studies: Forced degradation studies10 were carried out for drug by exposing 

the drug solution to the various stress conditions such as acidic (2N hydrochloric acid for 30mins 

at 600C), basic (2N sodium hydroxide for 30mins at 600C), peroxide (20% hydrogen 

peroxide for 30 min at 600C), neutral (refluxing the drug in water for 6 h o u r s  at 60ºC), 

photolytic (105°C for 6h) and thermal (exposing the drug solution to UV Light by keeping the 

beaker in UV Chamber for 7days or 200 Watt hours/m2 in photo stability chamber) conditions.  
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Results: 

 

Figure 2: UV spectrum of Afatinib 

UPLC method development trails 

TRIAL I: 

Column : Acquity UPLC Discovery C18 (150mm x 2.1mm, 1.7µ)  

Mobile phase : Water: Acetonitrile (60:40) 

Diluent : Water: Acetonitrile (50:50) 

Mode : Isocratic 

Rate of flow : 0.3mL/min Temp. in column :30ºC  

Volume injected : 1µL 

Wave Length             : 250nm 

 

Figure 3a: UPLC trail 1 chromatogram of Afatinib 
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Observation: Sample peak was eluted but with broad peak, so preceded to next trail. 

TRIAL II: 

Column : UPLC HSS SB-C18 (100mm x 2.1mm,  

Mobile phase : 0.1% OPA: ACN (50:50)  

Diluent : H2O: ACN (50:50) 

Mode : Isocratic 

Rate of flow : 0.3mL/min Temp. in column : 30ºC  

Volume injected : 1µL 

Wave Length : 250nm 

 

Figure 3b: UPLC trail 2 chromatogram of Afatinib 

 

Observation: Sample peak was eluted but with broad peak, so preceded to next trail. 

TRIAL III: 

Column : Acquity UPLC water C18 (150mm x 2.1mm, 1.7µ)  

Mobile phase : 0.1N KH2PO4: ACN (70:30) 

Diluent : H2O: ACN (50:50) 

Mode : Isocratic 

Rate of flow : 0.3mL/min Temp. in column : 30ºC  

Volume injected : 1µL 

Wave Length : 250nm  

Plate Count of USP : 1583 USP  

Tailing : 1.20 
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Figure 3c: UPLC trail 3 chromatogram of Afatinib 

Observation: Sample peak was eluted but with less plate count, so preceded to next trail. 

TRIAL IV: 

Column : Acquity UPLC water C18 (150mm x 2.1mm, 1.7µ)  

Mobile phase : 0.1N KH2PO4: Acetonitrile (50:50) 

Diluent used : Water: Acetonitrile (50:50) 

Mode : Isocratic 

Rate of flow : 0.3mL/min Temp. in column : 30ºC  

Volume injected : 1µL 

Wave Length : 250nm Plate  

Count of USP : 2997 USP  

Tailing : 1.20 

 

Figure 3d: UPLC trail 4 chromatogram of Afatinib 
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Observation: Sample peak was eluted with good peak parameters 

 

Figure 4A: Standard chromatogram 

 

Figure 4B: Sample chromatogram 

 

 

Figure 5: Linearity plot of Afatinib 
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Table 1: System suitability and validation parameter results 

Parameter Results  

Precision (%RSD, n)                                  0.4  

Accuracy (% Recovery, n) 99.70% – 100.27%  

Specificity Specific, No interference 

Linearity range (µg/ml) 10 – 60 

Correlation coefficient, r                        0.9997 

Limit of Detection (µg/ml) 0.07 

Limit of Quantitation (µg/ml) 0.23 

Ruggedness (%RSD, n)                         Day 1 Day 2 

0.4 0.5 

Robustness (%RSD, n) Less flow rate More flow rate 

0.6 0.8 

Less mobile phase (Organic) More mobile phase (Organic) 

0.6 1.3 

Less column temperature More column temperature 

0.8 0.8 

Solution stability Day 1 Day 2 

% RSD, n 0.4 0.5 

% Assay, n 99.60 99.70 

USP Plate count 3177 

USP tailing factor                                       1.23 

n – number of samples, i.e., six samples for estimation 

 

Table 2: Forced degradation studies results  

Stress condition                        % Assay             % area of degradation peak   % Degradation 

2N HCl for 30min at 60°C            95.13 3.20 4.87 

2N NaOH for 30min at 60°C        95.41 7.16 4.59 

20% H2O2 for 30min at 600C       96.27 - 3.73 

Water for 6h at 600C                     99.26 - 0.74 

UV light 200wts/h or 7 d              97.49 - 2.51 

1050C for 6h                                 96.74 - 3.26 
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Figure 6A: Acid degradation chromatogram 

 

 

Figure 6B: Base degradation chromatogram 

 

 

Figure 6C: Peroxide degradation chromatogram 
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Figure 6D: Water stress study chromatogram 

 

 

Figure 6E: Photo stability degradation chromatogram 

 

 

Figure 6F: Dry heat study chromatogram 

 

Discussion: 

For the development of method for the determination of afatinib, initially various mobile 

phases and columns were tried to elute the drug as shown in figure 3. Acquity UPLC water C18 
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(150mm x 2.1mm, 1.7) column maintained at 30ºC and 0.01N potassium dihydrogen phosphate 

and acetonitrile in the ratio 50:50%v/v was used as mobile phase run on an isocratic mode at a 

flow rate of 0.3ml/min. The detection wavelength 250nm was selected based on the UV 

spectrum of afatinib as shown in figure 2. 

 Prepared standard solution and sample solution were injected into the UPLC system and 

system suitability parameters were noted in table 1 and chromatograms were shown in figure 4A 

and 4B respectively. 

 The method was found to be specific when compared with placebo solution, as there is no 

interference of retention time of placebo peak with that of drug peak. The method is said to obey 

Beer’s law in the concentration range of 10µg/ml – 60µg/ml with correlation coefficient of 

0.9997, thus indicating the method to be linear. The linearity graph was shown in figure 5.  

 The % recovery was found to be 99.70% - 100.27% and %RSD was found to be 0.4, 

indicates that the method is accurate and precise. The limit of detection (LOD) and limit of 

quantitation (LOQ) were found to be 0.07µg/ml and 0.23µg/ml respectively. The method was 

found to be rugged, robust and stable in solution even after 24 hours.  

 Forced degradation studies were performed and net degradation was noted. The net 

degradation was found to be within the limits indicating that the method is stable when drug was 

exposed to various stress conditions. The chromatograms were shown in figure 6 and results 

were summarized in table 2. 

Conclusion: 

A stability indicating UPLC method was developed for the estimation of afatinib 

dimaleate in bulk drug and pharmaceutical dosage form. The developed method was validated in 

accordance to the ICH guidelines. The method was found to be accurate, precise, specific, linear, 

rugged, robust and stable in solution. From the forced degradation studies it was concluded that 

the drug is stable in extreme stress conditions. As the run time is less, this method can be used 

for routine analysis of afatinib in pharmaceutical dosage form.  
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Abstract: 

Nuclear magnetic resonance (NMR) spectroscopy's speed and accuracy make it well-

suited for application in the pharmaceutical business. Despite its popularity among food 

scientists, NMR is underutilised in this domain due to its high cost, low sensitivity, and lack of 

NMR competence among scientists. This paper aims to fill some knowledge gaps when applying 

NMR to pharmaceutical research. First, we explain the basic concepts needed to apply NMR in 

nutritional science. Combining NMR with multivariate statistical analysis is an effective tool for 

handling pharmaceutical research issues, and chemometrics is explained. Review recent 

applications in compositional analysis, food authentication, quality control, and human nutrition. 

Both complex and fundamental NMR applications have advantages, limitations, and prospects. 

We believe this overview will give scientists the background they need to use NMR in 

pharmaceutical research. 

Introduction: 

Since 19961, when the first publication described NMR-based screening to find novel 

medicinal chemicals, the technology has evolved. Many unique methodologies have been used in 

pharmaceutical and academic research in recent years. NMR-driven platforms have helped build 

inhibitors for a growing number of therapeutic targets. NMR screening uses biophysical, 

biochemical, and computational methods to find and optimise therapeutic leads. NMR screening 

is a timely topic of investigation. NMR research in preclinical drug development was a minor 

subfield at the turn of 2000, addressing structural concerns for a limited number of therapeutic 

targets (e.g., MW 20 kDa; expressible in E. coli). Drug design algorithms need more structural 

knowledge than a protein's unliganded structure. Biochemical and cell-based tests verify 

chemical leads after structural identification, modelling, and chemistry. Generate high-resolution 

X-ray structures of a pharmacological target using several chemical scaffolds to find one with the 

right potency, selectivity, pharmacokinetic, and toxicological properties for preclinical drug 

development. NMR takes too long to collect structural information at a reasonable resolution for 

drug design. Many structural biology labs have refocused their NMR efforts on NMR screening. 

mailto:abhiworld1997@gmail.com
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NMR screening has largely superseded NMR structural approaches in pharmaceutical research 

over the past decade due to its ability to deliver early and rapid insights into the best approach to 

drug-like lead compounds. Nuclear magnetic resonance (NMR) researchers often work in drug 

discovery. Metabonomics is a fast-growing field. Classifying xenobiotic toxicity in animals and 

people using these methods requires NMR spectroscopy of biofluids such as urine, plasma, and 

CSF. These well-researched strategies aren't covered in this work. We will explain the theoretical 

foundations of popular NMR-based screening processes and some practical concerns when using 

these methods by integrating the literature and our lab experiences. Despite the incredible history 

already published, we'll highlight more current works. First, we'll discuss the theoretical 

underpinnings of chemical exchange mechanisms that underlie NMR screening investigations. 

Then, we'll outline the most prevalent ligand- and receptor-based NMR techniques and their lab 

applications. Finally, we'll analyse numerous case studies utilizing NMR techniques inside a 

framework based on typical ligand design strategies for developing and optimizing new chemical 

classes of ligands for actual pharmacological targets (1).  

In the past six to seven years, high-resolution nuclear magnetic resonance (NMR) has 

developed as a valuable technique for evaluating metabolic processes in individual cells and 

organs. Despite its superiority to more conventional analytical techniques and low invasiveness, 

the method is limited to observing chemicals in the cell at relatively high concentrations (in the 

order of 0.5-1 mM). Many of the earliest research corroborated notable findings, which was 

essential for establishing the credibility of the NMR method. In recent years, nuclear magnetic 

resonance (NMR) has revealed fascinating new insights into several aspects of metabolism and 

metabolic regulation. 31p, NC, and to a lesser extent IH NMR have been the mainstays of most 

published investigations. The measurement of metabolic fluxes in steady-state and in-transit 

conditions, the observation of cellular pH and H+ ion distribution, and the compartmentation and 

spatially resolved NMR of whole animals are all of the great interest. Direct observation of the 

intracellular environment is perhaps NMR's greatest strength. While nuclear magnetic resonance 

(NMR) is a valuable tool for investigating metabolism in a variety of systems, it should never be 

used alone. It should instead be paired with carefully prepared biochemical experiments (2). 

What is the need to study metabolism by NMR? 

Even though NMR is a relatively new technique, it is unlikely to alter the well-known 

"metabolic charts" developed over the years in studying metabolism, which is one of the oldest 

branches of biochemistry. 

NMR-based metabolomics is a valuable method of food discovery of novel biomarkers 

because it is a non-destructive, non-invasive technique with high reproducibility. In nuclear 
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magnetic resonance (NMR), we monitor the resulting signal from the resonance of protons in 

small molecules within a magnetic field. 

A statement of the problems developing: 

While it is exciting to discover and implement a novel approach, the actual value of this work 

must be determined by the problems it helps to address. The following are some of the 

outstanding issues in cellular metabolism that NMR can help address. 

 Most methods besides nuclear magnetic resonance (NMR) for determining metabolite 

concentrations rely on tissue-wide measurements of total metabolite levels. Because 

metabolites are often tightly bound to specific macromolecules, free (metabolically 

accessible) concentrations may differ from measured amounts. 

 The cellular environment heavily influences molecular structure, interaction networks, and 

functional activities. More research is required into the molecular milieu of the cytoplasm 

and other cellular subdomains. 

 Sometimes, this compartmentalization of small molecules is understood, and sometimes it 

is invoked to explain unexpected behaviour. To assess cellular molecule distribution, we 

must develop appropriate experimental strategies. 

 Sometimes, this compartmentalization of tiny molecules is understood, and sometimes it is 

invoked to explain unexpected behaviour. To assess cellular molecule distribution, we 

must develop appropriate experimental strategies. 

 The existence of "regulatory enzymes" is a central hypothesis for metabolic control. 

Studying the properties of the isolated enzyme and demonstrating, through mass-action 

ratio measurements, that the proper substrates are out of equilibrium in vivo are the usual 

methods used to infer their regulatory role. However, this generalization has a few 

exceptions (like pyruvate kinase). That's why monitoring in-vivo enzyme activities and 

interacting with regulatory ligands is crucial (2). 

NMR and plant metabolism: 

Because it does not harm the plant being investigated, NMR is a valuable tool for 

investigating metabolic processes in plants. This technique permits the determination of absolute 

concentrations of the more abundant mobile metabolites, the measurement of the change in 

concentration of key molecules during biochemical transformations, and the measurement of 

unidirectional fluxes in intact cells or tissues at a steady state, as well as the identification of 

molecules and ions in these systems. In addition, NMR can reveal hidden information, such as 

the discovery of new chemicals that would otherwise go undetected by more traditional methods 

of analysis. Undoubtedly, this approach will become increasingly sophisticated in its ability to 

decode metabolic networks in the face of dynamic physiological conditions. Over the past 

decade, the development of transgenic plants to induce a targeted perturbation along a metabolic 
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pathway has revolutionized plant biology research. It appears that in vivo NMR could be used to 

effectively visualize, in a single snapshot, the metabolites induced by introducing a foreign gene 

into a plant's genome. Lastly, progress is being made quickly at the intersection of NMR 

spectroscopy and NMR imaging. Indeed, NMR imaging holds great promise for investigating a 

wide range of physiological processes, growth and development, water flow, and environmental 

effects because it permits imaging of the same specimen (e.g., a hypocotyl or a root) at regular 

intervals (3). 

Limitations of NMR in metabolomics: 

NMR spectroscopy has low sensitivity. Theoretically, an infinite number of acquisition 

scans may increase NMR's sensitivity to infinity. However, the detection limits remain in the low 

micromolar to high nanomolar range (time-dependent). Higher magnetic fields, cryo-probes, and 

digital signal processing have helped, yet many low-abundance metabolites can't be detected. 

Despite hundreds of identifiable metabolites in human biofluids, only a few hundred (the most 

abundant) have been discovered by NMR using human urine, CSF, and serum metabolomes. 

Low-concentration metabolites are often better diagnostic biomarkers than high-abundance ones. 

Therefore, NMR-based metabolomics is generally ineffective for clinical diagnostic applications 

because it cannot detect these essential compounds. Overlapping resonances are especially 

problematic for proton NMR spectra of biofluids, making metabolite identification and 

quantification challenging. Because most resonances lie within a restricted area between 1 and 4 

ppm, 1D 1HNMR spectroscopy is well-suited to metabolomics research. This is still a severe 

problem when assigning peaks and identifying molecules, especially at lower magnetic fields. 

Performing 2D NMR studies can help reduce the spectrum overlap issue and improve confidence 

in peak assignments. Despite the continual improvements in signal collecting and processing 

methods, there is a significant amount of inertia in the NMR community that precludes the 

widespread adoption of 2D NMR for metabolomics studies. The likely cause is 2D NMR's 

lengthy acquisition periods combined with the ever-present (if not always reasonable) worries 

about data size. NMR spectrometers are usually rather costly when compared to mass 

spectrometers and other typical analytical equipment. In addition to ample lab space with 

nonvibrational floors and shielding from magnetic and RF interference, NMR devices require 

highly trained operators. It has been challenging to enhance NMR's penetration into the 

metabolomics market due to these and other limitations, as well as NMR's intrinsic lack of 

sensitivity. NMR is not yet ready to replace traditional clinical analysers in an everyday hospital 

or clinic diagnoses because of its bulk, cost, and need for skilled personnel. Mass spectrometry 

has traditionally been more effective than NMR in the clinical chemistry lab due to its lower 
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costs, smaller instrumental footprint, and ability to measure low-concentration metabolite species 

that are more frequently used in diagnostic assays (4). 

Connections between chemical and physical conditions: 

NMR can link metabolic activity with other biological processes in real time. Dawson, 

Gadian, and Wilkie evaluated anaerobic frog gastrocnemius exhaustion at 4°C. Rather than 

excitatory conduction, metabolite levels were linked to force output in electrically activated 

muscles. During fatigue, A TP hydrolysis during contraction was closely related to force. 

Changes in ATP hydrolysis free energy in vivo correlated with cerebral relaxation slowing. 

Fatigue slows mechanical relaxation by reducing sarcoplasmic reticulum Ca2+ uptake. 

Acidosis, heart rate, and inotropic agent effects (e.g., glomerular filtration rate, Na+ 

reabsorption) all affect cardiac function (such as left ventricular pressure). NMR measurements 

of blood-perfused rabbit and in vivo rat kidneys were employed to investigate ischemia's effects. 

Before assessing these critical insights, we need in-depth reports (5). 

NMR investigation of plants' metabolism: 

Analytical methods for investigating plant metabolism have become significant in the age 

of functional genomics and metabolic engineering. The integration and regulation of plant 

metabolism can be studied by nuclear magnetic resonance (NMR) spectroscopy, a technique that 

combines in vivo and in vitro studies. As a result, NMR can be used to examine the structure and 

function of pathways, as we as the precise position of metabolites, the amount and type of 

metabolites, and the cellular environment. We address the relevance of these uses from a 

metabolic perspective. NMR is being used increasingly for increasingly studies, metabolite 

profiling, and metabolite imaging. These and other themes are explored in NMR investigations 

of carbon and nitrogen metabolism in intermediaries. We conclude that metabolic NMR will 

continue to contribute to a quantitative understanding of plant metabolism and the 

characterization of metabolic phenotypes (6).  

Concluding remarks and future prospects NMR: 

The field of metabolomics has been aided by NMR spectroscopy, and its progress is 

projected to continue. Some examples include drug toxicity research, environmental monitoring, 

food and drink characterization, and environmental monitoring. NMR has proven helpful in 

many branches of metabolomics due to its non-destructive nature, high reproducibility, ease of 

sample preparation, ability to handle a wide variety of sample types (liquids, solids, gels), 

quantifiable results, and practicality in identifying previously undiscovered metabolites. Due to 

the automation of the NMR workflow, NMR-based metabolomics has become the method of 

choice for large-scale metabolomic research (including sample preparation, sample loading, 

spectral acquisition, and spectral deconvolution). Automation of NMR-based metabolomics 

could improve quality assurance, production, healthcare, and the food industry (7). 
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Improvements in probe design, magnet design, magnet field strength, pulse sequences, 

and sensitivity enhancement technologies bring NMR closer to MS sensitivity. However, due to 

its poor sensitivity, NMR will always be inadequate. Recent advances in quantitative MS-based 

metabolomic research have reduced the volume needed for these experiments to 20-40 L, which 

is on par with the amount needed for a 1 mm NMR probe. Research comparing the detection 

limits of triple quadrupole MS with ultra-high-field NMR devices for quantitative metabolomics 

reveals that the two methods are not different (high nanomolar concentrations). However, it is 

rarely acknowledged that sample concentration and chemical derivatization are standard 

operating procedures in MS-based metabolomics. If the same techniques are always followed, 

NMR investigations may be able to claim sensitivity limits in the low-nanomolar range (sample 

concentration and chemical derivatization with enhancers) (8). 

As noted, there have been several exciting breakthroughs in NMR technology and 

methodologies, all of which point to the further growth of NMR-based metabolomics. These 

spectrometers are being developed at a frequency of 1.2 GHz. These methods should allow 1D 

1H NMR spectroscopy to pick up on a more excellent range of metabolites. Cryoprobes cooled 

using liquid N2 are not as sensitive as those cooled with helium, but they should significantly 

reduce the cost of cryoprobes, allowing for their widespread usage in NMR laboratories. Sabre-

sheath techniques and other low-cost DNP approaches may make hyperpolarization sensitivity 

augmentation more accessible and practical for the average NMR laboratory. These 

hyperpolarization techniques may one day make it possible to routinely detect NMR signals at 

concentrations as low as a few nanomolar. One intriguing strategy for enhancing NMR-based 

metabolomics is using quick acquisition methods for well-studied biofluids such as serum or 

urine, for which the location of the primary spectrum characteristics and the composition of the 

biofluids are already well understood (9). 

While progress has been made, standardizing NMR methodologies and data is still 

complex. In NMR-based metabolomics, there are two main "camps": spectrum deconvolution to 

identify and quantify metabolites and those that use statistical spectroscopy and 

cheminformatics. Collecting or sharing NMR data and the lack of a defined approach has 

hindered NMR-based metabolomics. With the recent adoption of ordinary as a common data 

exchange standard, and the expansion of metabolomic data deposition platforms like Metabolites 

and the Metabolomics Workbench, this lack of uniformity may soon disappear. 

Although some NMR spectroscopists have mourned the decline of NMRs as a leading 

tool in structural biology and metabolomics, we remain optimistic about the future of NMR-

based metabolomics. Instead of considering NMR as a replacement for LC-MS or GC-MS, 
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viewing it as a complementary metabolomics tool is essential. Although alternative 

metabolomics technologies have advanced, it is essential to remember that NMR still has 

advantages and capabilities that other approaches do not (10). 
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Abstract:  

Nigella sativa is gaining popularity as a wonder herb with a long history and religious 

significance. Many scientific investigators have extensively studied this plant for its biological 

activities and therapeutic potential and shown to possess wide spectrum of activities viz. as 

diuretic, antihypertensive, antidiabetic, anticancer and immunomodulatory, analgesic, 

antimicrobial, anthelmintic, analgesics and anti-inflammatory, spasmolytic, bronchodilator, 

gastro protective, hepatoprotective, renal protective and antioxidant properties. Numerous 

landmark investigations have also proved liver tonic, digestive, antidiarrheal, appetite stimulant, 

emmenagogue potentials of Nigella sativa.Thus present book chapter written with aim to 

highlight various pharmacological potentials of Nigella sativa seed and active constituents of 

seed oil. 

Keywords: Nigella sativa, Nigella sativa seed oil, Pharmacological potentials 

Introduction: 

Nigella sativa (N. sativa) belonging to Family Ranunculaceae is gaining popularity as a 

wonder herb with a long history and religious significance (Mehta, 2008). Nigella sativa (black 

caraway, also known as black cumin, nigella or kalonjiis a flowering plant that blooms once a 

year (Mohammed et al., 2019; Mahmoud et al., 2021). 

The genus name Nigella is a diminutive of the latin niger 'black', referring to the seed 

colour. The specific epithet sativa means 'cultivated'. N. sativa grows to 20–30 cm (7.9–11.8 in) 

tall, with finely divided, linear (but not thread-like) leaves (Ahmad et al., 2013). The flowers are 

delicate, and usually coloured pale blue and white, with five to ten petals. The fruit is a large and 

inflated capsule composed of three to seven united follicles, each containing 

numerous seeds which are used as spice, sometimes as a replacement for black cumin (Bunium 

bulbocastanum). 

mailto:mayadesai74@gmail.com
https://en.wikipedia.org/wiki/Diminutive
https://en.wikipedia.org/wiki/Latin
https://en.wikipedia.org/wiki/Binomial_nomenclature
https://en.wikipedia.org/wiki/Leaf
https://en.wikipedia.org/wiki/Flower
https://en.wikipedia.org/wiki/Fruit
https://en.wikipedia.org/wiki/Capsule_(fruit)
https://en.wikipedia.org/wiki/Seed
https://en.wikipedia.org/wiki/Spice
https://en.wikipedia.org/wiki/Bunium_bulbocastanum
https://en.wikipedia.org/wiki/Bunium_bulbocastanum


Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 39  

N. sativa has been extensively studied for its biological activities and therapeutic 

potential and shown to possess wide spectrum of activities viz. as diuretic, antihypertensive, 

antidiabetic, anticancer and immunomodulatory, analgesic, antimicrobial, anthelmintics, 

analgesics and anti-inflammatory, spasmolytic, bronchodilator, gastroprotective, 

hepatoprotective, renal protective and antioxidant properties (Benhelima et al., 2016). The seeds 

of N. sativa are widely used in the treatment of various diseases like bronchitis, asthma, diarrhea, 

rheumatism and skin disorders. It is also used as liver tonic, digestive, antidiarrheal, appetite 

stimulant, emmenagogue, to increase milk production in nursing mothers to fight parasitic 

infections, and to support immune system.  Most of the therapeutic properties of this plant are 

due to the presence of thymoquinone (TQ) which is a major active chemical component of the 

essential oil. Black seeds are also used in food like flavouring additive in the breads and pickles 

because it has very low level of toxicity. 

The plant is native to eastern Europe (Bulgaria, Cyprus and Romania) and western Asia 

(Turkey, Iran and Iraq), North Caucasus, Transcaucasus, Turkmenistan, but naturalized over a 

much wider area, including parts of Europe, northern Africa and east to Afghanistan, Algeria, 

Assam, Bangladesh, Central European Rus, Czechoslovakia, East Aegean Is., Egypt, Ethiopia, 

France, Greece, India, Italy, Kazakhstan, Kirgizstan, Krym, Libya, Morocco, Myanmar, Saudi 

Arabia, Somalia, Sudan, Tadzhikistan, Tunisia, Turkey-in-Europe, Ukraine, Uzbekistan, Yemen, 

Yugoslavia. 

N. sativa seeds contain 32% to 40% of oil. N. sativa oil contains linoleic acid, oleic 

acid, palmitic acid and trans-anethole and other minor constituents, such as nigellicine, 

nigellidine, nigellimine, and nigellimine-N-oxide (Randhawa et al., 2011).  

Pharmacological activities 

1. Antibacterial Activity 

Derbal et al. (2019) examined antibacterial activity of Algerian honey and various 

Nigella sativa seed extracts against bacteria found in animal wounds. Agar Well Diffusion Assay 

was used to test the antibacterial activity of honey and Nigella sativa seed extracts against 

bacterial isolates. Alternative remedies for treating various animal wounds include Algerian 

honey and ethanolic extract of Nigella sativa seeds. Mohammad Tariq (Salman et al., 2016). 

Assessed antibacterial efficacy of Nigella sativa against multidrug-resistant clinical 

Staphylococcus aureus strains. Nigella sativa Methanolic extract and oil were reported to be 

efficacious against 38 and 35 multidrug resistant strains, respectively. As evidenced by the zones 

of inhibition, both the oil and the Methanolic extract had significant dose-dependent antibacterial 

activity against the tested pathogens up to a dilution of 1:50.  
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2. Antifungal potential 

Hala Almshawit et al. (2017) assessed antifungal potential of active constituent 

thymoquinone against Candida species. Thymoquinone showed better antifungal potential 

against candida biofilm.  H. Mahmoudvand et al. (2014) investigated antifungal properties of N. 

sativa essential oil and extracts, as well as its active component, thymoquinone, against 

Trichophyton mentagrophytes as pathogenic dermatophyte strains. N. sativa essential oil 

revealed enhanced antifungal potential compared to standard. Furthermore, the cytotoxic effects 

of N. sativa on murine macrophage cells were investigated.  

 

Figure 1: Pharmacological potentials of N. sativa seed oil 

3. Anti-schistosomiasis activity 

Mahmoud et al. (2002) assessed anti-schistosomiasis potential of N. sativa oil in 

Schistosomiasis mansoni infected mice. The oil was administered at two dose levels (2.5 and 5 

ml/kg, orally for two weeks), either alone or in combination with praziquantel (PZQ), the 

medicine of choice for schistosomiasis therapy. The Schistosomiasis mansoni infection 

influenced liver functions. These findings imply that Nigella sativa oil protected the infection 

against the changes generated by S. mansoni infection, an effect that may be mediated in part by 

boosting the immune system of the host and, to a lesser extent, by its antioxidant activity.  

Adamu et al. (2009) assessed anti-schistosomiasis potential of N. sativa oil in 

Schistosoma infected mice model. N. sativa oil exhibited better anti-schistosomiasis potential in 

animal model compared to standard. The current investigation established a certain degree of 

potency of N. sativa seed oil. Similar results are reported by Mostafa et al. (2010).  

 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 41  

4. Antioxidant potential 

Burits et al. (2000) assessed antioxidant potential of oil.  The study revealed better radical 

scavenging potential of active constituent thymoquinone. When examined for non-specific 

hydrogen atom or electron donating activity in the diphenyl-picryl-hydracyl assay, these four 

components and the essential oil showed varied antioxidant activity. Similar results are reported 

by Rusmarilin et al. (2017). Laura Bordoni et al. (2019) tested the antioxidant and anti-

inflammatory qualities of oil derived from seeds of an N. sativa. In an in vitro model of low-

grade inflammation in Simpson–Golabi–Behmel syndrome, the cytotoxicity and anti-

inflammatory effects of N. sativa oil were investigated.  

