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MESSAGE

| am glad to learn that the Gujarat Technical University is
organizing a Multidisciplinary International Conference from 20th to
23rd September with Pharmacy Track as one of its topics of
discussion.

India is a powerhouse of talent. Gathering academic experts
from various parts of the country who will share their experiences and
knowledge will help encourage research and innovation among
young minds in the field of pharmaceutical sciences. Through
innovation and research, we can bring a positive difference in the
lives of the people of our country. Our government under the able
leadership of Hon’ble Prime Minister Shri Narendra Modi is taking
numerous steps to create an eco-system that furthers outstanding
research, innovation and strides in technology in all fields including
pharmaceuticals. India has already emerged as a key player in global
pharma supply chains. With new innovation, research and
technology, we can take our pharma sector to new heights & help in
fulfilling the vision of an Aatmanirbhar Bharat.

| hope that the conference will be an occasion for experts and
academicians to deliberate on enhancing and advancing the
pharmaceutical sector. | convey my best wishes for the success of
the conference.

fb\\\
(Dr. Mansukh Mandaviya)
15 September, 2022
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Message from Vice Chancellor, GTU

| am very pleased to know that our Gujarat Technological University is organizing the
GTUICON2022 International conference from 20" September 2022 to 23th September
2022. The conference, aptly called multidisciplinary, is a unique amalgamation of
different domains of research work carried out at four schools of Gujarat technological
university. The graduate school of pharmacy has the theme of “ Emerging Trends and
Innovations in Pharmaceutical Sciences” which I feel is very suitable considering the
need to keep oneself updated about the recent and emerging trends in drug discovery.
With the rapid increase in use of the emerging technology trends like Al, Ml , deep
learning etc, it is high time that we incorporate these concepts in the field of
pharmaceutical research .

The different sub themes of the conference namely Innovation in Pharmaceutical
Formulation, Quality Assurance by Advanced Analytical Techniques, Innovation in
Medicinal and Phytomedicinal chemistry, Novel Approaches in biological evaluation
of Pharmaceuticals and Natural Products, Multidisciplinary approaches in Drug
discovery and Development etc. will also add a unique flavour to the conference and
foster multidisciplinary research. I congratulate all the authors who have given their
valuable contribution in this conference in terms of their research and knowledge
sharing. | also congratulate the organizers, technical session chairs and members of the
review committee of this conference.

| am sure that the conference will provide a unique forum for people to interact,
collaborate and form new joint alliances for taking this multidisciplinary research
further to fulfill the vision and mission laid down by our new education policy.

| convey my warm regards to the Graduate School of pharmacy for a organizing such a
conference. | am sure this proceeding will be helpful to all the stakeholders.

Prof. (Dr.) Navin Sheth
Vice Chancellor
Gujarat Technological University, Ahmedabad
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Message from GSP-GTU Director

| am delighted to inform you that the Graduate school of Pharmacy - Gujarat
technological Technology is organizing the conference on “Emerging Trends and
Innovation in Pharmaceutical Science” from 20" September 2022 to 23th September
2022. The conference has several themes covering several topics like Innovation in
Pharmaceutical Formulation, Quality Assurance by Advanced Analytical Techniques,
Innovation in Medicinal and Phytomedicinal chemistry, Novel Approaches in
biological evaluation of Pharmaceuticals and Natural Products, Multidisciplinary
approaches in Drug discovery and Development, which will offer a great opportunity
to all pharmacy students to showcase their research work. Further with experts and
invited oral talk it will be good platform for researchers and academician to foster newer
collaboration and search for likeminded partners for joint research activity

| am sure that this conference will provide the much-needed impetus to research in the
domain of drug discovery and development and forge better research ties amongst the
stakeholders involved.

| wish all the dignitaries, delegates and participants of INTERNATIONAL
CONFERENCE 2022 a grand and successful event.

