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ISBN : 9789390211722

Name : Industrial Pharmacy – I

  (as per Latest PCI Syllabus)

Author/s : Ajay Semalty

Pages : 493

Year : Rpt. 2022

Price : ` 625.00

Industrial Pharmacy is the core subject of Pharmaceutical Science. A 
Pharmaceutical drug is delivered through various routes of 
administration with the help of various kinds of dosage forms. All the 
efforts of a pharmaceutical scientist aim to develop a drug product which 
is safe, effective, and stable. The learning “Industrial Pharmacy” 
improves the employability of Pharmacy graduates in Academia, 
Research, and Industry.

 · Basics of preformulation in designing effective safe and stable 
formulations

The book covers

 · Aerosols, Pharmaceutical packaging, and cosmetics 
 · USPs of the book are easy language, to the point coverage of 

topics, pictorial/graphical, tabular presentation, and vital further 
reading links of every topic.

 · Most common and popular dosage forms viz. tablet, capsule, 
parenterals, Ophthalmic, suspension and emulsion with their 
formulation and evaluation

 We hope that this book shall be very useful to students, 
researchers, industry personnel, and teachers as a ready source of the 
basics of every covered topic.

Dr. Ajay Semalty, is Course Coordinator of India's most popular SWAYAM MOOC- “Academic Writing” & “Industirial Pharmacy - I”; and working 
as a faculty member in the Department of Pharmaceutical Sciences, H.N.B. Garhwal University (A Central University) Srinagar (Garhwal), 
Uttarakhand for the last 17.5 years with Academic, research, and industrial experience of more than 18 yrs. He is also University SWAYAM 
Coordinator and SPOC NPTEL Local chapter of Garhwal University. He is M. Pharm. (Pharmaceutics), MBA (Operations Management); Ph. D., 
PDF Meijo University, Nagoya Japan. He has been included in the World's top 2 % Scientist of Pharmacy and Pharmacology (by Stanford 
University research, 2020). He has completed 11 research projects funded by various agencies; He has published 80 papers, 6 books (including 
the best seller "Essentials of Pharmaceutical Technology" by Pharma Med Press), 2 patents (01 granted) and more than 150 conference papers. 
He is a highly cited researcher of the field (h index 26). He was awarded: Daiko Foundation Post-Doctoral Research Fellowship and invited by 
Meijo University, Nagoya, Japan; prestigious national Research Award by UGC, New Delhi, and Young Scientist Award of the year 2007 by 
Uttarakhand Council of Science & Technology (UCOST). He is expert reviewer of Iceland Research Foundation Iceland; Israel Science 
Foundation, Israel and Scientific Expert (REPRISE) for Ministry of Institution and University Research (MIUR), Italy, Elsevier Books; Member of 
The Asian Council of Science Editors, APTI and IPA; Editorial Board Member and Peer reviewer of various national and international reputed 
journals. He has supervised 28 M. Pharm research projects and supervising 02 Ph.D. candidates. He has delivered more than 200 invited 
lectures in various training programs in Faculty Development Centers (FDCs), Human Resource Development Centres (HRDCs) and other 
institutions. He has developed more than 100 hrs. of e-content for SWAYAM, SWAYAMPRABHA, and ARPIT courses. He has developed 20 
online courses including two SWAYAM Massive Open Online Courses (MOOCs): “Academic Writing” (listed in top 30 world MOOCs and 
appreciated by Ministry of Education; ranked #1 in exam registration in 2019 and 2020) and “Industrial Pharmacy - I” (First and only Pharmacy 
MOOC in India) with more than 48000 learners from more than 95 countries.
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Purchase book 
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To Download App 
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Contents: 1. Preformulation I (Physical form: Crystal and Amorphous)                         
2. Preformulation I (Polymorphism, Particle Size/Shape) 3. Preformulation I 
Solubility Profile (Solubility, pH and pKa) 4. Preformulation I Partition Coefficient 
and Flow Properties 5. Preformulation II Hydrolysis, Oxidation, Reduction           
6. Preformulation II Racemization 7. Preformulation II Dissolution, Permeability 
and BCS 8. Preformulation II Polymerization 9. Tablets I Introduction 10. Tablets 
II Manufacturing Tablets 11. Tablets III Tablet Coating 12. Tablets IV QC of 
Tablets 13. Liquid Orals (Syrups and Elixirs)  14. Emulsions I (Introduction 
Theories and Identification Tests) 15. Emulsions II (Formulation of Emulsions) 
16. Suspension Dosage Form 17. Parenterals I (Introduction: Preformulation of 
Parenterals) 18. Parenterals I (Formulation of Parenterals)  19. Parenterals I 
(Types of Parenteral Preparations) 20. Parenterals I (Plant Layout for 
Parenterals) 21. Parenterals II (Pyrogens and Pyrogenicity) 22. Parenterals II 
(Sterility Test and Sterilization) 23. Capsule I 24. Capsule II  25. Capsule III                
26. Capsule IV 27. Pellets and Pelletization 28. Ophthalmic Preparations: 
Introduction, Absorption through Eye, Formulation Considerations                       
29. Ophthalmic Preparations: Dosage Form 30. Ophthalmic Preparations: 
Evaluation 31. Pharmaceutical Aerosols I (Introduction and Classification)                
32. Pharmaceutical Aerosols II (Components of Aerosols) 33. Pharmaceutical 
Aerosols III (Components and Systems of Aerosols)  34. Pharmaceutical 
Aerosols IV (Inhalers and Evaluation of Aerosols) 35. Cosmetics I (Introduction) 
36. Cosmetics II (Sunscreen Preparations and Dentifrices) 37. Cosmetics III 
(Shampoo, Hair Dye and Lipstick) 38. Packaging Materials Science I Materials 
39. Packaging Materials Science II Official Requirements & Stability Aspects   
40. Packaging Materials Science III QC Tests of Packaging Materials



ISBN : 9789390211739

Name : Academic Writing

Author/s : Ajay Semalty 

Pages : 455

Year : 2021

Price : ` 995.00

Contents: 1. Academic and Research Writing: Introduction  2. Importance of Academic Writing 3. Basic Rules of Academic Paper Writing          
4. English in Academic Writing-I 5. English in Academic Writing-II 6. English in Academic Writing-III 7. Plagiarism (Introduction) 8. Tools for 
Detection of Plagiarism 9. Avoiding Plagiarism 10. Journal Metrics-I 11. Journal Metrics-II 12. Author Metrics-I 13. Author Metrics-II 14. Literature 
Review-I (Introduction) 15. Literature Review-II (Process) 16. Literature Review-III (Literature databases) 17. Literature Review-IV (Literature 
management tools) 18. Review Paper Writing-I 19. Review Paper Writing-II 20. Research Paper Writing-I IMRaD Style-I 21. Research Paper 
Writing-II IMRaD Style-II 22. Research Paper Writing IMRaD Style-III 23. Referencing and Citation 24. Submission 25. Post-submission                  
26. Thesis Writing-I 27. Thesis Writing-II 28. Thesis Writing-III 29. Empirical Studies 30. Challenges in Indian Research and Writing 31. Team and 
Time Management 32. Authorship and Competing Interest 33. Plagiarism, Simultaneous Submission, and Duplicate Publication 34. Research 
Fraud, Slicing of Research and COPE Guidelines 35. Research Proposal Writing   36. Abstract/Conference Paper/Chapter/Book Writing           
37. Open Educational Resources-I 38. OERs for Learning and Research 39. OER Development-I 40. OER Development-II

 · Writing research paper, review paper, project proposal, conference 
abstract, book/chapter, and thesis writing

 · Targeting quality journals; Journal & Author Metrics, Literature 
review, databases, literature management tools

 · Empirical studies, OERs or MOOCs: use and development
 USPs of the book are: Easy language, to-the-point coverage of topics, 
pictorial/graphical, effective e-content, and vital further reading links of 
every topic. We hope that this book shall be very useful to students, 
researchers, scientists, and teachers as a ready source of the basics of 
Academic Writing.

 · Basics of Academic Writing, syllabi of UGC's recently introduced 
new subject “Research & Publication Ethics”, plagiarism (Detection 
and avoiding)

In academic and research, who does not want the publications? Despite of 
being a vital requirement in an academic & research career, there is no 
comprehensive set up of learning academic writing in the knowledge 
domain.  This book aims to fill this gap by providing the fundamental 
knowledge required for effective and result oriented academic writing. The 
book covers:

Dr. Ajay Semalty, is Course Coordinator of India's most popular SWAYAM MOOC- Academic Writing and working as a faculty member in the 
Department of Pharmaceutical Sciences, H.N.B. Garhwal University (A Central University) Srinagar (Garhwal), Uttarakhand for the last 17.5 
years with Academic, research, and industrial experience of more than 18 yrs. He is also University SWAYAM Coordinator and SPOC NPTEL 
Local chapter of Garhwal University. He is M. Pharm. (Pharmaceutics), MBA (Operations Management); Ph. D., PDF Meijo University, Nagoya 
Japan. He has been included in the World's top 2 % Scientist of Pharmacy and Pharmacology (by Stanford University research, 2020). He has 
completed 11 research projects funded by various agencies; He has published 80 papers, 6 books (including the best seller "Essentials of 
Pharmaceutical Technology" by Pharma Med Press), 2 patents (01 granted) and more than 150 conference papers. He is a highly cited 
researcher of the field (h index 26). He was awarded: Daiko Foundation Post-Doctoral Research Fellowship and invited by Meijo University, 
Nagoya, Japan; prestigious national Research Award by UGC, New Delhi, and Young Scientist Award of the year 2007 by Uttarakhand Council of 
Science & Technology (UCOST). He is expert reviewer of Iceland Research Foundation Iceland; Israel Science Foundation, Israel and Scientific 
Expert (REPRISE) for Ministry of Institution and University Research (MIUR), Italy, Elsevier Books; Member of The Asian Council of Science 
Editors, APTI and IPA; Editorial Board Member and Peer reviewer of various national and international reputed journals. He has supervised 28 M. 
Pharm research projects and supervising 02 Ph.D. candidates. He has delivered more than 200 invited lectures in various training programs in 
Faculty Development Centers (FDCs), Human Resource Development Centres (HRDCs) and other institutions. He has developed more than 
100 hrs. of e-content for SWAYAM, SWAYAMPRABHA, and ARPIT courses. He has developed 20 online courses including two SWAYAM 
Massive Open Online Courses (MOOCs): “Academic Writing” (listed in top 30 world MOOCs and appreciated by Ministry of Education; ranked #1 
in exam registration in 2019 and 2020) and “Industrial Pharmacy - I” (First and only Pharmacy MOOC in India) with more than 48000 learners from 
more than 95 countries.
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ISBN : 9789391910242

Name : Quick Review on 

  Industrial Pharmacy-I

Author/s : Ajay Semalty

Pages : 271

Year : Rpt. 2022

Price : ` 325.00

Contents: 1. Preformulation-I (Physical Form: Crystal & Amorphous)                
2 .  Preformulat ion- I  Polymorphism, Par t ic le  Size & Shape)                                   
3. Preformulation-I Solubility Profile (Solubility, pH and pKa)                                   
4 .  Preformulat ion- I  Par t i t ion Coefficient  & Flow Proper t ies                                   
5. Preformulation-II Hydrolysis, Oxidation, Reduction 6. Preformulation-II 
Racemization 7. Preformulation-II Dissolution, Permeability and BCS                  
8. Preformulation-II Polymerization 9. Tablets-I Introduction 10. Tablets-II 
Manufacturing Tablets 11. Tablets-III Tablet Coating 12. Tablets-IV QC of 
Tablets 13. Liquid Orals (Syrups and Elixirs) 14. Emulsion-I (Introduction 
Theories and Identification Tests) 15. Emulsion-II (Formulations of 
Emulsions) 16. Suspension Dosage Form 17. Parenterals-I (Introduction: 
Preformulation of Parenterals) 18. Parenterals-I (Formulation of 
Parenterals) 19. Parenterals-I (Types of Parenteral Preparations) 20. 
Parenterals-I (Plant lay out for Parenterals) 21. Parenterals-II (Pyrogens 
and Pyrogenicity) 22. Parenterals-II (Sterility Test and Sterilization) 23. 
Capsule-I 24. Capsule-II 25. Capsule-III 26. Capsule-IV 27. Pellets & 
Pelletization 28. Ophthalmic Preparations Introduction, Absorption through 
Eye, Formulation Considerations 29. Ophthalmic Preparations Dosage 
Form 30. Ophthalmic Preparations Dosage Form 31. Pharmaceutical 
Aerosols-I 32. Pharmaceutical Aerosols-II (Components of Aerosols) 33. 
Pharmaceutical Aerosols-III (Components and Systems of Aerosols)  34. 
Pharmaceutical Aerosols-IV (Inhalers and Evaluation of Aerosols) 35. 
Cosmetics-I  36. Cosmetics-II (Sunscreen Preparations and Dentifrices) 
37. Cosmetics-III Shampoo, Hair Dye and Lipstick 38. Packaging Materials 
Science-I Materials 39. Packaging Materials Science-II Official 
Requirements & Stability Aspects 40. Packaging Materials Science-III QC 
Tests of Packaging Materials

The book has been designed with the aim that after reading this 
book you should be able:
 · To revise the syllabi effectively
 · To update and revise the content quickly
 · To prepare for GPAT and other pharmacy competitive 

exams
 · To present a ready reference for Industrial Pharmacy
We hope that this book shall be very useful to students, 
researchers, industry personnel and teachers as ready source 
of basics of every covered topic.
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Dr. Ajay Semalty, is Course Coordinator of India's most popular 
SWAYAM MOOC- Academic Writing and working as a faculty 
member in the Department of Pharmaceutical Sciences, H.N.B. 
Garhwal University (A Central University) Srinagar (Garhwal), 
Uttarakhand for the last 17.5 years with Academic, research, and 
industrial experience of more than 18 yrs. He is also University 
SWAYAM Coordinator and SPOC NPTEL Local chapter of Garhwal 
University. He is M. Pharm. (Pharmaceutics), MBA (Operations 

Management); Ph. D., PDF Meijo University, Nagoya Japan. He has been included in the World's top 2 % Scientist of 
Pharmacy and Pharmacology (by Stanford University research, 2020). He has completed 11 research projects funded by 
various agencies; He has published 80 papers, 6 books (including the best seller "Essentials of Pharmaceutical Technology" 
by Pharma Med Press), 2 patents (01 granted) and more than 150 conference papers. He is a highly cited researcher of the 
field (h index 26). He was awarded: Daiko Foundation Post-Doctoral Research Fellowship and invited by Meijo University, 
Nagoya, Japan; prestigious national Research Award by UGC, New Delhi, and Young Scientist Award of the year 2007 by 
Uttarakhand Council of Science & Technology (UCOST). He is expert reviewer of Iceland Research Foundation Iceland; 
Israel Science Foundation, Israel and Scientific Expert (REPRISE) for Ministry of Institution and University Research (MIUR), 
Italy, Elsevier Books; Member of The Asian Council of Science Editors, APTI and IPA; Editorial Board Member and Peer 
reviewer of various national and international reputed journals. He has supervised 28 M. Pharm research projects and 
supervising 02 Ph.D. candidates. He has delivered more than 200 invited lectures in various training programs in Faculty 
Development Centers (FDCs), Human Resource Development Centres (HRDCs) and other institutions. He has developed 
more than 100 hrs. of e-content for SWAYAM, SWAYAMPRABHA, and ARPIT courses. He has developed 20 online courses 
including two SWAYAM Massive Open Online Courses (MOOCs): “Academic Writing” (listed in top 30 world MOOCs and 
appreciated by Ministry of Education; ranked #1 in exam registration in 2019 and 2020) and “Industrial Pharmacy - I” (First 
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Introduction

Ayurveda is considered as the science of life, it proliferates the nature gifts 
in preserving healthy and happy life. Ayurveda's broad information base 
on preventive consideration, gets from the ideas of "Dinacharya" - day by 
day systems and "Ritucharya" - occasional systems to keep up sound life. 
The Ayurveda are plant-based science and documented the immunity 
booster plant and their formulation. According to Ayurveda, our body can 
withstand infections only when all the seven layers of our body's tissues 
(Rasa, Mamsa, Rakta, Medha, Majja, Asthi and Shukra) are strong. When 
the seven layers are working together, our immunity will be boosted. 
Ayurveda documented that certain plants and plant products can 
empower our immunity.