Mohammed et al. (2016) have extracted oil from N. sativa seeds using supercritical fluid 

extraction (SFE) and cold press (CP) and assessed antioxidant activity of extracted oil. The GC-

MS results showed caryophyllene (17.47 %), thymoquinone (11.80 %), 1,4-cyclohexadiene (7.17 

%), longifolene (3.5 %) and carvacrol (1.82 % ) as primary constituents of oil. In addition to this, 

oil exhibited antioxidant radical scavenging potential in in vitro studies. 

5. Antidiabetic activity 

Mathur et al. (2011) discovered antidiabetic potential of thymoquinone (active 

constituent of N. sativa oil) in streptozotocin (STZ)-induced diabetic rat model. Thymoquinone 

treatment showed slow partial regeneration of pancreatic beta-cells, raises blood insulin 

concentrations, and lowers serum glucose levels. N. sativa has antioxidant properties, and 

thymoquinone may protect against the development of type I diabetes. It also has an insulin-

sensitizing effect on hepatocytes. In addition to this, N. sativa seeds have been ingested safely by 

human patients in a number of clinical trials Abdelrazek et al. (2018). Similar results are 

reported by Ali mohammadi et al. (2016), Akhtar et al. (2020), Ali et al. (2013) and Kaya et al. 

(2021).  

6. Anticancer activity 

Khan et al. (2011) studies anticancer potential of various Nigella sativa seed extracts 

using animal model. The injection of the essential oil into the tumor site in tumor bearing mice 

greatly prevented the formation of solid tumors. The essential oil was injected into the tumor 

location, which eventually showed reduction of liver metastases and enhanced animal survival. 

7. Anti-inflammatory and analgesic activity 

Shaheen et al. (2022) evaluated anti-inflammatory activity of N. sativa extract using 

carrageenan induced rat paw edema model and analgesic potential using acetic acid produced 

writhing test. N. sativa extract treatment showed significant reduction paw edema induced by 

carrageenan. Author also reported modulation of downstream and upstream inflammation 

pathways on N. sativa extract treatment.  
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Maria Pop et al. (2020) assessed anti-inflammatory, antinociceptive, and antioxidant 

activities potential of N. sativa oil using rat models (carrageenan-induced edema). N. sativa oil 

treatment showed better reduction of edema volume compared to standard.  

Al-Ghamdi et al. (2001) examined anti-inflammatory, analgesic, and antipyretic 

properties of N. sativa. The extract exhibits anti-inflammatory properties, as evidenced by its 

inhibition of carrageenan-induced paw edoema. In mice, it also caused a considerable increase in 

the hot plate response time, indicating an analgesic effect. As a result, this research backs up 

usage of N. sativa in folk medicine as an analgesic and anti-inflammatory medication. 

8. Cardiovascular activity 

Tahir et al. (1993) studied effects of the volatile oil of the black seed on the arterial blood 

pressure and heart of urethane-anaesthetized rats. The findings revealed that volatile oil induced 

cardiovascular depressive effects were mostly mediated centrally through indirect and direct 

pathways involving both 5-hydroxytryptaminergic and muscarinic systems. The existence of 

thymoquinone in the volatile oil might explain the direct processes. The volatile oil seems to 

have the potential to be a powerful antihypertensive drug with central action. 

Conclusion: 

Researchers have focused much of their attention on creating innovative techniques to 

enhance the stability, bioactivity, and bioavailability of these bioactive compounds due to rising 

concern for herbal extracts that have the same or even more efficacy than chemically 

manufactured medications. 
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Abstract:  

The active phytoconstituents isolated from plants are well recognized for their therapeutic 

potentials. The various therapeutic properties of plants like hepatoprotective, antimicrobial, 

neuroprotective, antitumor, antioxidant, skin protectives were well demonstrated by numerous 

experts. However, clinical use of these active constituents is limited due to their poor 

bioavailability, stability in biological fluids and authentication issues. These continue to be an 

open problem that affects application of these valuable ancient herbal herbs in effective 

treatment and management of various disease conditions. A potential solution to these difficult 

problems could be encapsulation of phytoactives in novel colloidal particulate systems. Novel 

colloidal carriers like nanoparticles, microspheres, lipid microparticles, were effectively utilized 

recently to solve drawbacks and for effective delivery of phytoactives. Several landmark studies 

observed better therapeutic efficacy of phytoactive loaded colloidal carrier compared to 

conventional drug delivery. The present exhaustive review highlights recent advances in herbal 

bioactives loaded colloidal carrier based drug delivery systems. 

Keywords: Colloidal carriers, Herbal medicines, Herbal novel drug delivery systems, 

Nanoparticles, Microparticles 

Introduction:  

Plant extract or isolated therapeutically active phytoconstituents have long been used 

worldwide for treatment of various diseases as well as accepted by physicians and patients 

because of their fewer side effects (Musthaba et al., 2009). Therapeutic efficacy of herbs is 

widely reported and extensively explored in the literature by ancient Indians. Plant derived 

phytoactives based drug delivery systems are becoming more popular in the modern world for 

treating various diseases with lesser toxic impressions and better therapeutic potential. Modern 

herbal medicines developed on the basis of traditional ayurvedic knowledge. Nearly, 50% of 

modern herbal medicines are developed using isolated active phytoconstituents from various 

parts of herbs. In addition to this, most of the novel therapeutic molecules discover nowadays are 

developed using plant based lead molecules (Chanchal et al., 2008). However therapeutic effects 
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of some herb based products are limited due to various constraints like limited solubility as well 

as stability in gastrointestinal tract (GIT), poor absorption across GIT linings, considerable first 

pass metabolism and limited oral bioavailability. These issues are well documented in the 

scientific literatures. In order to tackle limitations associated with conventional herb based 

products various scientific experts have utilized nanotechnology based approaches (Goyal et al., 

2011). 

Nanotechnology is an interdisciplinary area of research and development associated with 

production, processing, and utilization of materials having nanometer size range (Patra et al., 

2018). Furthermore, nanotechnology in the herbal drug domain is investigated to understand how 

bioavailability of phytoconstituents improved by nanomaterials. In recent decades, noble 

attention has been paid to use of nanotechnology based looms for the development of herbal 

novel drug delivery systems (NDDS) (Wang et al., 2013). Clear, strong and well documented 

evidence supports the concept of herbal actives loaded NDDS (S et al., 2014). Extensive 

research and investigations in the field of herbal NDDS came up with successful designs of 

herbal actives encapsulated NDDS (Devi et al., 2010). Numerous novel colloidal carriers like 

liposomes, phytosomes, polymeric nanoparticles (Ni, 2017), lipid nanoparticles (Ni, 2017), 

microspheres, microsponges, microemulsion, nanoemulsion, ethosomes (Abdulbaqi et al., 2016) 

and transfersomes were successfully utilized for effective delivery of plant extracts/ isolated 

phytoconstituents (Bonifácio et al., 2014).  

Use of colloidal carriers is considered as promising strategy because they offer various 

advantages like enhance solubility, stability, bioavailability as well as pharmacology activity  

and controlled release kinetic of herbal actives (Yan et al., 2019).  

Nanoparticles 

NPs have a particle size between 1 and 100 nm. NPs are synthetic or semi-synthetic 

polymers with nanometer or sub nano-sized structures (Maiti et al., 2006). In nanotechnology, a 

small object used as a whole transport unit is defined as a particle. NPs can easily achieve 

efficient localization because the formulation is encapsulated in it easily (Mamillapalli et al., 

2016). Microencapsulation of the extracted herb in the NPs is an effective way to protect food or 

medication components from volatile loss, spoilage, or interactions with other components 

(Namdari et al., 2017). NPs offers several advantages, such as better dissolution, bioavailability 

and enhance absorption of herbal bioactives (Saratale et al., 2018). There have been multiple 

previous attempts to use polymeric NPs for encapsulation of herbal therapeutic agents like 

anticancer, antioxidant and hepatoprotective. The examples of some herbal nanoparticulate drug 

delivery systems are highlighted in Table 1. 
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Table 1: Herbal nanoparticulate drug delivery systems 

Plants Therapeutic 

category 

Major outcome 

Artemisinin  Anticancer Sustained drug release 

Paclitaxel Anticancer Superior antitumor potential of drug loaded NPs 

compared to free drug 

Berberine  Anticancer  Sustained drug release behavior with better 

antibacterial activity  

Curcuminoids  Anticancer  Prolonged release of the curcuminoids with inhibition 

of inhibition of activated NF-κB in prostate cancer cell 

line 

Camptothecin  Anticancer Prolonged blood circulation and high accumulation in 

tumors 

Naringenin  Hepatoprotective Improved oral bioavailability and antioxidant potential 

Tetrandrine  Anticancer Improve bioavailability and sustained drug release 

Glycyrrhizic 

acid  

Anti-inflammatory  Improved bioavailability 

Cuscuta 

chinensis  

Hepatoprotective Better hepatoprotective potential of extract loaded 

nanoparticles 

Sesamol Hepatoprotective Enhanced hepatoprotective potential 

Triptolide  Anti-inflammatory Enhance the penetration of drugs through the stratum 

corneum and greater anti-acute inflammatory activity 

Breviscapine  

 

Cardiovascular  Improve chemical stability and brain uptake of drug 

Zataria 

multiflora 

essential oil 

Insect repellant  Oil loaded SLNs exhibited better mosquito repellant 

potential in human and non-toxicity to HFFF2 cells.   

Cardamom oil Antioxidant Sustained release with improved antioxidant property 

Sucupira oil Anti-inflammatory  Sustained release behavior with minimum cytotoxicity 

against Caco-2 cell line 

Ferulic Acid Antioxidant Improved antioxidant potential of ferulic acid 

β-elemene Anti-neoplastic Drug loaded NLCs significantly reduce tumor weight 

of tumor bearing mice than free drug 

Curcumin Hepatoprotective Better hepatoprotective potential  

 

Chen et al. (2009) have formulated artemisinin loaded chitosan NPs. The drug loaded 

NPs were found to exhibit sustained drug release behavior than free drug solution. NPs offers 

great advantages in antitumor drug delivery because of their nano size rage they can easily filter 

through leaky tumor vasculature and enter at tumor site which could possibly improve antitumor 
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efficacy of loaded drug. Various researchers and scientific workers have reported significantly 

better antitumor efficiency of phytoactives on its encapsulation in NPs.  Tang et al. (2013) have 

engineered star shaped paclitaxel loaded copolymeric NPs using nanoprecipitation technique. 

The designed NPs evaluated for antitumor potential in tumor bearing mice. Drug loaded 

copolymeric NPs significantly reduce growth of tumor compared to free drug.  In addition to 

these copolymeric NPs exhibited improved uptake in MCF-7 tumor cells compared to PLGA 

NPs.  

Berberine is alkaloid having anti-inflammatory and antihypertensive potentials. However 

poor oral bioavailability due to limited aqueous solubility is major hurdle oral administration of 

berberine. The most promising strategy to improve dissolution rate of phytoconstituent is use of 

nanosuspension approach. Nanosized particles of drug offer significantly better surface area for 

dissolution which could possibly enhance dissolution rate of drug. Khayam et al. (2018) have 

formulated berberine nanosuspension using antisolvent precipitation technique. Nanosuspension 

formation resulted in significantly enhancement in solubility and dissolution rate of berberine. In 

addition to this berberine nanosuspension showed improved antimicrobial potential than free 

drug against both Gram negative and Gram positive bacterial strains. Thus nanosuspension is 

attractive strategy to improve aqueous solubility and consequently oral bioavailability of 

phytoactives.  

Glycyrrhizic acid is anti-inflammatory phytoconstituent found in Glycyrrhiza glabra. It 

has ability exert anti-inflammatory effect by inhibition of pro-inflammatory mediator production. 

The major drawbacks of glycyrrhizic acid are poor solubility in biological fluids and 

consequently limited oral bioavailability. Bernela et al. (2016)  have attempted solve these 

limitations by encapsulation of glycyrrhizic acid in chitosan-katira gum NPs using ionic 

complexation technique. Carrageenan induced hind paw model was used to prove anti-

inflammatory potential of phytoconstituent loaded NPs. Phytoactive loaded NPs exhibited 

improved anti-inflammatory activity in rats by reduction of paw edema volume compared to free 

glycyrrhizic acid. Cuscuta chinensis extract is traditionally accepted herbal medicine for 

management of liver injury and disease related to kidney. The antioxidant and hepatoprotective 

potentials of extract make it ideal remedy to treat liver injury. Yen et al. (2008)  engineered 

Cuscuta chinensis extract nanosuspension by nanosuspension technique and assessed its 

hepatoprotective potential using acetaminophen induced hepatotoxicity in rats. Nanosuspension 

revealed better hepatoprotective activity in animal model with significant reduction of serum 

liver injury markers compared to control. The significantly better outcomes in present study was 

due enhancement in dissolution and absorption of phytoactives by nanosized formulation. 
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Sesamol is well known antioxidant and liver protective phytoactive. However poor oral 

bioavailability limits its therapeutic use. Gupta et al. (2021) formulated sesamol loaded 

polymeric NPs. The sesamol loaded PLGA NPs revealed significantly better hepatoprotective 

activity in animal model.  

Breviscapine is phytoconstituents extracted from the herb Erigeron breviscapus. It is 

clinical used for treatment of acute cerebral infarction and paralysis.  The major hurdles in 

conventional delivery drug are limited bioavailability and poor chemical stability in vivo. Liu et 

al. (2014) attempted to improve brain bioavailability of breviscapine by its encapsulation in 

SLNs. The encapsulation of drug in SLNs resulted significant increase in brain uptake of drug as 

well as its chemical stability. 

Kelidari et al. (2020) engineered Zataria multiflora essential oil loaded SLNs and its 

insect repellant potential against Anopheles stephensi. Encapsulation of oil resulted in significant 

increase in insect repellant potential with minimum toxicity to skin. Sesamol loaded SLNs 

revealed significantly better hepatoprotective and antioxidant potential compared to free sesamol 

in CCl4 induced hepatotoxicity animal model (Singh et al., 2015). Curcumin encapsulated SLNs 

showed better antimalarial efficacy compared to curcumin alone in P. berghei infected mice 

(Nayak et al., 2010). The major drawbacks of these two phytoconstituents are poor aqueous 

solubility and consequently poor oral bioavailability (Ghosh et al., 2014). SLNs promote 

encapsulation of these phytoconstituents and subsequently improve their bioavailability. The 

outcomes of SLNs in essential oil deliver are highlighted in Figure 1.  

Nanostructured Lipid Carriers (NLCs) are second-generation lipid nanoparticle made 

from combination of solid and liquid lipids. These novel particles were originally investigated to 

overcome drawbacks associated with SLNs (Ganesan and Narayanasamy, 2017). Solid lipid and 

liquid lipid being different molecules forms imperfect/ less-ordered crystalline structure of NLC 

compared to SLN which provides a higher phytoconstituent entrapment (Figure 2). These novel 

particles better than SLNs with respect to controlling of the drug release behavior, stabilization 

of phytoconstituent, drug encapsulation efficiency and lesser chances of drug leakage during 

storage. Thus, various plant bioactives have been successfully encapsulated into NLC in previous 

studies focused on improving aqueous solubility, maximizing gastrointestinal absorption, 

systemic bioavailability and increasing circulation time by reducing reticuloendothelial system 

(RES) uptake. Multiple numbers of authors have reported stabilization, controlled release and 

better therapeutic potentials of phytoconstituents on its encapsulation in NLCs.  

Nahr et al. (2019) have reported successful loading of cardamom essential oil in NLCs. 

Cardamom essential oil loaded NLCs was fabricated using olive oil and cocoa butter by nano-

emulsification method. Essential oil loaded NLCs exhibited improve storage stability and 

antioxidant activity than free oil. Thus NLCs can be utilized for stabilization of essential oil 
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against oxidative degradation. Essential oil of sucupira is extracted from plants of the genus 

Pterodon. It is traditionally accepted herbal medicine exhibiting anti-inflammatory, antimicrobial 

and anticancer potentials. However poor stability in presence of heat and atmospheric air due to 

oxidative degradation of oil components is major limitation. Vieira et al. (2020) attempted to 

solve limitations associated with conventional delivery of oil by formulating NLCs. The oil 

loaded NLCs exhibited very less toxicity to human intestinal Caco-2 cell line which confer its 

biocompatibility.  

 

Figure 1: Potential outcomes in lipid nanoparticles in essential oil delivery

 

Figure 2: Lipid nanoparticles, SLNs and NLCs 

 

Ferulic acid is antioxidant phenolic phytoconstituent isolated from various plant tissues. 

Carbone et al. (2020) engineered ferulic acid loaded NLCs using Lavandula essential oil as 

liquid lipid and assessed it for wound healing potential. Lavandula essential oil is known for its 
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wound healing potential. Ferulic acid NLCs prepared using Lavandula essential oil showed 

significantly better wound healing potential by promoting fibroblast proliferation and migration. 

β-Elemene well known natural anticancer phytoactive having ability to inhibit tumor growth and 

induce tumor cell death. Shi et al. (2013) successfully formulated β-Elemene loaded NLCs using 

glyceryl monostearate as well as Maisine 35-1 and evaluated for antitumor potential in tumor 

bearing mice. Phytoactive loaded NLCs significantly reduce weight of tumor in mice compared 

to free phytoactive on ten days treatment. In addition to this, loading of phytoactive into NLCs 

matrix resulted in reduction of venous irritation and thereby venous toxicities. The results of 

present study quite successful to demonstrate the potential outcomes of NLCs based anti-cancer 

phytoactives delivery. Sansare et al. (2022) fabricated curcumin loaded mannosylated NLCs for 

hepatocyte targeting. The curcumin loaded NLCs exhibited enhanced hepatoprotective potential 

in CCl4 induced heptatoxic rats with significantly better reduction of serum liver injury markers 

and oxidative stress parameters.  

Based on strong evidences reported in various literatures NLCs and SLNs are viable 

alternatives for stabilization and controlled delivery of essential oil.   

Advantages of the plant-based NPs delivery system 

NPs are more effective because they increase the solubility of phytoconstituents and help 

to transport encapsulated drug at specific target site. 

Administration of the drug in small particles dissolves more rapidly in the blood as the 

total surface area of the drug increases (Sachan, 2015) 

Microspheres, Microparticles and Microsponges 

The successful targeted controlled drug delivery systems deliver encapsulated drug at 

target site with controlled manner. Targeted controlled drug delivery system facilitates 

distribution of drug at target site and minimize off target distribution of drug which can minimize 

adverse drug reactions.  In addition to this, controlled drug release prevent need of frequent 

dosing which can minimize dosing frequency and improve patient compliance (Freiberg and 

Zhu, 2004). Polymeric microspheres considered as safe and convenient option for targeted 

controlled drug delivery. These are spherical particles having size in the range of 1 to 300 μm. 

Polymeric microspheres offer polymeric matrix for encapsulation and adsorption of drug. The 

encapsulated drug releases in controlled manner by either diffusion or polymer erosion. Both 

natural as well as synthetic polymers can be utilized for fabrication of microspheres. Natural 

polymers are commonly employed due to their biodegradability, biocompatibility and cost 

effectiveness. Effective use of microspheres for delivery of therapeutically active 

phytoconstituents is recently explored area (Gupta et al., 2015). The phytoconstituent/ plant 

extract loaded microspheres can administered by oral as well as topical route depending on its 

utility.  
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Table 2: Major findings of microspheres, microparticles and microsponge based 

phytoactive delivery 

Plants Therapeutic category Type of 

particulate system 

Major outcome of formulations 

Rutin  Anti-inflammatory  Chitosan 

microparticles 

Best anti-inflammatory response  

Zedoary oil  Hepatoprotective Polymeric 

microspheres 

Sustained release  

Camptothecin  Anticancer Polymeric 

microspheres 

Significantly better anticancer 

activity  

Quercetin  Anti-inflammatory  Polycaprolactone 

Microspheres 

Non-toxicity to HIG-82 synovial cell 

Alkaloids 

of Caulis 

sinomenii 

Anti-inflammatory poly(lactic acid) 

microspheres 

Better encapsulation of 

phytoconstituents  

Calendula 

officinalis 

Flowers 

extract 

Anti-inflammatory 

and antioxidant with 

wound healing 

potential 

gelatin-collagen 

microparticles 

Sustained release of extract. 

Minimum toxic potential to 

fibroblast cells 

Piperine Anti-inflammatory, 

antioxidant and 

hepatoprotective 

Polymeric 

microspheres 

Better hepatoprotective and gastric 

ulcer healing potential in animal 

model  

Silymarin hepatoprotective HPMC and ethyl 

cellulose 

microspheres 

Increase in gastric retention time of 

silymarin 

Thymol Antibacterial and 

antifungal 

Spray dried HPMC 

phthalate 

microspheres 

Improved bioavailability of thymol 

on encapsulation in microparticles.  

Quercetin Anti-inflammatory 

and antioxidant 

Solid lipid 

microparticles 

(SLMs) 

Improved stabilization of oil at 

elevated temperature 

Peppermint oil Antimicrobial SLMs Improved stabilization and 

encapsulation of oil in SLMs 

Curcumin Antimicrobial Microsponge Microsponge exhibited sustained 

drug permeation across skin with 

improved drug deposition in skin 

strata.  
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Eucalyptus 

globules oil 

Antimicrobial Microsponge Better antimicrobial activity against  

Staphylococcus aureus, 

Pseudomonas aeruginosa and 

Candida albicans  

Babchi 

(Psoralea 

coryfolia) oil 

Anti-microbial and 

anti-inflammatory 

Microsponge Enhance encapsulation and 

photostability of oil  

 

Extract of Ocimum sanctum, Morus alba, Musa acuminata, Mangifera indica, Zingiber 

officinalis and Piper nigrum have potential to cure gastric ulcer lesions (Singh and Kaur, 2011). 

The extract of such plants/ their isolated phytoconstituent can be encapsulated in floating 

microsphere to improve their pharmacological action by prolonging their gastric retention. In 

addition to this, such phytoconstituents can be load in microspheres fabricated using 

mucoadhesive polymers like chitosan (Lim et al., 2000).  

Essential oil of Syzygium aromaticum and Eucalyptus globulus has anti-inflammatory 

analgesic potential. Such oils can encapsulate in lipid microparticles and effective utilized for 

topical applications. The microparticles made up of solid lipid offers lipophilic matrix for 

encapsulation essential oil bioactives (Yang and Ciftci, 2016). Essential oil being its hydrophobic 

characteristics can effectively load in lipid microparticles with better encapsulation efficiency. 

The advantages of microparticles for delivery of curcumin is represented in Figure 3.  

Some herbal microspheres, microparticles and microsponge found in literatures are 

highlighted in Table 2. Donato et al. (2016) have fabricated rutin loaded chitosan microparticles. 

Rutin is a glycoside found in many plants. It is well known phytoconstituents for its anti-

inflammatory and anti-oxidant potential. Rutin encapsulated chitosan microspheres exhibited 

improved best anti-inflammatory responses in carrageenan induce rats paw edema with effective 

reduction in paw volume and inflammatory marker like interleukin.  The mucoadhesive 

properties of chitosan favored a localization of the rutin in the paw which significantly improved 

anti-inflammatory than free rutin. You et al. (2006) have encapsulated zedoary turmeric oil 

(ZTO) in polymeric microspheres.  ZTO mainly contains hepatoprotective and it is extracted 

from the dry rhizome of Curcuma zedoaria. The oil loaded microsphere exhibited better 

bioavailability in rabbit model than unloaded oil. Machida et al. (2000) have fabricated 

camptothecin loaded polymeric microspheres. Camptothecin is topoisomerase inhibitor 

anticancer constituent isolated from the bark and stem of Camptotheca acuminate. Drug loaded 

microspheres exhibited better anticancer activity in animal model as compare to free drug. 

Quercetin is well known anti-inflammatory phytoactive reported to inhibit nuclear factors 

involved in various autoimmune diseases like rheumatoid arthritis. However poor oral 

bioavailability and susceptibility to photooxidantion are major constraints in delivery of such 
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potential phytoactive. Natarajan et al. (2011) have loaded quercetin in polymeric microspheres 

with high entrapment efficiency. Furthermore the phytoactive loaded microspheres showed non-

toxicity to HIG-82 synovial cell which confer biocompatibility of carrier. Thus polymeric 

microspheres could be viable and biocompatible carrier for delivery of phytoconstituents.  

 

Figure 3: Potential outcomes in microparticles in curcumin delivery 

Caulis sinomenii is traditionally accepted remedy to manage arthritic pain. Zhang et al. 

(2011) have encapsulated total alkaloids of Caulis sinomenii in polymeric microspheres using 

emulsion solvent evaporation technique. The better encapsulation of phytoactive in polymeric 

matrix of microspheres was major outcome of present study. In addition to this the sustained 

release of encapsulated phytoactive for polymeric microspheres could be useful for long term 

therapeutic benefit. Polymeric microspheres or microparticles made with biodegradable polymer 

confer biocompatibility which could be desirable for controlled administration of number of 

phytoactives. Calendula officinalis flower extract is traditionally accepted remedy to heal skin 

wounds due to its anti-inflammatory and antioxidant potentials. Jimenez et al. (Jiménez et al., 

2015) attempted to formulate collagen I scaffolds loaded with C. officinalis flower extract 

encapsulated gelatin-collagen microparticles. Collagen I scaffolds has great role in wound 

healing thus dual therapeutic effect can be expected on combination it’s with extract. In addition 

to this, microparticles can release extract in sustained manner which has added advantage in 

wound healing where sustained concentration of antioxidant is necessary. The formulated system 

was found to exhibit minimum toxicity to fibroblast cells which confer its actual utility in wound 

healing. The conclusions quoted in literature showed applicability of extract collagen I scaffolds 

in efficient wound healing.  

Boddupalli et al. (2012) have encapsulated piperine in floating polymeric microspheres 

and assessed hepatoprotective as well as gastric ulcer healing potentials in animal models. 

Phytoactive loaded microspheres significantly reduce hepatotoxicity in rats induce by 

paracetamol. In addition to this microsphere based system was proved to be successful in 
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reduction of gastric ulcer in rat induce by ethanol (80%). Silymarin is well known phytoactive 

having hepatoprotective activity due to its antioxidant and radical scavenging potentials. The 

major constraints in oral delivery of this phytoactive are poor bioavailability, short biological 

half-life and significant first pass metabolism. Garg et al. (2010) had attempted to solve 

constraints associated with oral delivery of silymarin by formulating polymeric hollow 

microspheres for gastroretentive drug delivery. Hollow polymeric microspheres for 

encapsulation of silymarin were fabricated using various polymers like hydroxypropyl methyl 

cellulose, ethyl cellulose and Eudragit. The drug loaded microspheres were showed zero order 

drug release profile and prolonged gastric retention. Thus polymeric microspheres could be best 

alternative for oral delivery of phytoactives.  

The well-known antimicrobial constituent in essential oil is thymol. Essential oils rich in 

thymol were reported to inhibit growth of both bacterial as well as fungi. Thymol specifically 

inhibits both Gram-positive and Gram-negative bacterial than eugenol. However susceptibility to 

oxidation and poor aqueous solubility are major limitations encounter in thymol use.  Rassu et al. 

(2014) engineered spray dried polymeric microspheres to improve stabilization and 

bioavailability of thymol. Enhanced bioavailability of thymol on its encapsulation in 

microspheres is major fruitful outcome of present study.  Polymeric microsphere facilitates 

encapsulation of phytoactive in matrix and thereby prevent oxidative its degradation. Quercetin 

is antioxidant and anti-inflammatory flavonoid reported to reduce skin damage induce by 

harmful UV radiations. Topically applied quercetin is beneficial to reduce skin damage and 

inflammations induce by UV light. However photodegradation of this valuable phytoactive is 

major hurdle in its therapeutic use. Scalia et al. (2009) utilized lipid matrix for photostabilzation 

by encapsulation of quercetin in lipid microparticles. Quercetin was successfully encapsulated in 

tristearin lipid matrix and assessed for photodegradation in presence of UV light.  Lipid 

microparticles successfully improved photostabilzation of quercetin with retention of 88.7 % 

potency at the end of 90 days. Thus use of lipid based micro or nanoparticle is promising strategy 

to enhance chemical stabilization of phytoconstituents. Yang et al. (2016) have attempted to 

improve stabilization of peppermint oil by its encapsulation in SLMs. Peppermint oil 

encapsulated SLMs were fabricated using hydrogenated soybean oil. Solid lipid provided highly 

lipophilic matrix for encapsulation of essential oil. The oil loaded in lipid matrix was found to be 

stable even at high temperature and humidity. Thus lipid colloidal particle could be promising 

strategy for preservation of antimicrobial properties of active essential oil.    