=Tk

Prof Dr Sanjay Chauhan
Director Graduate school of pharmacy
Gujarat Technological University
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ABOUT GSP-GTU

Graduate School of Pharmacy (GSP) is a constituent institute of Gujarat Technological
University (GTU). It started its operations from the Academic Year 2017-18. It is established
by Gujarat Technological University with a view to engage in M. Pharm and PhD level
programs and to offer quality education at affordable cost. The institute is recognized by All
India Council for Science and Technology (AICTE) as well as Pharmacy Council of India
(PCI). Currently it offers M. Pharm (Pharmaceutical Regulatory Affairs), M. Pharm
(Pharmaceutical Quality Assurance) and M. Pharm (Pharmaceutics) courses. GSP will be
starting M. Pharm in Phytopharmacy and Phytomedicines form AY 2021-22.

ABOUT GTUICON

Health care is the second-fastest growing sector worldwide and it has the largest occupation
within the industry. Many view quality health care as the overarching umbrella under which
patient safety resides. The way to improve patient safety is to learn about causes of error and
use this knowledge to design systems to provide Quality Medicine. The quality medicine
system has emerged as central to the development of good healthcare, and requires acquisition
of substantive knowledge and skills. The goal of this conference is to provide a platform for
exchange of ideas related to different facts of quality medicine and how emerging technology
trends could be incorporated to expedite the process of drug discovery. The Gujarat
Technological University International Conference - 2022 (GTU ICON-2022) will focus on
thought provoking discussion and knowledge sharing on different aspects of innovation in
Pharmaceutical Formulation, Quality Assurance by Advanced Analytical Techniques,
Innovation in Medicinal and Phytomedicinal chemistry, Novel Approaches in biological
evaluation of Pharmaceuticals and Natural Products, Multidisciplinary approaches in Drug
discovery and Development besides other related fields. The Annual GTU ICON conference
is the gathering of pharma and healthcare professionals in India and across the globe for four
days. The conference is the ideal venue for learning about the latest trends shaping the pharma
industry & Pharmacy practice from pharma experts and researchers. By sharing global expertise
and collating information the GTU ICON 2022 offers research opportunities and strengthens
knowledge of the scale of the problem of poor-quality medicines and the most affected areas,
and raises vital awareness among key stakeholders. This unique multidisciplinary conference
will provide a unique forum to forge and develop new collaborations amongst the stakeholders
and lead to better and faster outcomes.
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Gujarat Technological University
Graduate School of Pharmacy
2" Multidisciplinary International Conference (GTU ICON 2022)

Theme: Emerging Trends and Innovations in Pharmaceutical Sciences

Date: 22"d September, 2022 Time: 10:00 AM to 05:30 PM

Venue: B-0 Conference Hall, GTU Chandkheda Campus, Ahmedabad, India
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Prof. Jyantkumar M. Vyas

Vice Chancellor of National Forensic Sciences University,
Gandhinagar

Dr. J. M. Vyas is the founder Vice Chancellor of a unique and highly specialized, National
Forensic Sciences University (NFSU), Gandhinagar which has been recognized as an
Institution of National Importance by the Government of India. He is holding this position from
1 st October, 2020. Besides this, Dr. Vyas is heading the Directorate of Forensic Science of
Gujarat, Gandhinagar for past 28 years including the additional charge of its Director General
since 9th November, 2020. As such, with his vast experience and 48 years long service, Dr.
Vyas is the senior most serving Forensic Scientist of the country.

Dr. Vyas was instrumental in establishing NFSU’s predecessor, the erstwhile Gujarat Forensic
Sciences University (GFSU) as the first and so far, the only forensics university of the world.
As the founder Director General of GFSU, Dr. Vyas started this, one of its kind institution of
higher learning, in 2009 which has more than 5000 students undergoing 70 specialized Post
Graduate Degree / Diploma courses being run in every possible branch of the forensic science
and its allied subjects.