According to WHO the utmost common symptoms are fever, dry cough, 
tiredness, sore throat, diarrhoea, conjunctivitis, headache, loss of taste or 
smell, a rash on the skin, or discoloration of ngers or toes. The serious 
symptoms associated with COVID-19 are difculty in breathing or 
shortness of breath, chest pain, loss of speech, or movement. Yet no 
specic drug or vaccination against the virus is accessible, so it will be 
good take preventive measures which boost our immunity in these times. 

It can't be an overemphasis to specify that all the living organism on the 
earth are encompassed by microorganism. The few species of 
microorganism require the body of microorganisms for their survival. The 
microorganism might be pathogenic or non-pathogenic for the host cell. 
The pathogenic microorganism caused different types of diseases in 
immunocompromised or even in healthy ones. The human body as well as 
other living organism act as host for pathogenic microorganism such as 
bacteria, fungi and virus, and they cause different types of communicable 
and non-communicable diseases. The recent outbreak of Covid -19 which 
is a virus arising dreadful impacts on global health system & economy. The 
COVID-19 is communicable diseases, and its virus spread directly 
through respiratory droplet or saliva, and indirectly by contact with 
contaminated objects.

The Different Measures can be used for the Prevention of COVID-19

1. Warm water should be drink throughout the day.

5. Apply sesame oil/ coconut oil or Ghee in both the nostrils (Pratimash-
Nasya) in morning and evening.

3. Do Yogasana, Pranayama and meditation for at least 30 minutes in 
early morning.

2. Steam inhalation with fresh Pudina (Mint) leaves or Ajwain (Caraway 
seeds) can be do twice in a day. 

4. Add following spices like Haldi (Turmeric), Jeera (Cumin), Dhaniya 
(Coriander) and Lahsun (Garlic) in cooking.

I General Measures



II Ayurvedic Immunity Boosters
1.  Take Chyavanprash 10gm (1tsf) in the morning, while Diabetics patient 
should take sugar free Chyavanprash.

III Dietary Therapy and Herbs Against COVID-19

v Coating the face masks with antiviral agent.

There are different potential approaches for the application of dietary 
therapy and herbal medicine against COVID- 19: 

v Air-disinfectant (essential oil) can be applied in room to stop aerosol 
transmission.
v Use as a surface sanitizing agent to provide a disinfected environment. 
III Concept of Health and Healthy Condition 
Health as a word, reveals its auto healing power, because in abode of the 
nature we come across to the abiotic and biotic environmental factors. 
These environmental factors some time tends in such a way that it 
becomes life threatening to the biotic force on earth. Sometime the living 
world on earth get affected a lot from these environmental adversities, 
these environmental adversities may come in the form of different 
calamities viz. oods landslides cloud bursts draughts excessive cold and 
heat waves. When earth is affected by these natural calamities, it leads the 
initiation of some new epidemic and pandemic viz. COVID-19.

2.  Drink herbal tea / decoction (Kadha) made from Tulsi (Basil), Dalchini 
(Cinnamon), Kalimirch (Black pepper), Shunthi (Dry Ginger) and 
Munakka (Raisin) - once or twice a day. Add jaggery (natural sugar) and / 
or fresh lemon juice to your taste, if needed.
3.  Drink golden milk once or twice a day. It contains half tea spoon Haldi 
(turmeric) powder in 150 ml hot milk.

v Using foods and herbs as diet or supplement to prevent infection and 
strengthen immunity.

According to the Indian system of medicine, also called as ancient science 
of life that is Ayurved, a healthy person is that who's body is performing 
normally and he or she is not having any kind of health abnormalities in 
his/her body. Five basic elements viz earth water space air and re, of a 
healthy body is in balance and they perform their functions normally. 
Balance in the three basic pillars i.e vat pitt and kaph is responsible for the 
health and healthy person while imbalance among these three pillars leads 
lot of health disorders. As a conclusion it is considered that healthy person 
is that who is disease, metabolic disorder of infection free and his/her body 
is not revealing any adverse symptoms and the person is working and 
performing normally at its daily routine life.

6. Take 1 table spoon sesame or coconut oil in mouth. Do not drink, Swish 
in the mouth for 2 to 3 minutes and spit it off followed by warm water rinse. 
This can be done once or twice a day.



C. Excessive Human Interventions

IV Factors Affecting Health
A. Biotic

B. Pollution
 It is the one of major issue remain from long back as a challenging factor 
for the humanity and other living world on earth. It has been observed that 
some time the pollution become graveyard of a big population at a 
particular time, such type of deaths of a large population is seen specially 
the industrial hazards for example the release of methyl isocyanate (MIC) 
gas from Union carbide factory at Bhopal India caused the deaths of 
thousands of innocent people. Some other industrial hazard has been 
reported from the various parts of the world. These type of hazard some 
may affect the health of people so deeply or it can be said that if adversely 
affect the health at genetic level and it leads the disorder from generation to 
generation.

Various biotic factors of the ecosystem when works in harmony to each 
other the ecosystem remains healthy and works normal, but when any of 
them is imbalanced aby any reasons the biotic world specially human is 
effected seriously, for example if the crops frown by farmers is destroyed by 
different type of animal pests, it may lead the serious life threatening for 
the survival of the humans, because without food no one can survive after 
certain time. 

D. Climate Changes
In ancient time, climatic conditions were unlike today, nature itself was 
dominant, were acting as a controlling force. At present time human 
intervention is increasing day by day, hence introduction of new diseases 
leading to pandemic and epidemics, example is COVID- 19. Afforestation is 
a big cause for the climatic change, green plants acts as pollution 
absorbing medium, resulting in depletion of pollution from environment.
Second major reason for climate change is excretion of chlorouoro carbon 
gases which causes global warming leading to new diseases and suitable 
conditions for the infective and communicable and transmittable diseases.

 Man from ancient time is curious to explore the various parts of the nature 
for its own ease, comfort and some time for luxury, but mankind forgets 
that this exaggerated approach to explore the nature up to the level which 
become a threat to the nature hence for living world for example man is 
using air conditioning devices on almost every part of his living i.e. from 
home ofce vehicle etc. that the chloro- uoro emission of this gas has 
become a serious threat to the ozone layer of earth and leading global 
warming. When ozone layer is depleted the harmful sunlight can cause 
serious health problems and initiation of new epidemic or pandemic. 
Global warming itself is so serious that it may prove a threat to the survival 
of the humanity and other living force on earth, and may get extinct like 
dinosaurs.



v Asthma

B. Lifestyle Disorders

A. Metabolic Disorders

Another popular life style disorder is obese, which according to the world 
health organization (WHO) is a serious health disorder now. An obese 
people is at risk for communicable and non-communicable diseases. A 
fatty person is prone to hypertension, with associated health issues like 
high blood pressure, respiration problem, join pains arthritis and some 
other common health disorders etc.

v Hypertension
Some other common life style disorders are-

As the name itself is indicating the meaning of the disorder, means these 
are the disorders which occurs in the body due to the altered life style or in 
lay man language we can say that these type of disorders are due to the lazy 
lifestyle and over eating or wrong eating patterns. Some of the popular life 
style disorders are non-insulin dependent diabetes mellitus also called as 
type two diabetes. From recent study is clear that obese people having high 
risk of hyperglycaemia as compare to the non-obese person. Diabetes- 
particularly type-II is a metabolic disorder of glucose in which blood sugar 
level is elevate, which is responsible for a variety of other health issues like 
nephropathy cardiopathy and retinopathy. This disorder is primarily due 
to the stagnant or lazy or non-physically active life, at rst which give rise 
to the fat and cholesterol gain and further its disorder. When we look world 
scenario of diabetes, India is the world diabetes capital. Lacs of people are 
dying every year from diabetes in India.

V  Different Health Issues

Various metabolic disorders in human body may occur due to some 
abnormal functioning of the body organ or system or they may be because 
of some autoimmune disorder. Sometime metabolic disorders may be 
because of some wrong life style or wrong food habbit.eg lipid metabolism 
disorder, glucose metabolism disorder Wasting syndrome, metabolic 
syndrome X. 

v Depression

v Metabolic syndrome

v Vascular dementia

Different Health Issues may be of following types

v Heart diseases
v Arthritis

v Atherosclerosis

Apart from above mentioned disorders there are lot of other life style 
disorder also which slowly make person compromised with immunity and 
prone to the various diseases, infection and at high risk of life threatening 
health issues and death also.

v Chronic kidney failure



this is the most important approach to be healthy wealthy and wise as per 
Indian mythology and ancient rich scientic scriptures. Today modern 

Chetan or Consciousness level

Feeling of overweight, even they are not. 

C. Food Habit Related Heath Disorders

v Bulimia Nervosa

v This is similar to bulimia with shorter period of time.

v Rumination Disorder
Regurgitating the food, swallowing and chewing it again.
v Avoidant/ Restrictive food in take Disorder

Eating unusual amount of food for a specic time period.

v Pica
It's an overeating having of eating the thigs which are food in reality.

There are many health disorders and issues which is directly associated to 
the food habit. Most popular health issues related to the uncontrolled food 
habits are as following-

v Binger Eating Disorder

Above listed health disorder are not very common but often symptomatic 
in population.
Some common eating habit disorder are –

v Anorexia, Anorexia Nervosa

v Allergic Prophylactic Attack

v Type 2 sugar

 in which person have to live an active life he/she should adopt a healthy 
eating, sleeping and happy life living approach.

v Obesity

v Various type of Skin Allergies

v Hypercholesteraemia

D. India Approach of Heath and Treatment of Health Issues

Sthool or Physical level

v Hypertension

Skooshm or Microlevel
there are emphasis on the food and other material consumption, in such a 
way that the ingested food material should be easy to digest, healthy the 
body comprised with nutrients sufcient to meet out the requirement of 
the body. This approach also covers the exercises and different postures 
(Asanas).

As a health care system professional my exposure this system is as a 
registered pharmacist. I have studied both modern d traditional system of 
medicine thoroughly and I rmly feel that the approaches to be healthy 
and maintaining the health is the ancient Indian Ayurvedic and Yogic 
approaches. Which can be summarize in following points-

v Asthma



science conrms that a healthy and happy person is healthier because his 
psychological attitude favours him to attain good immunity with healing  
power. If a person performs Yoga pranayama daily in his/her life denitely 
the person will be healthier. Stanford and NIMHAND the reputed institute 
of the world have scientically validated the healing power of yog 
pranayama in different non-curable health issue with positive outcome.

Conclusion

Various natural and manmade factors affect our health; we the humans 
are the biggest enemy of our own by destroying the natures balance and 
leading to the irreparable damage to the mother earth. We are receiving the 
natures alarm time to time, even we are not taking these alarms seriously, 
example is CCOVID-19. So in nal words I want to spread my call- please 
be natural, eat natural, live natural and your nature will be very natural 
with natural joy happiness with fabulous health withought any health 
issues. 

Health is the most and primary object of humanity and all other living 
animals. A healthy person can live a happy and successful life he/she can 
change the or contribute for upliftment of the society by any means. So one 
should be focused for his/her health and healthy body coz it said in an 
Indian phrase that “healthy brain lives in healthy body' and we all know 
brain is master controlling power of the body. If body is ill or with some 
pathologic condition, person's both physical and mental approach will be 
affected largely.
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CHAPTER 1

Ethnopharmacology and Therapeutic 
Potential of Carica papaya

GURPREET SINGH, POOJA CHAWLA, ABDUL FARUK, and  
VINEY CHAWLA
	

ABSTRACT

Papaya (Carica papaya Linn) has been widely used as traditional herbal 
remedy for the prevention and management of several conditions and 
diseases. During the past few decades, it has been used in the treatment of 
digestive problems, wounds, dengue, and jaundice, etc. Its major bioactive 
phytoconstituents are: papain, chymopapain, alkaloids, flavonoids, lyco-
pene, carotenoids, anthraquinones glycoside, antioxidants, and vitamins. 
This chapter has highlighted various ethnopharmacological and traditional 
uses of different parts of Carica papaya.

1.1  INTRODUCTION

Carica papaya is a member of the family Caricaceae (a family of dicots 
plants with four genera).56 Papaya is a delicious fruit in most tropical and 
semitropical countries and is cultivated mostly for its consumption as 
fresh fruit, and for use in drinks, jams, salads, and candies.2 The papaya 
plant has been well-documented in the literature for a number of medic-
inal properties and has been used against diseases, such as gastroenteritis, 
urethritis, typhoid fever, wound infection, asthma, rheumatism, fever, 
diarrhea, boils, and hypertension, etc.7,11,37,59,60,67,71 All parts of papaya 
(seeds, roots, rinds, and fruits) have beneficial therapeutic and protective 
properties (Fig. 1.1). Different parts of the papaya plant have been used in 
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the food (nutraceuticals), skincare products, leather, and pharmaceutical 
production.41 Scientists have reported the activity of papaya for antifer-
tility, anthelmintic, and anti-inflammatoryeffects.50,53,55,58,97 The latex of 
unripe fruit is widely used in pharmaceutical and cosmetics products.18,69,78

FIGURE 1.1  Major parts of Carica papaya plant.

The Spanish chronicler Oviedo indicated the papaya on Panamanian 
and Colombian coasts in 1526. Due to the high viability of papaya seeds, 
the fruit was rapidly produced in the tropics.23 During this century, papaya 
has been cultivated in tropical regions with fertile soils and heavy rain-
fall. Then, papaya seeds were introduced to Southeast Asia and India by 
Spanish and Portuguese mariners. Later, papaya seeds reached Hawaii 
between 1800 and 1820.77 In the 20th century, papaya seeds were taken to 
Barbados, Jamaica, Mexico, and Florida.

1.2  GEOGRAPHICAL DISTRIBUTION

It is local to the tropics of the Americas, however, now it is generally 
developed all through the world, and is accessible consistently.3 It is 
cultivated in different parts of the world and the significant cultivators of 
papaya plants include India, tropical America, Europe, Australia, Hawaii, 
and South-East Asia.30 Papaya is cultivated in all five continents due to 
its capability of growing in all soil types, but it requires good drainage.1,73 
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The major contribution of its total production98 comes from Asia, Central 
America, and other countries as shown in Figure 1.2, and major cultivars 
of papaya plant are listed in Table 1.1. Different vernacular names of C. 
papaya and the taxonomic hierarchy of C. papaya have been illustrated by 
many investigators.20,44,73

FIGURE 1.2  Major producers of papaya plant: (1) India, (2) Brazil, (3) Mexico, (4) 
Indonesia, (5) Dominican Republic, and (6) Nigeria.