Curcumin is polyphenolic phytoactive well known for its anticancer, antimalarial, 

hepatoprotective and antimicrobial properties. The major limitations encounter while therapeutic 

use of curcumin are its poor aqueous solubility and limited oral bioavailability. Bhatiya et al. 

(2018) successfully utilized ethyl cellulose porous microsponges for effective oral as well as 
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topical delivery of curcumin. Curcumin loaded microsponge revealed sustained drug release 

profile in addition to this permeation of curcumin across rat abdominal skin significantly 

improved. Thus ethyl cellulose based polymeric microsponge could be viable way for sustained 

delivery of curcumin both by oral and topical route. Tang et al. (2017) have loaded Eucalyptus 

globules oil encapsulated liposomes in chitosan microsponge in order to improve antimicrobial 

efficacy of both essential oil as well as chitosan. Microsponge loaded with essential oil 

liposomes showed enhance antimicrobial potential against both Gram-positive and Gram-

negative bacteria as well as fungi. The improved antimicrobial activity of microsponges could be 

due to additive microbial killing action of essential oil and chitosan.  

Essential oil obtained from Psoralea coryfolia found to exhibit various therapeutic effects 

like antimicrobial, anti-inflammatory, antitumor and antioxidant. Wadhwa et al. (2019) have 

attempted to improve antimicrobial potential of oil by its encapsulation in ethyl cellulose based 

polymeric microsponges. Essential oil loaded microsponge revealed better antimicrobial 

potential against Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus than 

free oil. In addition to this, improved cell viability of HaCaT cells revealed non-toxicity of oil 

loaded microsponge.  The strong fruitful evidences of above studies prove suitability of 

microspheres, microparticles and microsponges for effective delivery of active phytoconstituent.  

Conclusion: 

Today, medicinal plants are at the forefront of the pharmaceutical industry, as their 

effects are well known and their side effects are very low. Moreover, herbal medicine has an 

interesting symmetrical way of making nanoparticles compared to synthetic drugs. Herbal 

drugs/plant actives have great therapeutic potential to be found by applying new technologies for 

the administration of medicines. High molecular size, lipid solubility, and gastric acid 

degradation are some of the problems that limit the in vivo therapeutic activity of these extracts, 

although they have excellent in vitro biological activity. The use of Novel drug delivery systems 

has improved the bioavailability of herbal active ingredients by increasing permeability and 

solubility and reducing side effects. Nanomaterials have made great strides in nanotechnology 

due to their adjustable physico-chemical and biological performance compared to their 

counterparts. In recent years, there has been received a lot of attention and excitement about 

herbal remedies with nanoparticles for their potential and unique properties in the future, as these 

materials become essential in many areas of human activity. So herbal nanosystems have high 

hopes for overcoming the dilemmas of herbal medicine and increasing activity. Therefore, there 

is great potential for the development of a novel medicinal system to obtain valuable herbal 

medicines, as it provides effective trends and cost-effective trends for the implementation and 
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integration of new medicinal systems. It has also been used on an industrial scale for herbal 

medicines. New research can also help you gain and maintain your market. However, some 

medicinal problems need to be overcome, such as difficulties in conducting clinical research on 

medicinal plants, the development of simple standardized biological tests, the development of 

methods for the evaluation of drugs, and the toxicological examination of drugs. Various animal 

models have been found to evaluate the toxicity, toxicity and safety of the herbs used the legal 

and regulatory aspects of herbal medicines, etc. 
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Abstract: 

The delivery of drug in ocular cavity is most essential way for treating diseases 

associated with eyes. However this route suffers with many hurdles like poor corneal 

permeability of drugs due to corneal barrier, poor precorneal residential time and eventually less 

bioavailability. The enhancement of precorneal residence time, increase in velocity of 

formulation and development of novel drug delivery systems are major approached to improve 

ocular bioavailability of drugs. The nanotechnology domain has solved drawbacks associated 

with conventional ocular drug delivery systems. Nanotechnology involved formulation and 

development of nano sized particles. Various nanocarriers like liposomes, nanoparticles and 

niosomes are investigated for ocular delivery of drugs. The lipid nanoparticles showed improved 

drug permeation across cornea and precorneal residence time which can possible enhance ocular 

bioavailability of drug. Thus lipid nanoparticles could be promising alternative for ocular drug 

delivery. Thus present book chapter highlights recent advances lipid nanoparticles mediated 

ocular drug delivery.    

Keywords: Lipid nanoparticles, Nanostructured lipid carriers, Ocular drug delivery 

Introduction: 

Topical administration of drugs in ocular cavity is associated with the need to treat 

ophthalmic diseases. Ocular administration involves administration of drug close to the tissue 

around ocular cavity. This route is limited for treatment of local disease conditions associated 

with eyes. Systemic drug delivery using eye a site of adsorption is avoided in order to prevent 

risk of eye damage due to high blood concentration of drug (Araújo et al., 2009).  

Major classes of drugs administered in ocular cavity are miotics, mydriatics, anti-

inflammatory, diagnostic agents and anti-infectious agents. Various types of dosage forms can be 

used for administration of drugs. The most common dosage form is eye drop. Eye drop is easy to 
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instill but suffers from major drawbacks like poor precorneal residence of drug, loss of drug due 

to nasolacrimal drainage and dilution in tear fluid. In addition to this, frequent administration of 

eye drop is necessary to maintain sustained level of drug. Suspension type eye drop also 

marketed for ophthalmic delivery of various API. Steroidal drugs like hydrocortisone acetate, 

prednisolone acetate are examples of marketed ophthalmic suspensions. However rate of drug 

release from suspension is depend on rate of dissolution of drug in tear fluid, which changes 

constantly as composition of fluid changes. 

The ophthalmic scientists have suggested that, the therapeutic efficacy of ophthalmic 

drugs can be improved by prolonging precorneal residence of drugs. Various attempts were 

investigated to improve precorneal residence time of drugs which were, addition of viscosity 

enhancing agents, preparation of semisolid dosage forms and development of novel drug 

delivery systems. Various novel drug delivery systems including ophthalmic inserts, contact 

lenses, in-situ gels were investigated for effective ocular drug delivery. Some systems are 

currently in clinical trials and some are successfully introduced in market by various 

manufacturers. This chapter highlights different ocular barriers and various novel drug delivery 

systems investigated for ocular drug delivery.  

Transcorneal absorption of drugs 

The aim of ocular drug delivery is maximize absorption of drugs in intraocular tissues 

with minimum loss. The topical administration of drugs in eyes is most common method of 

ophthalmic drug delivery for the treatment of ophthalmic ailments. The absorption of drugs 

across the eye is takes place by two pathways; corneal and noncorneal pathways. The corneal 

pathway involves permeation of drug across the cornea, which is major pathway of drug 

absorption from ocular drug delivery. The noncorneal absorption involves permeation of drugs 

across the sclera and conjunctiva into intraocular tissues. This pathway is nonproductive as it 

restrains the entry of drugs into aqueous humor. However ophthalmic absorption of topically 

administered drugs is estimated to be less than 5%. Thus adequate bioavailability of topically 

administered drug is challenging due to the barrier functions of cornea and precorneal loss of 

drugs from ocular cavity. The understanding of these barriers is necessary for effective 

development of ophthalmic drug delivery system that can provide therapeutic drug concentration 

in ocular tissues. 

Barrier properties of cornea 

The cornea comprises of 5% of total ocular surface. Anatomically cornea consist of three 

major layers; epithelium, stroma and endothelium. The corneal epithelium is major barrier for 

absorption of topically administered drugs. Compared to tissue epithelium (nasal, GIT, tracheal, 

bronchial) corneal epithelium is relatively impermeable due to presence of unique tight junctions 

between epithelial cells, but it is more permeable to drugs as compare to stratum corneum of 



Bhumi Publishing, India 

64 
 
 

 

skin. The corneal epithelium acts as protective barrier for entry of foreign molecules, ions and 

drugs. The epithelium is comprises of basal columnar epithelial cells, two or three layers of wing 

cells and layer of squamous cells as highlighted in 10.3. The tight junctions between squamous 

cells prevent paracellular transport of drugs across the cornea.  

 

Figure 1: Schematic representation of biopharmaceutics of ophthalmic drugs 

However few intercellular spaces between wing cells and columnar cells allow 

paracellular transport of drugs through these layers only. It was estimated that, the small 

molecules like glycerol, PEG 200 and PEG 400 are able to penetrate through intercellular spaces 

of corneal epithelium, but macromolecules like inulin (MW 5000) are not able to diffuse across 

the epithelium by paracellular transport.  The drugs with molecular dimensions up to 20 nm can 

able to diffuse through normal epithelium. Corneal stroma is relatively open structure with high 

hydrophilicity. Because of hydrophilic nature of cornea, it serves as rate limiting barrier for 

permeation of lipophilic drug. The corneal endothelium lipophilic layer of cornea acts as rate 

limiting barrier for permeation of polar drugs.  Endothelium is responsible for maintaining 

hydration of cornea. 

Barrier function of conjunctiva and sclera  

Apart from corneal absorption of drugs, the conjunctival and scleral absorption are non-

corneal pathways of drug absorption. This pathway involves permeation of drug across 

conjunctiva and sclera. Hydrophilic macromolecules, which have poor corneal permeability, can 

absorb in ocular tissues by diffusion across conjunctiva and sclera. The conjunctiva comprises of 

conjunctival epithelium, the superficial cells of epithelium have tight junctions as shown in 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 65  

figure 10.4. The barrier properties of conjunctiva are less effective than that of cornea, thus 

conjunctival permeability of hydrophilic drugs is higher than that of corneal permeability. Polar 

drugs with molecular size up of 20,000-40,000 Daltons can pass through conjunctiva. For 

example, mannitol has 55 times higher conjunctival permeability as compared to corneal 

permeability. The carrier mediated transport mechanism plays key role in diffusion of drugs 

across the conjunctiva. Besides the corneal epithelium, the metabolizing enzymes secreted by 

conjunctiva are another hurdle for ocular bioavailability of drugs. Thus ocular bioavailability of 

peptides is limited due to its degradation by enzymes secreted by conjunctiva.  

 

Figure 2: Anatomy of cornea and corneal epithelium 

 

 

Figure 3: Representation of conjunctival epithelium 

 

Sclera consists of collagen fibers and proteoglycans embedded in an extracellular matrix. 

Ophthamically applied drugs can penetrate across sclera through spaces within collagen fibers or 

through aqueous environment of mucopolysaccharides. The sclera is more permeable to drugs 

than cornea. The charge on the drug molecules affects its scleral permeability. It was estimated 

that positive charge drugs are poorly permeable across sclera due to their binding to the 

negatively charge proteoglycan matrix. For example negative charge ciprofloxacin have more 

scleral permeability than positive charge form. Some β-blocker, sucrose and inulin are more 

permeable across the sclera than cornea.   
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Drug elimination from tears 

The liquid ophthalmic dosage forms showed poor ocular bioavailability due to precorneal 

loss of drug by tear fluid. Precorneal loss of drug is elimination of drug from tears before corneal 

permeation of drug. The instilled volume of ophthalmic dosage forms like solution, suspension 

are drained from conjunctiva into naso lacrimal duct or cleared from precorneal area resulting in 

poor ocular bioavailability. Precorneal loss of drugs from eyes is takes place by precorneal 

drainage, lacrimation and nonproductive conjunctival absorption. These factors limit the 

permeation of topically applied drugs into the eyes. The precorneal hurdles include, 

1. Spillage of drug by over flow 

The tear fluid is essential for a healthy ocular surface; however, for the permeation of 

topically applied drugs across cornea, tear film is a significant barrier. The tear film is composed 

of three layers: the outermost lipid layer (0.1 µm), the middle aqueous layer (8 µm) and 

innermost mucus layer (0.8 µm). The lipid layer prevents evaporation of tears, the aqueous layer 

allows spread of tears over the ocular surface and mucin layer adheres the tear film to ocular 

surface. The normal tear volume is 7 ml and human eye can accommodate 30 ml of fluid without 

spillage in unblinking condition. In an unstimulated human eye at a normal blink rate of 15–20 

blinks/min, and volume of fluid retain in eyes after blinking is approximately 10 ml. Thus more 

than 70% of administered drug is expel from eyes before absorption.  

2. Nasolacrimal drainage of drug 

 Tears are drained through the nasolacrimal duct into the nose. Thus topically 

administered solution and suspension also drained into nasal cavity along with tears. The most of 

the administered dose of drug drained into the nose by nasolacrimal drainage. The drainage of 

drug into nose results in systemic absorption of drugs by permeation across nasal mucosa, which 

reduces ocular bioavailability. The systemic absorption of drugs may create serious risk. For 

example timolol and mixed β1 and β2 antagonists are used in glaucoma therapy, which creates 

serious problems on systemic absorption. Blinking facilitates flow of tears into the nasolacrimal 

duct. Nasolacrimal drainage of the drug along with tears is the main factor contributing to drug 

loss from precorneal tear film.  

3. Enzymatic metabolism 

 Besides the barrier properties of cornea and conjunctiva, presence of drug metabolizing 

enzyme in corneal and conjunctival epithelium as well as in lacrimal fluid is also a limiting 

factor. Various esterases, peptidases and proteases classes of enzymes in corneal and 

conjunctival epithelium are responsible for degradation and deactivation of drugs.   
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Approaches to improve ocular bioavailability of drugs 

 Ocular bioavailability of drugs is limited due to barrier functions of cornea and 

conjunctiva as well as precorneal loss of drugs. The nasolacrimal drainage and loss of drugs by 

tear fluid also creates ocular bioavailability problems. Due to poor ocular bioavailability, the 

frequent administration of medicament is necessary to produce desired pharmacological effect. 

Frequent local administration of various drugs like antiglaucoma agent, antibiotics and antiviral 

precipitates dose related side effects. Thus to reduce frequency of drug administration and dose 

related side effects, the use of controlled drug delivery system is advisable.  

Requisites for controlled drug delivery 

a) To overcome the side effects of drugs due to frequent dosing and high concentration 

produce by conventional drug delivery system. 

b) To increase the ocular bioavailability of drugs by improving precorneal residence time 

and sustained drug delivery. 

c) To minimize to efficacy of protective barriers like nasolacrimal drainage and precorneal 

loss of drugs. 

d) To improve patient comfort and compliance.  

Two major approaches are being investigated to improve ocular drug deliveries which are: 

1. Approaches to improve precorneal residence time of drugs. 

2. Approaches to enhance corneal permeability either by structural alteration of corneal 

epithelium barrier or by modification of structure of drug molecules.  

Solid Lipid Nanoparticles (SLNs) 

SLNs are nanosphere composed of a solid lipid core with average diameter between 50 

and 1000 nm. These lipid nanoparticles made from purified triglycerides, complex glyceride 

mixtures, or waxes that are solid at both room temperature and human body temperature and are 

stabilized by suitable surfactant (Seyfoddin et al., 2017). In SLNs, the drug is mainly dispersed 

in molecular form throughout lipid matrix and located in between the fatty acid chains of the 

glycerides. It is an alternative carrier system to traditional system such as emulsions, 

microemulsion, nanoemulsion and are interesting lipid-based drug-delivery. However this 

system suffers with several limitations like low loading efficiency, drug leakage after 

polymorphic transition of lipids during storage.  The low drug loading capacity of SLNs is due to 

densely packed arrangement of lipid crystals in SLNs matrix, which allows little space for 

incorporation of drugs. To overcome these drawbacks, the next generation of SLNs i.e. 

nanostructured lipid carrier was developed. The NLCs is composed of mixture of liquid lipid and 

solid, which makes more imperfection in the matrix to incorporate more drug molecules than 

SLNs (Figure 4). Due to structural difference in solid and liquid lipids they cannot fit together 

which creates a lot of imperfections in matrix leading to an accommodation of more drugs 
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(Souto et al., 2010). Examples of solid lipids and surfactants used for fabrication of SLNs are 

highlighted in Table 1. 

Table 1: Commonly used solid lipids and surfactants for fabrication of SLNs 

Class Examples 

Solid lipids Stearic acid, Tristearin, Tripalmitin, Palmitic acid, Precirol ATO 5, Glycerol 

monostearate, Compritol 888 ATO, Cetyl palmitate, Glyceryl palmitostearate 

Surfactants Poloxamer 188, Polysorbate 20, Polysorbate 80, Polyvinyl alcohol, Soya 

lecithin, Sorbitan trioleate, Soya phosphatidylcholine, Sodium cholate, Sodium 

glycocholate 

 

Figure 4: Diagrammatic representation of SLNs and NLCs 

Lipid nanoparticles for ocular drug delivery  

Seyfoddin et al. (Seyfoddin and Al-kassas, 2013) attempted to improve the ocular 

bioavailability of acyclovir by its loading in SLNs and NLCs carrier. The formulation variables 

of the SLNs and NLCs were optimized using design of experiment concept. Both SLNs and 

NLCs showed acceptable physicochemical properties and suitability for ocular administration of 

acyclovir. NLCs revealed enhanced permeation across bovine cornea compared to free acyclovir. 

SLNs showed reduced the permeation rate of drug significantly. Thus SLNs and NLCs could be 

viable carriers for delivery of antiviral drug in ocular cavity.  

Basaran et al. (2017) formulated Cyclosporine A loaded SLNs for ocular drug delivery. 

Dynasan 116 was used as lipid for fabrication of lipid nanoparticles. Sheep model was used to 

assess in vivo permeation behavior of drug loaded nanoparticles. The SLNs dispersion applied on 

the sheep eye and samples were collected at specified time intervals and were analyzed. The drug 

was detected in aqueous and vitreous humour for more than 48 hours, reflecting sustained 

permeation of drug across ocular tissues.     

Attama et al. (2008) encapsulated diclofenac sodium in SLNs matrix. The lipid matrix of 

SLNs was formulated using goat fat and phospholipid. The bio-engineered human cornea, 
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prepared using human corneal endothelial cells was used to evaluate permeation characteristics 

of drug loaded SLNs. The drug encapsulated SLNs showed high permeation across the bio-

engineered cornea. The phospholipid modified lipid nanoparticles could be viable alternative for 

ocular drug delivery.  

Table 2: Overview of lipid nanoparticles based ocular drug delivery 

Drug Lipids used Major outcomes Reference 

Acyclovir Stearic acid  Controlled permeation of drug 

across bovine cornea  

(Seyfoddin and Al-

kassas, 2013) 

Cyclosporine 

A 

Glyceryl 

dibehenate 

Sustained permeation of drug across 

cornea.  

(Başaran et al., 2017) 

Diclofenac 

sodium 

Goat fat and 

phospholipid 

Better encapsulation of drug in lipid 

matrix and controlled permeation 

across bio-engineered cornea  

(Attama et al., 2008) 

Gatifloxacin Stearic acid and 

Compritol 

Controlled permeation of drug 

across goat cornea and prolonged 

hydration 

(Kalam et al., 2010) 

Tobramycin Stearic acid Enhanced bioavailability of drug in 

intraocular tissues 

(Kesarla et al., 2016) 

Kalam et al. ( 2010) formulated gatifloxacin loaded lipid nanoparticles for ocular drug 

delivery. Two different types lipid nanoparticles formulations were formulated using different 

lipids like stearic acid as well as stearic acid and Compritol. Both formulations were evaluated 

with respect to physicochemical properties and in vitro corneal permeation study. The lipid 

nanoparticles formulated using stearic acid was found to be effective in terms corneal permeation 

and hydration.  

Kesarla et al. (2016) loaded tobramycin in nanosized lipid matrix for ocular drug 

delivery. The precorneal residence of formulated SLNs was assessed using rabbit model. The 

SLNs showed improved precorneal residence in rabbit eyes compared to drug solution. In 

addition to this, the SLNs exhibited better ocular bioavailability of tobramycin compared to 

commercially available eye drop. Thus, SLNs is promising and viable alternative to improve 

ocular bioavailability of drug compared to conventionally available products.  

Conclusion:  

The delivery of drug in ocular cavity is challenging drug delivery to formulation scientist 

due to many hurdles like barrier properties of cornea, poor precorneal residential time and loss of 

drug. Many formulation experts have attempted to enhance ocular bioavailability of drug by 

utilizing numerous approaches. The nanosized particles are promising carriers for encapsulation 
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of drugs for ocular drug delivery. The various nanoparticles like polymeric nanoparticles and 

lipid nanoparticles have been investigated for delivery of drug in ocular cavity. The lipid 

nanoparticles showed improved drug permeation across cornea and precorneal residence time 

which can possible enhance ocular bioavailability of drug. Thus lipid nanoparticles like SLNs 

could be promising alternative carrier for ocular drug delivery.   
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Abstract: 

Liver disease especially liver cirrhosis is major cause of death in India. The major 

causative factor responsible for liver cirrhosis is chronic alcohol consumption. Numerous drugs 

have been approved for management of liver cirrhosis. However, these drugs suffers with 

common limitations like limited solubility, off-target distribution and poor bioavailability. The 

nanotechnology domain has solved many drawbacks associated with conventional delivery of 

drugs. Numerous scientific experts have attempted to load drugs in nanocarriers. Various 

nanocarriers like liposomes, nanoparticles, lipid nanoparticles, nanostructured lipid carriers and 

niosomes have been evaluated for delivery of liver protective drugs. Furthermore, the 

nanocarriers can be surface modify with liver targeting ligand for better delivery of drugs 

directly at liver cellular level. The receptors like carbohydrate receptors, lactobionic acid 

receptors and asioglycoprotein receptors have been utilized targeting of drug loaded nanocarriers 

to hepatocytes. Thus current book chapter represent liver targeting concept with nanocarriers by 

highlighting various recent investigations.   

Keywords: Liver targeting, liver diseases, Hepatocytes, Nanomedicines, Nanoparticles 

Introduction: 

Liver diseases are worldwide major causes for morbidity and mortality. Liver cirrhosis is 

a significant cause of global health burden, with more than one million deaths (Akinc et al., 

2009). The viral hepatitis, metabolic disorders, malnutrition, alcohol abuse, or autoimmune 

diseases are causes of chronic liver injury and subsequent complications such as liver cirrhosis or 

hepatocellular carcinoma. Novel nanocarrier based drugs delivery may overcome many of the 

hurdles of conventional drug delivery systems, because they bear the advantage of enabling a 

cell targeted drug delivery based on binding to a specific surface receptors. Cell-specificity 

increases the drug concentration at the defective/diseased cell or tissue, while reducing toxicity 

to normal cells. This is an important feature of nanocarriers, since many common drugs have 

limited efficacy because their concentration at the target site is too low. The use of drug loaded 

nanocarriers for management of liver diseases has been reported in many literatures.  
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Figure 1: Overview of hepatic diseases  

Mechanism of liver injury  

The etiology and mechanisms of liver injury is complex, many factors contribute in liver 

injury. The mitochondrial dysfunction due to variety of chemicals results in release of excessive 

amount of reactive oxygen species leading to hepatic cells injury (Kaur et al., 2014a). The 

accumulation of bile salts inside the liver due to the hepatocyte injury promotes liver damage. 

Two important pathways may be responsible for toxicity – direct hepatotoxicity and adverse 

immune reactions (Kaur et al., 2014b). These reactive metabolites interact with cellular 

macromolecules like proteins, lipids and nucleic acids which result in lipid peroxidation, DNA 

damage, protein dysfunction and oxidative stress. In most of the cases, hepatotoxicity is 

generally initiated by the bioactivation of drugs into chemically reactive metabolites. Ethanol 

metabolism results in protein conjugation, free radical generation and lipid peroxidation. Ethanol 

plays an important role in methionine metabolism leading to liver injury. 

Recently, it has been reported that hepatocellular injury is because of the inflammatory 

cells that have been attacked by the stressed hepatocytes. The inflammatory response is mediated 

by cytokines, mainly interleukin-1b (IL-1b) and tumour necrosis factor-a (TNF-a). The elevated 

level of these cytokines induces liver injury (Rohilla et al., 2014).  

Four major types of cells involve in liver injury 

While development of effective nanocarrier based system for hepatocellular targeting, it 

is necessary to understand the types of cells involved in liver injury and types of receptors 

overexpressed on the same (Bartneck et al., 2014).  
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Hepatocytes as the major parenchymal cells, and on the three major non-parenchymal 

cell types hepatic stellate cells (HSC), macrophages, and Liver sinusoidal endothelial cells 

(LSEC) are critically involved in liver disease and thus might be potential cellular targets for 

drug loaded nanocarriers. Hepatocytes perform essential functions of the liver such as protein 

synthesis and storage, carbohydrate turnover, synthesis of bile salts, phospholipids, and 

cholesterol. During liver disease, hepatocytes undergo apoptosis are replaced with ECM, a 

process involved in liver fibrogenesis. 

HSC are located in the perisinusoidal space (the area between the sinusoids and 

hepatocytes). In healthy liver HSC store vitamin A and secrete a limited amount of ECM 

proteins. During the course of liver disease, HSC differentiated into highly proliferative 

myofibroblasts, which produces large amounts of ECM proteins such as collagen type I and III. 

The production of collagen leads to an excess production of hepatic connective tissue, termed 

fibrosis, and eventually reduction in liver functionality.   

Macrophages are also responsible for injury and progression of liver disease. The 

predominant macrophages of the liver are the Kupffer cells (KC). In a normal healthy liver, the 

KC function as immune sentinels that activate other cells and components of the immune system 

upon pathogenic threats.  

 

Figure 2: Four major types of cells under healthy and fibrotic condition  

(Bartneck et al., 2014) 

LSEC constitute about half of the nonparenchymal cells of the liver. Under normal 

conditions, healthy LSEC protects the activation of HSC and can even deactivate activated HSC. 

Upon liver injury, LSEC undergoes capillarization. Following their capillarization, LSEC lose 

their fenestrations and enable macrophages and other immune cells to infiltrate the space of 

Disse 

Liver cell targeting using nanomedicine  

Liver targeting of drug loaded nanocarriers minimize off-target distribution of drug in 

other highly perfused organs and allow selective delivery of delivery of drug at cellular levels, 

which consequently increase accumulation of drug in hepatic cellular level and increase 
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therapeutic efficacy of drug (Rohilla et al., 2014). Numerous landmark investigations proved 

efficacy of nanocarrier mediated liver targeting in treatment of various disease conditions 

associated with liver. Numerous strategies have put forwarded by many scientific experts for 

targeting of drug loaded nanocarriers to liver cells ( Shah et al., 2013; Nair et al., 2019).  

Surface anchoring of targeting ligand on nanocarriers is acceptable and widely used 

strategy for liver targeted drug delivery (Irache et al., 2008). Many scientific experts have 

utilized various targeting ligands for liver targeting. Few prominent and successful ligands are 

represented below.  

Galactosylated and mannosylated ligand 

Carbohydrates like galactose and mannose are well known targeting ligands for targeting 

of asialoglycoprotein receptors on hepatocytes. The carbohydrates like galactose and mannose 

can specifically interacts with asialoglycoprotein receptors which are expressed on the cell 

membrane on hepatocytes, thus can be possibly utilize for targeting of drug loaded nanocarriers 

to hepatocytes (Irache et al., 2008). The mannose or galactose can be surface anchored on drug 

loaded nanocarrier by surface coating of preformed nanocarriers. Many scientific experts have 

utilized these carbohydrates as targeting ligand for hepatocytes specific delivery of drug loaded 

nanocarriers. The major outcomes of hepatocytes targeting using these ligands are highlighted in 

below figure.  

 

Figure 3: Diagrammatic representation of liver targeting using galactose ligand 

Yike et al. (2018) have utilized galactosylated nanoparticles for targeted delivery of 

curcumin in hepatocellular carcinoma. A novel moiety was used for the selective targeting of 

(DOX) which showed that the galactosylated nanoparticles have high liver-targeting potential.  
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Figure 4: Diagrammatic representation of liver targeting using mannose ligand 

Raposo et al. (2020) have designed galactose conjugated PLGA nanoparticles for the 

specific delivery of doxorubicin to human hepatoma cellular carcinoma cells (Hep G2). For 

specific delivery of drug encapsulated polymer containing nano sized particles, the chemical 

moiety is required. The chemical moiety act as targeting carrier which is responsible for 

directing nanoparticles specifically at liver cancer cells and minimize distribution of particles in 

health cells. The carbohydrate i.e. galactose and sterylamine were effectively utilized for 

formation of targeting carrier. The formed carrier then chemically joined with polymer and 

polymeric nanocarriers were designed for encapsulation of anticancer active.  The designed 

nanoparticles were exhibited spherical morphology with better particle size as well as anticancer 

active encapsulation. The cancerous cells killing potential of designed anticancer active loaded 

nano sized particles were proved using cytotoxicity studies.  Thus carbohydrate receptor 

targeting is a promising tool for specific delivery of active, especially anticancer active at 

affected cells.  