Besides launching academic courses, Dr. Vyas has laid special emphasis on undertaking
training of officers from Police, Judiciary, Armed Forces, Bureaucrats, Banking, Vigilance,
Customs, Immigration, and Forensic Science from India as well as abroad. As a result, the
university has so far trained more than 25,000 officers which is a huge effort in capacity
building of the country. Even bigger contribution is in capacity building for 70 friendly foreign
countries as officers from these nations are being regularly imparted training which has been
deeply appreciated.

Consultancy is yet another unique feature initiated by Dr. Vyas through which wide ranging
expertise of NFSU is shared with different government agencies, private organizations and even
foreign countries to overcome complex issues and setting up state-of-the-art facilities.

Continuing in a Mission Mode, Dr. Vyas has taken major strides once the university was
mandated to set up campuses and centers across the country as well as abroad. Within one year
of establishment of NFSU, Dr. Vyas has not only got its first campus running in New Delhi but
also established from scratch campuses in Goa and Tripura and launched post graduate courses
from the current academic year itself. Work is in progress to set up more campuses in other
states and plans are afoot to establish centres abroad too.

Under his guidance, the NFSU has also progressed rapidly during past one year, with the
establishment of a modern Centre of Excellence for NDPS with similar centers in other streams
underway. With an aim to strengthen the criminal justice delivery system, Dr. Vyas has also
established dedicated schools for Police Science & Security Studies, Law & Forensic Justice
and Forensic Psychology.

Needless to mention that the vast experience and expertise of Dr. Vyas is being widely tapped,
some of which is listed below:-
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(a) Appointed as a member of “Task Force” for Railway safety audits by the Ministry of
Railways, Government of India.

(b) Appointed as a consultant to C.B.I., New Delhi for the establishment of “International
Centre of Excellence in Forensic Science” (ICEFS), Ghaziabad.

(c) Appointed as a member of the Organizing Committee of INTERPOL for three consecutive
terms i.e. from 2008 to 2016.

(d) Appointed as a Member of the Governing Council of Association of Indian Universities
(AIU), New Delhi.

(e) Appointed as a member of Governing Council of International Institute of Digital
Technology (ITDT), Tirupati which is headed by Hon’ble Chief Minister of Andhra Pradesh, to
provide necessary advice in Academic and Administrative matters.

(f) Appointed as a member of the Governing Council of Indian Council of World Affairs
(ICWA), New Delhi which is headed by Hon’ble Vice President of India.

(9) Invited by Parliamentary Standing Committee on Science & Technology, Environment,
Forests & Climate Change, Rajya Sabha Secretariat, Parliament of India for giving his views
and suggestions on various provisions of the DNA Technology (Use & Application) Regulation
Bill, 2019.

Dr. J.M. Vyas is an internationally renowned forensic expert. He has large number of
publications in various journals of national and international repute to his credit. During the
long and illustrious career of Dr. J.M. Vyas, number of recognitions, and National and
International awards have been bestowed upon him, some of which are mentioned below: -
International Recognition:

(a) ‘Distinguished International Forensic Scientist Award’ in recognition of leadership and
excellence in forensic science and education to the international community by The Henry C.
Lee Institute of Forensic science, University of New Heven, West Heven, USA, in October,
2018.

(b) ‘Lifetime Achievement Award’ for outstanding contribution in the field of Forensic and
Investigative Sciences at the international level by the International Association of Police
Academies (INTERPA), Turkey on 11th February, 2019.

(c) ‘Humanitarian Forensic Award’ in recognition of exceptional services in the field of
Humanitarian Forensics by the International Centre for Humanitarian Forensics (ICHF) on 5th
September, 2019.

National Recognition:

(a) ‘Padma Shri’, one of the highest civilian Awards, has been awarded, on the occasion of 73rd
Republic Day (Year-2022), for his extraordinary, distinguished and commendable services in
the field of Science and Engineering.

(b) ‘Gujarat Nu Gaurav’ (Pride of Gujarat) Award received by Hon’ble Chief Minister of
Gujarat on 28/04/2022.

(c) ‘DRONA Education Excellence Awards — 2022’ received by Hon’ble Education Minister
of Gujarat on 29/04/2022.