1.3  MORPHOLOGY

Papaya is a small softwood and unbranched tropical fruit tree of 5–10 m in 
height with the spirally arranged leaves. The seven lobed leaves are large in 
diameter of about 50–70 cm, vary in sizes and shapes in different maturity 
stages. Fruits are commonly green while young and yellow-greenish or 
orange when ripe with the large ovoid smooth surface.1,10 The fruit has a 
hollow berry, which contains small black seeds that constitute about 15% 
of the total weight and the seeds are lined in five rows to the interior wall 
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of the fruit. Papaya tree starts to bear fruit within 1–2 years.72 It can be 
cultivated in either home gardens or outdoors.

TABLE 1.1  Major Cultivars of Papaya in the World.

Country Variety
Australia Improved Petersen, Guinea Gold
Barbados Wakefield, Graeme
Cuba Maradol
Dominican Republic Cartagena
Florida Cariflora, Betty, Homestead
Hawaii Kapoho Solo,Waimanalo, Rainbow
India Coorg Honey Dew, Coimbatore Varieties (CO1–CO8)
Indonesia Semangka, Dampit
Malaysia Eksotika, Sekaki
Mexico Verde, Gialla, Cera, Chincona
Philippines Cavite, Sinta
South Africa Hortus Gold, Kaapmuiden
Taiwan Tainung five
Thailand Sai-nampueng, Khaek Dam
Trinidad Santa Cruz Giant, Cedro
Venezuela Paraguanera, Roja

On the basis of reported literature, papaya plant is categorized into 
three primary sexes (Fig. 1.3), such as male (staminate) (♂), hermaphro-
dite (bisexual) (♂+ ), and female (pistillate) (♀). A typical male and female 
plants bear individual unisexual flowers, while hermaphrodite plant bears a 
combination of male unisexual and hermaphroditic flowers.33,54 The typical 
female flower is mostly large and conical in shape when it is mature with 
five petals spread from the base. The ovary is large in structure with a 
circular smooth surface, which produces spherical or ovoid-shaped flowers. 
Fruit progresses from globular to egg-shaped. In the case of hermaphrodite 
intermediate type, the flower is undefined and petals may be fused in their 
length or may be free from the base. Hermaphrodite elongated type of 
flower has fused petals from one-fourth to three-fourths of their total length 
with 10 anthers, out of which five are long and five are short. The long 
ovary contains five or more carpels and forms the fruit which is cylindrical 
to pear-shaped and is of great commercial value.
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The typical male flower has a long and thin corolla. It contains anthers 
in two series of five; one series is longer than the other. The male flowers 
have nonfunctional rudimentary pistil.33,61 Multiple species of papaya have 
been documented in the scientific literature, which belong to five genera, 
that is, Jacaratia, Jarilla, Horovitzia, Carica, and Vasconcellea.24

FIGURE 1.3  Six varieties of flowers of papaya plant: Typical female (A, B). Hermaphrodite 
intermediate (C). Hermaphrodite elongated (D). Hermaphrodite sterile (E). Typical male (F).

1.4  PHYTOCONSTITUENTS

Primary phytoconstituents reported from various parts of the C. papaya 
plant include papain (proteolytic enzyme), lycopene (tetraterpene), 
carotenoids, alkaloids, monoterpenoids, flavonoids, mineral (potassium, 
etc.), vitamins (A, C, and E; thiamine, niacin, and riboflavin), malic acid, 
and glycosides.1,34,69,74,81,96 Fresh fruit juice contains flavonoids, tannins, and 
anthocyanins with antioxidant ability as free radical scavengers.68 Young 
leaves of papaya include carpaine, pseudocarpaine, dehydrocarpaine, 
choline, carposide, and vitamins (C and E). Phytochemical analysis of 
the different parts of the plant revealed the presence of various bioactive 
phytochemicals, which have pharmacological importance (Fig. 1.4).

Papaya fruit exhibits wide range of medicinal properties (i.e., antimicrobial, 
antiviral, anti-inflammatory, healing of wound and dressing aid, anticancer, 
neurodegenerative, diuretic, abortifacient agent, and contraceptive).43 It is 
highly well-known for its nutritional values and it aids in digestion. Extract 
of the whole fruit contains immunity boosters (i.e., vitamin C, ferulic, caffeic 
acid, and p-coumaric) that protect human cells against oxidative stresses.13

Unripe fruit of papaya contains proteolytic enzyme papain (cysteine 
protease), which acts like pepsin in gastric juice. The papain is more active 
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in green fruit and shows extensive proteolytic activity toward proteins. 
The extract from the seeds of papaya shows antioxidant and anticancer 
activities due to the presence of various phenolic compounds, vanillic 
acid, and vitamin C.52,62,86

FIGURE 1.4  The structures of some phytoconstituents isolated from C. papaya.

Another source of papain is latex, which is harvested by incision on 
the surface of unripe fruit. After 4–5 days, latex is collected and further 
processed into dry powder for various uses in pharmaceutical and food 
industries.51 The process of isolation of papain from unripe fruit latex is 
shown in Figure 1.5.

The papaya fruit is suitable for human consumption due to its nutritional 
and digestive value, with a low caloric content, which provides a favorable 
cost-benefit to human health.69 Furthermore, scientific studies report the 
nutritional content of 100 g of ripe and unripe papaya fruits as summarized 



Ethnopharmacology and Therapeutic Potential of Carica papaya	 9

in Table 1.2. Results revealed that unripe papaya has the highest concentra-
tions of different vitamins and minerals as compared with ripe fruits.22,79

FIGURE 1.5  Isolation of papain powder from the latex from the papaya fruit.



10	 Herbs, Spices and Medicinal Plants for Human Gastrointestinal Disorders

TABLE 1.2  Nutritional Value of a Papaya Fruit.

Constituent Ripe fruit (g) Unripe fruit (g)
Water
Proteins
Total lipid
Ash
Carbohydrates 

89.1
8.26
0.93
0.00459
86.2

92.6
10.8
1.35
6.76
81.1

Mineral Macronutrients:
Sodium
Potassium
Magnesium
Calcium 

0.1284
1.238
0.2294
0.1468

0.2838
2.743
0.6351
0.4324

Micronutrients:
Iron
Copper
Zinc 

0.01284
0.00018
0.00092

0.00811
0.00014
0

Vitamins:
Vitamin C
Thiamine
Riboflavin
Niacin
Carotene 

0.5688
0.00028
0.00028
0.0028
7.807(µg)

0.0003919
0.00054
0.026
0.00405
0

1.5  PHARMACOLOGICAL ACTIVITIES AND THERAPEUTIC 
USAGES OF CARICA PAPAYA

Every part of papaya plant holds the therapeutic value from leaves to 
roots.56,69 The fruits, latex, and juice of papaya plant are the main source of 
many vitamins, which aid in dyspepsia, intestinal irritation, and habitual 
constipation.

The main constituent papain plays a vital role to improve the immune 
system.9 In traditional veterinary medicine, papaya seeds are used as 
de-wormers and is also used in tropical folk medicine. The fresh latex 
is used as a vermifuge.6 Papain is a proteolytic digestive enzyme that is 
used in several herbal formulations. Fresh juice of papaya prepared from 
peeled or unpeeled fruit is also sold as immunity booster drink because of 
its low cost, easy availability throughout the year and high nutritive value. 
In certain countries, the latex of the plant is used for tumors of uterus, 
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psoriasis, and ringworm. The root infusion is used against syphilis.82 
Through several scientific studies, the traditional, pharmacological, and 
biological effects of C. papaya have been validated.10,44,74,78

1.5.1  Anthelmintic Activity

A wide collection of papaya and their extracts have been used tradi-
tionally for the management of helminths (parasites). Papaya contains 
many biologically active compounds with varying properties in fruit, 
latex, leaves, and roots that aid in digestion. It has also been employed 
for treating intestinal worms.6,16 Papain, which is present in the latex of 
unripe green fruits of papaya, has been commercialized in various forms. 
Dried seeds of papaya have shown significant activity in the management 
of human intestinal parasites, which have increased the stool clearance 
rate of parasites without any side effects. It is represented as a novel 
class of antihelminthic due to the efficacy of papaya latex and cysteine 
proteinases against Heligmosomoid espolygyrus (nematode).89 Shaziya et 
al. reported the antihelminthic action of papaya leaves on A. Caninum 
nematode infecting mice.87

Papain is a protein enzyme with cysteine protease, chymopapain, and 
lysozyme, which can accelerate the reaction within body cells. During the 
digestion process, pancreas commonly produces enzymes in the human 
body, these enzymes break down the foods into micronutrients, which can 
be used by the body for energy and other functions.12 Two main proteolytic 
enzymes (papain and chymopapain) in the latex of the papaya simply break 
down the proteins into amino acids through cleavage of the peptide bond. 
These proteins contained peptide bonds and can be easily broken down 
by enzymatic action into easily digestible micronutrients. It also helps to 
promote the digestion of wheat protein.40

1.5.2  Antioxidant Activity

Antioxidant properties of aqueous extract of papaya leaves were evaluated 
in alcohol-induced acute gastric damage. The outcomes revealed that gastric 
ulcer index was significantly better in rats pretreated with the extract of 
papaya leaf as compared with the alcohol-treated rats. Further, leaf extract 
also offered reduced blood oxidative stress level in rats via the reduction 
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of lipid peroxide levels in plasma and amplified red blood cell glutathione 
peroxidase activity.39

Another study showed strong in vivo antioxidant actions of ethyl acetate 
fraction of unripe pulp of papaya on antioxidant enzymes (i.e., glutathione 
peroxidase (GPX), glutathione S-transferase (GST), glutathione reductase 
(GR), catalase, and glucose-6-phosphate dehydrogenase (G6PD)) in albino 
mouse. It has been suggested that it can be used for protection against 
gastric ulcer and oxidative stress.64 Natural source of antioxidants may 
responsible for total antioxidant effect due to the presence of carotenoid, 
polyphenols, vitamin C, and vitamin E.57 Several studies showed that 
the antioxidant property is related to the diminished DNA damage and 
decreased lipid peroxidation, which maintained the immune function.46,48

1.5.3  Antiviral Activity

The published studies on dengue specified that the juice of papaya leaves 
could help to increase the platelets and white blood cells count in these 
patients.15,80 A study in 2012 has reported about in vitro studies of papaya 
leaf extracts on persons infected with dengue. Papaya leaf extract inhibited 
the heat- and hypotonicity-induced hemolysis of red blood cells and has 
membrane-stabilizing properties.76 In a randomized controlled trial in 
dengue patients, there was an increment in platelets-related genes like 
arachidonate 12-lipoxygenase and platelet-activating factor receptor gene 
and that contributed to the prevention of platelet lysis. In folk medicine, 
papaya leaves have been used for the management of dengue fever with 
hemorrhagic symptoms.91

1.5.4  Antimicrobial Activity

Osato et al.65 and Calzada et al.17 reported the ability of papaya seeds as 
antimicrobial agent against several Gram-positive and Gram-negative bacteria 
like Trichomonas vaginalis trophozoites, Bacillus subtilis, Escherichia coli 
and Salmonella typhi.17,65 The aqueous extract of papaya leaves and roots 
at different concentrations showed antimicrobial effects against pathogenic 
bacteria.8 The pulp and fruits of papaya also showed remarkable antibacterial 
effect against B. subtilis, K. pneumonia, P. vulgaris, E. coli, P. aeruginosa, S. 
typhi, E. cloacae, and S. aureus.11
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1.5.5  Antifungal Activity

The papaya leaves and seeds of ripe and unripe fruits were evaluated 
against phytopathogenic fungi (i.e., R. stolonifer, Fusarium spp. and C. 
gloeosporioides), which exhibited good antifungal activity. The antifungal 
activity was observed to increase in a concentration-dependent manner.19 
The latex of papaya also inhibits the growth of Candida albicans. The latex 
shows antifungal activity due to partial degradation of the outermost layers 
of fungal cell wall, which lacks polysaccharides.26 The synergistic effect 
of latex of papaya with fluconazole in C. albicans was also reported.25

1.5.6  Anti-Inflammatory Activity

It has been well documented in the literature that the dried papaya leaves 
are used for the management of inflammation, arthritis, rheumatism, 
and as wound dressing material. The ethanolic extract of the leaves was 
examined in rats using a paw edema model with indomethacin-treated 
control group. The results showed that the extracts significantly reduced 
edema and amount of granuloma. Similar results were confirmed with 
other models, that is, cotton pellet granuloma model and formaldehyde-
induced arthritis model.67,92,93

Papaya leaves are a rich source of carpaine, nicotinic acid, which may 
be accountable for the anti-inflammatory effect. Ahmed et al.4 assessed 
the inflammation at acute, subchronic, and chronic phase using the cotton 
pellet granuloma model, formaldehyde-induced arthritis and carrageenan-
induced paw edema models. They suggested that the anti-inflammatory 
activity of the ethyl alcohol extract of papaya was due to the inhibition of 
prostaglandin- mediated inflammation.4 Papaya leaf extract also exhib-
ited anti-arthritic activity by the modulation of inflammatory mediators, 
such as, cytokines or chemokines, prostaglandins or leukotrienes.67

1.5.7  Antifertility Effects

The antifertility activity of papaya fruit was evaluated in adult rat and 
pregnant rat model. The results revealed that the unripe fruit disturbed the 
estrous cycle and encouraged the abortion.27 Seed extract showed anti-
fertility activity due to gradual degeneration of Sertoli and Leydig cells, 
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which induced long-term azoospermia.95 A recent report revealed that 
seeds possess reversible male contraceptive potential by directly rendered 
the spermatozoa process.90 It is further reported that root extract exerts 
morphological changes in the endometrium of rat uterus83 and the aqueous 
extract of seeds has shown miscarriage in female Sprague Dawley rats.