Lactobionic acid ligand  

Lactobionic acid is molecule derived by oxidization of lactose. Chemically, it contains 

galactose molecule in its chemical structure. Thus, lactobionic acid also bind with 

asialoglycoprotein receptors expressed on hepatocytes. Lactobionic acid surface conjugated 

nanoparticles can specifically accumulate in hepatocytes on parenteral administration.  

Naqvi et al. (2019) have fabricated lactobionic acid conjugated quercetin loaded silica 

nanoparticles for hepatocytes targeting. Authors have demonstrated a significant 

hepatoprotective effect of nanoparticles compared to free quercetin against cyclophosphamide-

induced hepatotoxicity in animal models. 
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Du et al. (2016) attempted to deliver lamivudine loaded polymeric nanoparticles to 

hepatocytes. The authors reported synthesis of lactobionic acid and chitosan conjugate. The 

synthesized conjugate was then incorporated in nanoparticles for delivery of lamivudine. The 

lactobionic acid conjugated nanoparticles reported to accumulate with better concentration in 

hepatic cells compared to unconjugated nanoparticles. The more accumulation of nanoparticles 

on conjugation with lactobionic acid could be due to targeting potential of nano sized particles.  

Li et al. (2009) formulated lactobionic acid conjugated Pluronic containing micelles for 

liver targeted delivery of silybin. Lactobionic acid- Pluronic conjugate was synthesized using 

esterification reaction and micelles of this conjugate was prepared. The formulation of micelles 

showed increased dissolution of silybin compared to free silybin. In addition to this, the 

lactobionic acid conjugated micelles showed significantly better accumulation in liver compared 

to free drug.     

 

Figure 5: Diagrammatic representation of liver targeting using lactobionic acid ligand 

Mehan et al. (2021) formulated lactobionic acid decorated polyphosphazene containing 

nanoparticles for liver targeting of antimalarial primaquine. The lactobionic acid modified 

nanoparticles showed enhanced uptake in HepG2 cell compared to conventional nanoparticles. In 

addition to this, lactobionic acid modified nanoparticles was revealed safe with lesser toxicity to 

liver tissues.  

Wang et al. (2021) designed lactobionic acid surface conjugated polymeric nanoparticles 

for liver targeting of methotrexate. The cell line study revealed enhanced uptake of lactobionic 

acid surface conjugated nanoparticles in liver carcinoma cells.    

Glycyrrhetinic acid ligand  

The glycyrrhizin (GL) and glycyrrhetinic acid (GA) are major chemical constituents of 

liquorice. These are mainly used as anti-inflammatory, antiallergic, antigastric, antihepatitis and 
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antihepatotoxic effects. It has reported that there are specific binding sites for both GL and GA 

on the hepatocytes. Thus these ligands can be used to target drug loaded nanocarriers to 

hepatocytes. Lin et al. (2008) have formulated prepared glycyrrhizin modified chitosan 

nanoparticles and reported glycyrrhizin conjugate nanoparticles were accumulated more in the 

rat hepatocytes by ligand receptor interaction as compared to that of conventional nanoparticles 

of chitosan. It was also reported the 3.3-fold higher uptake hepatocytes uptake of glycyrrhetinic 

acid modified liposomes than that of unmodified one (Akinc et al., 2009). 

 

Figure 6: Diagrammatic representation of liver targeting using glycerrhetinic acid ligand 

Qin et al. (2010) formulated glycyrrhetinic acid surface modified nanoparticles using 

ionic gelation technique for liver targeted delivery of doxorubicin in management of liver 

carcinoma.  The formulated nanoparticles exhibited enhanced uptake in human liver carcinoma 

cells. In addition to this, the glycyrrhetinic acid modified nanoparticles showed more 

accumulation in liver compared to other organ in animal studies.  

Wen-Wen et al. (2015) fabricated glycyrrhetinic acid surface anchored albumin 

nanoparticles for delivery of doxorubicin at liver cellular level. The resulting spherical 

nanoparticles revealed better uptake in liver cancer cell line compared to unconjugated 

nanoparticles. In addition to this, biodistribution studies in animals showed greater accumulation 

of glycyrrhetinic acid modified nanoparticles in liver tissues compared to unconjugated 

nanoparticles.  

Conclusion: 

Liver targeting is challenging task for formulation scientist due to complicated cellular 

structure and lack of cellular receptors. The receptors overexpressed on surface of hepatocytes in 

liver injury conditions are promising target for targeting of drugs to liver. Various scientific 
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investigators have attempted to target drug loaded nanocarriers to liver cells through various 

receptors like carbohydrate receptors, lactobionic acid receptors and asioglycoprotein receptors. 

The active targeting of drugs to liver cells through these receptors results in increase in 

accumulation of drugs in liver cells which can possibly manage liver disease conditions in better 

way. Thus, active targeting of drugs to liver cells like hepatocytes could be viable and promising 

strategy for delivery of hepatoprotective drugs.    
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Abstract: 

Prodrugs are chemically modified but pharmacologically inert forms of a drug molecule 

that must undergo an internal conversion to become effective. These modifications are made to 

the original drug molecule to circumvent pharmacological and pharmacokinetic issues that 

restrict the medicine's therapeutic use. The review presents the scientific rationale or design of 

many currently utilised prodrugs based on clinical pharmaceutical and chemical expertise. These 

aren't all the ways the prodrug strategy has been utilised to improve drug performance in the 

clinic; instead, they serve as instances of its versatility.  

Introduction: 

A prodrug method has led to a constant increase in the physicochemical, 

biopharmaceutical, and pharmacokinetic characteristics of pharmacologically active molecules 

over the past several decades. It is believed that around 10 per cent of medications now available 

on the market throughout the world can be categorised as prodrugs. In addition, in 2008, one-

third of all small-molecular-weight medications authorised were prodrugs. The first substance to 

fit the typical characteristics of a prodrug was acetanilide, which Cahn and Hepp introduced into 

medical practice in 1867 as an antipyretic medication under the trade name Antifebrin. In the 

body, acetanilide undergoes the process of aromatic hydroxylation, which converts it into the 

physiologically active molecule acetaminophen (paracetamol). Paracetamol has properties that 

make it effective in treating both fever and pain. Another analgesic medication called phenacetin 

(acetophenetidin), first used in clinical practice in 1887 by von Mering, may be O-dealkylated to 

produce acetaminophen, which can then be used to make acetaminophen. The identities of 

acetanilide and phenacetin were not initially established until much later. Another well-known 

prodrug from times past is aspirin or acetylsalicylic acid. In 1897, Felix Hoffman of Bayer, 

Germany, created it, and the following year, Dresser of Vienna, Austria, used it in therapeutic 

practice. The prodrug concept was first used on purpose, however, when the Parke-Davis 
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company worked to improve the taste and water solubility of the antibiotic chloramphenicol by 

altering the drug's structure in the middle of the twentieth century. This research was performed 

with the hope of making chloramphenicol more appealing to patients. The results of this work 

led to the synthesis of two chloramphenicol prodrugs. Chloramphenicol sodium succinate is 

readily soluble in water, while chloramphenicol palmitate is typically given as a suspension to 

children (1). 

The prodrug concept  

A drug whose efficacy is restricted due to unfavourable physicochemical properties, such 

that it cannot overcome a particular barrier, is chemically modified by the attachment of a 

Promoiety to generate a new chemical entity known as the prodrug. The prodrug's properties are 

such that it is capable of overcoming the limiting barrier. In a perfect world, the connection 

between moiety and a moiety action would be engineered to be broken quickly and easily by 

either enzymatic or non-enzymatic mechanisms. After, there will be a following speedy removal 

of the released moiety. Harper (1959, 1962) defined drug lamentation as the chemical 

modification of a biologically active agent to form a new compound that, upon in vivo enzymatic 

attack, will liberate the parent compound. Drug potentiation is the process by which a drug can 

remain in the body for a more extended because of the chemical reaction; the activity of the 

parent drug is altered so that there is a change in the physicochemical qualities, which will affect 

the absorption, distribution, and enzymatic metabolism. These substances have also been referred 

to as bio-reversible derivatives and congeners; nevertheless, the word "prodrug" is now the one 

that is used the most frequently. There is an abundance of clinically useful prodrugs. Many of the 

medications that were discovered as early as the late nineteenth century were, in fact, prodrugs. 

For instance, hexamine (also known as methenamine) and aspirin are prodrugs of formaldehyde 

and salicylic acid, respectively. The gastrointestinal mucosa is less likely to be damaged by 

aspirin than it would be by salicylic acid. In contrast, aspirin quantitatively releases salicylic acid 

in vivo through the action of esterases. Formaldehyde is an antibacterial agent that acts on 

contact (2). 

History and the present of prodrug design  

In 1958, Adrien Albert was the first person to use the word "pro-drug" (Albert, 1958). A 

few decades later, he expressed such an erroneous phrase, stating that "predrug" would have 

been a better name to use because it is more descriptive. Then, however, the initial version had 

already gained too much traction to be altered. Despite this, the idea of a prodrug was 

significantly developed in significant locations amine, often known as hexamine, was initially 

marketed by Schering in 1899 and is widely considered the first prodrug that was the first 

prodrug. Isa is a prototypical example of a site-selective prodrug since it, when metabolised in 

acidic urine, produces six equivale metabolised antibacterial formaldehyde and four equivalents 

(Eq) of ammonium ions. At the same time, Bayer released aspirin, also known as acetylsalicylic 
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acid, a version of the anti-inflammatory drug salicylate that is less irritating. Nevertheless, the 

question of whether or not aspirin is a natural prodrug is still open for discussion. Prostaglandin 

natural thromboxanes, two of the body's most essential mediators, are produced by the enzyme 

cyclooxygenase, which is permanently inhibited by aspirin. For this purpose, it acetylates one 

hydroxyl group of a serine residue (Ser 530) in the active region of the enzyme; in contrast, its 

parent medication, salicylic acid, is a mild reversible cyclooxygenase inhibitor. Even though that 

wasn't what was meant to happen Thus, aspirin cannot be considered a bridge drug (Vane and 

Botting, 2003). However, aspirin is rapidly bio-transformed into the active metabolite, 

salicylate.  This suggests that aspirin has properties similar to those of a prodrug. Years later, in 

1935, Bayer introduced prontosil, an antibiotic prodrug. It wasn't until later that same year that 

researchers realised prontosil might be used as a prodrug by being broken down by reductive 

enzymes into the active chemical para-aminophenylsulfonamide. The second generation of 

sulfonamide prodrugs was created after the launch of prontosil. This was made feasible because 

the sulfanilamide moiety may be attached to other molecules, like how Roche hid the prodrug 

effect of the antituberculosis drug isoniazid for nearly 40 years after its original sale in 1952. By 

now, it shits surprising that the mycobacterial catalase-peroxidase KatG is the enzyme 

responsible for isoniazid bioactivation. The mycobacterial cell wall requires mycolic acid, which 

is inhibited when reactive species mix with NAD+ and NADP+ to create adducts. When 

pharmaceuticals are synthesised inadvertently, the resulting prodrugs can sometimes offer insight 

into less desired properties of the drug. Heroin (diacetylmorphine) is an excellent example of this 

principle since, from 1898 to 1910, it was marketed as a harmless replacement for morphine that 

would alleviate coughing and cure drug dependency on cocaine and morphine. It was a 

significant embarrassment for Bayer when they learned that heroin is quickly metabolised into 

morphine after oral administration. The use of prodrugs in researching and developing novel 

medicines has increased dramatically since the 1960s. Significant progress in the study of 

prodrugs has been made at the turn of the 21st century. At about this time, property-based drug 

design began to be widely used in the broader context of the drug development process. This is 

observable in many clinically studied and commercially available medications, peer-reviewed 

journal articles, reviews, and patents. Additionally, hundreds of other prodrugs are now 

undergoing clinical testing. In 2009, around 15% of the top 100 small-molecule pharmaceuticals 

by sales were prodrugs, putting into context the scale of the successes made via the use of the 

prodrug method. The L-lysine prodrug of the psychostimulant dextroamphetamine, 

lisdexamfetamine dimesylate (Vyvanse), is one of these best-selling prodrugs. The delayed 

release of the active parent medication upon inhalation of lisdexamfetamine dimesylate makes it 

less likely that the drug will be abused. Proton pump inhibitors (PPIs) like omeprazole and its 
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analogues are another joint family of prodrugs. Prodrugs undergo site-selective bioactivation in 

the acidic parietal cells of the stomach, where they are transformed into active species (3). 

Prodrugs: Design and clinical applications 

High-throughput screening and combinatorial chemistry are examples of cutting-edge 

discovery tools that may be used to generate novel lead structures with high pharmacological 

efficacy. However, the physicochemical and biological features of the early leads are often 

overlooked. This can cause drug candidates to have subpar drug-like properties, which can 

further pose significant problems in drug development. It is now accepted that improving the 

physicochemical, biopharmaceutical, or pharmacokinetic properties of pharmacologically potent 

compounds through the development of prodrugs, which are chemically modified versions of the 

pharmacologically active agent that must transform in vivo to release the active drug, can 

increase the developability and usefulness of a potential drug. To explain what we mean by 

"prodrug," we need to clarify what "drug" is (FIG. 1). For instance, prodrugs offer the 

opportunity to circumvent a variety of obstacles that stand in the way of drug formulation and 

delivery. Problems with toxicity, local irritation, and low brain penetration also exist. Other 

issues include poor water solubility, chemical instability, insufficient oral absorption, fast pre-

systemic metabolism, and poor oral absorption. The development of a prodrug with enhanced 

properties of an already existing drug may present an opportunity for life-cycle management, and 

prodrugs can also enhance the targeting of medications. Most prodrugs are simple chemical 

derivatives that need just one or two elementary chemical or enzymatic transformation steps to 

generate the active parent medicine. Co-drugs are pharmaceutically active drug derivatives in 

which two medications are chemically bonded together in a single molecule to enhance the 

therapeutic effects of each term "prodrug" refers to a compound that combines two medications 

into one for a more significant therapeutic effect. Historically, prodrugs have been referred to by 

various names, including reversible derivatives, bio-reversible derivatives, licentiate drugs, and 

boilable drug-carrier conjugates. Because it is the result of a molecular alteration conducted on 

the active agent itself, rather than a carrier or moiety, a bio precursor prodrug is a particular type 

of prodrug. As a result of this modification (which may involve oxidation or reduction, for 

example), a new molecule is formed that is amenable to additional metabolic or chemical 

transformation, with the resulting product functioning as the active agent (it can also be referred 

to as an active metabolite). Finally, soft medicines, sometimes misunderstood as prodrugs, have 

also been employed in tissue targeting. In contrast to prodrugs, which are inactive precursors, 

soft drugs are fully available medications that are intended to be deactivated or metabolised in a 

controlled manner in vivo once their therapeutic impact has worn off. Because of our more 

current comprehension of numerous biological events, we can now build more refined, safer, and 

better-targeted prodrugs. To demonstrate the full potential of the prodrug method, this article will 

give an overview of functional groups suitable for prodrug design. Following this, the key 
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benefits of the prodrug method will be discussed, such as its capacity to increase oral 

bioavailability and water solubility, boost lipophilicity and active transport, and provide for site-

selective administration (4). 

 

Figure 1: A simplified representative illustration of the prodrug concept 

Advantages of Prodrugs: 

List of common prodrugs with their therapeutic area: 

Sr.No. Prodrug Therapeutic area 

1 Enalapril  Angiotensin-converting enzyme inhibitor 

2 Pivampicillin β-lactam antibiotic 

3 Oseltamivir anti-influenza 

4 Tenofovir disoproxil antiviral 

5 Ximelagatran anticoagulant 

6 Famciclovir antiviral 

7 MGS0210 glutamate receptor (MGLUR2) antagonist 

8 Sulindac non-steroidal anti-inflammatory 

9 Miproxifene anticancer 

10 Fosamprenavir  (antiviral) 

11 Prednisolone phosphate glucocorticoid 

12 Fludarabine phosphate  antiviral 

 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 85  

Various types of prodrugs which is available in the market which is playing a significant 

role in patient treatment, and they play a very vital role in improving the following parameter of 

the drugs 

 Self-life, 

 Odour 

 Adverse effect 

 Rate of elimination  

 Rate metabolism  

 Rate of absorption 

 Rate of distribution 

Future Prospects: 

In conclusion, it would appear that the chemical method, also known as the prodrug 

approach, is increasingly becoming an essential component of the drug design and discovery 

paradigm. Synthetic, medicinal chemists, biologists, toxicologists, drug metabolism experts, 

pharmacokinetics, and formulators are all essential team members assembled to implement a 

prodrug initiative. This innovative approach to problem-solving has seen increased interest due 

to drug development teams’ frustrations when dealing with new, larger, and more complicated 

candidates for therapeutic molecules. This has resulted in some notable recent commercial 

triumphs. As is the case with every field of study, several demands may benefit from innovative 

prodrug solutions. These needs include circumventing drug efflux mechanisms, achieving 

genuine drug targeting, and avoiding systemic metabolism. In one of my current responsibilities 

as a consultant to the pharmaceutical business, I have been requested more often in the last two 

years than in any of the prior 30 to discuss and consult on the application of prodrugs as a 

problem-solving tool. In my opinion, the future of this outdated manner of drug delivery is bright 

(5). 
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Abstract:  

This chapter is concerned with the pharmacology of agents that are used therapeutically 

for the treatment of a variety of disorders including anxiety, sleep, and psychosomatic disorders. 

The distinct classification of these agents as sedatives, hypnotics, and anxiolytics is clouded 

since they have overlapping pharmacological activities. Sedatives and hypnotics cause drug 

toxicity and also enhance withdrawal syndrome. Anxiolytic, sedative and hypnotic drugs result 

in drowsiness and sleep. So, the drugs such as Benzodiazepine and barbiturates act on the CNS 

with a different mechanism of action. The safety and tolerability are clearly explained in this 

chapter. This chapter also includes a detailed study of neurotransmitters. It includes 

classification, diseases associated with neurotransmitters, different modes of action, and a 

detailed study of the transmission of different neurotransmitters. 

Keywords: Neurotransmitters, Acetylcholine, Benzodiazepines, Barbiturates, Sedative, 

Drowsiness, withdrawal syndrome. 

Introduction: 

• Neurotransmitters are chemical messengers that transmit signals from a neuron to a target 

cell across a synapse. 

• Target cell may be a neuron or some other kind of cells like a muscle or gland cell. 

• Necessary for rapid communication in the synapse. 

• Neurotransmitters are packaged into synaptic vesicles – the presynaptic side of a synapse. 

• Neurotransmitters act on receptors, which are transmembrane proteins that have an 

extracellular site that binds the neurotransmitter and suffers some conformational change. 

•  If the receptor happens to be an ion channel, it is said to be a direct gating receptor, and 

binding the neurotransmitter will either cause it to open or close. There is a second type 

of receptor which is coupled to intracellular second messenger cascades, but eventually, 

some part of the cascade will affect an ion channel, and thus its membrane potential.  
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• Neurotransmitters are synthesized in the cell body and are transported to the terminal 

synaptic buttons of the axon where they are encapsulated into vesicles and stay close to 

the synaptic region of the button. When an action potential occurs, an influx of calcium 

ions induces the vesicles to fuse with the presynaptic membrane and its contents are 

poured into the synaptic cleft. 

• Each neurotransmitter has a particular biosynthetic pathway but can be divided into three 

principal classes since they share some enzyme or metabolic pathway.  

• The first class is made up of acetylcholine alone, the second class is the biogenic amines, 

which are molecules formed by an amino acid losing a hydroxyl or carboxyl group. 

•  The third class is made up of amino acids. There is also a specific chain of enzymatic 

reactions that decompose the transmitter, either for destruction or for recycling.  

• This is important since a synaptic signal does not subdue until the transmitter is removed 

from the synaptic cleft. The transmitter can be degraded in the cleft, or absorbed by the 

postsynaptic neuron or a glial cell and decomposed. 

 

A schematic representation of a chemical synapse 

 

Neurotransmitters Function Synthesis (Enzyme) 

Acetylcholine Mostly excitatory Choline acetyltransferase 

Dopamine Excitatory and inhibitory  Tyrosine hydroxylase 

Epinephrine  Excitatory Tyrosine hydroxylase and dopamine-b-

hydroxylase 

Serotonin Excitatory Tryptophan hydroxylase  

Glutamate Excitatory Metabolic amino acid  

Glycine  Mostly inhibitory Metabolic amino acid 

GABA Inhibitor Glutamate decarboxylase 
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Properties of neurotransmitters 

1. Synthesized in the presynaptic neuron. 

2. Localized to vesicles in the presynaptic neuron. 

3. Released from the presynaptic neuron under physiological conditions. 

4. Rapidly removed from the synaptic cleft by uptake or degradation. 

5. Presence of receptors on the post-synaptic neuron. 

6. Binding to the receptor elicits a biological response.  

 

Types of Neurotransmitters 

 

Acetylcholine (Ach) 

 Acetylcholine was the first neurotransmitter to be 

discovered 

 Isolated in 1921 by a German biologist named Otto 

Loewi. 

 Uses choline as a precursor – cholinergic neurotransmitter. 

 Used by the autonomic nervous system, such as smooth muscles of the heart, as an 

inhibitory neurotransmitter. 

 Responsible for stimulation of muscles, including the muscle of the gastrointestinal 

system. 

 Used everywhere in the brain. 

 Related to Alzheimer’s Disease. 

Norepinephrine (noradrenaline) 

 Synthesized directly from dopamine. 

 Direct precursor to epinephrine. 
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 It is synthesized in four steps from tyrosine 

 Synthesized within vesicles. 

 Norepinephrine is strongly associated with bringing our nervous system into “high alert” 

 It increases our heart rate and our blood pressure. 

 It is also important for forming memories. 

Dopamine 

 Dopamine is synthesized in three steps from the amino and tyrosine. 

 Associated with reward mechanism in the brain. 

 Generally involved in regulatory motor activity, mood, motivation, and attention. 

 Schizophrenics have too much dopamine. 

 Patients with Parkinson’s disease have too little dopamine. 

Glutamate 

 It is an amino acid. 

 It is the most commonly found excitatory neurotransmitter in the brain. 

 It is involved in most aspects of normal brain function including cognition, memory, and 

learning. 

 Glutamate is formed from α –ketoglutarate, an intermediate of the Krebs cycle. 

Mode of action 

 

Steps in neurotransmitter processing are : 

 Synthesis: Neurotransmitters are synthesized by the enzymatic transformation of 

precursors. 

 Storage: they are packaged inside synaptic vesicles. 
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 Release: they are released from the presynaptic terminal by exocytosis when calcium 

enters the axon terminal during an action potential.  

 Diffuse across the synaptic cleft to the postsynaptic membrane. 

 Binding: they bind to receptors proteins. 

 Inactivation: the neurotransmitter is degraded either by being broken down 

enzymatically or reused by active reuptake.  

 

Mode of action of acetylcholine 

• Release 

• When a nerve impulse reaches the pre-synaptic knob Ca channels open. 

• Increased Ca ions - fusion of vesicle to presynaptic membrane and release of each 

into the cleft. 

• Binding 

• Ach bind to receptors in the postsynaptic membrane. 

• Ion channels open – inflow of Na and K ions. 

• Depolarisation and formation of the action potential. 

• Propagation of action potential and contraction of fibers. 

• Deactivation 

• Ach is hydrolyzed by acetylcholinesterase. 
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• Choline is taken back to the presynaptic domain for resynthesis of Ach. 

Alcohol and neurotransmitters 

• It binds directly to receptors for Ach, serotonin, GABA, and glutamate. 

• It enhances the effect of GABA, which is an inhibitory neurotransmitter. 

• Enhancing an inhibitor make things sluggish. 

• The neuron activity is diminished- sedative effects of alcohol. 

• Alcohol inhibits glutamate receptor function. 

• This causes discoordination, slurred speech, staggering, memory 

disruption, and blackout. 

• Alcohol raises dopamine levels. 

• This leads to excitement, pleasure, and later addiction. 

Nicotine and neurotransmitters 

• Nicotine imitates the action of Ach & binds to Ach receptors. 

• Like acetylcholine, nicotine leads to a burst of receptors activity. 

• Nicotine activates cholinergic neurons in many different regions throughout your brain 

simultaneously. 

• This stimulates leads to: 

• Increased release of glutamate. 

• Stimulation of cholinergic neurons promotes the release of dopamine. The 

production of dopamine causes feelings of reward and pleasure. 

Diseases associated with neurotransmitters 

Neurotransmitter Disease 

Acetylcholine Alzheimer’s 

Dopamine Parkinson's disease, Schizophrenia 

GABA Epilepsy 

Serotonin Migraines,   Depression 

Glutamate Migraine, stroke 

                                          

Sedatives, hypnotics and anxiolytics 

Introduction 

Sedatives are drugs that decrease activity, moderate excitement and calm the recipient. It 

decreases the responsiveness of stimulation and decreases motor activity 

Hypnotics: These drugs produce drowsiness and facilitate the onset and maintenance of sleep 

that resembles natural sleep. 

Anxiolytic:- These are the drugs that can relieve anxiety without interfering with mental or 

physical function 
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All the 3 classes of drugs are CNS depressants differing in time action and dose 

Hypnotics at low dose act as sedatives, Anxiolytic and Hypnotics at high dose act as a general 

anesthetic  

Classification: 

1) Benzodiazepines                                  

         -  Alprazolam                                                 

         -  Chlordiazepoxide                                      

         -  Clonazepam 

         -  Lorazepam  

         -  Diazepam 

2) Barbiturates  

          -  Amobarbital  

          -  Pentobarbital  

          -  Phenobarbital  

          -  Thiopental  

 

3) Other Hypnotic agents 

          -  Chloral hydrate  

          -  Ethanol  

          -  Zolpidem 

       4)  Other Anxioytic Drugs 

          -  Antidepressant 

          -  Buspirone 

 

⮚ Benzodiazepines 

Mechanism of Action  

Benzodiazepines act on the GABAA receptor present on the post-synaptic nerve and bind 

at the allosteric site on the receptor, the binding of the drug causes the opening of the ca2+ 

channel which causes hyperpolarization of the nerve. This hyperpolarization will prevent nerve 

conduction, thus it decreases nerve activity. 

Actions  

1) Reduction of anxiety: At low doses, the benzodiazepines are anxiolytic. They are thought to 

reduce anxiety by selectively enhancing GABAergic transmission in neurons having the alpha-

beta subunit in their GABAA receptors, thereby inhibiting neuronal circuits in the limbic system 

of the brain. 

2) Sedative and hypnotic actions: All of the benzodiazepines used to treat anxiety have some 

sedative properties, and some can produce hypnosis (artificially produced sleep) at higher doses. 

Their effects are mediated by GABAA receptors. 

3) Anterograde amnesia: The temporary impairment of memory with the use of 

benzodiazepines is also mediated by the GABAA receptors. This also impairs a person's ability 

to learn and form new memories. 
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4) Anticonvulsant: Several benzodiazepines have anticonvulsant activity and some are used to 

treat epilepsy (status epilepticus) and other seizure disorders. This effect is partial, although not 

completely, mediated by GABAA receptors 

 

 

⮚ Therapeutic Uses  

The individual benzodiazepines show small differences in their relative anxiolytic, 

anticonvulsant, and sedative properties. However, the duration of action varies widely among 

this group. 

Anxiety disorders:  Benzodiazepines are effective for the treatment of the anxiety symptoms 

secondary to panic disorder, generalized anxiety disorder, social anxiety disorder, performance 

anxiety, posttraumatic stress disorder, obsessive-compulsive disorder, and extreme anxiety 

sometimes encountered with specific phobias, such as fear of flying. 
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Muscular disorders: Diazepam is useful in the treatment of skeletal muscle spasms, such as 

occur in muscle strain, and in treating spasticity from degenerative disorders, such as multiple 

sclerosis and cerebral palsy 

Sleep disorders: Not all benzodiazepines are useful as hypnotic agents, although all have 

sedative or calming effects. They tend to decrease the latency to sleep onset and increase Stage II 

of non-rapid eye movement (REM) sleep. Both REM sleep and slow-wave sleep are decreased. 

In the treatment of insomnia, it is important to balance the sedative effect needed at bedtime with 

the residual sedation upon awakening 

⮚ Adverse effects 

Drowsiness and confusion: These effects are the two most common side effects of 

benzodiazepines. Ataxia occurs at high doses and precludes activities that require fine motor 

coordination, such as driving an automobile. Cognitive impairment (decreased long-term recall 

and acquisition of new knowledge) can occur with the use of benzodiazepines. 

Precautions: Benzodiazepines should be used cautiously in treating patients with liver disease. 