(d) ‘Bharat Mata Award’ by Indian Institute of Oriental Heritage in 2014.

(e) ‘Life time Achievement Award’ in the area of Forensic Chemistry by Amity University,
Uttar Pradesh & All India Institute of Medical Sciences, New Delhi, in October 2008.

(f) ‘Best Forensic Science Laboratory Director of the country’ in 2004.

(g) ‘President's Police Medal’ for meritorious services on the eve of Republic Day, in the year
1997
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Prof. Vaidya Rabinarayan Acharya
Director General
Central Council for research in Ayurvedic Science

e (TN

TOIPC: AYURVED PHARMACEUTICS: CHALLENGES AND WAY
FORWARD

The Central Council for Research in Ayurvedic Sciences (CCRAS) is an autonomous
body under the Ministry of Ayush, Government of India. CCRAS boasts of a robust
network of 30 peripheral units conducting scientific research activities in Ayurveda and
allied disciplines. The council is governed by its Governing Body comprising of higher
officials of Government of India. The council is currently headed by the Director
General, Vaidya Rabinarayan Acharya. Born in village Nalibar Jagatsinghpur, Odisha,
Professor Acharya is serving in the current position since 28th February 2022. He was
a Professor of Dravyaguna (Ayurveda Pharmacology) at ITRA, Jamnagar where he has
been a faculty since September 2007 to February 2022. He also served ITRA as HoD
Dravyaguna and Dean. He started his career as faculty in SSN Ayurveda college,
Paikmal and Government Ayurveda College Balangir, Odisha. Professor Acharya
completed his PG in 1996, Ph.D. in 2002, from Gujarat Ayurved University, Jamnagar,
and his undergraduate degrees, B.Sc.( Botany Hons.) in 1986 and BAMS in 1993, from
Utkal University Bhubaneswar Odisha and PG Diploma in Bio ethics from IGNOU
New Delhi in 2015. He is having more than 27 years of teaching and research
experience in the various fields of drug research.

Prof. Acharya has published more than 325 research articles in peer-reviewed journals
and have authored five books. He also has 10 book chapters to his credit. He has served
IGNOU as a course writer and WHO as a temporary advisor. Dr. Acharya also provided
his service to the Ministry of AYUSH, Government of India, at different capacities such
as Chairman, Ayurvedic Pharmacopoeia Committee, member ASUDTAB, member
Scientific Advisory Group for drug development CCRAS, Member project screening
committee of NMPB, National Coordinator, National Pharmacovigilance programme
for ASU drugs. Prof Acharya has worked as principal investigator in more than research
grant projects and under his guidance 35 Ph.D., 51 Post Graduate theses/ dissertations
in Dravyaguna, have been awarded. He represented India in five different countries, in
various capacity, including the WHO meeting on herb-drug interaction at Beijing and
Pharmacovigilance at Geneva. Prof Acharya is the recipient of the Best teacher award
for drug Research Teaching and the Best research paper award on literary research, in
the field of Ayurveda conferred by CCRAS, Ministry of Ayush, New Delhi, CCRAS,
prestigious IASTAM Shri Gopaldas Parikh Award for Contributions to Drug
Development and Late Shri Ram Krishna Pandey Memorial Service Excellence Award.
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Prof. Pulok K Mukherjee (PhD, FIC, FRSC)
Director& Professor

School of Natural Product Studies

Dept. of Pharmaceutical Technology

Jadavpur University

Kolkata — 700 032

India

www.pulokmukherjee.in

Professor Pulok K. Mukherjee is working as the Director, School of Natural Product Studies,
Jadavpur University, Kolkata, India. His research/academic works highlights on traditional
medicine inspired drug discovery from Indian medicinal plants to make them available from
‘Farm to Pharma’. He has made several innovative and outstanding contributions in academic
and research in the area of natural product studies, Ethnopharmacology and evidence based
validation of herbs used in AYUSH, India. His academic and research career has been
outstanding, including globally acclaimed contributions on teaching and research on validation
of medicinal plants from India systems of medicine, their formulation and standardization,
which are useful bio-prospecting tools for the traditional medicine based drug discovery
programme. He has to his credit more than 200 publications in peer reviewed impact journals,
several patents and 5 books authored/edited and 16 book chapters. His research publications
have cumulative Impact Factor of 233; h-Index- 54, i10-index - 226; which has been cited for
over 14642 times.