The crude extract of papaya bark showed antifertility activity in rats 
due to its effect on sperm motility; and while the aqueous/petroleum ether/
alcoholic extracts in rabbits inhibited ovulation cycle. Therefore, it can be 
utilized as an effective contraceptive in animals.47 It was further reported 
that the unripe or half-ripe fruits contain a high concentration of the latex, 
which increased the uterine contraction. Normal consumption of ripe 
papaya is safe in pregnancy, but unripe papaya is unsafe.2

1.5.8  Anticancer Activity

Many studies scientifically validated the anticancer effects of papaya leaves. 
The aqueous extract of papaya leaves exhibits a dose-dependent significant 
activity against the cells of breast and lung adenocarcinoma, cervical, 
hepatocellular and pancreatic epithelial carcinoma, and mesothelioma. 
These results indicate that extracts may inhibit the growth of different types 
of cancer cell lines. However, the precise cellular mechanism of action 
remains unclear.29,66 Several studies have claimed that mechanisms in the 
inhibition of proliferation by papain include the production of cytokines by 
human peripheral blood mononuclear cells, interfering in cancer cell wall 
and cleavages of proteins into amino acid form.21

Leaves of C. papaya (which contain a high concentration of tocopherol, 
lycopene, flavonoid, and benzyl isothiocyanate) potentially contribute 
to anti-tumor activity.79 Similarly, fermented product of papaya (FPP®) 
claimed the immunity booster and antioxidant activity. The role of free 
radicals in propagating cancer is fully documented. Thus, by acting as an 
antioxidant, it helps to control cancerous growth.49

1.5.9  Antihypertensive Activity

Methanolic extract of papaya elicited the antihypertensive effects due 
to in vivo inhibition of angiotensin-converting enzyme and it improved 
the effect on the baroreflex. It was reported that angiotensin-converting 
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enzyme inhibitory activity was similar to those of enalapril and reduced 
the cardiac hypertrophy.14

1.5.10  Antimalarial Activity

Daily consumption of papaya leaves is a common practice in tropical 
communities for preventing malaria caused by Plasmodium genus. In 
vitro antiplasmodial effect of the leaf extracts was reported to be due to 
carpaine, which is an alkaloid.42,94 Petroleum ether extract of the rind of 
papaya fruit also exhibits antimalarial activity.99

1.5.11  Hematological Activity

The study revealed that phytochemicals in seed, leaf, and pulp produced 
significant effects on certain blood parameters in treated rats. A dose-
dependent effect was observed, which could be attributed to the existence 
of folic acid, vitamin B12, alkaloids, and glycosides. It can be used for the 
treatment of sickle-cell anemia.36,38

1.5.12  Wound Healing Activity

Papaya latex contains papain, which can break down the necrotic tissue 
contributing to wound healing process. The study showed that the latex 
of C. papaya decreases the oxidative tissue damage thus ensuring the clot 
formation process during healing and the increase in di-hydroxyproline 
content.28 It is also known to be effective in diabetic wound healing by 
preventing infection due to its antimicrobial activity.5

1.5.13  Hepatoprotective Activity

Ethanol and aqueous extracts of papaya fruit hold the hepatoprotective 
effect against carbon tetrachloride (CCl4)-induced hepatotoxicity in rats. 
Results revealed significant hepatoprotection by reduction in biochemical 
parameters, such as, SGPT (serum glutamic pyruvic transaminase), SGOT 
(serum glutamic-oxaloacetic transaminase), ALP (alkaline phosphatase), 
and serum bilirubin, which are indicators of liver damage.75
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1.5.14  Topical Use

Various topical applications of papaya fruits have been used in developing 
countries, such as topical ulcer dressings and burn dressing. It is a cost-
effective remedy for desloughing necrotic tissue and preventing burn 
wound infection.31 It also provides a granulating tissue, which is suitable 
for the application of skin graft. Now-a-days, papaya is commonly used in 
children’s burns dressing. Papaya fruit is crushed and is daily applied on 
the infected burns as a layer.88

1.6  SUMMARY

Scientists around the globe have focused on papaya plant for its high 
medicinal value with simple availability in nature. C. papaya has the potential 
of capturing the global market of herbal formulations for therapeutic potential 
in digestive disorders. However, this needs a clinical validation. The presence 
of secondary metabolites has been identified, which may help in the planning 
of such clinical studies, which are needed to understand and explore the exact 
pharmacological and molecular mechanisms action of C. papaya activity. It 
will also help to establish its toxicity profile along with drug interactions.
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Introduction

Regenerative medicine gained significant interest in the treatment of life-threatening diseases and dis-
orders, especially in cardiovascular and neurodegenerative diseases (Mao and Mooney 2015). It is a 
multidisciplinary approach, which restores the normal physiological functions of the human body by 
replacement or repair of tissues and organs (Christ et  al. 2013). Regenerative medicines are innova-
tive therapies that involve various strategies of tissue engineering, stem cell biology, gene, and cellu-
lar therapeutics (Lorden et al. 2015). All regenerative medicine approaches depend upon cellular level 
events and their constituents, which are involved in various developmental or repair processes of human 
tissues, i.e. replacing damaged cells in the brain and pancreas (Mao and Mooney 2015). These trans-
planted cells perform all normal functions and functionally participate in the all tissue events (Chen and 
Liu 2016). Presently, regenerative medicine-based treatment is very expensive and not affordable by all 
(Mahalatchimy 2016).
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Regenerative medicine is defined as a cellular therapeutic approach which “substitutes or repair human 
cells, various tissues or organ systems, to restore normal physiological function of human body” (Han 
et al. 2020; Sampogna et al. 2015).

There are a number of regulatory issues that influence the development of regenerative medicine and 
thus, in this scenario, need additional focus on legislation for regenerative medicine (Kleiderman et al. 
2018). Recent research reports suggested that stem cell-based therapy has a promising role in the treat-
ment of deadly human diseases, i.e. leukaemia, breast cancer, and others (Aly 2020). The ultimate objec-
tive of regenerative medicine is the isolation of specialised cell constituents and implanted into a patient 
where it replaces or repairs damage part of tissue or cells through self-repair remodelling (Mao and 
Mooney 2015). Therefore, it regulates the functioning of native tissues or cells. It offers transformative 
and effective outcomes for targeting life-threatening acute and chronic conditions and also an alternative 
for degenerative and genetic disorders (Mahla 2016).

According to the status of the Global Regenerative Medicine Market forecast, the international mar-
ket of regenerative medicine is continuously growing and expected to reach USD 17.9 billion by 2025 
(marketsandmarkets 2020). Food and Drug Administration (FDA, United States) implemented the 21st 
Century Cures Act in 2016 for the regulation of regenerative medicine therapies under a special section 
3033, which describes the term and conditions for designation of drug under Regenerative Medicine 
Advanced Therapy (RMAT) (Barlas 2018). The Cures Act improves the ability of scientific, technical, 
and professional experts regarding clinical trial designs for regenerative medicine. It will accelerate the 
production of regenerative medicine products with safety of patients (FDA 2020).

The Cures Act defines the regenerative medicine as:

cell therapy, therapeutic tissue engineering product, human cell and tissue product, or any combina-
tion product using such therapies or products intended to treat, modify, reverse, or cure a serious or 
life threatening disease.

(FDA 2021b)

There are currently four main categories of stem cells that have the clone ability and differentiate into 
particular types of cells.

	 i.	 Embryonic stem cells: Derived from the initial developmental phase of few days old embryos 
at the blastocyst stage. It has the potential to differentiate into various cells with a distinct bio-
logical response. Such cells are known as pluripotent (Romito and Cobellis 2016).

	 ii.	 Foetal stem cells: Isolated from aborted human foetuses, especially foetal blood, foetal tissues, 
and also bone marrow. They have the ability to differentiate but not all cells. They are known 
as multipotent and have been utilised in the regeneration and repair of damaged tissues/organs 
(Biehl and Russell 2009).

	 iii.	 Cord blood and placental stem cells: Obtained from umbilical cord blood and placentas. They 
possess the therapeutic potential and used in bone-marrow replacement therapies. They are not 
able to differentiate into all types of cells (Weiss and Troyer 2006).

	 iv.	 Adult stem cells: They are the most abundant cells, which are used for various therapies/condi-
tions. They are isolated from almost all human tissue and organs. They are known as “somatic 
stem cells” (Liras 2010).

There is no doubt that regenerative medicine products provide a better treatment option than conven-
tional drugs. But still, there are certain limitations and challenges for researchers and pharmaceutical 
companies that need to be addressed for the improvement of these specialised products (Dodson and 
Levine 2015). The following are the few noticeable points that should be considered during the design 
and production of regenerative medicine (Herberts et al. 2011):

	 i.	 Safety: The derived product should be safe and effective without any tumour formation or pro-
duction of unwanted cell types.
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	 ii.	 Regulatory aspects and standardisation: Must meet regulatory requirements which ensure 
product quality, safety, and efficacy as mention by standards (Rosemann et al. 2019).

	 iii.	 Imaging and Monitoring: Need sophisticated techniques with the features of observing all the 
changes and variation during cell behaviour (Leahy et al. 2016) and also, monitoring the migra-
tion of cells after administration (Naumova et al. 2014).

	 iv.	 Manufacturing: Manufacturing of viable (living) cells for regenerative medicine must follow 
through optimised process protocol to avoid cell variability (Martin et al. 2014).

	 v.	 Multidisciplinary research involves in regenerative medicine requiring effective communication 
within all research communities for better outcomes (Shineha et al. 2017).

	 vi.	 Animal Models: Appropriate animal models are needed for the comparison of animal embryos/
human genetic or cellular material information (Ribitsch et al. 2020).

	 vii.	 Scale up/Technology Transfer: Large-scale production reduces the overall cost of the product. 
The scalable production processes provide safe and effective products (Pigeau et al. 2018).

	 viii.	 Immunogenicity: In regenerative therapies, a major issue is the rejection of transplanted cell 
by the patient. This could be overcome by exploring the research for new generation of immu-
nosuppressant drugs (Charron 2013).

	 ix.	 Cell Viability: Cell viability and storage conditions (Yu et al. 2018).

A number of regenerative medicine which have already received FDA approval (FDA 2021a) and are 
commercially available are listed in Figure 9.1. This chapter explores the role of extracellular matrix 
(ECM) in regenerative medicine.

The Extracellular Matrix

Regenerative strategies mainly focus on stem cell-based or tissue engineering applications for remod-
elling and regeneration of defective cells, tissues, and organs. Stem cell differentiation is modulated by 
signals from the extracellular microenvironment including the extracellular matrix (ECM) (Chen and Liu 
2016). Cellular migration and differentiation events are the main key factors that are considered for the 
design of regenerative medicine (Mata et al. 2017). The ECM is composed of several types of collagens, 
proteoglycans, glycoproteins, and glycosaminoglycans, which are assembled into a complex structure 
(Yue 2014). The composition of ECM varies from tissue to tissue and organ to organ (Kular et al. 2014). 
The distinctive functions of the ECM include cell adhesion, the physical barrier for different tissues. It 
also impacts many cellular functions, including mechanical stimulation from substrates, activation of 
intracellular signalling by cell adhesion molecules, and availability and action of soluble factor (Muncie 
and Weaver 2018).

The extracellular matrixes (ECM) define the tissue architecture and biochemical and biophysical fea-
tures. The main organisational unit of the ECM called core matrisome, which includes different kinds of 
collagen (divided into several families), glycoproteins, and proteoglycans (Hynes and Naba 2012). Other 
than ECM, there are numerous non-ECM varying factors, which also participate in different cellular 
events, i.e. remodelling and cell behaviour. They mainly include proteases, growth factors, cytokines, 
and cross-linking enzymes (Vaday and Lider 2000). Collagen is the most abundant protein of mamma-
lian ECM and accountable for the structural and functional integrity of the tissue (Frantz et al. 2010). 
Other structural molecules of ECM belong to the glycosaminoglycans class which includes hyaluronic 
acid (HA, non-sulphated glycosaminoglycan), chondroitin sulphate (CS, sulphated glycosaminoglycan), 
and heparin (natural glycosaminoglycan) Figure 9.2 (Pomin and Mulloy 2018). They play a vital role in 
elasticity, water retention, and resistance to compressive forces, while adhesion proteins play a significant 
role as molecular glue for a structural network of ECM complex. Examples of adhesion molecules are 
laminin, fibronectin, and tenascin-C (Walker et al. 2018).

Early in the 20th century, cell biologists worked in a two-dimensional (2D) framework, which includes 
separating and culturing cells from living tissue for replacing damaged or diseased tissue (O’Brien 
and Duffy 2015). With the advancement in the field of bioengineering and regenerative medicine, it is 
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observed that multicellular organisms require a three-dimensional (3D) framework for structural integrity 
with specific microenvironments (Chen and Liu 2016). It is required to incorporate the knowledge of cell 
biology and cell transplantation with the discipline of material science for providing a 3D environment for 
growing cells and tissues. The evolution in the medical field has opened a new horizon for use of ECM in 
regenerative medicine. Various ECM analogues have been developed from synthetic scaffolds (Nikolova 
and Chavali 2019), hydrogels, and ceramic-based scaffolds (Hussey et  al. 2018). These scaffolds are 
commonly made-up of synthetic and biodegradable polymers (Chaudhari et al. 2016). Commonly used 
polymers include polycaprolactone, polyethylene glycol, polyacrylic acid, hydroxyapatite or tricalcium 
phosphate, alginate, chitosan, and cellulose derived from plants (Hussey et al. 2018). Biomaterials used 
in regenerative medicine are broadly classified into two groups, i.e. naturally obtained and synthetic 

FIGURE 9.1  List of FDA Approved Products.
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materials (Fernandes et al. 2009). Natural materials are generally extracted or purified from ECM or its 
components such as collagen, laminin, and fibronectin (Frantz et al. 2010). Synthetic materials include 
polymers, metals or derived substrates. Both synthetic and natural materials have distinct pros and cons 
in regenerative medicine. Ideally, they are selected on the basis of condition and requirement of treat-
ment. Biomaterials isolated from ECM show more unpredictability than synthetic polymers. In the case 
of synthetic polymers, immune response and their antigenicity is the major issue (Chen and Liu 2016). 
New trends and technologies in the bioengineering field reveal the functions of the ECM in regenerative 
medicine. This enriched the knowledge of ECM signalling in the functions of stem cells. These outcomes 
revealed the use of synthetic ECM scaffolds, which promote the endogenous stem cell repair and heal-
ing of damaged cells/tissues and mimic the native microenvironment (Chan and Leong 2008). A list of 
potential components of the extracellular matrix which are utilised in regenerative medicine (Traphagen 
and Yelick 2009) are summarised in Figures 9.3 and 9.4.

ECM-based biomaterials promote tissue remodelling in a precise and controllable manner. The decel-
lularised ECM (DECM), which is water-insoluble matrix obtained after removal of cellular constituents 

FIGURE 9.2  Composition of ECM (Kular et al. 2014).
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from ECM, also plays a significant role in the remodelling and repair process (Chakraborty et al. 2020). 
Due to biocompatibility and biodegradability, the DECM offers better results than other commonly 
used biomaterials (Liao et al. 2020). DECM-based tissue/organ, hydrogel, and microparticles have high 
demand in regenerative medicine (Parmaksiz et al. 2016).

Biomimetic materials can be fabricated using different techniques, i.e. soft lithography (Whitesides 
et al. 2001) (micro-contact printing), electrospinning (Braghirolli et al. 2014), and 3D printing (Atala 
and Forgacs 2019). Cellular constituents present within all tissues are required for tissue morphogene-
sis, differentiation, and the homeostasis process. Fundamentally, ECM can resolve various syndromes, 
physiological conditions, and defects in the body (Theocharis et al. 2019). In recent years, many stud-
ies indicate the role of native ECMs/DECM in regenerative medicine (Ramos and Moroni 2020). The 
main applications of ECMs include 3D tissue culturing (Edmondson et al. 2014), stimulate the wound 
healing process (Agren and Werthen 2007), activate stem cell differentiation (Gattazzo et al. 2014), and 
drug screening assays (Langhans 2018). It’s also applied in cell repair pathways and functional recovery 
of kidney (Bulow and Boor 2019), adrenal glands (Ruiz-Babot et  al. 2015), and reproductive organs 
(Yalcinkaya et al. 2014). ECMs have many applications due to their biocompatibility and in vivo replicate 
ability (Aamodt and Grainger 2016). This chapter summarises some research investigations based on 
EMCs in regenerative medicine.

FIGURE 9.3  List of Engineered Organs and Tissues Based on ECM.
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Application of Extracellular Matrix

The chief proteins of the ECM are collagens and elastin. They are considered for biomedical applications 
because of their tensile strength and viscoelasticity to tissues. Other proteins include fibronectin, laminin, 
and nidogen, which act as connectors or linking proteins in the matrix network. Glycosaminoglycans 
(GAGs), proteoglycans, and growth factors are also promoting the in vivo construction of functional 
tissue (Mouw et al. 2014). Overall it is a challenging task due to limited knowledge and tissue to tissue 
variability. Ultimate goals of regenerative medicine can be achieved only if biomaterials maintain desired 
morphology, differentiation, proliferation, and metabolism of the cell.