They should be avoided in patients with acute narrow-angle glaucoma. Alcohol and other CNS 

depressants enhance the sedative-hypnotic effects of benzodiazepines. 

⮚ Barbiturates 

Barbiturates were formerly the mainstay of treatment to sedate the patient or induce and 

maintain sleep. Today, they have been largely replaced by benzodiazepines, primarily because 

barbiturates induce tolerance. 

Mechanism of action 

 

The sedative-hypnotic action of the barbiturates is due to their interaction with GABAA 

receptors, which enhances GABAergic transmission. The binding site is distinct from that of 
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benzodiazepines. Barbiturates potentiate GABA action on chloride entry into the neuron by 

prolonging the duration of the chloride channel openings. In addition, barbiturates can block 

excitatory glutamate receptors. Anesthetic concentrations of pentobarbital also block high-

frequency sodium channels. All of these molecular actions lead to decreased neuronal activity. 

Actions  

1) Depression of CNS: At low doses, the barbiturates produce sedation (calming effect, reducing 

excitement). At higher doses, the drugs cause hypnosis, followed by anesthesia (loss of feeling or 

sensation), and finally, coma and death. Thus, any degree of depression in the CNS is possible, 

depending on the dose. Barbiturates do not raise the pain threshold and have no analgesic 

properties. They may even exacerbate pain. Chronic use leads to tolerance. 

2) Respiratory depression: Barbiturates suppress the hypoxic and chemoreceptor response to 

CO2, and overdosage is followed by respiratory depression and death. 

3) Enzyme induction: Barbiturates induce P450 microsomal enzymes in the liver. Therefore, 

chronic barbiturate administration diminishes the action of many drugs that are dependent on 

P450 metabolism to reduce their concentration. 

⮚ Therapeutic uses 

 1) Anesthesia: Selection of a barbiturate is strongly influenced by the desired duration of action. 

The ultra short-acting barbiturates, such as thiopental, are used intravenously to induce 

anesthesia.  

2) Anticonvulsant: Phenobarbital is used in the long-term management of tonic-clonic seizures, 

and status epilepticus. Phenobarbital has been regarded as the drug of choice for the treatment of 

young children with recurrent febrile seizures. However, phenobarbital can depress cognitive 

performance in children, and the drug should be used cautiously. Phenobarbital has a specific 

anticonvulsant activity that is distinguished from nonspecific CNS depression. 

3) Anxiety: Barbiturates have been used as mild sedatives to relieve anxiety, nervous tension, 

and insomnia. When used as hypnotics, they suppress REM sleep more than other stages. 

However, most have been replaced by benzodiazepines. 

⮚ Adverse effects 

1) CNS: Barbiturates cause drowsiness, impaired concentration, and mental and physical 

sluggishness. The CNS depressant effects of barbiturates synergize with those of ethanol.  

2) Drug hangover: Hypnotic doses of barbiturates produce a feeling of tiredness well after 

the patient wakes. This drug hangover may lead to impaired ability to function normally 

for many hours after waking. Occasionally, nausea and dizziness occur. 

3) Physical dependence: Abrupt withdrawal from barbiturates may cause tremors, anxiety, 

weakness, restlessness, nausea and vomiting, seizures, delirium, and cardiac arrest. 

Withdrawal is much more severe than that associated with opiates and can result in death 
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4) Poisoning: Barbiturate poisoning has been a leading cause of death resulting from drug 

overdoses for many decades. Severe depression of respiration is coupled with central 

cardiovascular depression and results in a shock-like condition with shallow, infrequent 

breathing. 

⮚ Other Hypnotic Agents 

Zolpidem  

The hypnotic zolpidem is not a benzodiazepine in structure, but it acts on a subset of the 

benzodiazepine receptor family BZ1. Zolpidem has no anticonvulsant or muscle-relaxing 

properties. 

Adverse effects  

Nightmares, Agitation,  Headache, Gastrointestinal upset, Dizziness Daytime drowsiness. 

Antihistamines 

Nonprescription antihistamines with sedating properties, such as diphenhydramine and 

doxylamine, are effective in treating mild types of insomnia. However, these drugs are usually 

ineffective for all but milder forms of situational insomnia. Furthermore, they have numerous 

undesirable side effects (such as anticholinergic effects) that make them less useful than 

benzodiazepines. 

⮚ Other Anxiolytic Agents 

Buspirone is useful in the treatment of generalized anxiety disorder 

Mechanism of action  

       The mechanism of anxiolytic action is not known but may be dependent on the selective 

partial agonistic action of 5-HT2A receptors. By stimulating the presynaptic 5-HT1A 

autoreceptor it reduces the activity of serotonergic neurons. 

        Buspirone has weak dopamine D2 blocking action with no antipsychotic or 

extrapyramidal effects. 

Action:- buspirone lacks the anticonvulsant and muscle-relaxant properties of benzodiazepines 

and causes only minimal sedation. 

Adverse effects:-  headaches, dizziness, nervousness, and light-headedness. Sedation and 

psychomotor and cognitive dysfunction are minimal 

⮚ Antidepressants 

•  Many antidepressants have proven efficacy in managing the long-term symptoms of 

chronic anxiety disorders and should be seriously considered as first-line agents, 

especially in patients with concerns for addiction or dependence or a history of addiction 

or dependence on other substances.  
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▪ The SSRIs, TCAs, and MAOIs all have potential usefulness in treating anxiety 
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Introduction: 

The history of histamine (β-aminoethylimidazole) parallels that of acetyl choline (Ach). 

Both compounds were synthesized as chemical curiosities before their biological significance 

were recognized. First detected as uterine stimulants in extracts of ergot, from which they were 

subsequently isolated, and proved to be contaminants of ergot derived from bacteria. Histamine 

meaning “tissue amine” is present in animal tissue and certain plants e.g., stinging nettle. Dale 

studied the pharmacology of histamine in the beginning of 20th century when close parallelism 

was noted between its actions and manifestation of certain allergic reactions. It is present mostly 

within storage granules of mast cells. Tissues which are rich in histamine are skin, gastric and 

intestinal mucosa, lungs, liver and placenta. Non mast cell histamine occurs in brain, epidermis, 

gastric mucosa and growing regions. Histamine is also present in blood, mostly body secretions, 

venoms and pathological fluids. 

Distribution 

Histamine is widely distributed throughout the animal kingdom and is present in many 

venoms, bacteria and plants. Concentration in plasma and other body fluids are generally very 

low but CSF contains significant amounts. The mast cells is the storage sites for histamine in 

most tissues such as skin, intestinal mucosa etc. 

Synthesis 

 

Histamine is synthesized from histidine which is obtained from diet.Histamine is 

synthesized by the enzyme histidine decarboxylase.This enzyme histidine decarboxylase is 

present within mast cells.Histidine decarboxylase acts on histidine and decarboxylases histidine 

this requires a coenzyme known as pyridoxal phosphate which is active form of vitamin B6, it is 
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a one-step reaction, inhibitor of histidine decarboxylase is α-Fluoro methyl histidine and is an 

irreversible inhibitor. Histamine is produced and released into circulation and have its effects in 

circulation. 

Synthesis storage and metabolism 

 

Histamine receptors 

H1 receptors:  

 It is a GQ coupled receptor. 

 Primarily involved in anaphylactic shocks and inflammation. 

 Releases capillary permeability by contraction of endothelial parasites.  

 It also constricts bronchioles smooth muscle via IP3 DAG pathway. 

 Helps in pain pruritus mechanism. 

 Decreases AV nodal conduction. 

H2 receptors: 

 Involved in gastric acid secretion. 

 Present on parietal cells in the stomach. 

 Increases parietal cell gastric acid secretion and promotes ulcers. 

 Increases SA nodal rate, positive inotropic and increases automaticity. 

H3 receptors: 

 Primarily an auto-receptor. 

 Mainly involved in negative feedback 

 Decreases histamine levels in brain, lungs and gastric mucosa. 

H4 receptors: 

 Involved in inflammatory response. 

 Involved in chemotaxis and cytokine secretion. 
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Pharmacological actions: 

Effect on heart: 

 Action is via both H1 and H2 receptors. 

 H1 receptors on stimulation have negative dromotropic effect. 

 H2 receptors on stimulation increase the force of contraction. 

Visceral smooth muscle: 

 Acts via H1 receptors. 

 When stimulated will result in bronchoconstriction and abdominal cramps. 

Gastric parietal cells: 

 Act via H2 receptors. 

 When stimulated result in increase in gastric secretion. 

Nerve endings: 

 When stimulated it will result in pruritus and pain. 

Brain: 

 Histamine stimulates the reticular activating system. 

 Maintains wakefulness. 

 Acts via H1 receptors. 

Pre-synaptic nerve terminals: 

 Acts via H3 receptors. 

 On stimulation there will be inhibition of histamine. 

 Antagonist will increase histamine levels. 

Hypersensitive reactions: 

 Serves as a mediator of inflammation and immediate type of hypersensitive reactions. 

H1 receptor antagonists: 

History 

H1 receptor antagonist or anti-histaminic activity was first demonstrated by Bovet and 

Staub with one of a series of amines with a phenolic ether moiety. 

Structural activity relationship 
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Nature of aryl group 

 There are two aryl groups: 

 Ar – aryl ( phenyl, substituted phenyl) 

 Ar1- secondary aryl or aryl methyl group diaryl substitution is essential for H1 anti- 

histaminic activity. 

 One aryl ring is usually phenyl. 

 Two aryl rings must be capable of adopting non- coplanar conformation. 

 Two aromatic rings maybe linked as tricyclic.  

Nature of connecting moeity 

X=o ( aminoalkyl ether analogues) 

 One ring is substituted with cl or Br 

 E.g. chloro di phenyl hydramine > di phenyl hydramine. 

 Substitution of one ring with 2- pyridyl ring. 

X=n (ethyldiamine analogues) 

 Introduction of –OCH3 at Para position of benzyl group   

 Substitution of phenyl ring with pyridyl ring, 

X=c (monoaminopropyl analogues) 

Most active H1 anti- histamines, less sedative, less anticholinergic effect. When C is 

incorporated at the connective moiety, it can be sp3, sp2 or part of the ring system. When 

carbon is sp3, attached with 4 bonds and 4 different groups, Stereoisomerism Enantiomers (S 

type), When carbon is sp2, C=C must be there. Unsaturation, Geometrical isomerism, E 

isomer. 

Nature of alkyl chain 

 Carbon chain between the diaryl ring system and terminal nitrogen 

 Branching of carbon chain decreases activity except promethazine. 

 Homologation decreases activity but increase in neuroleptic and anti-depressant activity. 

Nature of terminal nitrogen 

 Should be tertiary amine. 

 Maybe a part of heterocyclic ring. 

 Terminal amine can be dimethyl amino moiety 

 Amino moiety is important for development of stable solid dosage form through salt 

formation 

R1= R2= CH3  

R1= CH3 R2= -CH2-Ar 
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Classification of antihistaminics 

 

Pharmacological actions antagonism of histamine: 

 Blocks actions of histamine- 

 Bronchoconstriction 

 Smooth muscle contraction 

 Release of Adrenaline from adrenal medulla 

 Triple response 

 Fall in BP 

Anti-allergy action: 

 Type 1 hypersensitivity manifestations of allergy are suppressed. 

 Urticaria, itching, angioedema are well controlled. 

 Anaphylactic fall in BP is partially prevented. 

 Asthma is unaffected. 

CNS: 

 Older anti-histaminic drugs can penetrate the BBB and will produce CNS depression 

and lead to sedation. 

 In some it produces stimulant effect. 

 In toxic doses, produces excitement and convulsions. 

 Certain prevent motion sickness. 

 Promethazine prevents vomiting of pregnancy. 

 Have additional anti- tussive action 

 Has appetite stimulating effect. 

 They reduce tremor, rigidity and sialorrhea of Parkinsonism. 

Anti-cholinergic action: 

 High actions- promethazine, diphenhydramine, pheniramine etc. 

 Low actions- 2nd generation agents. 
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Local anaesthetic actions: 

 Produced due to membrane stabilizing property. 

 Strongly produced by pheniramine, promethazine,  

 Not used clinically. 

Fall in BP: 

 On IV injection it produced fall in BP. 

Pahrmacokinetics 

 Well absorbed orally and parentally 

 Metabolized in liver and excreted in urine 

 Widely distributed in the body. 

 Can enter the brain 

 Duration of action is 4-6hrs 

 Some are long acting e.g. meclizine, chlorpheniramine 

Side effects and toxicity 

 Sedation, decreased alertness, headache, motor incoordination, fatigue, and sleep. 

 Impaired psychomotor performance. 

 Anti- cholinergic side effects 

 Local application produces contact dermatitis 

 Caution use is advised in children and during pregnancy 

 Acute overdose- excitation, muscle incoordination, tremor, convulsion, fever, 

flushing, respiratory and cardiovascular failure. 

2nd GENERATION ANTI-HISTAMINICS 

 The second generation anti- histamines are those H1 receptor blockers which have the 

following properties: 

 Absence of CNS depressant properties. 

 Higher H1 selectivity, no anticholinergic side effects 

 Additional anti allergic mechanisms apart from histamine blockade. 

 Do not impair psychomotor performance. 

 Some patients do complain of sedation, effects similar to placebo. 

 Narrow spectrum of therapeutic usefulness. 

Fexofenadine 

 Active metabolite of terfenadine, first non- sedating 2nd generation drug. 

 Low propensity to block delayed rectifier K channels  

 Does not prolong QT interval 

 Minimally metabolized, no interaction with CYP3A4 inhibitors. 
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 Penetrates BBB poorly. 

 Minimal sedation or impairment psychomotor performance 

 Free of atropine effects. 

 Oral absorption is rapid 

 Duration of action is 24hrs. 

Cetrizine 

 Metabolite of hydroxyzine with marked affinity for peripheral H1 receptors. 

 Penetrates brain poorly, mild sedation is experienced by many. 

 Not metabolized, does not prolong cardiac action potential,  

 Inhibits release of histamine and of cytotoxic mediators from platelets  

 It may benefit allergic disorders by other actions as well 

 Attains high and long lasting concentration in skin 

 Indicated in upper respiratory allergies, utricaria, and atopic dermatitis. 

Levocitrizine 

 Active R enantiomer of cetirizine 

 Effective at half the dose 

 Produces less sedation and other side effects 

Azelastine 

 Newer H1 blocker 

 Good topical activity 

 In addition it inhibits histamine release and inflammation reaction triggered by LTs 

and platelet activating factor 

 After intranasal application shown to down regulate intracellular adhesion molecule-1 

expression on nasal mucosa. 

 Long action due to active metabolite. 

 Metabolism is inhibited by CYP3A4 inhibitors 

 Nasal spray for seasonal or perennial allergic rhinitis provides quick relief for 12 hrs. 

 Stinging in nose and altered taste perception are local side effects. 

Therapeutic uses 

Allergic disorders: 

 1st and 2nd generation compounds are useful. 

 Block effects of  released histamine  

 Effective in itching, urticarial, seasonal hay fever, allergic conjunctivitis, angioedema 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 105  

 Cannot be relied upon in anaphylactic shock 

 Ineffective in bronchial asthma, humoral and cell mediated allergies 

Other conditions involving histamine: 

 Insect bite and ivy poisoning 

 Blood and saline induced rigor- prophylactic value. 

Pruritides: 

 Anti-pruritic action is independent of H1 antagonism 

 Older anti- histaminic are preferred 

Common cold: 

 Controls rhinorrhea, affords symptomatic relief. 

Pre- anaesthetic medication: 

 Due to anti- cholinergic and sedative property. 

 Promethazine commonly used. 

Cough: 

 No selective cough suppressant action. 

 Only symptomatic relief. 

Parkinsonism: 

 Useful in drug induced Parkinsonism, Reduce tremor, rigidity, sialorrhea. 

Motion sickness: 

 Given 1 hr. before travel. Promethazine, diphenhydramine, dimenhydrinate, 

meclizine  

 Meclizine- sea sickness, Morning sickness, drug induced vomiting, radiation sickness 

post-operative vomiting can be controlled. 

As sedative, hypnotic and anxiolytic: 

 Used to induce sleep in children, Promethazine- not given below 2yrs, severe 

respiratory depression in children. 

References: 

1. Maintz L, Novak N. Histamine and histamine intolerance. The American journal of clinical 

nutrition. 2007 May 1;85(5):1185-96. 

2. Goodman LS. Goodman and Gilman's the pharmacological basis of therapeutics. New 

York: McGraw-Hill; 1996. 

3. Rang HP, Dale MM, Ritter JM, Flower RJ, Henderson G. Rang & Dale's pharmacology. 

Elsevier Health Sciences; 2011 Apr 14. 

4. Tripathi KD. Essentials of medical pharmacology. JP Medical Ltd; 2013 Sep 30. 

5. Leurs R, Bakker RA, Timmerman H, de Esch IJ. The histamine H3 receptor: from gene 

cloning to H3 receptor drugs. Nature reviews Drug discovery. 2005 Feb;4(2):107-20. 



Bhumi Publishing, India 

106 
 
 

 

6. Berlin M, Boyce CW, de Lera Ruiz M. Histamine H3 receptor as a drug discovery target. 

Journal of medicinal chemistry. 2011 Jan 13;54(1):26-53. 

7. Schwartz JC. Histamine. InIn Psychopharmacology: The Fourth Generation of Progress 

1995. 

8. Laroche D, Vergnaud MC, Sillard B, Soufarapis H, Bricard H. Biochemical markers of 

anaphylactoid reactions to drugs. Comparison of plasma histamine and tryptase. 

Anesthesiology. 1991 Dec 1;75(6):945-9. 

9. García-Quiroz J, Camacho J. Astemizole: an old anti-histamine as a new promising anti-

cancer drug. Anti-Cancer Agents in Medicinal Chemistry (Formerly Current Medicinal 

Chemistry-Anti-Cancer Agents). 2011 Mar 1;11(3):307-14. 

10. Tiligada E, Ennis M. Histamine pharmacology: from Sir Henry Dale to the 21st century. 

British Journal of Pharmacology. 2020 Feb;177(3):469-89. 

11. Criado PR, Criado RF, Maruta CW, Machado Filho CD. Histamine, histamine receptors 

and antihistamines: new concepts. Anais brasileiros de dermatologia. 2010;85:195-210. 

12. Gbahou F, Rouleau A, Morisset S, Parmentier R, Crochet S, Lin JS, Ligneau X, Tardivel-

Lacombe J, Stark H, Schunack W, Ganellin CR. Protean agonism at histamine H3 

receptors in vitro and in vivo. Proceedings of the National Academy of Sciences. 2003 Sep 

16;100(19):11086-91. 

13. Kroeze WK, Hufeisen SJ, Popadak BA, Renock SM, Steinberg S, Ernsberger P, 

Jayathilake K, Meltzer HY, Roth BL. H1-histamine receptor affinity predicts short-term 

weight gain for typical and atypical antipsychotic drugs. Neuropsychopharmacology. 2003 

Mar;28(3):519-26. 

14. Hancock AA. The challenge of drug discovery of a GPCR target: analysis of preclinical 

pharmacology of histamine H3 antagonists/inverse agonists. Biochemical pharmacology. 

2006 Apr 14;71(8):1103-13. 

15. Berlin M, Boyce CW, de Lera Ruiz M. Histamine H3 receptor as a drug discovery target. 

Journal of medicinal chemistry. 2011 Jan 13;54(1):26-53. 

16. Gemkow MJ, Davenport AJ, Harich S, Ellenbroek BA, Cesura A, Hallett D. The histamine 

H3 receptor as a therapeutic drug target for CNS disorders. Drug discovery today. 2009 

May 1;14(9-10):509-15. 

17. Rai BK, Tawa GJ, Katz AH, Humblet C. Modeling G protein‐coupled receptors for 

structure‐based drug discovery using low‐frequency normal modes for refinement of 

homology models: Application to H3 antagonists. Proteins: Structure, Function, and 

Bioinformatics. 2010 Feb 1;78(2):457-73. 

 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 107  

IOT (INTERNET OF THINGS) BASED HEALTHCARE SYSTEM:  

A BREAKTHROUGH IN THERAPEUTICS 

Aparna Singh1 and Rohit Batra2 

1Department of Physics, ShriRam Institute of Information Technology, Banmore   

2Department of Pharmacy, ShriRam College of Pharmacy, Banmore 

*Corresponding author E-mail: aparnasingh.shriram@gmail.com   

 

Abstract: 

IoT (Internet of Things) based healthcare system has revolutionized the entire healthcare 

system. Utilizing IoT embedded smart device, a health care professional can render appropriate 

and personalized healthcare to the patient in real-time. IoT enabled devices have reduced the 

overall cost of treatment since it increases patient’s compliance to prescribed therapeutic regime, 

prevents/reduces hospitalization and re-hospitalization.  IoT based devices are also utilized by 

hospitals and insurance companies for reducing healthcare providing time and claim settlement 

respectively. Although this IOT based healthcare system seems fairly good yet patient’s 

sensitive data may get leaked which is one of the biggest challenges faced by this system.  

Governments of various countries are drafting separate legislation to ensure that the sensitive 

data of the public must not leak since this would compromise the confidentiality and belief of the 

patient on IoT based healthcare system. 

Keywords: IoT (Internet of Things), IOT based healthcare system, Healthcare professional, 

Hospitalization, Data, Confidentiality 

Introduction:  

From conventional healthcare system to IoT based healthcare system 

Conventional healthcare consists of carrying the patient to the healthcare practitioner in 

their clinic or other suitable setup where the patient is accessed for any possible disorder or 

disease.  The healthcare practitioner then, to confirm the diagnosis, may write lab test or any 

appropriate screening and then initiate medication, anticipating that the health of patient will 

improve over a period of time. [1] As the therapeutics advanced, telemedicine was introduced 

but there was certainly no method in which a healthcare provider can have regular or advanced 

access to the health indicators of the patient [2]. The conventional healthcare system was highly 

disorder-treatment based system with no anticipatory and little proactive approach. This problem 

has been solved, to a greater extent, by the IOT based healthcare system. The remote monitoring 

of the patient’s health indicators have been made easy and accessible by IOT facilitated 

healthcare devices. [3] 
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Imparting of superlative healthcare and improving the quality of life of the patient are the 

two most important things which can be attributed to IOT based healthcare system. Apart from 

this there has been reduction in the overall cost of the healthcare, better therapeutic outcomes and 

reduced hospitalization as other benefits of the IOT based healthcare system.  These have been 

dealt in the later part of this chapter [4, 5]. 

Architecture of IOT based healthcare system:  

A typical IOT based healthcare system consist of a 4 layered interconnected schema which 

can be summarized as follows: 

1. Data collection: interconnected screening/detecting devices and actuators collect data. 

2. Conversion of collected data: The analogue data from the screening/detecting devices and 

actuators is converted into digital form. 

3. Processing of data: the collated and transformed digitized data is sent to cloud based 

processing center for further action. 

4. Application of Advanced analytics: The data is then subjected to application of advanced 

analytical tool for getting valuable and patient centered decision making actionable 

insights [6-9] 

 Stakeholders of IOT based healthcare system: 

1. Patient:  

Since patient is the one who has to be monitored, he/she carries IoT based healthcare 

devices in the form of smart-watch, fitness bands, heart rate sensitive cuffs or in the form of 

other IoT based wireless instruments such as glucometer which monitors patient’s health 

indicators on a personalized basis. Furthermore such devices can also be programmed to remind 

the patient of medical check-up, blood sugar levels, calories burnt, heartbeat rate and blood 

pressure overshoot or undershoot and much more. Any uncertain or abnormal condition is 

immediately notified to the healthcare provider by the IoT enabled devices which the patient 

carries. This helps the healthcare professional in initiating appropriate medical intervention if 

needed. 

2. Healthcare professionals: 

If required to do so, a healthcare professional; utilizing the IoT enabled monitoring 

equipment can track the patient’s health indicators in real-time. Furthermore, a healthcare 

professional can check patient’s compliance to the prescribed medication regime and can initiate 

appropriate course of action in the case of non-compliance. IoT enabled devices assists 

healthcare professionals in reaching expected therapeutic goals and quality of life which they 

anticipate for a patient after medical intervention. Apart from that, IoT embedded devices 
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enables a physician to individualize and rationalize medical practices according to the need of 

the patient. 

3. Healthcare institutes: 

The application of IoT embedded devices is multifaceted if it comes to healthcare 

institutes. Tracking of medical devices like oxygen pump, defibrillator, wheelchair etc. can be 

easily carried out. Apart from that, environmental monitoring (relative humidity, temperature, 

Air Quality Index etc.), pharmacy inventory control and deployment of medical staff and Para-

medical staff can be easily carried out using IoT based devices. All such factors reduce the time 

taken in providing healthcare to the patient.  Latency or delayed action time can be a life 

threatening in the case of emergency. 

4. Insurance companies:   

A typical health insurance company is concerned with assessment of risk while insuring 

the patient, underwriting, claim settlement and pricing if a discussion in relation to patient health 

has to be made. In all the aforementioned concerns, a high degree of transparency has been 

brought about by the IoT embedded smart devices. By leveraging and assessing the data captured 

by IoT enabled device, an insurance company can figure out if the claim is genuine or not. They 

can also established the extent to which patient complied with the therapeutic regime prescribed 

by the healthcare professional. In some countries, some insurance companies offer rewards to the 

health insurance proposer and insured if they wear IoT based healthcare devices.[10-13] 

 

Figure 1: represents vrious stakeholders of IoT based healthcare system [14-15] 
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Advantages of IOT based healthcare: 

1. It enables a physician to assess health indicators of patient in real time on a remote 

basis. 

2. Cost of treatment is reduced since physician becomes aware of patient’s condition on a 

remote basis. This significantly cuts down the overall patient care cost since cost of 

mobilizing the patient, cost of hospital care and re-hospitalization is reduced 

3.  IOT based healthcare assists in expedited diagnosis of disorders and disease since 

real-time data assists healthcare professional in factual decision making.   

4. A healthcare professional can take evidence based decision hence bringing 

transparency in healthcare is one of the added advantages of IOT based healthcare 

system. 

5. IOT based healthcare system is not prone to human errors this makes them much more 

efficient than the conventional healthcare system.  

6. IOT based healthcare system enables a healthcare professional to perform anticipatory 

intervention based on data received. This may be lifesaving, especially in the case of 

Myocardial Infraction or an episode of apnea. 

Limitations of IOT based healthcare: 

1. A lot of sensitive data is collected over a period of time by IOT based healthcare system.  

If provided to a third party or in the case of security breach, there are concerns about data 

safety. 

2. It is also difficult to apply IOT based healthcare system to all the patients. Literacy, 

beliefs, mental status and all the other individual barriers have to be overcome before 

declaring IOT based healthcare system as universal healthcare system. 

3. A substandard device in IOT based healthcare system can alter rational decision making 

capacity of healthcare professional. This can be devastating to the patient’s health [16-

19]/ 

Conclusion:  

IoT based healthcare system certainly is one of the most benefic invention to the mankind 

which has enabled monitoring of the patient’s health indicator and initiation of proactive medical 

intervention by the healthcare practitioner in real-time if needed yet the challenges like literacy, 

regional beliefs in wearing the IoT based devices, personal beliefs, mental status and economic 

status etc. limit the use of IoT based healthcare worldwide. Expedient steps are being taken to 

encounter these problems. Governments of various countries are drafting separate legislation to 
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ensure that the sensitive data of the public must not leak since this would compromise the 

confidentiality and belief of the patient on IoT based healthcare system [20]. 
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Abstract: 

An efficient two-step method for the synthesis of thieno- and benzocyclohepta[b]indole 

derivatives, starting from 7,8,9,10-tetrahydrocyclohepta[b]indole-6(5H)-one, is reported. The 

procedures are simple and show a remarkable tolerance towards the presence of functional 

groups such as e.g. amines, carbonitriles or methoxycarbonyl substituents. 

Keywords: Tetrahydrocyclohepta[b]indole-6(5H)-one, acetylenic esters, Gewald synthesis, 

Triton-B, cycloaddition reaction 

Introduction: 

Development of new methods for the synthesis of functionalized indoles is currently 

attracting the interest of organic chemists due to the discovery of many indole alkaloids with 

varied biological activities.1-6 The antidepressant activity of cyclohepta[b]indole7 has stimulated 

considerable interest and had been the starting point for the synthesis of a large number of 

polycyclic indole derivaties.8-10 Alkaloids that feature an indole nucleus such as prenylated 

indoles, carbazoles, indoloquinoline and cyclohepta[b]indole alkaloids often exhibit biological 

activities such as e.g. anti-fungal, anti-bacterial, anti-tumor, anti-HIV, and DNA interaction 

properties.11-14 Some of the most important compounds with proven chemotherapeutic value 

belong to the ellipticine class (1).15,16 In this class of compounds a heteroaromatic ring is fused to 

the side [b] of the carbazole ring. However, there is a growing number of cyclohepta[b]indoles 

that contain aromatic or heteroaromatic rings fused to the [6,7]- or [4,5] side of the 

cyclohepta[b]indoles nucleus. For example, among the various benzo cyclohepta[b]indoles, a 

series of simple benzo[6,7]cyclohepta[b]indoles and benzo[5,6]cyclohepta[b]indoles such as 2 or 

3, have been tested as candidates for the treatment of cytotoxicity and CDK inhibitory 

activity,17,18 while benzo[4,5]cyclohepta[b]indoles such as 4 show promising pharmacological 

properties19 (Figure 1). 