Dr Mukherjee is a Fellow of the Royal Society of Chemistry (FRSC) and has been awarded
with so many laurels from Govt. of India and abroad; to name a few: awarded with the
prestigious Commonwealth Academic Staff Fellowship from Association of Commonwealth
Universities [ACU], UK; TATA innovation fellowship, by Department of Biotechnology,
Govt. of India; Outstanding Service Award from Drug Information association [DIA], USA;
Career Award for Young Teacher from All India Council for Technical Education (AICTE),
Govt. of India; Best Pharmaceutical Scientist of the Year, from the Association of
Pharmaceutical Teachers’ of India (APTI); IASTAM Award for Contributions to Development
of Ayurvedic and Herbal Pharmaceutics by Indian Association for the Study of Traditional
Asian Medicine (IASTAM) and many others.

Dr Mukherjee is serving as Associate Editor of the Journal of Ethnopharmacology, Elsevier
Science. He is the member of the editorial board of several International journals including
Phytomedicine, Life Science, Pharmaceutical analysis, Synergy; Phytochemical Analysis,
World Journal of Traditional Chinese Medicine, India J Traditional Knowledge, J Pharma
Education and Research and many others. He is associated as advisor/member to different
organizations and administrative bodies of Government of India and abroad including the
American Herbal Pharmacopoeia, Programme Advisory Committee (PAC) of Dept. of Science
& Technology, Expert Group on translational research on MAP, NER Twinning R&D program
in Medicinal, Aromatic Plants & Drug Development of Department of Biotechnology(DBT)
Govt. of India; Advisory board of Ayurvedic, Siddha and Unani Drugs Technical Advisory
Board (ASUDTAB), Ministry of AYUSH, Govt. of India, Scientific Advisory Committee of
National Research Institute of Ayurveda for Drug Development (NRIADD), National Institute
of Pharmaceutical Education & Research (NIPER), Kolkata and many others. He is the
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Secretary of the Society for Ethnopharmacology, India (SFE India), working on dissemination
of knowledge promotion and development of medicinal plant and Ethnopharmacology.

Abstract:

“EXPLORING BIOECONOMY FROM BIORESOURCES - DRUGS FROM
NATURE AND OUR ANCESTORS”

Pulok K Mukherjee, Amit Kar
Institute of Bioresources and Sustainable Development, Takyelpat, Imphal, Manipur 795001
(India) www.pulokmukherjee.in

Bio economy involves understanding the rational use of bioresources form the viewpoint of
social sciences, international institutions and policy makers in convergences between science
and technology in the biosciences represented by biotechnology, genomics, proteomics,
bioinformatics, bio-nanotechnology and stem cell research. Medicinal plants are very important
natural resources which can help India to reshape its economy. Critical factor in product
development for the bioeconomy is the establishment of Indigenous organizations, such as
traditional knowledge-based enterprises, to lead the process and form institutions that reflect
traditional values to guide such enterprises. Considering the bioeconomy of medicinal plants
ethnopharmacology, ethnobotany has important role involving the indigenous people about
biological resources (traditional knowledge) and acting as harvesters of raw materials at the
bottom of the value chain. For bioeconomic development direct or indirect use of biological
resources like medicinal plants including discoveries, and related products and services arising
out of the bioscience. The ancient culture of India has worshipped and observed nature to
develop high philosophies towards the liberation of humans. The ancient people used medicinal
plants for the treatment and management of human wealth. This knowledge system has now
been appreciated for their unique chemical and biological therapeutic potential in modern
world. Thus, the importance of ethno-pharmacology and ethnomedicine has developed which
depends on plant science, chemistry and pharmacology; along with the crucial involvement of
different interdisciplinary scientific exploration of biologically active agents. Ethno-medicines
are gaining global acceptance because of their less side effects and approach towards the
treatment of diseases and also promote human health at large. In order to promote ethno-
medicines in different form of finished/marketed product with the intervention of modern state-
of-the-art technologies for the development of healthcare products. This approach will
contribute to develop of standardized, synergistic, safe and effective medicinal plant-based
products with robust scientific evidence, which can be served as an effective new generation
alternative therapeutics. Thus, sustainable health care alternatives can be developed by
investigating medicinal plants and other therapeutic bioresources.
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PCP369