Extracellular Matrix in Cardiac

The heart is a vital and delicate organ of our body that requires sophisticated tissue architecture for nor-
mal functioning. It acts as a circulatory motor for our body that supplies the blood and fulfils the variable 
demands during the rest and exercise phase (Lee and Walsh 2016). This excitation-contraction, the cycle 
of the heart, developed a physical force at the cellular level of the myocardial structure. Overall, this 
process is regulated by the delicate organisation of the cardiac extracellular matrix. In each excitation 
and contraction cycle, a number of mechanical events are involved in myocardial elements (Stoppel 
et al. 2016).

Recent investigations suggest that ECM is found in all the segments of the heart. However, it is particu-
larly present in mesenchyme structures and plays a role in valvuloseptal morphogenesis (Lockhart et al. 
2011). Any impairment in the composition of ECM in mesenchyme structures often leads to congenital 

FIGURE 9.4  ECM Identified in Decellularised Organ and Tissue Studies.
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heart disease. Several reported animal studies describe the involvement of ECM in congenital heart dis-
eases (Hacker 2018). Studies indicate the involvement of aggrecan, hyaluronan, versican, collagen type 
I-V, fibulin1, and fibronectin (Wight 2018). The common complications are vascular defects, blood vessel 
rupture, and cardiomyopathy. ECM involves in the regulation of cell differentiation and proliferation, 
which serve the cell survival (Ponticos and Smith 2014).

Extracellular Matrix in Brain

A major part of the brain is occupied by ECM, which contains collagens, fibronectin, vitronectin, 
laminin, and perlecan especially in amyloid deposits of the brain (Bonneh-Barkay and Wiley 2009). 
These ECM components play the main role in the development of nervous tissue and also regulate cell 
adhesion (Barros et al. 2011). Matrix proteins are almost absent in the adult brain (Ruoslahti 1996). Any 
change that occurs in the composition of ECM after neural injury may result in drastic consequences. 
Brain injury may induce changes in chondroitin sulphate proteoglycans, which influence myelin repair 
(Rhodes and Fawcett 2004). During the early stage of neural growth, the ECM provides structural support 
and stimulates signalling pathways of proliferation, especially by proteoglycans, laminins, and integrins. 
Proteoglycans provide structural support while laminins and integrins enhance neural progenitor prolif-
eration (Bonnans et al. 2014). They also modify the shape of neural progenitors and neurons. In addition 
to this, ECM components affect the migration of newborn neurons during cortical growth. The role of the 
ECM in the brain is highly complicated (Lu et al. 2011). The same ECM component performs multiple 
roles during neural development and also influences the functioning of neighbouring cells (Rozario and 
DeSimone 2010). Recently reported evidence indicates the involvement of the ECM in several disease 
conditions, such as traumatic brain injury (George and Geller 2018), Alzheimer’s disease (Lepelletier 
et al. 2017), age-associated cognitive deficits (Richard and Lu 2019), and schizophrenia (Lubbers et al. 
2014). ECM-based regenerative approaches are widely used in the repair of peripheral soft tissue but 
not in the case of the brain due to the invasive route of administration. It requires a very specific narrow 
needle-guided administration approach for specific targeting. Current research efforts in regenerative 
medicine suggest that ECM-based biomaterials could serve as regenerative therapies in the brain (Hwang 
et al. 2020). A variety of underlying factors and mechanisms are still under observation and site-specific 
administration of ECM-based biomaterials is another issue in development of regenerative medicine 
(Chen and Liu 2016).

Pulmonary Extracellular Matrix

Pulmonary ECM is a structural complex system of protein molecules, which participate in various 
biochemical processes (Burgstaller et  al. 2017). The remodelling mechanism is important for tissue 
homeostasis and any change in it may result in conditions like chronic obstructive pulmonary disease 
(COPD). Impaired expression of ECM proteins seen in COPD leads to the degradation and disruption of 
alveolar walls and stiffening of minor airways, which result in obstruction of airways (Ito et al. 2019). 
Alterations in ECM composition also influence the immune cell movement and their maintenance in the 
lung (Bonnans et al. 2014). Any abnormal functioning of ECM and response of inflammatory cell surface 
receptors may modify the collagen microstructure of the lung (Hussell et al. 2018). It is observed that 
there is a change in collagen organisation in COPD lung as compared to normal lung. The imbalance of 
enzymes like lysyloxidase and transglutaminase2 may involve structural changes of ECM during COPD 
(Burgess et al. 2016). ECM regulates normal interstitial fluid dynamics and strength and elasticity, tissue 
repair, and remodelling in the lungs. Versican and perlecan participate in the balancing of tissue fluid 
homeostasis (Pelosi et al. 2007). In the area of regenerative medicine, several studies reported lung scaf-
folds from small and large animals as an alternative to lung transplantation (Ohata and Ott 2020). These 
lung scaffolds were decellularised and reseed with lung perfusion culture in bioreactors. The resulting 
bioartificial lungs are probable to solve the problem of donor organ shortage and also reduced the immu-
nogenicity (Panoskaltsis-Mortari 2015).
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Extracellular Matrix in Inflammatory Bowel Disease

Inflammatory Bowel Disease (IBD) is a global health issue and the specific aetiology of IBD is unknown. 
Ulcerative colitis and Crohn’s disease are the two mainforms of IBD and they are characterised by an 
unusual immune response linked with defects functioning in the intestinal epithelial cell barrier (Zhang 
and Li 2014). Macroscopic tissue injury and clinical features of IBD are developed by changes in the 
ECM. Any change in ECM constituents may result in intestinal inflammation and progression of IBD 
(Petrey and de la Motte 2017). The conventional treatments merely target treatment of inflammation not 
repair/recovery of damaged tissue. Recently published work reports the use of hematopoietic or mesen-
chymal stem cells (HSCs or MSCs) for the management of IBD (Martinez-Montiel Mdel et al. 2014). 
It may help to establish an effective regenerative medicine for IBD patients. The development of decel-
lularisation techniques in biomedical engineering greatly assisted the site-specific applications of ECM 
bio-scaffolds in the gastrointestinal tract (Almeida-Porada et al. 2013).

Conclusion

In conclusion, it is clear that the manipulation of ECM may serve as natural mimicking scaffolds in the 
arena of regenerative medicine. Regenerative medicine will change the traditional methods of manage-
ment of various life-threatening diseases and conditions. Moreover, there is no doubt that all classes of 
stem cells (embryonic, adult, and induced pluripotent stem cells) have the potential to control the variety 
of diseases. ECM and ECM-like materials are biocompatible and having integration with the physio-
logical microenvironment and mimic the ECM structure of the target tissues. ECM supports various 
biological functions and preserves the structures of entire organs. Ideally, they are preferred over syn-
thetic polymers for biomedical engineering because of their immune tolerance. ECM regulation can play 
a significant role in several body conditions such as COPD, spinal cord injury, and neurodegenerative 
disorder. Furthermore, innovative interdisciplinary approaches and advancements in methodologies may 
lead to the improvement and discovery of new treatments for human disease.
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Chapter

Preparation and in vitro
Characterisation of Solid
Dispersion Floating Tablet by
Effervescent Control Release
Technique with Improved Floating
Capabilities
Peeush Singhal, Rajneesh Dutt Kaushik and Vijay Jyoti Kumar

Abstract

In this research, an effort has been done for the development of effervescent
controlled release floating tablet (ECRFT) from solid dispersions (SDs) of
diclofenac sodium (DS) for upsurge the solubility and dissolution rate. ECRFT of
DS was prepared by using SDs of DS and its SDs prepared with PEG as carrier using
thermal method (simple fusion). SDs of DS was formulated in many ratios (1:1, 1:2,
1:3 and 1:4). Prepared SDs were optimised for its solubility, % drug content and %
dissolution studies. Tablets were formulated by using optimised SDs products and
all formulation was evaluated for various parameters. A clear rise in dissolution rate
was detected with entirely SD, amid that the optimised SD (SD4) was considered
for ECRFT. Among all the tablet formulations, its F3 formulation was better in all
the terms of pre-compression and post-compression parameters. It had all the
qualities of a good ECRFT, based on this F3 formulation was selected as the best
formulation. Data of in vitro release were fitted in several kinetics models to explain
release mechanism. The F3 formulation shows zero order release. From this study,
we can conclude that ECRFT containing SDs of DS can be successfully used for
achieving better therapeutic objective.

Keywords: solid dispersion, diclofenac sodium, polyethylene glycol,
dissolution enhancement, floating tablets

1. Introduction

Diclofenac sodium (DS) is an effective NSAID with high affinity for both COX-1
and COX-2 receptors and it is one and only maximum frequently recommended
drugs in India for the cure of pain, inflammation and joint stiffness caused by
arthritis. According to BCS classification system DS belonging from class II means
to say having poor solubility and poor dissolution rate [1] hence the focus of this
study was on converting BCS class from II to I by increasing its solubility and
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dissolution rate of DS Which was taken as model drug [2]. The release rate can be
improved by increasing surface area of existing drug by using several techniques
but among these methods solid dispersion technique is one of the best techniques
for increasing the surface area [3]. Hence, an effort was made to increase the
dissolution characteristics using the solid dispersion technique [3, 4]. It has absorp-
tion site in upper part of gastro intestinal tract. Gastric retention of DS was very
short that is why the bioavailability of drug is 54% which is very low because near
about 50% portion of orally given drug misses the absorption window. The phar-
macokinetic profile of DS showed that the half-life is about �1.2–2 h and hence
there is a requirement of frequent dosing (3–4 tablets daily) [5] but this require-
ment of frequent dose is very dangerous for patients because due to this frequent
dosing fluctuation in plasma drug level in body and need constant monitoring of
patient for adjustment of dose regimen. That is why this reason may consequently
support faster absorption of drug in stomach with higher concentrations for bio-
availability improvement. Therefore in order to improve drug dissolution and
reduced dosing frequency, it was attempted to formulate solid dispersion of DS
[6, 7] and then develop effervescent controlled release floating tablet [8]. The
emphasis of the current research was to increase the release rate and bioavailability
of DS through preparing ECRFT (effervescent control release floating tablets) with
dual approach [9] using solid dispersion product of DS in order to regulate the drug
release and make available security from first pass metabolism.

2. Methodologies

2.1 Preformulation studies

Prior to the development of dosage forms, it is essential that certain fundamen-
tal, physical and chemical properties of the drug molecule and other derived prop-
erties of the drug powder are determined and should be considered in the
formulation in relation to the proposed dosage form and route of administration.

These studies should focus on those physiochemical properties of the drug that
could affect drug performance and development of an efficacious dosage form.

A typical preformulation program should begin with the description of the
organoleptic qualities of the drug substance. The colour, odour and taste are of
immense value in developing an aesthetically acceptable formulation.

2.1.1 Identification and characterisation of diclofenac sodium

2.1.1.1 Physical appearance

Drug sample has been noted for its organoleptic properties. The drug is white to
slightly yellowish crystalline powder, odour: slight and characteristic [1]. Drug was
received as gift sample (15 g) from Kwality Pharmaceuticals Ltd., Amritsar.

2.1.1.2 Melting point determination

The melting point of compound is the temperature at which it changes from a
solid to liquid [10]. This is a physical property often used to identify compounds.

2.1.1.2.1 Procedure

a. A capillary melting tube was taken.
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b. A small amount of compound was placed on a clean surface. The compound
was put in to open end of capillary tube.

c. The capillary melting point tube was placed in melting point apparatus
(Macro scientific works).The sample was observed continuously, so that the
melting point of the sample was not missed. Slow heating was done for most
accurate results. The melting range was recorded which beings when the
sample first starts to melt and ends when the sample completely melted.

2.1.1.3 Solubility studies

Solubility may be defined as the spontaneous interaction of two or more sub-
stances to form a homogeneous dispersion [11]. The solubility of diclofenac sodium
was studied in various aqueous and non-aqueous solvents. About 10 mg of drug was
taken in 10 ml of each solvent at room temperature in screw-capped test tubes and
shaken for 30 min in a sonicator. The solubility was checked by U-V spectroscopy in
all cases and reported in Table 1.

2.1.1.4 U.V. spectrophotometer

The organic molecule in solution when exposed to light in the ultra-violet region
of the spectrum, absorbed light of particular wavelength depending on the type of
electronic transition associated with absorption [12].

2.1.1.4.1 Diclofenac sodium

The solution (10 μg) of diclofenac sodium was prepared in simulated gastric
fluid pH 1.2 and scanned spectrophotometrically (Systronics, Double beam UV-VIS
Spectrophotometer: 2201). The scanning range was in between 200 nm to 400 nm.
Standard solution of diclofenac sodium was then scanned and graph plotted. The

Parameter Evaluation

API DICLOFENAC SODIUM

Description Crystalline

Colour White

Odour Odourless

Bulk Density 0.56 gm/ml

True Density 0.64 gm/ml

Carr’s Index 14.28%

Hausner’s Ratio 1.14

Melting Point STD: 280°C

OBS: 282–283°C

Solubility Sparingly soluble: Water

Freely soluble: methanol

Soluble: 0.1 N HCl

Insoluble: ether, chloroform and toluene

Partition coefficient 1.25

Table 1.
Preformulation characters of diclofenac sodium.
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determined λmax, 276 nm (Figure 1) was similar as reported in the literature
(276 nm).

2.1.1.5 I.R. spectrophotometry

About 1 mg of the sample and 100 mg of the potassium bromide (KBr) was
taken in a mortar and triturated [13]. A small amount of triturated sample was
taken into a pellet maker and compressed at 10 kg/cm2. The pellet was kept onto the
sample holder and scanned from 4000 to 400 cm�1.The I-R spectrum of drug
sample was obtained using FTIR-8400 s, shimadzu. Important peaks are reported in
Table 2 and graphically represented in Figures 2, 3. This I-R spectrum was found
concordant with the IR of diclofenac sodium reported in the official monograph.

2.1.1.6 Quantitative estimation of drug

For the present study the spectrophotometric method given in the official books
was selected for its sensitivity, specificity, simplicity, reproducibility, rapidity and
accuracy [14].

2.1.1.7 Preparation of calibration curve of diclofenc sodium in simulated gastric fluid
(pH 1.2)

Accurately weighed 50 mg of drug (diclofenac sodium) was dissolved in 100 ml
of simulated gastric fluid pH 1.2 to give a solution of 500 μg/ml concentration and

Figure 1.
U.V. scan of diclofenac sodium in simulated gastric fluid (PH 1.2).

IR spectrum Standard peaks

value

Observed peaks

value cm�1

Groups Stretching/

deformation

DICLOFENC

SODIUM

1600–1475 1556.61, 1498.74 C]C(aromatic) Stretching

1320–1210 1305.85 CdO stretching Stretching

1556 1556.61 Dichlorophenyl

ring

Stretching

1300–1000 1284.63 CdCOdC

stretching

Stretching

Table 2.
Characteristic peaks of diclofenac sodium.
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this was served as a standard solution [15, 16]. From this solution 10 ml was taken
and diluted to 100 ml using simulated gastric fluid pH 1.2 to get a solution of 50 μg/
ml concentration and this solution was served as the standard solution. In to a series
of 10 ml volumetric flasks, aliquots of standard solution (i.e. 0.4, 0.8, 1.2, 1.6, 2.0,
3.0, 4.0, 5.0, 6.0 ml) were added and made up the volume up to 10 ml using
simulated gastric fluid pH 1.2. The absorbance of these solutions was measured
against reagent blank at 276 nm (Table 3). A standard curve between concentration
and absorbance was plotted (Figure 4). A straight line passing through origin is
obtained.