 

mailto:yamuchemist@gmail.com


Bhumi Publishing, India 

114 
 
 

 

 

   

Figure 1: Examples of (1): ellipticine; (2): of a benzo[6,7]cyclohepta[b]indole;  

(3): a benzo[5,6]cyclohepta[b]indole; (4) a benzo[4,5]cyclohepta[b]indole 

 

As would be anticipated for a family of compounds as diverse as the 

benzocyclohepta[b]indoles, synthetic results have been varied and are highly dependent on the 

method used and the substitution pattern of the specific target compound. Harsh reaction 

conditions, multistep sequences and expensive starting materials or catalysts are commonly 

encountered problems. The most serious limitations of the established methods are however a 

lack of flexibility and tolerance of functional groups, and regiochemical ambiguities originating 

from lack of orienting effects of the substituents. There is thus still a considerable need for the 

development of more versatile and regioselective synthetic routes towards highly substituted 

benzocarbazoles, especially with respect to tolerance of a wider variety of functional groups. 

As part of our ongoing program directed towards the development of new methodologies for the 

synthesis and biological evaluation of diverse heterocyclic compounds, 20-23 herein we disclose 

the synthesis of thienocyclohepta[b]indoles and benzocyclohepta[b]indoles from easily 

accessible starting materials. 

Results and Discussion: 

Thiophenes are generally considered to be aromatic compounds that share many more of 

their properties with their analogous benzene derivatives that their furan counterparts. The lone 

pair of electrons is involved in the resonance to form the sextet of  electrons, giving thiophene 

substantial aromatic character, although to a lesser extent than for pure carbon based benzene 

derivatives, or of analogous pyridine compounds.24 As a consequence thienocarbazoles are 

considered bioisosteres 25a,b of the well known anti-tumor compounds pyridocarbazole 26, 

ellipticine and olivacine. The presence of the sulfur atom in the ring annelated to the indole 

nucleus could provide the possibility of additional long distance hydrogen bonds with DNA 

chains that are not possible with carbon based aromatic ring derivatives, thus possibly enhancing 

the biological activity of these intercalating compounds. Despite the large likelihood of thieno 

compounds of being potentially biologically active, there are to date no reports on a systematic 
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synthesis of highly substituted thienocyclohepta[b]indole derivatives. Herein we would like to 

describe a simple and effective two-step procedure for the synthesis of 

thienocyclohepta[b]indoles using Gewald reaction conditions,27 i.e. by condensation of a ketone 

or aldehyde with an α-cyano ester in the presence of elemental sulfur and base to give a poly- 

substituted 2-amino-thiophene. 

irst, we attempted to prepare 2-amino-4,5,6,11-tetrahydrothieno[5',4':6,7] 

cyclohepta[b]indole-1-carbonitrile (3a-e) by a one step Gewald type reaction of cyclohepta[b] 

indole 1a-e with malononitrile, sulfur and triethylamine as the base, but this approach failed and 

even after prolonged reaction times only starting material could be recovered (Scheme 1). Next 

we investigated the construction of a thienocyclohepta[b]indole system via a two step method 

with the condensation of the ketone with malononitrile separated from the reaction of the sulfur 

with the resulting ylidene malononitrile. In the first step the 2-(7,8,9,10- 

tetrahydrocyclohepta[b]indol-6(5H)-ylidene)malononitriles (2a-e) were prepared in high yields 

by Knoevenagel reaction of 7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)-one (1a-e) with 

malononitrile (Scheme 1). The ylidene malononitriles 2a-e where then in a second step cyclised 

with sulfur under Gewald reaction conditions in order to obtain the corresponding 

thienocyclohepta[b]indoles 3a-e. The structures of the products were deduced from their 

elemental analysis data, and from their IR, mass, 1H-NMR and 13C-NMR spectra. 

 

Scheme 1: Reaction sequences to achieve thienocyclohepta[b]indoles 
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The IR spectrum of 2a shows an absorption band at 3446 cm-1 due to the presence of the 

N-H group and a sharp band at 2205 cm-1 indicating the presence of a cyano group. A band at 

1687 cm-1 in the range of a C=C double bond stretching vibration indicates the presence of the 

C=C(CN)2 moiety. The 1H-NMR spectrum of 2a exhibits a broad singlet at δ 9.24 due to the 

presence of the NH group. The aromatic protons appear as doublets and singlets in the region δ 

7.42-7.17. Methyl and methylene protons appear as a singlet and a multiplet in the region δ 3.10- 

1.95. The presence of 17 carbon atoms was verified by 13C-NMR spectroscopy. The molecular 

ion peak appeared at m/z 261 in the mass spectrum of 2a. The elemental analysis agreed well 

with the proposed molecular formula, C17H15N3. All the spectral and analytical results indicate 

the product to be 2-(2-methyl-7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)-ylidene) 

malononitrile (2a). The identities of the other compounds 2b to 2e were established in similar 

ways with all spectroscopic data readily assignable. Finally, the structure of one of the members 

of the series, 2c, was confirmed by single crystal X-ray analysis (Figure 2). The generality of the 

reaction was tested through the reaction of other cyclohepta[b[indoles (1b-e) to the respective 

thiophene derivatives. Subsequently, the reaction was also carried out using ethyl cyanoacetate 

instead of malono nitrile. 

 

Figure 1: Crystal structure of 2c (50 % probablity level). Complete data (in cif file format) 

are provided as supplementary data CCDC 856824 and can be obtained from The 

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

Similarly, the structure of the sulfur cyclised product from the reaction of 1a with ethyl 

cyanoacetate was confirmed by its IR, 1H-NMR and 13C-NMR spectra. The IR spectrum shows a 

stretching vibration at 3423 cm-1 due to the presence of the N-H group and symmetric and 

http://www.ccdc.cam.ac.uk/data_request/cif
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asymmetric stretching vibrations at 3326 and 3211 cm-1 due to the presence of an NH2 group. A 

sharp band at 2196 cm-1 confirmed the presence of a cyano group. Its 1H-NMR spectrum shows a 

broad singlet at δ 8.78, due to the NH group. The aromatic protons appear as a singlet and 

doublet in the region δ 7.32-7.10. From a broad singlet at δ 5.12 we inferred the presence of an 

amino group. Methyl protons appeared as a singlet at δ 2.49. Its 13C-NMR spectrum shows the 

presence of seventeen carbons. The molecular ion peak appears at m/z 293. The elemental 

analysis agreed well with the proposed molecular formula, C17H15N3S. All the spectral and 

analytical data revealed the product as 2-amino-8-methyl-4,5,6,11- 

tetrahydrothieno[5',4':6,7]cyclohepta[b]indole-1-carbonitrile (4a). 

Next, we investigated if intermediates 2a-e could be converted into other potentially 

interesting compounds by reaction with synthons other than sulfur. Reaction with acetylene 

derivatives was thought to potentially be able to lead to formation of compounds similar to 

compounds 4a-e, but with the thiophenes replaced by electronically similar substituted benzene 

rings. To test this possibility 2-(2-methyl-7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)- 

ylidene)malononitrile 2a was reacted with dimethyl acetylene dicarboxylate using the base 

catalyst Triton-B. The reaction was found to be general and use of this method with various other 

substituted 2-(7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)-ylidene)malononitriles (2a-e) gave 

highly substituted benzocyclohepta[b]indoles (6a-e) in good yield, Scheme 2 (Table 1, entries 1- 

5). Subsequently, we also investigated the reaction of compounds (2a-e) with methyl propiolate 

instead of DMAD. Reactions proceeded smoothly and gave another series of regioselectively 

substituted benzocyclohepta[b]indoles (7a-e) in excellent yields (Table 1, entries 6-10). 

Table 1: Reaction of 2-(2-methyl-7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)-ylidene) 

malononitrile 2a-e with acetylene esters, in the presence of Triton-B 

Entry R1 R2 R3 R Product Yield (%) 

1 CH3 H H COOCH3 6a 75 

2 H CH3 H COOCH3 6b 78 

3 H H CH3 COOCH3 6c 68 

4 H H H COOCH3 6d 70 

5 Cl H H COOCH3 6e 68 

6 CH3 H H H 7a 70 

7 H CH3 H H 7b 68 

8 H H CH3 H 7c 72 

9 H H H H 7d 70 

10 Cl H H H 7e 75 

The structures of the products were deduced from their elemental analysis data, and 

from their IR, mass, 1H-NMR and 13C-NMR spectra. 
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Scheme 2: Synthesis of highly substituted benzocyclohepta[b]indoles 

 

The IR spectrum of 6a, for example, shows absorption peaks at 3439, 3387, 3340, 

2206, 1717 and 1676 cm-1 which attested to the presence of amino, indole NH, cyano and ester 

groups, respectively. The 1H-NMR spectrum of compound 6a exhibits a series of signals in the 

spectrum, two singlets arising from the two sets of methoxy protons (δ 3.84 and δ 3.92) and a 

broad singlet for the two amine protons (δ 6.56). The 13C-NMR spectrum of the compound 

showed 23 carbons. The identities of the other compounds 6b-e were established in similar ways 

with all spectroscopic data readily assignable. 

The same reaction was achieved with methyl propiolate instead of using DMAD to afford 

compounds 7a-e. For compound 7a, the IR spectrum showed an unusually low frequency for the 

ester carbonyl group of 1690 cm-1, indicating H-bonding between the amino group and the ester 

carbonyl group, confirming that the ester group must be in the C3 position. The other IR 

frequencies of 7a at 3440, 3368 and 3343 cm-1 for the NH2 and carbazole NH groups, and at 

2202 cm-1 for the cyano group were again as expected. The 1H-NMR spectrum exhibits a broad 

singlet at δ 9.18 that is due to the presence of N12-H. Other aromatic protons resonated between 

the region δ 7.93-7.11. A broad singlet at δ 6.56 was due to two amine protons of C2-NH2. The 

aliphatic protons appeared in the region δ 2.10-3.98. The 13C-NMR spectrum exhibited 21 peaks. 

The generality of the reaction was tested with other cyclohepta[b]indoles 2b-e. 

The reaction mechanism for the formation of the substituted benzocyclohepta[b]indoles 

6a-e and 7a-e from the 2-(7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)-ylidene)malononitriles 

2a-e by reaction with acetylenic esters is composed of several distinct steps. The reaction 

sequence is most likely initiated by base abstraction of a proton from 2a-e, followed by 

nucleophilic attack at the β-position of the acetylenic ester, resulting in the formation of the first 

intermediate with tautomeric forms I and II as shown in Scheme 3. The negative charge at the α-
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carbon in form I, stabilized by the electron-withdrawing capability of the adjacent ester group, 

allows for an intramolecular nucleophilic ring closure to follow, and subsequent aromatization 

via a tautomeric 1,5-H shift yields the final stable compound 6a-e. The reactions are 

straightforward, but yields were found to be variable depending on the base that was used. 

Purification was however readily accomplished by simple recrystallization for all compounds. In 

the case of the reaction with methyl propiolate (to yield compounds 7a-e), the reaction was 

found to be highly regiospecific yielding only the product resulting from nucleophilic attack at 

the alkyne carbon β to the ester functionality. A possible explanation for this selectivity might be 

found in the greater stability of the intermediate carbanion (Scheme 3). 

 

Scheme 3: Mechanism for the formation of benzocyclohepta[b]indoles 

Conclusions: 

In conclusion, we have established a new, fast and efficient route for the synthesis of 

thienocyclohepta[b]indole derivatives. By a two step method and a novel one-pot regioselective 

synthesis of dimethyl-2-amino-1-cyano-5,6,7,12-tetrahydrobenzo[6,7]cyclohepta[1,2-b]-indole- 

3,4-dicarboxylates (6) and methyl-2-amino-1-cyano-5,6,7,12-tetrahydrobenzo[6,7]cyclo 

hepta[1,2-b]-indole-3-carboxylates (7). This new strategy allows for the synthesis of 

benzocyclohepta[b]indoles by cycloaddition of 2-(7,8,9,10-tetrahydrocyclohepta[b]indol-6(5H)- 

ylidene) malononitriles with acetylene esters in the presence of a base such as Triton-B. The one- 

pot procedure is simple and the initial results show a remarkable tolerance towards functional 

groups such as e.g. amines, carbonitriles or methoxycarbonyl substituents. 
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Introduction:   

Aquasomes, one of the most common and newly developed drug delivery systems are 

typical nano-particulate carrier systems. Aquasomes are highly beneficial for transferring peptide 

molecules, proteins, antigens, hormones, genes, etc to specific sites in the body. Aquasomes 

range from 60 nm to 300 nm in size and are spherical. (Banerjee & Sen, 2018) Structurally, they 

are three-layered self-assembled nano-particles. The inside core of aquasomes is coated with a 

thin film of a poly-hydroxy oligomer. This film helps in the absorption of chemically active 

biomolecules. Apart from this, the oligomer layer also provides structural stability as well as an 

aqueous environment to prevent the dehydration of bioactive molecules. The major advantage of 

aquasomes is that poorly water-soluble drugs namely haemoglobin, serratiopeptidase, and insulin 

can be easily delivered to the target site with much feasibility. This nanoparticle was first 

proposed by Sir Nir Kossovsky around 1995. Non-covalent and Ionic Bonds exist between the 

three layers of the Aquasomes. Materials like tin oxide, ceramic, and calcium phosphate 

dihydrate commonly known as brushite are extensively used in the development of Aquasomes. 

(Kossovsky et al., 1995) Commonly referred to as “Bodies of Water”, these nano-particles have 

resembling properties of water thereby protecting and preserving delicate biological molecules 

(Fig.1) Numerous concepts like that of molecular chemistry and self-assembly from the areas of 

biotechnology, microbiology, food chemistry, and biophysics are involved in the discovery of 

Aquasomes. (Patel et al., 2012). 

 

Figure 1: Diagrammatic representation of the structure of Aquasomes (Gupta et al., 2021) 
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Properties of Aquasomes (Goyal et al., 2008)  

 Aquasomes inhibit clearance by the RES (Reticuloendothelial System) and also stops the 

degradation caused as a result of environmental problems majorly because of their size and 

structural ability.  

 They have a large size and occupy a greater surface area.  

 An adequate number of agents can be easily loaded into Aquasomes via non-covalent and 

ionic bonds.  

 The mechanism of action of these nano-particles is facilitated by their unique surface 

chemistry.  

 Aquasomes possess water-like properties enhancing the stability of bioactive molecules.  

 Aquasomes also protect the bioactive molecules from harsh pH conditions and inhibit 

enzymatic degradation.  

 Aquasomes are also effective in their low doses.  

Principle of self-assembly  

Self-assembly is a phenomenon in which a disordered system of pre-existing components 

arranges itself into an organized structure or pattern. The well-defined functional structures or 

patterns are specified as a result of local interactions between the system’s components without 

an external direction. The principle of self-assembly involves three major physicochemical 

processes: Interaction between charged groups, hydrogen bonding and dehydration effect, and 

structural stability.  

Interaction between charged groups  

Charged groups like amino, carboxyl, sulphate, and phosphate show collaborations, 

which favours the long-range approach of self-assembling subunits. Long-range interactions of 

constituent sub-units take place at a distance of approximately 15×109 m in the very first initial 

phase. Long-range forces can also extend up to 25 nm in the case of hydrophobic structures (Jain 

et al., 2012).  

Hydrogen bonding and dehydration effect  

Hydrogen bonding empowers better matching of base pairs and stabilizes the alpha-

helical and beta-pleated sheets of protein. Hydrophilic molecules undergo hydrogen bonding and 

confer a significant degree of organization to surrounding water molecules. Whereas, on the 

other hand, hydrophobic molecules repel water and are unable to form hydrogen bonds. The 

organized water lowers the level of disorder/entropy of the surrounding medium. Organized 

water exhibits thermodynamic instability and therefore loose water and gets dehydrated allowing 

the self-assembly to take place (Vengala et al., 2012).  
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Structural stability  

Molecules that own a minor charge than the formally charged groups seem to exhibit 

dipole moments. Vander Waals forces are responsible for creating dipole moment. Structural 

stability of proteins in the surrounding is determined by the interaction between charged group 

and hydrogen bonds largely external to the molecule and by Vander Waals forces largely internal 

to the molecule. Vander Waals forces play a major role in the hardness and softness of 

molecules. When the interaction takes place between the Vander Waals forces and the 

hydrophobic side chain, the thermodynamically unstable helical structures get stable. It is due to 

the maintenance of the internal secondary structures, such as helices which provides sufficient 

softness, allowing maintenance of conformation during self-assembling (Kaushik, 2020).  

Objectives of Aquasomes (Jain et al., 2012)  

 Aquasomes are responsible for the protection of bioactive.  

 The molecular conformation and pharmacological activity of the drug are also maintained 

by aquasomes.  

 The oligomer coating in the core prevents the denaturation of aquasomes.  

 Aquasomes consisting of natural stabilizers serve as dehydro-protectants.  

Strategies used in the synthesis of Aquasomes (Jain et al., 2012; Gupta et al., 2021)  

Aquasomes, commonly referred to as self-assembled nano-vesicles consist of several strategies 

involved in their synthesis. Some of them are briefly discussed below:  

Sequential covalent synthesis: This method is employed to produce arrays of atoms that are 

linked together through covalent bonds and showcase definite composition, shape & 

connectivity.  

Covalent Polymerization: This method is usually preferred for preparing molecules that have 

high molecular weight. In this method, a substance with low weight is allowed to react with itself 

to yield molecules with numerous covalently linked monomers. Eg. The formation of 

polyethylene from ethylene. The molecular weight of polyethylene can be as high as 106 Daltons 

or even more. However, it's easily prepared but the molecular structure is simple and repetitive. 

In short, covalent polymerization indirectly suggests synthetic routes to stable nanostructures and 

phase-separated polymers.  

Self-Organizing synthesis: This strategy typically is dependent on hydrogen bonding, ionic 

interactions, and Vander Waals forces to assemble ions, atoms, or molecules into structures. 

Various structures like colloids, micelles, emulsions, and ligand crystals are prepared through 

this method. The molecules in this technique organize themselves in their positions to reach the 

thermodynamic minimum.  

Composition of Aquasomes (Khopade et al., 2002; Patel et al., 2012)  
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Core Material: Commonly used core materials are ceramic and polymers. Ceramics include 

phosphate mineral brushite (calcium phosphate (CaHPO 4·2H 2O)) and tin (IV)oxide. Polymers 

include albumin, gelatin, and acrylate.  

Coating Material: These include cellobiose, pyridoxal 5 phosphate, sucrose, trehalose, chitosan, 

citrate, etc.  

Bioactive Molecules: These molecules can react with the film through non-covalent and ionic 

interactions.  

Method of Preparation (Gupta et al., 2021; Patel et al., 2012)  

Aquasomes can be efficiently and effectively prepared by following the steps given below:  

Formation of an inorganic core: Calcium phosphate and diamond are the majorly used ceramic 

materials. The fabrication of these includes processes like colloidal precipitation, sonication, 

inverted magnetron sputtering, plasma condensation, etc. Crystalline ceramics possess high 

degree of order facilitating greater surface energy. The precipitated cores undergo the process of 

centrifugation and are washed thoroughly with distilled water. NaCl formed during the reaction 

is removed through a centrifuge. The precipitates obtained are resuspended in distilled water and 

are made to pass through a membrane filter.  

2Na2HPO4 + 3CaCl2 + H2O → Ca3 (PO4)2 + 4NaCl + 2H2 + Cl2 + (O)  

Coating of ceramic cores with Oligomer: Ceramic core is coated with a layer of polyhydroxy 

oligomer by adding carbohydrates into an aqueous medium of the cores under sonication. These 

are further subjected to lyophilization to facilitate the absorption of carbohydrates onto the 

ceramic surface. 

Loading of the drug to the coated particles: The last step involves the preparation of a solution 

of a drug of known concentration. The drug solution is prepared in a pH buffer and coated 

particles are dispersed into it. The solution is subjected to low temperature and lyophilized after 

some time to obtain the Aquasomes-loaded formulation.  

Characterization of Aquasomes (Khopade et al., 2002; Nanjwade et al., 2013)  

Aquasomes are characterized and evaluated based on their structure and morphological 

characteristics, particle size distribution, and drug loading capacity.  

Evaluation parameter for Ceramic Core  

A. Size distribution  

For the determination of particle size distribution and morphological analysis, techniques 

like SEM (Scanning Electron Microscopy) and TEM (Transmission Electron Microscopy) are 

used. These techniques are also used in the analysis of coated core and drug-loaded aquasomes. 

Photo correlation spectroscopy is also considered a method to analyze zeta potential and mean 

particle size.  
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B. Structural Analysis  

Fourier transform infrared spectroscopy commonly known as FT-IR spectroscopy is 

performed for structural analysis. KBr sample disk method is used for analyzing the core and the 

coated core via recoding their IR spectra in the wavenumber range of 4000-400 cm 1. 

Characteristic peaks observed during the process are then matched with the reference peaks. This 

method also gives an overview of the stability of the drug in the formulation.  

C. Crystallinity  

This method is used to analyze the crystalline or amorphous nature of the prepared 

ceramic core. The technique of X-Ray diffraction is employed to determine the crystallinity. In 

this method, the X-Ray diffraction pattern of the samples is compared with the standard 

diffractogram based on which the conclusions are made.  

Figure 2: Schematic representation of method of preparation of Aquasome (Gupta et al., 

2021) 

Evaluation of Coated Core  

A. Coating of Carbohydrate  

Two commonly used methods namely Concanavalin-A (ConA) induced aggregation 

method and the Anthrone method are used to evaluate the coating of carbohydrates over the 

ceramic core. The former method is beneficial in the determination of the amount of sugar-

coated over the ceramic core whereas the latter is used for the determination of the residual sugar 

that might be left after coating or is found to be unbound. Zeta potential Measurement can also 

predict the absorption of sugar over the ceramic coat. The phenol sulphuric acid method is used 

to determine the total carbohydrates present in the sample. It is a type of colorimetric method in 

which furfural derivatives in the presence of concentrated H2SO4 react with phenol to produce a 

golden yellow colour (Nielsen, 2010; Kaushik, 2020).  

B. Glass Transition Temperature  

Differential Scanning Calorimetry (DSC) is used in the analysis of the glass transition 

temperature of bioactive molecules like carbohydrates and protein. The technique is also used to 

study the effect of carbohydrates on the drug loaded to nanoparticles like aquasomes.  
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Evaluation parameter of drug-loaded aquasomes (Khopade et al., 2002; Nanjwade et al., 

2013)  

A. Drug Payload  

Drug loading efficiency can be extensively determined by the incubation of basic 

aquasome formulation (without drug) in a drug solution whose concentration is known. 

Incubation is done for 24 hours at a temperature of 4⸰C. The centrifugation method is employed 

to separate the supernatant liquid. The centrifuge is operated for 60 minutes at a low temperature 

with high speed. Any suitable method of analysis can then be implied to estimate the drug loaded 

in the supernatant liquid. 

Formula Used: % Drug loading = (Weight of total added drug (W1)- Weight of unentrapped 

drug (W2)) / (Weight of Aquasomes (W3)) ×100  

B. In-vitro drug release studies  

These studies are done basically to study the release pattern of the drug from aquasomes. 

The procedure includes the incubation of a known quantity of drug-loaded aquasomes in a buffer 

solution of a known pH at room temperature followed by constant stirring. Samples are taken at 

random periods and allowed to be centrifuged at a high speed for a certain time. After each 

withdrawal, equal volumes of a medium are replaced. Any analytical method of determination is 

then carried out to determine the quantity of drug released.  

C. In-process stability  

The technique of Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS 

PAGE) is used in the determination of stability and integrity of protein during aquasomes 

formulation.  

Applications of aquasomes (Banerjee & Sen, 2018; Patel et al., 2012; Vengala et al., 2012)  

Insulin Delivery  

Insulin was delivered parenterally with the help of aquasomes by Cherian et al. using a 

ceramic core made up of calcium phosphate. The evaluation of insulin-loaded aquasome 

formulation was done in vivo on albino rats.  

Oral delivery of acid-labile enzymes  

An experiment performed by Rawat et al. involved the development of a ceramic core 

based system for oral administration of Serrapeptase (acid-sensitive), by colloidal precipitation 

under sonication at 37℃ with chitosan under stirring. Furthermore, the enzyme was encapsulated 

with the ceramic core into an alginate gel. Transmission electron microscopy images of the 

particles were done to analyse their shape and structure. The nanoparticles were found to be 

spherical with an average diameter of 925 nm. Particle enzyme loading was found to be about 
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46%. The results of the experiment proved that aquasomes are capable of protecting the 

structural integrity of enzymes.  

Aquasomes as red blood cell substitutes  

The haemoglobin of the blood gets immobilized on the polyhydroxy oligomer surface of 

the Aquasomes because the release of O2 by Hb is conformationally sensitive. This  

greatly decreases the toxic levels increasing Hb concentration to about 80% and delivers blood 

similar to the natural blood cells.  

Targeted intracellular gene therapy  

A five-layered composition of these nanostructures comprising of a ceramic core, 

oligomeric layer, therapeutic gene segment, additional carbohydrate film, and targeting layer of 

preserved viral membrane protein was found to be successful in targeted intracellular gene 

therapy.  

 

Figure 3: Gene delivery through Aquasomes. (Banerjee & Sen, 2018; Gupta et al., 2021) 

Delivery of non-protein molecules  

Anti-cancerous drugs like etoposide undergo targeted delivery to organs like kidneys, 

spleen, lungs, and liver when administered as aquasomes.  

Delivery of antigens  

Aquasomes are also used as vaccines for delivery of viral antigens i.e., Epistein-Barr 

(also known as Human gamma herpesvirus 4) & IDV(Immune deficiency virus) to induce 

correct antibodies.  

Delivery of enzymes  

Aquasomes are also used in the delivery of enzymes like DNase and pigments/dyes. This 

is because the activity of enzymes variates considerably with molecular conformations and 

cosmetic properties of pigment. The enzyme was successfully immobilized on aquasomes and 

targeted to a specific active site.  
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Limitations of Aquasomes  

Poorly absorbed drugs in the body may cause the bursting of Aquasomes and may result 

in the development of toxicity inside the body. To prevent the bursting of aquasomes in the 

body, their surface should be coated with a coating of polyethylene glycol (PEG).  

Future prospectus:  

Aquasomes- newly developed nanoparticles offer a promising as well as a dynamic 

future ahead in the efficient delivery of a wide range of drug molecules ranging from viral 

proteins, and hemoglobin to insulin, etc. The sugar core of the particles exhibits phenomenal 

biological activity maintaining the quality of drug molecules. Aquasomes embedded with 

biosensors can do wonders in the field of oncology by examining soft tissues in the various 

stages of cancer.  

Conclusion:  

Aquasome-based application of drugs provides an array of hope in the pharmaceutical 

domain for the efficient as well as effective delivery of biologically active molecules to the 

active sites and also suggests possible treatment of various diseases. Aquasome, a novel drug 

delivery carrier follows the basic principle of self-assembly. Studies have concluded that drug-

loaded aquasomes exhibit considerably better biological activity due to the unique carbohydrate 

coating of the ceramic core. Additionally, the oligomer coating on aquasome inhibits disparaging 

contact between drug and carrier thereby preserving the spatial qualities.  
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Abstract:  

For ages, physicians have relied on a ‘one size fits all’ approach to treat patients. They 

have grouped patients into typical classes like ‘diabetic patient’, ‘asthma patient’, ‘cancer 

patient’, ‘heart patient’ etc., and then prescribed the same class of drugs for all patients belonging 

to the same group. Such traditional medical treatment focuses mostly on a limited number of 

factors, like an individual patient’s clinical signs and symptoms, medical history, family 

background and pathological test reports. Primary diagnosis is done based on these data and 

medicines are prescribed accordingly. If the patient does not respond well, then further tests are 

recommended and dosage is changed or entirely new drugs are prescribed. Till recently, there 

was little scope to give importance to the so called ‘individuality’ of the patient. But, no two 

patients are exactly alike. It is only natural that their response to the same medicine will most 

likely vary, depending on their personal genomic background, individual risk factors and many 

other aspects that may be molecular, developmental, physiological, social, and environmental. 

So, in case of many diseases, the same class of drugs have been seen to elicit differential results 

in different patients and exhibit variance in their degree of efficacy. This is especially true for 

complex diseases like cancer. This has led to the utmost need of personalized medicine or 

precision medicine in this modern age, a mode of treatment that favours the concept of “the right 

treatment in the right dosage for the right person at the right time’. This represents the notion of 

approaching and treating each patient as an individual with a unique set of problems and issues. 

The idea is, however, not new. But, so far, we lacked the proper tools, techniques, technology 

and information to implement this medical model. Landmark work like the Human Genome 

Project, has opened up the possibility of precision treatment for each individual patient as 

molecular screening data can now be combined with clinical reports for better therapeutic 

targeting. Such personalized medicine has the potential to build up an efficient system of 

customized medical care for individual patient as also preventive medical care and can 

revolutionize the pharmaceutical industry.  

Keywords: personalized, precision, preventive, pharmacogenomics, customized therapy 
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Introduction:  

In spite of our fundamental similarities, human beings show remarkable diversity, 

especially in our DNA sequences. Understanding and appreciating human genetic diversity are 

necessary to comprehend the complex biology of different diseases and how a specific treatment 

works at both the population and individual levels.  The DNA sequence of any two people is 

about 99 percent identical. The remaining variations, however, may greatly affect an individual's 

disease risk. Sites in the DNA sequence where individuals differ at a single DNA base are called 

single nucleotide polymorphisms (SNPs). These are very crucial to get an insight into disease 

biology. Even a single base change in a particular gene sequence can put a person at a greater 

risk of a particular disease compared to others. Similarly, it can also determine variable 

therapeutic response to the same drug in different patients. The successful completion of Human 

Genome Project in 2003 has opened up new possibilities and paved way for further extensive 

research undertakings like the International HapMap Project and Genome-Wide Association 

Studies. These will provide us with research tools to find genes and genetic variations that 

influence our health, disease and treatment response. All these are laying the groundwork for the 

age of personalized medicine, in which the current ‘one size-fits-all approach’ to drug 

development and treatment will give way to more customized strategies (Vogenberg et al., 2010; 

Lu et al., 2014; https://www.personalizedmedicinecoalition.org). 

Personalized medicine (PM) is currently a novel and exciting concept in the 

pharmaceutical and healthcare industries. It can transform medical interventions by providing 

effective, customized and targeted therapeutic strategies based on the genomic, epigenomic and 

proteomic profile of an individual. It will help doctors and healthcare providers to evaluate and 

take decisions about who should get certain kinds of medicines or what should be the most 

suitable specific dose of a given therapy, or who should be monitored more carefully because 

they are predisposed to a particular disease threat or safety issue or runs the risk of adverse drug 

effects. Personalized medicine is thus meant to be precisely tailored for a particular patient, 

assessing all possible factors that may contribute to a disease and affect treatment. It is predicted 

to steadily replace the conventional ‘generalized’ therapeutic strategy which is aimed broadly 

and non-specifically at “average” patients rather than a specific individual and where choice of 

drug and appropriate dosage is based on information derived from population averages (Mathur 

and Sutton, 2017). 

The health industry has witnessed time and again that people respond differentially to the 

same drug. Statistics reveals that hypertension drugs (ACE inhibitors) are effective only in 10-

30% patients, drugs for heart diseases (Beta blockers) are effective in 15-25% patients, asthma 

drugs (Beta-2-agonists), cholesterol drugs (statins) are effective in 50-70% patients and so on. 

Any given drug can be extremely effective in some individuals but comparatively less effective 

https://www.personalizedmedicinecoalition.org/
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or completely ineffective in others. Moreover, certain individuals may experience adverse effects 

with the same drug, which can sometimes even be fatal. Evidence suggests that a substantial 

portion of variability in drug response is genetically determined, and is also dependent on 

underlying distinct molecular mechanisms. Age, nutrition, health status, environmental exposure, 

lifestyle, concurrent therapy can also play important contributory roles. Different patterns of drug 

response are also seen among geographically and ethnically distinct populations (Mancinelli et 

al., 2000). 

Personalized medicine or precision medicine is the only solution to this problem. It will 

also pave the way for preventive medical care. In fact, this includes a vision of a coherent 

medical model that is predictive, preventive, personalized and participatory (‘P4’) (Flores et al., 

2013). 

 However, Personalized Medicine is not a totally new concept of the modern era. History 

of Medicine tells us that the idea can be traced back to ancient Egyptian and Greek physicians 

and is a well-established concept in Ayurveda, the traditional system of Indian medicine that is 

still popularly practiced (Sumantran and Tillu 2012; Visvikis-Siest, 2020). 

History:  

A few records from History of Medicine suggest the existence of early Egyptian therapy 

which was adapted to individual’s health. Certain historical evidence also indicates that the 

practice of ancient medicine was divided into categories and every doctor was a specialist for 

one disease, one body part, suggestive of focused targeted treatment strategies. Hippocrates, the 

legendary Greek physician of the classical period who is considered one of the most outstanding 

figures in the history of medicine, was way ahead of his time in his thinking and perceptions. He 

actually suggested that every human is distinct, and that this affects both the disease prediction 

and the treatment. This forms the crux of modern personalized medicine (Visvikis-Siest, 2020). 

Ayurveda defines three dynamic life forces or primary functional energies (referred to as 

the ‘three doshas- vata, pitta, and kapha’) as the basis for all body functions. Briefly, the vata 

dosha is related to all types of movements and can be linked to functions of the nervous and 

musculo-skeletal systems. Pitta dosha refers to different transformative activities such as 

digestion, metabolism, actions of hormones and growth factors, and immune surveillance. The 

kapha dosha is associated with homeostasis and maintenance of strength, intensity and stability. 

One’s basic body constitution or nature termed as ‘prakriti’, results from a unique combination 

of fixed amounts of these three doshas. Thus, in Ayurveda, prakriti determines one’s 

individuality. It is an individual’s own personal blueprint that is formed at the moment of 

conception and is thus akin to one’s genotype. As one moves through life, the proportion of each 
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of the three doshas constantly fluctuates according to age, environment, diet, climate, and many 

other factors. This can affect health and general well-being and lead to diseases. In fact, 

microarray profiling has shown differential gene expression in persons with different ayurvedic 

‘prakriti’. Such distinct gene signature can be correlated to different disease susceptibility, risk 

factors and prognosis (Sumantran and Tillu, 2012). There are strong correlations between ancient 

Ayurvedic parameters for disease susceptibility and modern concept of gene networks associated 

with certain groups of diseases. Since long past, Ayurvedic physicians have taken into account 

patient’s ‘prakriti’, overall health status, diet and environmental factors to select appropriate 

drugs for that particular patient. Thus, the final choice of Ayurveda drugs has always been highly 

personalized. 

However, despite the ancient vision and recommendations, for many decades medical 

therapy continued to employ a very broad approach instead of focusing on each individual 

patient. Physicians continued to prescribe drugs with the idea that it will work in relatively the 

same way for every patient with the same class of disease. It was not that the doctors did not at 

all appreciate the fact that each patient is unique. They did not know how to incorporate and 

address that concept in the available treatment options. The necessary tools, techniques, 

technology and data were not available to them.  

Opportunities of personalized medicine:  

The health sector is currently witnessing an increasing momentum towards personalised 

and preventive medical care. There is a shift in treatment regimen from population-centred to 

individual-centred strategies. This is being driven by rapid advancement in genomic science, 

availability of a spectrum of new technological tools and wealth of information. Governments 

across the world are giving their endorsements to such an approach. The Digital Revolution, that 

marks the beginning of the Information Era, has also played a significant role due to radically 

enhanced capabilities for collecting, integrating, storing, analysing and communicating enormous 

amount of data and information. New interdisciplinary field of study like Systems Biology (that 

offers computational and mathematical analysis and modelling of complex biological systems) 

and Systems Medicine are helping correlate disease progression and effect of therapeutic 

interventions with patient data based on individual genomic, behavioural and environmental 

factors. Personalised health care is expected to rely more and more on the dynamics of systems 

biology as it uses predictive tools to evaluate individual health threats and can design 

personalised health plans to help patients abate risks, prevent disease and to treat it with 

precision if and when it occurs (Mathur and Sutton, 2017). 

A person’s genome can act as a crucial guide to his health management, disease 

susceptibility and drug response. For example, for a cancer patient with a certain genetic 

variation, the usual standardised dosage of chemotherapy may not work. In this case, the 
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mutation increases the chance that toxic metabolites would build up in his body and make him 

sick, requiring a break in his therapy that would allow the cancer to return. A pre-therapy genetic 

screening to look for variability across a host of genes which are involved in various drug 

responses can help doctors tailor the treatment to match patients' genetics. The data can also be 

incorporated in patient’s medical record so that, in future, this genetic information can be 

routinely used to personalize drug selection and dosing (Drew et al., 2016). 

This is the basis of pharmacogenomics, which uses an individual's genomic data to 

provide a more informed and tailored drug prescription. This will help prevent adverse events, 

allow for appropriate dosages, and produce maximum efficacy (Mancinelli et al., 2000). 

Development of next-generation, high-throughput DNA sequencing technology has 

reduced the cost and increased the efficiency of genomic analysis, thus facilitating customized 

treatment strategies. However, it should be noted that, along with variation in DNA sequence, 

evidence strongly suggest that differential RNA and protein expression also play a major role in 

disease progression and therapy and, hence, should also be carefully studied.  

Genomic analysis can stratify people into subgroups with different disease risks, variable 

reactions to drugs, and other clinically relevant factors. For example, diseases such as breast 

cancer, prostate cancer, Crohn’s disease etc., which were once classified as single diseases, are 

being stratified into clinically relevant subgroups based on genetic factors, molecular 

mechanisms and cellular network interactions. 

In order to know if a gene mutation is connected to a specific disease, researchers often 

carry out "Genome-Wide Association Study" (GWAS). Such a study will examine a given 

disease, and then sequence the genome of many patients with that particular disease to look for 

shared mutation(s) in the genome. Presence of the same mutation(s) can then be used as a 

diagnostic tool for that disease in future patients. GWAS studies have been very successful in 

identifying common genetic variations associated with diseases. As more causes of diseases are 

mapped out as per mutations that exist within a genome, the easier and faster they can be 

identified in an individual. Once the causes are identified, then focusing on those causes rather 

than the symptoms of disease will enable intervention to occur much earlier in the disease 

process.  It will also lead to more accurate diagnosis, cost-effective, targeted and relevant 

interventions and effective monitoring (Lu et al., 2014). 

Multiple genes can collectively influence the possibility of developing many common 

and complex diseases. Personalised approaches can also be used to predict a person's risk for a 

particular disease, based on sequencing of one or several genes. This may allow the physician to 

initiate preventive treatment before the disease presents itself in their patient. For example, if it is 
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found that a DNA mutation increases a person's risk of developing Type 2 Diabetes, this 

individual can begin lifestyle changes that will reduce their chances of developing Type 2 

Diabetes later in life. Many women are already being genotyped for certain mutations in the 

BRCA1 and BRCA2 gene if they are predisposed because of a family history of breast cancer or 

ovarian cancer (Mathur and Sutton, 2017). 

With further advances in systems medicine, each individual in near future will be having 

a ‘personal data cloud’. This will act as a medical record, containing multi-dimensional health 

data for a particular individual, collected over time.  This may include information on one’s 

genome, blood tests, lifestyle data, activity levels, stress levels, as also his transcriptome and 

even gut microbiome data. The collection and analysis of such data will produce a stream of 

highly personalized information regarding his health conditions. Furthermore, ‘actionable’ 

information can be supplied back to each individual based on the accumulation of data in their 

personal data cloud to prevent onset of a specific disease. Much of this actionable information 

will focus on lifestyle changes. 

Systems medicine and pharmacogenomic analysis will also help develop a stream of new 

drug targets for the pharmaceutical industry. The drugs developed using these models will be 

markedly more effective because they are targeted to precise stratifications of patients and of 

disease. Having an individual's genomic information can be significant in the process of 

developing such new drugs. Being able to identify patients who will benefit most from a clinical 

trial of a new drug will not only increase the safety of patients but will also allow smaller and 

faster trials that may lower overall costs. 

Another significant contribution in the development pf personalised medicine will be 

consumer access to information in this modern age and their consequent interest in managing 

their own health. Consumer willingness and participation can lead to more opportunities and 

upgrades in the field of personalised medicine.  

Challenges:  

The dynamic complexity of the human genome, multigenic disease origins, and 

involvement of numerous genes in drug response are major challenges of this field. A crucial 

insight of precision medicine is that more than just genetic information must be considered. For 

instance, treating cancer is not simply a matter of turning specific genes on or off. Genomics is 

not sufficient to understand human physiology and pathophysiology. Many other components, 

including an individual’s molecular, developmental, physiological, social, and environmental 

contexts, also must be studied, closely monitored, aligned, and integrated to get a proper 

understanding of disease mechanisms. Thus, traditional medical records and clinical reports will 

need to be combined with not only genomic, but also metabolomic, transcriptomic and proteomic 

data, along with data about diet, sleep pattern, activity, lifestyle and environmental factors that 
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can affect everyday living, and play a key role in bringing health differences. Unfortunately, we 

do not yet have sophisticated tools and technology to collect, document and analyse such myriad 

data. 

We are still in the early days of this novel branch of medicine. The whole concept itself 

may get refined in near future. We need to focus even more on information management. Tests 

for molecular profiling will have to make a part of routine clinical check-up as this will be 

necessary for matching patients to their ideal treatment. The technologies involved should be 

made accessible and financially affordable to all patients. Insufficient infrastructure and 

expertise, limited knowhow, and gaps in research are major obstacles. Another major challenge 

is whether the insurance companies will reimburse for the environmental testing, the genetic 

testing, and the other clinical measures necessary to assemble the patient’s information. Another 

big concern is the ethical issue of patient privacy. For example, insurance companies, with 

relevant patient data, may not offer certain policies to those with genetic predisposition. (Goetz 

et al., 2018; Cruz-Correia et al., 2018; https://www.pennmedicine.org) 

Conclusion:  

Personalized medicine can transform the health sector and the pharmaceutical industry 

through early diagnosis of diseases, correct risk assessments, and optimally customized 

treatments. The approach relies on identifying genetic, epigenetic, and clinical factors as also 

environmental and lifestyle data that may lead to certain diseases or affect certain therapeutic 

responses in an individual. Successful implementation can increase life expectancy and quality 

of life and also reduce the burden of medical expenditure. It is a novel approach that also focuses 

on disease prevention and favours taking proactive actions rather than just reactive. Personalized 

medicine has the potential to tailor therapy with the best response and highest safety margin to 

ensure better patient care. The current decade is predicted to witness fast progress in the 

development of personalized medicine that will be adopted and be available globally. 
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Abstract: 

The polyester base on 2-(2-(naphthalene-1-yl)ethyl)malonic acid were synthesized and 

characterized by FT-IR, Mass spectra and 1H-NMR. The thermal properties and solubility of 

polyesters were performed with TGA, DSC. The molecular weight and degree of polymerization 

were determined with GPC. The method gave polyester with good inherent viscosities and good 

thermal stability. Polyester are soluble in pyridine, DMF etc. and also inhibits the growth of the 

microorganisms to a considerable extent. 

Keywords: thermal behavior, spectroscopy, antimicrobial, solubility  

Introduction: 

 Polyester belongs to the class of high-performance engineering plastics and they have 

good thermal and mechanical properties. However, because of their limited solubility in organic 

solvents and their high melting or high glass transition temperatures, polyarylates are generally 

difficult to process by virtue of their rigid structures. Introduction of bulky and pendent units and 

also disruption of symmetry are important methods to overcome this drawback (Salma et al. 

2010). Recently many attempts have been made by researchers on high-performance polymers, 

with outstanding thermal stability and solubility, and provided great impetus to the discovery of 

a variety of thermostable and processable polymers. Aromatic polyesters are materials exhibiting 

an excellent pattern of physical properties. They are significant category of high performance 

and engineering materials, which exhibit good thermal stability, solvent resistance and good 

mechanical properties and therefore, they are applied widely in the aviation, automobile, and 

electronic industries (Dong et al., 2009). Aromatic polyesters are also well known as rigid-rod 

liquid-crystalline polymers (Bagheri et al., 2005). Poly (ethylene terephthalate) are useful as 

engineering thermoplastics because of their good chemical resistance, good thermal and 

dimensional stability, high strength and rigidity, and good surface hardness and gloss (Berti et 

al., 2004). 
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However, they usually exhibit very low solubility in common organic solvent and 

melting point far above their thermal decomposition temperatures which limits their widespread 

application. There are reports shows good approaches to improve the processability (i.e. 

‘‘engineering activity concerned with operations carried out on polymeric materials or systems to 

increase their utility’’) of polymers by making use of structurally modified monomer (Qiu and 

Zhang, 2005). These include (1) To introduce bulky side groups in monomer which help in the 

separation of polymer chains and hinder the molecular packing and crystallization. (2) 

Introduction of flexible groups in polymer backbone to reduces chain stiffness. (3) Introduction 

of flexible chains as pendent groups. (4) Use of enlarged monomers containing angular bonds 

which suppress coplanar structures. Several studies on polymer science have highlighted on the 

possibility of processability and improving solubility of polymer, such as, polyesters, 

polyimides, etc. by introducing flexible side chains, such as alkyl, alkoxy group (Liaw et al., 

2000). Incorporation of bulky, packing disruptive groups into the polymer backbone (Tamami et 

al., 2004) is also of particular concern because this approach causes the separation of polymer 

chains and lowers the chain packing, creating free volumes. Bulky side groups also hinder 

molecular mobility and therefore the overall observation and simultaneous effect is an increase 

in glass transition temperature as well as solubility improvement. 

Polyester compounds containing Naphthalene ring in main chain have attracted an 

increasing interest in recent years. Poly(ethylene naphthalate) (PEN), poly(propylene 

naphthalate) (PPN) and poly(butylenes naphthalate) (PBN) are the most well-known members of 

this family of thermoplastics. These newly developed high performance polymers, containing a 

rigid naphthalene ring in the repeating unit and a flexible alkylene chain, exhibit good physical, 

chemical and mechanical properties than widely used corresponding phthalate-based polyesters 

i.e poly(ethylene terephthalate). Recently so many attempts have been made by some research 

workers to introduce naphthalene rings into polymer structures, because naphthalene ring has a 

larger volume than benzene ring, which increases the proportion of the rigid group in the main 

chain and it also blocks the mobility of segments and therefore increases glass transition 

temperature of the polymer (Liaw et al., 2007). 

Experimental: 

Materials 

1(2-bromo ethyl) naphthalene, diethyl malonate, 4,4’-(propane-2,2-diyl) diphenol, 4,4’-

sulphonyl diphenol, 4,4’-dihydroxy biphenyl, hydroquinone, 4,4’-thiodiphenol, 4,4’-(pyridine-2-

ylmethylene)bis(2-methylphenol), 4,4’-(pyridine-2-ylmethylene)diphenol were purchased from 

Aldrich. NaOH, pyridine, thionyl chloride, K2CO3, KOH, C.P. HCl, N,N-dimethyl formamide 

and required solvents were procured from S.D. Fine chem. India. All the chemicals and solvents 
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used for the synthesis purpose were of laboratory grade reagent and used after proper purification 

whenever it required. 

Techniques 

Proton nuclear magnetic resonance (1H NMR, 500 MHz) spectra were recorded on a 

Bruker (Germany) advance 500 instrument. FTIR Spectra were recorded on Jasco-410 

spectrophotometer. The spectra of solids were obtained using KBr pellets. The vibrational 

transition frequencies are reported in wavenumbers (cm-1). Inherent viscosities were determined 

by using Ubbelohde viscometer at 250C in Dimethyl formamide. Thermal gravimetric analysis 

(TGA) data for polymers were obtained by TGA-Perkin Elmer (Pyris 1) in nitrogen atmosphere 

at a heating rate of 20ºC/min. DSC data for polymers were obtained by DSC- Perkin Elmer 

(Pyris 1). GPC data were obtained by using GPC instrument PSS win R I –71 detector Shodex 

equipped with 600E multi solvent delivery system.  

Monomer Synthesis: 

  Various methods are known for 2-(2-(naphthalene-1-yl) ethyl) malonic acid. In the 

present study a method described (Bernard et al., 1994) used for the synthesis of 2-(2-

(naphthalene-1-yl) ethyl) malonic acid as it gives better yield and easy to process. This is two 

stage process. 

Stage-I: Diethyl 2-(2-(naphthalene-1-yl) ethyl) malonate. 

 Into a 250ml four necked round bottom flask equipped with reflux condenser, charged 

25.8 gm (0.10 mole) 1-(2-bromoethyl) naphthalene, 45 ml N,N-dimethyl formamide, 12.5 

gm(0.12mole) diethyl malonate, 41.4gm (0.30 mole) anhydrous K2CO3 (previously dry at 1000C 

for 12 hrs) at Room temperature. Slowly heated reaction mass up to 90-1000C, stirred reaction for 

12 hrs at 90-1000C, check TLC, in TLC 1-(2-bromoethyl) naphthalene spot all most nil type. So, 

reaction mass cooled it at room temperature and filtered it and cake washed with 10 ml N,N-

dimethyl formamide, filtrate recharged in round bottom flask and concentrated it at 800C under 

reduced pressure, light yellow coloured liquid product isolated with 87% yield. 

Stage-II: 2-(2-(naphthalene-1-yl) ethyl) malonic acid. 

 Into a 250ml four necked round bottom flask equipped with reflux condenser, charged 20 

gm(0.063 mole) diethyl 2-(2-(naphthalene-1-yl)ethyl)malonate (stage- I),100 ml distilled water, 

cooled it at 200C, added dropwise 12.5gm (0.189 mole) potassium hydroxide solution (in 60ml 

water). Stirred for 30 minutes at room temperature then heated it at 450C, stirred for 6 hrs at 

450C, checked TLC, in TLC diethyl 2-(2-(naphthalene-1-yl)ethyl)malonate (stage- I) almost nil 

type observed so cooled the reaction mass up to 50C and slowly adjusted pH 2 by using C.P. 

HCl, after getting pH 2 stirred reaction mass for 30 minutes at room temperature, filtered it and 
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wet material washed with distilled water, dried product in oven, crude product was purified in 

Toluene Yield: 84%. M.P.:1540C. The proposed reaction scheme is shown as given in Scheme 1.  

Synthesis of aromatic polyester with 2-(2-(naphthalene-1-yl) ethyl) malonic acid 

2-(2-(naphthalene-1-yl) ethyl) malonic acid (0.01mole) and thionyl chloride (0.03 mole) 

were added in round bottom flask. The reaction mixture was stirred for 8 hrs at RT then refluxed 

in water bath for 8 hours with stirring. Then distilled out unreacted thionyl chloride by reducing 

pressure. Residual mass was cooled up to 0°C, added 10 ml pyridine in it. In another flask, 

prepared solution of diol (0.01mole) in 20 ml pyridine and cooled to 0°C. The solution was 

added in to the above prepared solution within the duration of half hour with stirring. The 

reaction mass was then heated at 70-750C and stirred for 20 hrs at 70-750C. The reaction mass 

was quenched in HCl-water solution. Obtained precipitates was filtered and washed with water 

till pH of the filtrate was found neutral. Isolated product was dried in oven. 

The proposed reaction scheme is shown as given in Scheme 2.  

 

 

 

Scheme 1: Synthesis of Monomer 
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Scheme 2: Synthesis of polyester 

 

Result and Discussion:  

The solubility of 2-(2-(naphthalene-1-yl) ethyl) malonic acid was studied in different 

solvents. They were soluble in DMF, DMSO, methanol, ethanol, IPA and THF It is summarized 

in Table- 1, NMR of NEM shows that NMR spectra matched with ideal structure 

Characterization of Polyesters by IR Spectra 

The formation of aromatic polyesters was confirmed by FTIR spectroscopy analysis. 

FTIR Spectra of all polymers show the characteristic carbonyl absorption peaks for ester at 1750 

cm-1 due to the carbonyl stretching vibrations.  
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Table 1: Characterization of 2-(2-(naphthalene-1-yl) ethyl) malonic acid (NEM) 

Molecular 

Formula 

Molecular 

Wt. (g/m) 

M.P. 

°C 

% 

Yield 

Color Analysis % Found 

(Calculated) 

C H N 

C15H14O4 258.27 1540C 73 White 69.80 

(69.76) 

5.40 

(5.46) 

-- 

Solubility of 

NEM  

Soluble in DMF, Dimethyl sulphoxide, Methanol, Ethanol, Isopropyl 

alcohol, Tetra hydrofuran at Room temperature. 

Insoluble in n-Hexane, Toluene, Dichloro methane, Chloroform, Diethyl 

ether, Water, cyclo hexane, methyl tert butyl ether. 

IR FTIR Spectra show the characteristic carbonyl absorption peaks for acid at 

1712 cm-1 due to the carbonyl stretching vibrations and-OH(Stretching) at 

2491cm-1 

 

Table 2: IR of Polyesters 

Type Group 

vibration 

mode 

PE-NT PE-NP PE-NQ PE-ND PE-NS Expected 

Frequencies 

(cm-1) 

Aromatic =C-H 

(Str) 

3050 3010 3055 3062 3062 3080-2900 

 

C=C( Str) 

1596 1615 1615 1612 1581  

1600-1450 1580 1504 1504 1500 1496 

1491 1470 1433 1454 1438  

540-1400 743 752 748 678 748 

C-H 

(i-p-d) 

1262 1371 1368 1373 1288 1380-1000 

1241 1165 1165 1203 1145 

1165 1018 1017 1164 1103 

   1022 1072 

     

C-H 

(o-o-p-d) 

807 807 807 810 837 960-675 

770 752 748 779 810 

 617  748 721 

   678 690 
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-(CH2)- C-H( Str) 2960 2926 2960 2950 2870 

 

2960-2850 

 

 

C-H( Str)  2850    2900-2880 

-COO- 

 

 

C=O (Str) 1720 1751 1754 1732 1725 1760-1720 

-C-O- 

(Str.) 

1262 1240 1225 1261 1234 1260-1225 

Sulphone S=0 (Str)     1288 1300-1160 

S-0 (Str)     555 700-500 

C-S (Str)     644 700-570 

 

Solubility of aromatic polyesters 

The solubility of polyesters was tested quantitatively in various solvents as listed in Table 

3. All the poly-esters are soluble in organic solvents such as DMF, DMAC, N-methyl-2-

pyrrolidone, pyridine and H2SO4 at room temperature, and are insoluble in solvents such as 

methylene dichloride, methanol, ethyl acetate, THF, acetonitrile and water. The incorporation of 

side chain polyesters enhanced their solubility in polar solvents. 

Table 3: Solubility data of polyesters 
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PE-NQ -- ++ + -- ++ -- -- ++ -- -- -- -- -- 

PE-NA -- ++ ++ ++ ++ + -- ++ -- -- -- -- -- 

PE-NM -- ++ ++ ++ ++ + -- ++ -- -- -- -- -- 

PE-NP -- ++ ++ ++ ++ + -- ++ -- -- -- -- -- 

PE-NT -- ++ ++ ++ ++ ++ -- ++ -- -- -- -- -- 

PE-ND -- ++ ++ ++ ++ + -- ++ -- -- -- -- -- 

PE-NS -- ++ ++ ++ ++ ++ -- ++ -- -- -- -- -- 

Physical property 

Physical property described in Table-4. Inherent viscosities were determined by using 

Ubbelohde viscometer at 250C in Dimethyl formamide, inherent viscosities in range of 0.51 – 

0.56 dl/g. % of yield in range of 88-91. 

H
C
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Table 4: Physical property of polyester 

Polyester Diphenol Description Yield ( %) ηinh (dL/g)a 

PE-NQ HQ  Brown powder 90 0.56 

PE-NM BPM Light brown powder 87 0.51 

PE-NA BPA Light brown powder 89 0.49 

PE-NT TDP Light brown powder 90 0.54 

PE-ND DPD Light brown powder 91 0.56 

PE-NS BPS Light brown powder 89 0.55 

PE-NP BPP Light brown powder 88 0.53 

(a) Measured at a concentration of 0.5 g/dL in DMF at 25ºC. 

 

Gel permeation chromatography  

The molecular weight and Polydispersity value of polyesters are listed in Table-5. These 

amount shows that the prepared polyesters are medium molecular weight in the range of 80507-

87542.  

Table 5: GPC data of polyesters 

Polyester Diphenol Molecular weighta Polydispersity 

Mw/Mn Mn Mw 

PE-CM BPM 87542 88521 1.011 

PE-CS DPS 80507 84289 1.046 

PE-CD DPD 83494 88272 1.057 

a: Measured by GPC in Dimethyl formamide (DMF), polystyrene was used as a 

calibration standard. 