2.1.1.8 Partition coefficient

The partition coefficient directly influences the permeability of drug through
various membranes [17–19]. The study has been designed to determine partition
coefficient of drug in 1-octanol and pH 1.2 solutions. The partition coefficient
between 1-octanol and Simulated gastric fluid (pH 1.2) was determined by shake
flask method. About 10 mg of drug was dissolved in one of the phases, and is shaken
with the other partitioning solvent for 30 min, allowed to stand for 5 min and then
majority of the lower aqueous phase was run off. The drug concentration in both the

Figure 2.
FTIR spectroscopy of pure diclofenac sodium.

Figure 3.
I-R spectra of pure diclofenac sodium from I.P. 1996.
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aqueous and 1-octanol phases was determined spectrophotometrically at 276 nm
and calculated the partition coefficient. The partition coefficient was found
to be 1.25.

Partition Coefficient ¼ Conc:of drug in oil phase=Conc:of drug in aqueous phase

(1)

2.1.2 Result and discussion

Samples of diclofenac sodium obtained as a gift sample from kwality pharma-
ceuticals pvt. Ltd., Amritsar was identified and characterised as per the identifica-
tion test given in official monograph. Physical appearance and melting point of the
drug sample under investigation was found to be same as that of the official reports.
The results are given in Table 4. The solubility of diclofenac sodium was deter-
mined in aqueous and non-aqueous solvents. Diclofenac sodium was found to be
soluble in 0.1NHCl and ethanol; sparingly soluble in water, practically insoluble in
ether, chloroform and toluene. Partition coefficient of the drug was found to be
1.25.The results are given in Table 1.

S. No Concentration (μg/ml) Abs(λmax-276 nm) (mean � SD)

1 0 0.000 � 0.00

2 2 0.068 � 0.002

3 4 0.128 � 0.005

4 6 0.190 � 0.0015

5 8 0.246 � 0.0021

6 10 0.315 � 0.0022

7 12 0.329 � 0.004

8 14 0.401 � 0.001

9 16 0.445 � 0.0032

10 18 0.522 � 0.0051

11 20 0.589 � 0.0059

Table 3.
Data for calibration curve of diclofenc sodium in simulated gastric fluid pH 1.2 at 276 nm (n = 3).

Figure 4.
Calibration curve of diclofenac sodium in pH 1.2 at 276 nm.
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The drug was identified by IR spectroscopy and the characteristic peaks
obtained (Figure 2) compared with standard spectra (Figure 3) of pure drug
reported in official monograph (IP1996). The IR spectra of drug sample are in
agreement with the standard IR spectra of pure diclofenac sodium given in official
monograph [1]. Important peaks are reported in Table 2.

In the present study, a reported U-V spectrophometric method was used for the
estimation of diclofenac sodium. The calibration curve of diclofenac sodium was
prepared in simulated gastric fluid pH 1.2. The data was regressed to obtain straight
line. The correlation coefficient was found to be 0.996 in simulated gastric fluid
pH 1.2 indicating good linearity. The calibration curve was found to obey Beer-
Lamberts Law in the concentration range studied (0–20 μg/ml).

3. Materials

Diclofenac Sodium (Batch no. A5/206), hydroxyl propyl methyl cellulose
(HPMC) K100M (Batch no. HP121406 MC) and crosspovidone (Batch no.
YPVPP09319040) were obtained from kwality pharmaceutical pvt ltd Amritsar, as
gift samples. Sodium bicarbonate (NaHCO3), citric acid, polyvinyl pyrrolidone
(PVP K-30), magnesium stearate, lactose and Isopropyl alcohol were purchased
from local suppliers. Marketed product, “Voveran SR100 or Voveran 50”,
(Manufactured by Ranbaxy, India; Batch no.131003 AU or 320,028), used for
comparative studies, was purchased from the local retail pharmacy.

4. Methods

4.1 Preparation of physical mixtures (PM)

Physical mixtures were prepared by mixing the appropriate amounts of the drug
and carrier (PEG 6000) in the different weight ratios of 1:1, 1:2, 1:3 and 1:4 in
mortar [3, 4, 6, 7]. The resulting mixtures were sieved through sieve no. 80,
collected and stored in closed container away from light and humidity until use.

4.2 Preparation of solid dispersion

Melt method was used to prepare solid dispersions of diclofenac sodium with
PEG 6000 containing different weight ratio (1:1, 1:2, 1:3, 1:4, and 1:5) (Table 5).
Diclofenac sodium and PEG 6000 were weighed according to their weighed ratios.
PEG 6000 was melted at 60°C. In this melted PEG 6000, diclofenac sodium was
added. It was mixed well and flashed cooled on an ice bath and then stored over-
night in desiccators. The prepared solid dispersion was then grounded by using a
mortar and pestle, sieved through a mesh no. 40 and stored over a fused calcium
chloride in a desiccators’ for further use.

S. No Melting ranges Melting point (mean � SD)

1 288–290°C 289.12 � 0.21

Table 4.
Melting point result of diclofenac sodium.

7

Preparation and in vitro Characterisation of Solid Dispersion Floating Tablet…
DOI: http://dx.doi.org/10.5772/intechopen.92187



4.3 Characterisation of solid dispersion/ physical mixtures of diclofenac
sodium with PEG-6000SDs

4.3.1 FTIR spectroscopy

FTIR spectra of drug, PEG 6000 and solid dispersion of DS were obtained.
About 1 mg of sample was mixed thoroughly with 100 mg potassium bromide IR
powder and compacted under vacuum at a pressure of about 12 psi for 3 min. The
resultant disc was mounted in a suitable holder in perkin elmer USA spectrum 65 IR
spectrophotometer and the IR spectrum was recorded from 4000 to 400 cm�1 in a
scan time of 12 min [20]. The resultant spectra were compared for any spectral
changes. Figure 5 shows the FTIR spectra of the (i) drug, (ii) carrier and (iii)
Surface solid dispersion. There was no significant change in the spectrum of solid
dispersions, as incorporation of diclofenac into the carrier (PEG6000) did not
modify the position of its functional groups.

4.3.2 Determination of saturation solubility

Saturation solubility was determined by using shake flask method [20]. Excess
quantities of pure DS, prepared SDs and PMs were added in 25 ml distilled water in

S. no. Ratio (diclofenac sodium:PEG6000) Batch code

1 1:1 SD1

2 1:2 SD2

3 1:3 SD3

4 1:4 SD4

5 1:5 SD5

Table 5.
Composition of solid dispersion and there assign batch code.

Figure 5.
Comparative FTIR spectra of diclofenac, PEG6000, & solid dispersion of diclofenac with PEG6000.
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conical flasks which were then put in orbital shaker at 37°C and at 100 rpm for 72 h.
Absorbance of resulting solution was measured on UV/Visible spectrophotometer
(UV-1800 Shimadzu, Japan) at 276 nm.

4.3.3 Determination of pH dependent solubility

Shake flask method same as that for saturation solubility [20] was used with
0.1 N HCl.

4.3.4 Percent drug content

SDs equivalent to 50 mg of diclofenac sodium were weighed accurately and
dissolved in 50 ml of ethanol by using mechanical shaker for 30 min. The solutions
were filtered using whatman filter paper and drug content was determined by
measuring absorbance at 276 nm by UV/visible spectrophotometer [6, 20]. From
above evaluation tests, optimised formulation was confirmed (SD4 in Table 6)
which was then subjected to in vitro dissolution studies.

4.3.5 In vitro dissolution studies

In vitro dissolution studies of prepared SDs were carried out in 900 ml of 0.1 N
HCl as a medium using USP type 2 test apparatus with three replicates. The paddle
rotation speed was 75 rpm and a temperature of 37°C � 0.5 was maintained. In all
experiments, 5 ml of dissolution sample was withdrawn at 5 min interval, filtered
using a 0.45-mm Whatman filter, and replaced with an equal volume of fresh
medium to maintain a constant total volume. Samples were analysed on UV/Visible
spectrophotometer at 276 nm.

4.4 Results and discussions

IR study was carried out to check the compatibility between the selected Poly-
mers, with the drug. When the spectra were compared it was found that there was
no shifting of functional peaks and no overlapping of characteristic peaks and also
there was no appearance of new peaks. Figure 5 shows the IR spectra of various
samples. No significant change in the IR spectra of diclofenac sodium complexes
was obtained, except for the broadening of the peaks. The broadening of peaks may
be probably due to the restriction of bending and stretching vibrations of the

Formulation

code

Saturation solubility in

0.1 N HCl (mg/ml)

pH dependent solubility in

0.1 N HCl (mg/ml)

Percent drug

content (in 50 mg)

Pure DS 0.3886 � 0.0044 6.020 � 0.038 —

PM1 (1:1) 0.4481 � 0.0045 8.328 � 0.069 82.75 � 1.54

PM2 (1:2) 0.4603 � 0.0073 9.765 � 0.0073 86.68 � 1.27

PM3 (1:3) 0.5168 � 0.0034 10.278 � 0.086 88.01 � 0.94

PM4 (1:4) 0.5947 � 0.0046 11.265 � 0.101 90.92 � 1.44

SD1 (1:1) 1.1802 � 0.0136 11.984 � 0.064 93.87 � 1.89

SD2 (1:2) 1.2612 � 0.0097 12.735 � 0.028 94.50 � 2.11

SD3 (1:3) 1.4894 � 0.0036 13.324 � 0.071 95.16 � 1.34

SD4 (1:4) 1.9261 � 0.0154 14.291 � 0.144 96.72 � 1.53

Table 6.
Saturation solubility, pH dependent solubility and percent drug content studies of pure DS, SDs and PMs.
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molecule. Various SDs of DS were prepared using PEG-6000, as carriers by thermal
method (Simple fusion) technique to increase the solubility as well as dissolution of
poorly aqueous soluble drug DS. The prepared SDs and PMs of DS were evaluated
for saturation solubility, pH dependent solubility; percent drug content and in vitro
dissolution studies. The saturation solubility and pH dependent solubility of pure
DS, various prepared SDs and PMs of DS in 0.1 N HCl were measured and the
results are given in Table 6. All PMs showed higher saturation solubility as com-
pared with pure DS. Again, SDs of DS showed higher saturation solubility than their
respective PMs of DS and carrier. This might be attributable to an improvement of
wetting of drug particles and localised solubilisation by the hydrophilic polymeric
carriers.

Based on the saturation solubility, pH dependent solubility in 0.1 N HCl and
drug content among the 8 formulations, PM4 and SD4 were selected to carry out
in vitro dissolution study and were compared with that of pure DS. The in vitro
dissolution study of the pure DS, SD4 and PM4 using PEG-6000 as carrier was
carried out in 0.1 N HCl at 37°C� 1°C for 60 min and it was examined by plotting %
drug dissolved against a function of time (Figure 6). SD4 and PM4 showed
improved dissolution of DS over that of pure DS. Pure DS alone yields the slowest
dissolution with only 35.65% drug and the dissolution of PM4 (70.76%) was found
to be significantly faster when compared with pure DS. SD4 showed the fastest
dissolution (92.99%) than PM4 and pure DS. This observation (Table 7) indicated
that the increased dissolution of DS from SD4 due to presence of drug in amorphous
state as compared PM4 and pure DS. As the proportion of PEG-6000 increased,
dissolution rates have also been increased. The improvement of dissolution may
be due to its hydrophilic nature of the carrier. Thus it can be concluded that the
solubility of the poorly soluble drug, DS can be improved markedly by using
solid dispersion technique and the carrier, PEG-6000 has increased the dissolution
of the drug.

Figure 6.
Dissolution of the pure DS, SD4 and PM4.

Percentage of diclofenac sodium dissolved from

Time in min/formulation code 10 15 30 45 60

Pure DS 3.37 8.50 14.35 18.85 35.65

PM4 6.67 21.23 39.44 59.41 70.76

SD4 9.73 30.51 52.25 74.00 92.99

Table 7.
Dissolution of the pure DS, SD4 and PM4.
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4.5 Preparation of floating gastro retentive tablets

Various ratios of solid dispersions of diclofenac sodium with PEG-6000 were
evaluated for percent drug content and out of them the best ratio was selected for
preparation of floating tablet of diclofenac sodium. Tablets were prepared by con-
ventional wet granulation method using HPMC K4M, HPMC K15M as a release
retardant, carbopol as a swelling agents and NaHCO3 as gas generating agent. Citric
acid was also incorporated in the formulation to provide sufficiently acidic medium
for NaHCO3 to react and maintain buoyancy. The composition of various formula-
tions is given in Table 8. All ingredients (except gas generating agents and magne-
sium stearate) were passed through sieve no. 60 and mixed in a polybag for 10 min
and granulated using PVP K30 (in isopropyl alcohol). The wet mass was passed
through sieve number 14 and dried in hot air oven at 50°C for 1.5 h. Dried granules
were mixed with magnesium stearate as lubricant, talc as glidant and compressed
using 16-station rotary tablet press (Rimek Minipress-I, India) using 13 mm flat
punch in order to obtain controlled release floating gastro retentive tablets
containing 50 mg of diclofenac sodium. Prior to compression, granules were evalu-
ated for their flow and compressibility characteristic.

4.6 Characterisation of granules

4.6.1 Drug-polymer interaction studies

To study the interaction between drug and polymer, interaction study were
performed, drug polymer study were carried out according to the following proce-
dure. Drug and polymer were mixed in 1:1 ratio and put into the glass vials. The
glass vials were sealed and placed in the stability chamber at 40°C and 75% RH for
21 days. The sample was analysed for colour change, liquification and bad odours
after 7, 15 and 21 days. The IR spectra were taken after 21 days and analysed for any
shift in major peaks. No shift was observed in the IR spectrum and no additional
peak observed indicating no interaction between drug and polymer.

Ingredient (mg) Formulation code

F1 F2 F3 F4 F5 F6

SD4 (solid dispersion of diclofenac sodium) 250 250 250 250 250 250

HPMC K4 70 — 93 — 105 —

HPMC K15M — 70 — 93 — 105

Carbopol 934P 70 70 47 47 105 105

Sodium bicarbonate 45 45 45 45 65 65

Citric acid 30 30 30 30 40 40

Avicel PH 102 50 50 50 50 50 50

Magnesium stearate 5 5 5 5 5 5

PVP K-30 5% PVP IN IPA

Total weight 520 520 520 520 620 620

Table 8.
Composition of different formulations of diclofenac sodium floating tablets.
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4.6.2 I-R spectrum of pure drug

About 1 mg of the sample and 100 mg of the potassium bromide (KBr) was
taken in a mortar and triturated. A small amount of triturated sample was taken into
a pellet maker and compressed at 10 kg/cm2. The pellet was kept onto the sample
holder and scanned from 4000 to 400 cm�1.The I-R spectrum of drug sample was
obtained using FTIR-8400 s, Shimadzu (Figure 2).

4.6.3 I-R spectra for diclofenac sodium with HPMC K4M + HPMC K15M and carbopol
934P

Sample mixture of diclofenac sodium with HPMC K4M + HPMC K15M and
carbopol 934P were prepared in KBr discs (1 mg sample in 100 mg KBr). A small
amount of triturated sample was taken into a pellet maker and was compressed at
10 kg/cm2. The scanning range was 4000–400 cm�1, and the resolution was 4 cm�1

(Figures 7 and 8).