Thermogravimetric Analysis (TGA): 

 Pyrolysis of many polymers yields the TG curve, which follows a relatively simple 

sigmoid curve. In such a case weight of the sample decreases slowly as reaction begins, then 

decreases rapidly over a comparatively narrow range of temperature and finally levels off as the 

reaction gets completed. The shape of the curve depends on the kinetic parameters viz., reaction 

order (n), frequency factor (Ao) and activation energy (E*). The values of these parameters have 

been shown to be of major importance to elucidate the mechanism involved in polymer 

degradation and to estimate the thermal stability. About 5-10 mg of polymer sample was 

weighed in the boat of a thermo balance and was heated at a rate of 200C/min in static air 

atmosphere. The constant trace of loss in the weight of sample as a function of temperature gave 

a TG thermogram, which was used further for data analysis. The 10% weight loss were about 
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156-2780C and the char yield of polyester at 400 oC were about 28-38%. The data shows that 

obtained polyester compounds were thermally stable.  

Table 6: Thermal properties of polyesters 

Polyester 

 

Decomposition temperature Char yieldc 

(%) T5a T10b 

PE-NQ 140 ºC 170 ºC 28.62% 

PE-NA 130 ºC 156 ºC 33.80% 

PE-ND 207 ºC 278 ºC 38.34% 

 

(a) Temperature at which 5% weight loss was recorded by TGA at a heating rate of 20ºC/min in  

a nitrogen atmosphere.  

(b) Temperature at which 10% weight loss was recorded by TGA at a heating rate of 20ºC/min in 

a nitrogen atmosphere.  

(c) Percentage weight of material left undecomposed after TGA analysis at maximum 

temperature 400ºC in a nitrogen atmosphere. 

Differential scanning calorimetry of the polyester: 

 The thermal properties of all the polyesters have been investigated by DSC 

measurements. Their phase transition temperatures of first heating scan are listed in Table 7. 

According to the DSC analysis the prepared polyesters showed glass transition temperature (Tg) 

in range of 68-189°C. 

Table 7: Transition temperatures of the polyester determined by DSC at scan rate 

10°C/min on heating 

Polyester Thermal transition from 

DSC (°C, J/g) 

Tg°C H 

PE-NQ 68.67°C 7.76J/g 

PE-NP 189.76°C 9.85J/g 

PE-ND 121.57°C 9.85J/g 

 

Antimicrobial activity: 

Polyester compounds have been prepared using different monomers. When tested for 

their response against microorganisms interesting results were obtained. The results indicate that 

the polyesters inhibit significantly the growth of microorganisms. The bacterial subcultures for 



Research and Development in Pharmaceutical Science Volume III 

    (ISBN: 978-93-91768-47-8) 

 147  

Bacillus subtillis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa were 

obtained from central diagnostic laboratory, Surat, Gujarat, India. An antifungal suscepptibility 

test was used Candila albicans. Bacillus subtillis, Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa and Candila albicans were cultured on Brain Heart Infusion Broth 

(BHI) for the antibacterial and fungal activity 

Each compound was dissolved in Dimethyl formamide (DMF) at a concentration of 200, 

400, 600, 800, 1000, 1200 and 1500 µg/mL concentrations. In Table 8 zone of inhibition in mm 

is described at concentration of 1500 µg/mL. 

Table 8: Zone of inhibition in mm of polyesters 

 

Sample 

Zones of inhibition in mm 

B. subtillis S. aureus E. coli P. aeruginosa C. albicans 

PE-NQ 20 20 11 11 19 

PE-NA 21 15 11 13 18 

PE-NT 19 17 12 13 19 

PE-NM 20 18 11 12 17 

PE-NS 17 19 12 12 18 

DMF 10 10 10 10 10 

 

Conclusion:  

In this research work, direct polycondensation was carried out by the reaction of diacid 

monomer with several aromatic diols to prepare novel aromatic polyesters. The 

polycondensation leads to the formation of polymers having inherent viscosity ranging from 0.51 

– 0.56 dL/g. By introducing ethyl side group to the aromatic polyesters, polymers with 

substantially increased solubility and good thermal stability were obtained. Since the resulting 

polyesters have they can be used for film forming and coating materials. 

Symbols and abbreviations 

NEM: 2-(2-(naphthalene-1-yl) ethyl) malonic acid   

PE-NQ: Poly(Hydroquinone)-alt-(2-(2-(naphthalene-1-yl) ethyl) malonic acid) 

PE-NA: Poly(4,4’-(Propane- 2,2-diyl) diphenol)-alt-(2-(2-(naphthalene-1-yl) ethyl) malonic 

acid)   

PE-NM: Poly(4,4’- ( Pyridin-2-ylmethylene) bis (2-methyl phenol ) )-alt-(2-(2-(naphthalene-1-

yl) ethyl) malonic acid) 

PE-NP: Poly(4,4’-(Pyridin-2-ylmethylene)diphenol)-alt-(2-(2-(naphthalene -1-yl) ethyl) malonic 

acid) 

PE-NT: Poly(4,4’-Thiodiphenol)-alt-(2-(2-(naphthalene-1-yl) ethyl) malonic acid) 
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  PE-ND: Poly(Biphenyl 4’4- diol )-alt-(2-(2-(naphthalene-1-yl) ethyl) malonic acid) 

PE-NS: Poly(4,4’- sulphonyl diphenol)-alt-(2-(2-(naphthalene-1-yl) ethyl) malonic acid) 

T5: Temperature for 5% weight loss 

T10: Temperature for 10% weight loss 
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Abstract: 

Novel aromatic polyesters containing cyclopentanamide unit in the side chain have been 

synthesized with moderate molecular weights by interfacial polymerization of 5-

(Cyclopentanoylamino) isophthalic acid with different aromatic diols using phase transfer 

catalyst. The resulted polymers are readily soluble in aprotic polar solvents its show that the 

presence of bulky group improved the solubility of polyester. Thermogravimetric analysis data 

showed that these polyesters are thermally stable. Polyesters inhibit the growth of the 

microorganisms to a considerable extent. 

Keywords: Thermogravimetric analysis, interfacial polymerization, antimicrobial, solubility   

Introduction: 

  Thermally stable materials are of special interest within polymer science which have been 

recognized for about 60 years. Categories of these polymers are polyarylate, polyamide, 

polyimide and their copolymers. Polyarylates belong to the class of high-performance 

engineering plastics and they have good thermal and mechanical properties (Seymour et al., 

1986). Due to limited solubility of polyester in polar solvent it is difficult to process. Recently 

researchers have introduced bulky and pendent units in backbone of polymer moiety to 

overcome this drawback (Wang et al., 1999). Recently many attempts been made by researchers 

on high-performance polymers, with outstanding thermal stability and solubility, and provided 

great impetus to the discovery of a variety of thermostable and processable polymers. Aromatic 

polyesters are significant category of high performance and engineering materials. They exhibit 

good solvent resistance, good thermal stability and good mechanical properties and therefore, 

they have wide applications in the aviation, automobile, and electronic industries (Han and 

Bhowmik, 1997). Aromatic polyesters are also well known as rigid-rod liquid-crystalline 

polymers (Bagheri et al., 2006). Polyethylene terephthalates are useful as engineering 

thermoplastics because of their good thermal and dimensional stability, good chemical 

resistance, high strength and rigidity, and good surface hardness and gloss (Berti et al., 2004). 

 Convenient way for modification of polymer properties is copolycondensation, for 

instance modification of the properties of polyesters by incorporation of hydrogen-bonded amide 

mailto:pradhu1101@gmail.com
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groups or imide units or bulky groups produces copolymers with modified properties 

(Mehdipour-Ataei and Akbarian-Feizi, 2005). In recent years there has been a growing interest in 

poly(amide-ester)s because of their expected degradable, thermal and mechanical properties. The 

ester bonds are highly hydrolysable while amide groups establish intermolecular hydrogen bonds 

which gives good fiber-forming properties and increase characteristic low melting temperature of 

polyarylates. In other words, these copolymers usually show intermediate properties between 

those of polyesters and polyamides and present an attractive combination of properties: high 

flexibility of the ester linkages, providing degradability, toughness and good mechanical 

properties due to the hydrogen bonds between amide groups.  

 A survey of the literature reveals that polymers containing 5-amino isophthalic acid 

moiety have good potential applications in various field and several scientists (Shadpour and 

Fatemeh, 2010) published a series of papers on polymers and copolymers of 5-amino isophthalic 

acid either present as an end group or as a pendent group with a view to study their complexing 

ability and biological activity. 

Experimental: 

Materials 

Cyclopentane carboxylic acid, 5-amino isophthalic acid, 4,4’-(propane-2,2-diyl) 

diphenol, 4,4’-sulphonyl diphenol, 4,4’-dihydroxy biphenyl, hydroquinone, 4,4’-thiodiphenol, 

4,4’-(pyridine-2-ylmethylene)bis(2-methylphenol), 4,4’-(pyridine-2-ylmethylene)diphenol were 

purchased from Aldrich. NaOH, pyridine, thionyl chloride N,N-dimethyl formamide and 

required solvents were procured from S.D. Fine chem. India.  All the chemicals and solvents 

used for the synthesis purpose were of laboratory grade reagent and used after proper purification 

whenever it required. 

Techniques 

Proton nuclear magnetic resonance (1H NMR, 500 MHz) spectra were recorded on a 

Bruker (Germany) advance 500 instrument.  FTIR Spectra were recorded on Jasco-410 

spectrophotometer. The spectra of solids were obtained using KBr pellets. The vibrational 

transition frequencies are reported in wavenumbers (cm-1). Inherent viscosities were determined 

by using Ubbelohde viscometer at 250C in Dimethyl formamide. Thermal gravimetric analysis 

(TGA) data for polymers were obtained by TGA-Perkin Elmer (Pyris 1) in nitrogen atmosphere 

at a heating rate of 20ºC/min. DSC data for polymers were obtained by DSC- Perkin Elmer 

(Pyris 1). GPC data were obtained by using GPC instrument PSS win R I –71 detector Shodex 

equipped with 600E multi solvent delivery system.   
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Monomer Synthesis: 5-(Cyclopentanoylamino)isophthalic acid. 

Cyclopentane carboxylic acid (0.05mole) and thionyl chloride (0.15 mole) were added in 

round bottom flask. The reaction mixture was refluxed in water bath for 4 hours with frequent 

shaking. Then distilled out unreacted thionyl chloride by reducing pressure. In residue added 

25ml pyridine then cooled up to 0°C. In another flask, solution of 5-amino isophthalic acid 

(0.051mole) in 40 ml pyridine and cooled to 0°C. The solution was added in to the above 

prepared solution within the duration of half hour with stirring. The reaction mass was then 

warmed, and allowed to stand for overnight at room temperature. The reaction mass was 

quenched in cold HCl-water solution. Obtained precipitates was filtered and washed with water 

till pH of the filtrate was found neutral. Isolated product was dried at 50°C under vacuum and 

purified in Toluene. Yield: 86%. M.P > 350°C.  The proposed reaction scheme is shown as given 

in Scheme 1. 

Synthesis of aromatic polyester with 5-(Cyclopentanoylamino) isophthalic acid 

5-(Cyclopentanoylamino) isophthalic acid was reacted with thionyl chloride and gives 5-

(Cyclopentanoylamino)isophthalyl choloride. 0.01 mole of acid chloride was dissolved in 40 ml 

of CHCl3. then added 0.01 mole of diol in appropriate amount of NaOH solution (0.03 mole in 

70 ml water). In this reaction mass 0.5 gm of emulsifier cetrimide was added (in 10 ml water). 

The reaction was stirred for 15 minutes, solid material was obtained and appropriate amount of 

acetone was added along with demineralized water. Stirred the reaction mass for more 10 

minutes and then filtered, washed with water and finally dried in oven at 50°C. The proposed 

reaction scheme is shown as given in Scheme 2. 

 

Scheme 1: Synthesis of 5-(Cyclopentanoylamino) isophthalic acid (CPCA) 
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Scheme 2: Synthesis of Polyester 

 

Result and Discussion:  

The solubility of 5-(Cyclopentanoylamino) isophthalic acid was studied in different 

solvents. They were soluble in DMF, DMSO, methanol, ethanol, IPA and THF It is summarized 

in Table- 1, NMR and mass spectra of CPCA shows spectra matched with ideal structure. H1- 
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Table 1: Characterization of 5-(Cyclopentanoylamino) isophthalic acid) 

Molecular 

Formula 

Molecular 

Wt. (g/m) 

M.P. 

°C 

% 

Yield 

Color Analysis  % Found (Calculated) 

C H N 

C14H15NO5 277.27 >3500C 86 Yellow 60.64 

(60.61) 

5.45 

(5.48) 

5.05 

(4.98) 

Solubility of 

NEM  

Soluble in DMF, Dimethyl sulphoxide, Methanol, Ethanol, Isopropyl alcohol, 

Tetra hydrofuran at Room temperature. 

Insoluble in n-Hexane, Toluene, Diethylene chloride, Chloroform, Diethyl 

ether, Water,  

IR FTIR Spectra show the characteristic carbonyl absorption peaks for acid at 

1712 cm-1 due to the carbonyl stretching vibrations and-OH(Stretching) at 

2491cm-1 

 

Characterization of Polyesters by IR Spectra 

The formation of aromatic polyesters was confirmed by FTIR spectroscopy analysis. 

FTIR Spectra of all polymers show the characteristic carbonyl absorption peaks for ester at 1735-

1750 due to the carbonyl stretching vibrations. Stretching of amide N-H group appeared around 

3100- 3400 cm-1. Banding of amide N-H group appeared around 1500-1600cm-1. Important IR 

frequencies given in Table-2. 

Table 2: Interpretation of IR spectra of polyesters of CPCA 

Type 

Group 

vibration 

mode 

PE-CQ PE-CS PE-CD PE-CP 

Expected 

Frequencies 

(cm-1) 

Aromatic 

=C-H(Str) 2923 2950 3060 3075 3080-2900 

 

C=C( Str) 

1504 1542 1604 1606 
1600-1450 

 1488 1492 1505 

 1184 1419 1451 
540-1400 

721 744 744 748 

C-H 

(i-p-d) 

1373 1195 1195 1103 

1350-1000 

1218 1153 1164 1017 

1176 1107 1103  

1064 1072 1006  

1014 1014 918  

C-H 

(o-o-p-d) 

906 918 810 870 

960-675 686 856 744 855 

 682 682 679 
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-(CH2)- C-H ( Str) 2854 2850 2860 2953 2960-2850 

-C-N- C-N (Str) 1373 1320 1338 1338 1310-1380 

-NHCO- 
N-H (Ben.) 1554 1585 1542 1539 1540-1600 

N-H (Str) 3150 3100 3110 3120 3080-3450 

-COO- 
C=O (Str) 1743 1743 1735 1738 1735-1720 

C-O (Str.) 1296 1296 1212 1220 1260-1225 

Sulphone 

S=0 (Str)  1296   1300-1160 

S-0 (Str)  651   700-500 

C-S (Str)  567   700-570 

 

Solubility of aromatic polyesters 

The solubility of polyesters was tested quantitatively in various solvents as listed in Table 

3. All the poly-esters are soluble in organic solvents such as DMF, DMAC, sulpholane, N-

methyl-2-pyrrolidone, pyridine and H2SO4 at room temperature, and are insoluble in solvents 

such as methylene dichloride, methanol, ethyl acetate, acetonitrile and water. The incorporation 

of the pendant cyclopentanamide in the side chain polyesters enhanced their solubility in polar 

solvents. Solubility data of polyesters given in Table-3. 

Tabel 3: Solubility data of polyesters 
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PE-CQ -- ++ + -- -- ++ -- -- ++ -- -- -- -- 

PE-CA -- ++ ++ ++ ++ ++ + -- ++ -- -- -- -- 

PE-CM -- ++ ++ ++ ++ ++ + -- ++ -- -- -- -- 

PE-CP -- ++ ++ ++ ++ ++ + -- ++ -- -- -- -- 

PE-CT -- ++ ++ ++ ++ ++ ++ -- ++ -- -- -- -- 

PE-CD -- ++ ++ ++ ++ ++ + -- ++ -- -- -- -- 

PE-CS -- ++ ++ ++ ++ ++ ++ -- ++ -- -- -- -- 

++: Soluble at room temp.,  

+: Soluble on heating at 500C,  

 --: Insoluble 
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Physical property 

Physical property described in Table-4. Inherent viscosities were determined by using 

Ubbelohde viscometer at 250C in Dimethyl formamide, inherent viscosities in range of 0.34- 

0.39 dl/g.  % of yield in range of 93-96. 

Table 4: Physical property of polyester 

Polyester Diphenol Description Yield 

( %) 

ηinh (dL/g)a 

PE-CQ HQ Cream powder 95 0.39 

PE-CA BPA Light cream powder 93 0.36 

PE-CM BPM Light cream powder 93 0.34 

PE-CP BPP Light cream powder 95 0.37 

PE-CT TDP Light cream powder 94 0.36 

PE-CD DPD Light cream powder 96 0.39 

PE-CS BPS Light cream powder 95 0.38 

 

Gel permeation chromatography   

The molecular weight and Polydispersity value of polyesters are given in Table-5. From 

the results, it is apparent that the molecular weights of the prepared polyesters were in the range 

of 9612-18642.  

Table 5: GPC data of polyesters 

Polyester Diphenol 
Molecular weighta Polydispersity 

Mw/Mn Mn Mw 

PE-CM BPM 9612 10205 1.061 

PE-CS BPS 17205 20265 1.178 

PE-CD DPD 18642 20412 1.094 

a: Measured by GPC in Dimethyl formamide (DMF), polystyrene was used as a 

calibration standard. 

Thermal Properties 

Thermogravimetric Analysis (TGA) 

 Pyrolysis of many polymers yields the TG curve, which follows a relatively simple 

sigmoid curve. In such a case weight of the sample decreases slowly as reaction begins, then 

decreases rapidly over a comparatively narrow range of temperature and finally levels off as the 

reaction gets completed. The shape of the curve depends on the kinetic parameters viz., reaction 

order (n), frequency factor (Ao) and activation energy (E*). The values of these parameters have 
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been shown to be of major importance to elucidate the mechanism involved in polymer 

degradation and to estimate the thermal stability. TGA thermographs shown in Figure III, IV and 

V. About 5-10 mg of polymer sample was weighed in the boat of a thermo balance and was 

heated at a rate of 200C/min in static air atmosphere. The constant trace of loss in the weight of 

sample as a function of temperature gave a TG thermogram, which was used further for data 

analysis. The 10% weight loss were about 203-2530C and the char yield of polyester at 400 oC 

were about 34-43%. The data shows that obtained polyester compounds were thermally stable. 

Integral polymer degradation temperature (IPDT) is calculated by Doyle equation (Doyle, 1961). 

Activation energy calculated by using Broido method (Broido, 1969). 5%, 10% weight loss, char 

yield, IPDT and activation energy given in Table-6. 

Table 6: Thermal properties of polyesters 

Polyester 

 

Decomposition 

temperature Char 

yieldc 

(%) 

 

 

IPDT 

Activation Energy 

(Ea) 

 

T5a 

 

T10b 
From 

Slope-I 

From 

Slope-II 

PE-CQ 1660C 2060C 39.20% 987.6 45.33 68.08 

PE-CM 1640C 2030C 43.78% 981.4 41.70 65.62 

PE-CT 2260C 2530C 34.68% 573.7 41.25 58.63 

(a) Temperature at which 5% weight loss was recorded by TGA at a heating rate of 20ºC/min in 

a nitrogen atmosphere.  

(b) Temperature at which 10% weight loss was recorded by TGA at a heating rate of 20ºC/min in 

a nitrogen atmosphere.  

(c) Percentage weight of material left undecomposed after TGA analysis at maximum 

temperature 400ºC in a nitrogen atmosphere. 

Differential Scanning calorimetry of the polyester 

 The thermal properties of all the polyesters have been investigated by DSC 

measurements. The DSC thermograms of representative polymers are given in Figure VI, VII, 

VIII. Their phase transition temperatures of first heating scan are listed in Table -7. According to 

the DSC analysis, glass transition temperature (Tg) in range of 233-237°C. 

Antimicrobial activity 

Polyester compounds have been prepared using different monomers. When tested for 

their response against microorganisms interesting results were obtained. The results indicate that 

the polyesters inhibit significantly the growth of microorganisms. The bacterial subcultures for 
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Bacillus subtillis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa were 

obtained from central diagnostic laboratory, Surat, Gujarat, India. An antifungal suscepptibility 

test was used Candila albicans. Bacillus subtillis, Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa and Candila albicans were cultured on Brain Heart Infusion Broth 

(BHI) for the antibacterial and fungal activity. 

Each compound was dissolved in Dimethyl formamide (DMF) at a concentration of 200, 

400, 600, 800, 1000, 1200 and 1500 µg/mL concentrations. In Table- 8 zone of inhibition in mm 

is described at concentration of 1500 µg/mL. 

Table 7: Transition temperatures of the polyester determined by DSC at scan rate 

10°C/min on heating 

Polyester Thermal transition from DSC (°C, J/g) 

Tg°C H 

PE-CQ 237.65°C 32.6 J/g 

PE-CM 239.07°C 61.74J/g 

PE-CP 233.11°C 88.85 J/g 

 

Table 8:  Zone of inhibition in mm of polyesters 

 

Sample 

Zones  of inhibition  in mm 

B. subtillis S. aureus E. coli P. aeruginosa C. albicans 

PE-CA 28 21 17 15 20 

PE-CM 27 21 16 14 19 

PE-CS 26 20 15 15 18 

PE-CQ 26 19 14 12 19 

PE-CT 27 21 16 13 17 

DMF 10 10 10 10 10 

Conclusion: 

In this research work, polycondensation was carried out by the reaction of diacid 

monomer with several aromatic diols using phase transfer catalyst to prepare novel aromatic 

polyesters. The polycondensation leads to the formation of polymers having inherent viscosity 

ranging from 0.34 - 0.39 dl/g. By introducing pendent cyclopentyl group to the aromatic 

polyesters, polymers with substantially increased solubility and good thermal stability were 

obtained. From the results, it is apparent that polyesters can be used for film forming and coating 

materials. 

Symbols and abbreviations 

Code CPCA: 5-(Cyclopentanoylamino) isophthalic acid;  



Bhumi Publishing, India 

158 
 
 

 

Code PE-CQ: Poly(Hydroquinone)-alt-(5-(Cyclopentanoylamino) isophthalic acid) 

Code PE-CA: Poly(4,4’-(Propane-2,2-diyl)diphenol)-alt-(5-(Cyclopentanoyl amino) isophthalic 

acid); Code PE-CM: Poly(4,4’- ( Pyridin-2-ylmethylene) bis (2-methyl phenol ) )-alt-(5-

(Cyclopentanoylamino) isophthalic acid); Code PE-CP: Poly(4,4’-(Pyridin-2-

ylmethylene)diphenol)-alt-(5-(Cyclopentanoyl amino) isophthalic acid) 

Code PE-CT: Poly(4,4’-Thiodiphenol)-alt-(5-(Cyclopentanoylamino) isophthalic acid) 

Code PE-CD: Poly(Biphenyl4’4-diol)-alt-(5-(Cyclopentanoylamino) isophthalic acid) 

Code PE-CS: Poly(4,4’- sulphonyl diphenol)-alt-(5-(Cyclopentanoylamino isophthalic acid) 

T5: Temperature for 5% weight loss; T10: Temperature for 10% weight loss 
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Introduction: 

 In allopathic system of medicine, most conventional way to treat any disease is by 

administering appropriate agonist or antagonist to the recipient. This is done with an intent to 

achieve physiological imbalance which arose in body [1].  Except the IV route (in which 

bioavailability is 100%), drug administered through all the other routes undergoes first pass 

metabolism to various extent [2]. Moreover, a drug may take several minutes to hours in 

reaching the intended site of action which often leads to delay in the onset of action of drugs. In 

addition to it if the nature of the drug is hydrophilic then the clearance may further reduce the 

time of action leading to very short half life of the medicinal agent/drug. [3] 

 This problem to a large extent has been solved by Novel Drug Delivery System (NDDS) 

but again controlling the movement of medicinal agent in the body is one of the biggest 

challenges which is faced by the healthcare practitioner during therapeutics. This inspired the 

scientist to come up with a dosage form which can be controlled externally leading to 

development of Nanorobots. 

What are nanorobots? 

 Nanorobots or Nonobots are the robots which measures in the range of nano-meters (10-9 

m). Nanorobots are fabricated with metals, poly-nucleotides or proteins and utilizes application 

of semiconductors, capacitors, manipulators, VLSI circuits and other similar materials to thrive 

and deliver therapeutic agent in the recipient [4-8]. Scientific study of nanorobots is called as 

Nanorobotics and it is a relatively novel field in the therapeutics. The concepts and applications 

of nanorobots in medicine was proposed by Richard Feynman in 1959 [9] 

Structure of nanorobot [10-12]: 

 A nanorobots may consists of several parts depending upon the design. It generally 

contains a place for carrying medicine, a source of power, sensors and camera, which assists in 

their navigation. A brief description of each part is given below: 
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Part Function 

Payload A void or a blank space which carries the therapeutic agent to the 

site of action 

Micro-camera This assists the operator in navigating the nanobot to the intended 

site of action. 

Electrodes Electrodes made up of suitable material assist in generation of 

electric current which drives the robot. 

Ultrasonic signal 

generators 

These agents are used to generate ultrasonic signals/waves. 

Such agents can be traced in the nanorobots which are deployed 

for treatment of renal calculus. 

Swimming tail This assists nanorobots in generating propulsion inside the body 

Fins and propellor To generate propulsion 

Sensors They are located both internally as well as externally in 

nanorobots. 

They are used to send signals to the operator regarding movement 

of the nanorobots. 

 

 The reader will appreciate the fact that a nanorobot can be magnetic field propelled, 

electric field propelled, light energy propelled ultrasound energy propelled or endogenous power 

driven. Since this chapter is an abridgement, a complete description is out of scope of this book 

chapter. 

Advantages: 

1. They can be controlled externally hence it is very easy to navigate them at the intended 

site of action. 

2. Nano size makes their navigation easy making drug delivery conducive at the site of 

action. 

3. They are very durable and can remain active for a much longer duration as compared to 

conventional dosage form. 

4. Drug release can be programmed or can be manually controlled. Nanorobots can release 

and stop the release of the drug as when needed. [13-14] 

Disadvantages: 

1. The cost of fabricating a nanorobot is very high as compared to conventional dosage form 

2. Designing such microstructure is a tiresome job. 

3. Separate set of statutory regulations have to be made which will govern the use of nano-

robots as drug delivery agent in human body. [15] 
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Applications: 

 Due to highly versatile nature and nano size, nanorobots find their applications in various 

fields of medicines. Some of them are as follows: 

1. Nanorobots equipped with nano-biosensors can sense blood sugar levels when 

administered to the recipient. There they release blood sugar levels as RF signals (Radio 

Frequency signals) which is sensed by the phone or other similar receiving device 

assisting monitoring of blood sugar levels. 

2. Nanorobots equipped with ultrasonic wave generators is utilized in breaking renal 

calculus in small fragments. Such fragmented particles of calculus are disposed off from 

the body through urinary tract. 

3. Nanorobots can chip out the atheromatous plague which is formed inside the blood vessel 

in a condition called atherosclerosis thus preventing incidences of blockage leading to 

Myocardial Infraction. 

4. Nanorobots can be fabricated in a way that they can carry a polynucleotide sequence 

which can code for a functional biological product (i.e. a gene) to the intended cells. The 

nanorobots release the polynucleotide sequence which in turn get incorporated in DNA of 

the cell line being treated. The cell line regains the ability to generate protein which is 

was not able to generate prior to treatment. Thus nanorobots forms the basis of Gene 

Therapy. 

5. Nanorobots can easily cross the blood brain barrier and can carry appropriate medicinal 

agent to the cancerous cell making treatment of cancer of neural origin convenient. 

6. Nanorobots are also utilized in the treatment of infection of bacterial origin (on the ability 

to destroy bacteria either directly or antibody mediated) and in surgery [16-19]. 

Prospects and Conclusion: 

 Although the concept of nanorobots sounds very much interesting but in real life the 

conversion of theoretical aspect to practical application is very much arduous. Several 

modification are being made in the shapes and fabrication techniques of nanorobots yet the 

nanorobots and nanorobotics lie in a very nascent age of their practical application. 

 While most of the studies done utilising nanorobotics ranged from few days to few 

months, concrete evidence of toxicities and other health related issues arising from the use of 

nanorobots is unavailable for the time being. 

 It is believed that the advent and advancement of 3 dimensional printing technology 

along with development of new fabrication material will further revolutionise the nanorobotic 

technology in near future [20]. 
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