4.7 Evaluation of granules properties

4.7.1 Angle of repose

The angle of repose of was determined by the funnel method. The accurately
weighed granules were taken in a funnel. The height of the funnel was adjusted in
such a way that the tip of the funnel just touched the apex of the heap of the
granules. The granules were allowed to flow through the funnel freely onto the
surface [9, 21]. The diameter of the powder cone was measured and angle of repose
was calculated using the following equation.

θ ¼ tan –1 h=rð Þ (2)

where, h and r are the height and radius of the powder pile, respectively.

4.7.2 Bulk density

Both bulk density (BD) and tapped bulk density (TBD) were determined. A
quantity of 2 g of powder from each formula, previously lightly shaken to break any

Figure 7.
FTIR of diclofenac sodium + HPMC K4M + HPMC K15M.
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agglomerates formed, was introduced into a 10 ml measuring cylinder [9]. After the
initial volume was observed, the cylinder was allowed to fall under its own weight
on to a hard surface from the height of 2.5 cm at 2 s intervals. The tapping was
continued until no further change in volume was noted.

BD and TBD were calculated using the following formulas.

BD ¼ Weight of the Powder=Volume of the packing: (3)

TBD ¼ Weight of the powder=Tapped volume of the packing: (4)

4.7.3 Compressibility index/carr’s index

The flow property was also determined by measuring the compressibility index.
It is an important measure that can be obtained from the BD and TBD. According to
the theory, the less compressible materials are more flowable. A material having
values of less than 20–30% is defined as the free flowing material [9, 21]. Based on
the BD and TBD, the percentage compressibility of the bulk drug was determined
by using the following formula.

Compressibility Index ¼
Tap density–Bulk density

Tap density
� 100 (5)

4.8 Evaluation of floating tablets

4.8.1 In vitro buoyancy determination studies

In vitro buoyancy studies were performed for all the formulations as per the
method described by Rosa et al [22]. The randomly selected tablets from each for-
mulation were kept in a 100 ml beaker containing simulated gastric fluid, pH 1.2 as
per USP. The time taken for the tablet to rise to the surface and float was taken as
floating lag time (FLT). The duration of time the dosage form constantly remained on
the surface of medium was determined as the total floating time (TFT) [9, 23–25].

4.8.2 General characteristic

The formulated tablets were assessed for its general appearance.

Figure 8.
FTIR of diclofenac sodium + carbopol 934P.
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4.8.2.1 Thickness and diameter

Thickness and diameter of tablets was determined using vernier calliper. Three
tablets from each batch were used, and average values were calculated.

4.8.2.2 Weight variation

Formulated floating tablets were tested for weight uniformity, 20 tablets were
weighed collectively and individually. From the collective weight, average weight
was calculated. Each tablet weight was then compared with average weight to
ascertain whether it is within permissible limits or not.

4.8.2.3 Friability test

The Roche friability test apparatus was used to determine the friability of the
tablets. 20 pre-weighed tablets were placed in the apparatus, which was given 100
revolutions, after which the tablets were reweighed. The percentage friability was
calculated.

%F ¼ 1� loss in weight=initial weightð Þf g � 100 (6)

4.8.2.4 Hardness test

Hardness of the tablet was determined using the monsanto hardness tester. The
lower plunger was placed in contact with the tablet and a zero reading was taken.
The plunger was then forced against a spring by tuning a threaded bolt until the
tablet fractured. As the spring was compressed a pointer rides along a gauge in the
barrel to indicate the force.

4.8.2.5 Percent drug content

Ten tablets were weighed and powdered. An amount of the powder equivalent
to 50 mg of diclofenac sodium was dissolved in 100 ml of 0.1 N HCl, filtered,
diluted suitably and analysed for drug content at 276 nm using UV/Visible
spectrophotometer.

4.8.2.6 Determination of percent swelling index (percentage water uptake)

The swelling properties of floating tablet containing drug were determined by
placing the tablet matrices in the dissolution test apparatus, in 900 ml of distilled
water at 37°C � 0.5°C paddle rotated at 50 rpm. The tablets were removed period-
ically from dissolution medium. After draining free from water by blotting paper,
these were measured for weight gain. Swelling characteristics were expressed in
terms of percentage water uptake (%WU) according to the equation shows rela-
tionship between swelling index and time.

WU% ¼
Weight of swollen tablet–Initial weight of the tablet

Initial weight of the tablet
� 100 (7)

4.8.2.7 Dissolution studies using USP type II apparatus with wire sinker

Dissolution test was carried out using USP type II apparatus with wire sinker.
The drug release study was carried out for 12 hr. in 900 ml of 0.1 N HCl dissolution
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media, maintained at 37°C� 0.5°C and agitated at 50 rpm. Periodically 5 ml samples
were withdrawn and filtered through whatman filter paper and samples were
replaced by its equivalent volume of dissolution media. The absorbance of DS was
measured UV/Visible spectrophotometrically at 276 nm. The percentage cumulative
drug release was calculated and amount of CP released from tablets was deter-
mined. The floating tablet is wound with the helical wire sinker.

4.8.2.8 Kinetic of drug release

The result of in vitro dissolution studies of tablet were fitted with various kinet-
ics models, like zero order (% cumulative drug release vs. time), first order (log %
drug remaining vs. time), Higuchi’s model (% cumulative drug release vs. square
root of time) but these models failed to explain drug release mechanism due to
swelling (upon hydration) along with gradual erosion of the matrix. Therefore the
dissolution data were also fitted to well-known Korsmeyer and Peppas semi-
empirical model to ascertain the mechanism of drug release.

log Mt=M∞ð Þ ¼ logkþ n logt (8)

Where, M∞ is the amount of drug release after infinite time; k is the release rate
constant which considers structural and geometric characteristics of the tablets; and
n is the diffusional exponent; indicative of the mechanism of drug release. Table 9
shows an analysis of diffusional release mechanism obtained by various value of n.
The criteria for selecting the most appropriate model were chosen on the basis of
goodness of fit test. The data were processed for regression analysis using MS
EXCEL statistical function.

4.8.2.9 Biodegradability studies of floating tablet

The biodegradability studies were carried out using USP rotating basket appara-
tus. A tablet (50 mg) were introduced into the baskets which were rotated at 50 rpm
in 900 ml of different pH buffer solution (5.0, 6.8, 8.0) maintained at 37°C � 0.5°C.

4.8.2.10 Stability studies

To assess the drug and formulation stability, stability studies were done
according to ICH guidelines. The promising formulation F4 was tested for acceler-
ated testing for a period of 2 months at 40°C � 2°C/ 75% RH �5% for their drug
content and other parameters.

S. No n value Mechanism

1 n ≤ 0.5 Quasi-fickian diffusion

2 0.5 Fickian diffusion

3 0.5 ≥ n ≤ 1.0 Anomalous (non-fickian) diffusion

4 n ≥ 1.0 Non-fickian super case 11

5 1 Non-fickian case 11

Table 9.
Release mechanism with variation of n values.
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5. Result and discussion

The effervescent floating tablets of SDs of DS were formulated in 6 different
batches F1 to F6 by using hydrophilic polymers HPMC K4M, HPMC K15M and
hydrophobic polymer carbopol 934P along with effervescing agents, sodium bicar-
bonate and citric acid (Table 8). All the formulations were prepared by wet granu-
lation method. In order to get the longer duration of floating time the high viscosity
polymer selected, HPMC K4Mwas chosen and it was found that, increased viscosity
of a polymer prolongs the drug delivery from the dosage form. IR study was carried
out to check the compatibility between the selected polymers with the diclofenac
sodium drug. This study was performed to assure that there is complete physical
entrapment of the drug into the polymer matrix without any mutual interaction. IR
spectra were taken for samples like pure drug, and drug-polymer physical mixture
at a wavelength of between 4000 and 400 cm�1. All the spectra were compared for
shifting of major functional peaks and also for the loss of functional peaks for
identification of incompatibility, if any. When the spectra were compared it was
found that there was no shifting of functional peaks and no overlapping of charac-
teristic peaks and also there was no appearance of new peaks. Figures 2, 7 and 8
shows the IR spectra of various samples. No significant change in the IR spectra of
diclofenac sodium complexes was obtained, except for the broadening of the peaks.
The broadening of peaks may be probably due to the restriction of bending and
stretching vibrations of the molecule [6]. The preformulation studies such as angle
of repose, bulk density, tapped density, and carr’s index evaluated were found to be
within prescribed limits and indicated good free flowing property (Table 10).

In vitro Buoyancy of all the prepared tablets formulations were determined using
100 ml beaker containing 0.1NHCl medium shown in (Table 11) and the results can
be concluded that the batch F3 containing HPMCK4M and carbopol 934P in higher
concentration showed good buoyancy lag time is 4.3 min and total floating time is
15 hrs. TFT depends upon the amount of HPMC as the polymer content increased
the floating time was increased due to the formation of thick gel which entrapped
the gas formed due to NaHCO3 firmly. Among these formulations, the in vitro
buoyancy was increased in the following order: F3 > F1 > F4 > F2 > F5 > F6. The
Table 9 revealed that FLT minimum for F3 formulation, while its TFT was maxi-
mum i.e. 24 h; hence, F3 was selected for further evaluations and in vitro drug
dissolution studies.

Formulation F3 was evaluated for physical characters like tablet thickness,
diameter, hardness, friability, weight variation, percent swelling index, in vitro drug
release studies. The thickness, diameter and hardness of the formulations satisfied
the acceptance criteria. The friability and weight variation was found to be within
the limits specified in pharmacopoeia. The drug content was found

Parameter F1 F2 F3 F4 F5 F6

Angle of

repose

22.53° 22.17° 23.42° 21.57° 22.87° 23.34°

Bulk

density

0.953 � 0.026 0.948 � 0.031 0.975 � 0.0.098 0.881 � 0.102 0.836 � 0.057 0.899 � 0.083

Tapped

density

1.05 � 0.011 1.041 � 0.019 1.031 � 0.026 0.978 � 0.020 0.981 � 0.017 0.969 � 0.038

Carr’s index 7.64 � 0.94 6.66 � 0.71 5.69 � 0.56 8.99 � 0.62 8.68 � 0.83 7.97 � 0.49

Table 10.
Pre-compression parameters of granules.
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spectrophotometrically indicating good content uniformity in the prepared formu-
lation results were shown in Table 12.

The swelling index was calculated with respect to time. As time increase, the
swelling index was increased because weight gain by tablet was increased propor-
tionally with rate of hydration. The direct relationship was observed in Table 13.

The floating formulation F3 was subjected for the dissolution studies using USP
type II apparatus with wire sinker in 900 ml of 0.1 N HCl medium. The results are
given in Table 14. The formulation showed a constant rate of release in a sustained
manner similar to zero order kinetics with good buoyancy property. Diclofenac
sodium effervescent floating controlled release tablet formulation using solid dis-
persion (F3) showed far better release than marketed products.

5.1 Effect of sodium bicarbonate concentration on lag time of tablets

The concentration of sodium bicarbonate was found to be critical factor that
influenced buoyancy of tablets (Table 15). Sodium bicarbonate released CO2 gas
that was trapped into the polymeric matrix of HPMC that made the tablets float.
Various concentrations of sodium bicarbonate ranging from 5–12% of tablet weight
were used. From the results, it was concluded that with the increasing

Parameter F1 F2 F3 F4 F5 F6

Floating lag time (FLT) (s) 160 182 158 163 221 223

Total Floating time (TFT) (h) 22 21 24 20 24 21

Table 11.
In vitro buoyancy determination.

Formulation

code

Thickness

(mm)

Hardness

(kg/cm2)

Friability

(%)

Weight variation

(mg)

Drug content

(%)

F1 4.3 � 0.016 4.8 � 0.4 0.24 � 0.08 542.4 � 1.9 99.86 � 0.15

F2 4.4 � 0.013 5.1 � 0.3 0.51 � 0.03 555.8 � 1.5 99.45 � 0.08

F3 4.5 � 0.015 5.4 � 0.6 0.17 � 0.04 554.3 � 1.1 100.01 � 0.04

F4 4.5 � 0.013 4.9 � 0.4 0.46 � 0.03 545.1 � 1.8 99.96 � 0.18

F5 5.5 � 0.014 4.4 � 0.1 0.35 � 0.05 649.1 � 1.7 98.90 � 1.05

F6 5.7 � 0.011 5.8 � 0.3 0.41 � 0.04 647.3 � 0.4 99.02 � 0.01

Table 12.
General characteristic of floating tablets.

% Swelling index (percentage water uptake)

Time (h) Formulation F3

1 24

2 37

3 48

4 63

5 71

6 88

Table 13.
% Swelling index (percentage water uptake) of floating tablets.
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concentration of sodium bicarbonate, the lag time decreased. A concentration of
8.5–9% w/w sodium bicarbonate was found to be optimal that resulted in tablets
having lag time < 3 min and floating time of over 12 h. Similar conclusions were
also drawn by other researchers working on floating delivery systems. In both the
reported works, optimum concentration of sodium bicarbonate was found to be
around 10% w/w of the tablet weight [26, 27] which is slightly higher than our
optimal concentration.

Time

(mins)

Marketed

tablet

(Voveran-50)

(% drug

release)

Physical

mixture

Diclofenac

sodium-solid

dispersion (%

drug release)

Marketed

tablet

(Voveran-

SR100) (%drug

release)

Floating tablet of

diclofenac sodium

solid dispersion (3)

(%drug release)

0 0 0.00 0.00 0.000 0.000

15 15.25 � 0.64 21.23 � 0.61 30.51 � 0.54 12.706 � 0.67 15.266 � 0.41

30 37.37 � 0.53 39.44 � 0.64 52.25 � 0.49 16.258 � 1.27 18.365 � 0.38

60 51.77 � 0.86 70.76 � 0.58 92.99 � 0.78 19.353 � 0.98 26.548 � 0.51

90 24.930 � 0.79 27.897 � 0.50

120 27.966 � 0.93 31.377 � 0.43

150 32.220 � 0.76 38.323 � 0.45

180 38.922 � 1.22 45.233 � 0.29

210 45.875 � 0.96 54.320 � 0.27

240 51.519 � 1.23 61.522 � 0.30

270 60.865 � 1.31 64.267 � 0.31

300 64.037 � .55 69.613 � 0.35

330 68.561 � 1.53 73.670 � 0.51

360 73.686 � 0.77 76.568 � 0.42

390 77.371 � 1.16 80.179 � 0.44

420 82.957 � 0.98 85.363 � 0.47

450 86.414 � 0.74 87.573 � 0.58

480 89.213 � 1.78 96.769 � 1.19

Table 14.
Comparative in vitro release study of marketed tablets, physical mixture, solid dispersion and floating tablets
of diclofenac solid dispersion.

S. No. Concentration of sodium bicarbonate (%) Floating lag time (s)

1 5 280

2 6 220

3 7 198

4 8 164

5 9 158

6 10 159

7 11 160

8 12 165

Table 15.
Comparison of floating lag time prepared from concentration of sodium bicarbonate.
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5.2 Effect of HPMC grade on lag time of tablets

It was interesting to note that the grade and quantity of HPMC used in the
formulations has impact on floating lag time of the tablet. With the increasing
molecular weight/quantity of HPMC, the viscosities of the gel matrix around the
tablet also increased which in turn in- creased the floating lag time. The lag time for
HPMC K15M tablets was slightly higher compared to HPMC K4M tablet. This may
be attributed to the increased density of tablet with increasing molecular weight of
HPMC (Table 16).

5.3 Kinetic of drug release

The various release kinetic models (Figures 9–12) were applied to determine the
mechanism of drug release from gastro retentive floating tablets and the data is
tabulated in Table 17. The in vitro drug release of optimised formulation (F3)
showed the highest regression coefficient values for zero order model, thus indicat-
ing absolute correlation between the two variables for the zero order model.
Optimised formulations followed Zero order equation proving that the release is by
diffusion mechanism. The values of release exponent (n) were calculated from
korsmeyer and peppas equation and the ‘n’ value was determined to be 0.5665
indicating Anomalous (non-fickian) diffusion.

So it can be conclude that the optimised formulation follows the zero order plot
to a major extend along with other plots to some extent.

S. No. Quantity of HPMC (mg) Floating lag time (s)

1 70 (HPMC K4M) 160

2 93 (HPMC K4M) 158

3 105 (HPMC K4M) 163

4 70 (HPMC K15M) 182

5 93 (HPMC K15M) 221

6 105 (HPMC K15M) 223

Table 16.
Comparison of floating lag time prepared from different grade or quantity of HPMC.

Figure 9.
Zero order release kinetics of optimised formulation.
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Figure 10.
First order release kinetics of optimised formulation.

Figure 11.
Higuchi kinetics of optimised formulation.

Figure 12.
Korsmeyer-Peppas kinetics of optimised formulation.
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5.4 Biodegradability studies of floating tablet

Biodegradability studies revealed that the gastro retentive floating tablet of
diclofenac (F3) was found to disintegrate and dissolve in intestinal pH within 3 h
(Figure 13).

Formulation F3 seemed to completely biodegrade in intestinal fluid, and it is the
pH of media, which is responsible for slow dissolution of the tablet in intestinal
fluid. This indicates that after gastric emptying the regular shaped tablet, gradually
become rough with an irregular surface and thereafter was degraded. Thus the
gastro retentive floating tablets of diclofenac proved to be suitable gastro retentive
dosage form, as they have a rigid structure that resist biodegradation in gastric pH
but exhibit complete biodegradation in phosphate buffer pH 8.0.

5.5 Stability studies

Pharmaceutical dosage forms are complex systems composed not only of drug
substances but also of various excipients. These excipients, which are non-
therapeutic, are intended to contribute desirable, practical properties to the dosage
form. These dosage forms may undergo both chemical and physical degradation
[28]. Thus, the success of the effective formulation can be evaluated only through
the stability studies. This study pursues two particular aims:

• Determination of the optimum formulation and shelf life during
developmental stages.

• Derivation of the stability of a product, which guarantees the safety and
efficacy of the product up to end of the shelf life at a defined storage condition
and pack profile.

So, stability of a pharmaceutical product may be defined as the capability of a
particular formulation in a specific container, to remain in its physical, chemical,
microbiological, therapeutic and toxicological specifications. Ability of a

S.No Formulation Zero order First order Higuchi Korsmeyer-peppas

1 F3 K R2 K R2 K R2 N R2

10.373 0.9882 �0.1373 0.8541 0.3444 0.9837 0.5665 0.9616

Table 17.
Release kinetic equation values of the optimised formulations.

Figure 13.
Images of complete biodegradation of F3 floating tablet after 3 h.
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formulation to retain properties in specified limits throughout its shelf-life is
referred as stability [28].

The stability of finished pharmaceutical products depends on several factors. On
the one hand, it depends on environmental factors such as ambient temperature,
humidity and light. On the other hand, it depends on product related factors such as
chemical and physical properties of active substance and pharmaceutical excipients,
the dosage form and its composition, the manufacturing process, the nature of
container closure system and properties of packaging materials.

A study of stability of a pharmaceutical product is essential for safety of the
patients, legal requirements concerned with the identity, strength, purity and
quality of the drug and to prevent the economic repercussions of marketing an
unsuitable product [29, 30].

5.5.1 Experimental

Optimised formulations were stored in screw capped small glass bottles at room
temperature and in stability chamber at 40 � 1°C and 75% relative humidity.
Samples were analysed for physical appearance, Hardness (kg/cm2), Friability (%),
Uniformity of weight (mg), Drug content (%), Thickness (mm), Buoyancy lag time
(s), Floating time (h) and in vitro release after a period of 15, 30, 45, 60, 75, 90 days.
Initial drug content was taken as 100% for each formulation. Observations are
recorded in Tables 18 and 19.

5.5.1.1 Physical characteristics

Various physical parameters were evaluated such as appearance, Buoyancy lag
time (s), floating time. Observations are recorded in Table 18.

S. No. Physical parameters 0 days 15th days 30th days 60th days 90th days

1 Appearance + + + + +

2 Floating time + + + + +

3 Buoyancy lag time (s) + + + + +

+, no change.

Table 18.
Effect of ageing on physical parameters.

Parameter Optimised formulation (F3) (n = 3)

At 0 day At 15 days At 30 days At 60 days

Hardness (kg/cm2) 5.4 � 0.08 5.4 � 0.1 5.4 � 0.09 5.2 � 0.07

Friability (%) 0.17 � 0.02 0.17 � 0.01 0.19 � 0.02 0.20 � 0.01

Uniformity of weight (mg) 554.3 � 1.1 554.3 � 1.1 554.3 � 1.1 554.3 � 1.1

Drug content (%) 100.01 � 0.04 100.01 � 0.04 99.50 � 0.58 98.89 � 0.12

Thickness (mm) 4.55 � 0.12 4.55 � 0.09 4.55 � 0.10 4.55 � 0.11

Table 19.
Effect of ageing on physico-chemical parameters of optimised formulation.
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5.5.1.2 Physcio-chemical parameters

Various parameters were evaluated such as Hardness (kg/cm2), Friability (%),
Uniformity of weight (mg), Drug content (%), Thickness (mm), and in vitro release
after a period of 15, 30, 45, 60, 75, 90 days. Observations are recorded in Table 19.

5.5.1.3 Drug content was assayed by U.V. spectrophotometry

Gastro retentive floating tablet of diclofenac sodium (50 mg) was dissolved in
100 ml of 0.1 N HCl (pH 1.2) by stirring for 6 h using magnetic stirrer. The resulting
solution was then filtered using 0.45 m millipore filter, 1 ml of this solution was
taken and added to 100 ml of 0.1 N HCl (pH 1.2). It was then analysed spectropho-
tometrically at the predetermined λ max (276 nm) to determine concentration of
the drug. The determinations were made in triplicate.

5.5.1.4 In vitro dissolution studies

In vitro dissolution studies were carried out using simulated gastric fluid
(pH 1.2).

5.5.2 Result and discussion

5.5.2.1 Physical parameters of the optimised tablets formulation

The Physical parameters after 15th, 30th, 60th, 90th days are as mentioned in
Table 18. All the Physical parameter are within the acceptable limits which indi-
cated that gastro retentive floating tablet of diclofenac sodium showed no signifi-
cant change in the physical appearance at room temperature and in stability
chamber at 40°C � 2°C and 75 � 5% relative humidity indicating that the formula-
tions were physically stable at these temperatures.

5.5.2.2 Physico-chemical parameters of the optimised formulation

Various parameters were evaluated such as Hardness (kg/cm2), Friability (%),
Uniformity of weight (mg), Drug content (%), Thickness (mm), and in vitro release

S. No. Sampling interval (days) % Residual drug content

Mean � S.D. (n = 3)

At room temp. At 40 � 2°C/75 � 5% RH

1 0 100.01 � 0.03 100.01 � 0.03

2 15 99.82 � 0.12 99.66 � 0.09

3 30 99.56 � 0.09 99.25 � 0.18

4 45 98.75 � 0.14 98.40 � 0.15

5 60 98.56 � 0.05 97.72 � 0.9

6 75 98.07 � 0.09 97.51 � 0.10

7 90 97.69 � 0.07 96.66 � 0.06

Table 20.
Effect of ageing on residual drug content at room temperature &40 � 2 °C/ 75 � 5%RH.
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after a period of 15, 30, 45, 60, 75, 90 days. Observations are recorded in Table 6.
All the physico-chemical parameters are within the acceptable limits which
indicated that formulation were stable over the period of 90 days.

5.5.2.3 Residual drug content of stability batch

Initial drug content of formulations was 100.01 � 0.04.the drug contents at the
end of 15th, 30th, 60th, 90th days were found to be as given in Table 20. The
drug content was within the permissible limits. The percent residual drug content
was determined and the log percent residual content was plotted against time t
(Figures 14–17), which reflected almost linear relationship.

5.5.2.4 In vitro dissolution studies

The dissolution results obtained were as given in the Table 21.
The dissolution behaviour of samples withdrawn at different interval was similar

and the difference in dissolution pattern of samples kept at two different conditions
of storage was negligible.

The log % residual drug content vs. time graph was also plotted in order to
evaluate shelf-life and half-life of formulations.

Figure 14.
Effect of ageing on residual drug content at 40 � 2°C/75 � 5%RH.

Figure 15.
Plot of log % residual drug content Vs time at 40 � 2°C/75 � 5%RH.
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Shelf-life was evaluated by the equation:

T10% ¼ 0:104=K (9)

Degradation rate constant K was calculated from the slope of straight line
between log of % residual drug and time interval. The time required for degradation
of 10% drug was calculated as T10%.

Figure 17.
Plot of log % residual drug content vs. time at room temp.

Figure 16.
Effect of ageing on residual drug content at room temperature.

Time interval (days) % Cumulative drug release in 8 h � SD (n = 3)

Room temperature 40 � 2°C/75 � 5% RH

0 96.769 � 1.19 96.769 � 1.19

15 95.78 � 0.84 94.34 � 1.52

30 94.81 � 1.64 93.05 � 0.81

60 94.45 � 0.56 92.89 � 0.69

90 93.97 � 0.93 92.45 � 1.21

Table 21.
Effect of ageing on % cumulative drug release at room temperature & 40 � 2°C/75 � 5%RH.
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Half-life was evaluated by the equation:

T1=2 ¼ 0:693=K (10)

Gastro retentive floating tablet of diclofenac sodium stored at 40 � 2°C/75 � 5%
RH showed K value as 3.822 � 10�4 and t10% value as 272.039 days, while those
stored at room temperature showed K value as 2.303 � 10�4 and t10% value as
451.58 days (Table 22).

The T10% obtained in case of formulation stored at 40°C � 2°C/75 � 5%RH was
found to be lower in comparison with the formulation stored at room temperature
which indicated that the formulations tend to degrade faster at higher temperatures
and humidity.

The results of stability studies suggest that for adequate shelf life of optimised
gastro retentive floating tablet of diclofenac sodium, it should be stored in cool and
dry place.

6. Conclusions

In the above research work, ECRFT has been developed by using dual approach;
one is solid dispersion (for solubility enhancement) and other is effervescent float-
ing technique (for achieving extended retention in upper G.I.T.), which was pre-
pared from previously optimised solid dispersion of diclofenac sodium. Formulated
tablets showed outstanding physicochemical properties, biodegradation studies,
stabilities studies, and prolong gastric retention with control release. When com-
pared with marketed tablets of immediate release (Voveran-50) and control release
(Voveran-100SR), the optimised formulation F3 was found to be favourable for
improving bioavailability of drug, enhancing its therapeutics efficacy and improv-
ing patient compliance due to less frequent dosing requirement. Hence, it can be
concluded that the prepared formulation can be used positively as a particular oral
controlled release-floating tablet for once a day administration.
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S. No. Storage condition K (day�1) T10% (days) t1/2 (days)

1 40 � 2 °C/75 � 5%RH 3.822 � 10�4 272.039 1812.72

2 Room temperature 2.303 � 10�4 451.58 3009.11

Table 22.
Shelf life of optimised formulation.
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Acronyms and abbreviations

SEM scanning electron microscopy
PM physical mixtures
DT disintegration time
ECRFT effervescent controlled release floating tablet
SDs solid dispersions
DS diclofenac sodium
BD bulk density
TBD tapped bulk density
TFT total floating time
%WU percentage water uptake
FLT floating lag time
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A Review on Effects of Radon, Thoron and 
their Daughter Products on Human Beings 

in Uttarakhand Himalayan Region

Tushar Kandari, Preeti Pant,  Poonam Semwal,  

Amar Deep, A.A. Bourai, R.C. Ramola

Introduction

Radon being a radioactive element present in the earth crust en-
ters into the human environment through exhalation from top layer 
of the soil and this infiltration of gas becomes a major source for the 
environment. Radon and its isotopes get exchanged to the indoor air 
via. window and doors in the houses and through the building ma-
terial used in the walls, floor, ceiling etc (Nazaroff and Nero, 1988). 
Sometimes, these gases and their decay products remain in the houses 
for a longer duration due to the poor ventilations conditions. 

Inhalation of radon, thoron and their daughter products causes 
more than 50% of the ionizing radiation received by human popula-
tion (UNSCEAR, 2000) and is studied in various countries (Jonsson, 
1988; Letoureau et al., 1994; Kreinbrock et al., 2001; Kandari et al., 
2016). Based on the epidemiological studies in European and Ameri-
can countries, World Health Organization (WHO, 2009) recommend-
ed to bring down the reference limit from 200 Bq/m3 to 100 Bq/m3 and 
also marked it as second leading cause to lung cancer next to smoking. 
In the past, thoron was neglected due to very short life span and was 
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Thoron, Whether it Should be  
Neglected or Not: A Review

Tushar Kandari, Alok Sagar Gautam, A.A. Bourai, R.C. Ramola

Introduction

Radon and its progeny are present in the dwellings and houses 
according to the radium content present in the building materials and 
the soil beneath the houses. Radium being the daughter product of 
uranium which is a radioactive element, hence it is important to study 
its parent element. The presence of uranium, radium and thorium vary 
largely upon the geological variation in the soil beneath the houses, 
building material and various other factors. Indoor radon contributes 
maximum (52%) to the ionizing radiation dose received to human 
being (UNSCEAR, 2000). According to world health organization, the 
epidemiological study performed in various countries of the world 
says that the recommendation level for indoor radon reference level 
should bring down from 200 Bq/m3 to 100 Bq/m3 (WHO, 2009).  
Based on this epidemiological study in Europe and North America, 
WHO has declared that radon-222 has been regarded as the second 
leading cause of lung cancer after smoking. In addition to the earlier 
study, the conservative radon risk estimate was being revised on the 
basis of recent studies in Czech and France, and thereafter the dose 
conversion factor of radon progeny inhalation will increase by a factor 
of 2 (Tomasek, 2008a; Tomasek, 2008b).
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Exposure of Miners and Residential 

due to Radon and their Progeny, hence 
causing Health Effects   

Tushar Kandari1, Poonam Semwal2,  

Alok Sagar Gautam3, A.A. Bourai4, R.C. Ramola4

Abstract

Radon is a naturally occurring radioactive gas that 

is produced from the process of radioactive decay of 

radium, thorium and uranium in soils and rocks. 

Exposure to radon accounts for more than 50% of the 

annual effective dose of natural radioactivity. Radon 

causes approximately 21,000 deaths annually from 

lung cancer, which makes it’s the second leading 

cause of lung cancer after smoking. However, the 

extent of public knowledge about radon is unclear. 

Though many epidemiological studies regarding 

occupational exposure among miners and residential 

exposure among the general population, radon has 

1Govt. P.G. College, Sridev Suman University Campus, Gopeshwar, Uttarakhand 
2Govt. P.G. College, New Tehri, Uttarakhand 
3B.C.C. Campus, H.N.B. Garhwal University, Srinagar Garhwal, Uttarakhand 
4S.R.T. Campus, H.N.B. Garhwal University, Badshahi Thaul, Tehri, Uttarakhand
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