SCREENING STUDIES FOR OPTIMIZATION OF CRITICAL
QUALITY ATTRIBUTES OF NANOSPANLASTICS BASED
DRUG DELIVERY SYSTEM

AP0336 AP0341
Ashwini Patel Dr. Prachi Pandey
Assistant Professor Associate Professor
Krishna School Of Pharmacy & Research Krishna School Of Pharmacy & Research
patelashwini1987@gmail.com prachipandey.ksp@kpgu.ac.in

Abstract:

Nanospanlastics are surfactant based elastic vesicular drug delivery system comprising of non-
ionic surfactant and edge activator. Non-ionic surfactant being lipophilic nature assists in
formation of vesicles due to presence of saturated alkyl chain. High HLB values of edge
activator affords flexibility to the prepared vesicles and facilitates the penetration of drug
through the biological membrane. The aim of the present study is screening of the effective
process and formulation parameters as critical quality attributes(CQA) in the formulation of
nanospanlastics vesicles for improving the drug penetration through mucosa. Six high risk
variables obtained from the risk analysis and assessed their impact on the vesicles like drug
entrapment, particle size and zeta potential. It was discovered that out of six variables,
nanospanlastics vesicles prepared with ethanol injection method using Span 60 as a non-ionic
surfactant and Tween 80 as an edge activator using chloroform: ethanol (3:2) as organic solvent
demonstrated maximum drug entrapment efficiency above 50 % with minimum particle size
below 200 nm. This allowed to use Central Composite Design for the further elucidation of
relationship between the dependent and independent variables. Using this developed model, the
design space for nanospanlastics preparation has been established based on desirability
(maximum drug loading and minimum particle size). This finding illustrates robust
nanospanlastics preparation, which could be time and cost saving to industrial formulation
scientists.

Key words: Nanospanlastics, non-ionic surfactant, edge activator, critical quality attributes,
Central Composite Design

1. INTRODUCTION:

The recent research studies are focused on use of nanoparticles for systemic and targeted drug
delivery. Nanoparticles can act as a drug reservoir and modify the drug release patterns using
different types of polymers. Shape, size and flexibility are essential physical parameters of
nanoparticles influencing the stability, penetration and transportation across the biological
membrane [1]. Nanospanlastics (NSLs) are modified form of niosomes that possess combine
properties of vesicles and nanoparticles. NSLs are bilayer vesicles formed by non-ionic
surfactant Span along with edge activators. NSLs have organized microscopic structure can
entrap drug molecules by interior hydrophilic layer and exterior lipophilic layer. The
arrangement of the Span, a Sorbitan alkyl esters, in the spanlastics which have concentric
bilayer depending on the associated fatty acids. Span 60 shows more stability in the vesicles
compare to other Span molecules. Being lipophilic in nature and containing saturated alkyl
chain in Span 60 helps in the formation of unilaminar or multilaminar vesicles with greater
sustainability compared to other members of class. The surface-active properties would be
augmented by the presence of edge activators (EAS) like Tween 80 and ethanol. EAs improves
the entrapping of drug molecules and decreasing the vesicles membrane thickness and
ultimately reduce the particle size. Moreover, they destabilize the biological membrane and
provide the elasticity and deformability of vesicles. Ethanol would provide stearic stabilization
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by modifying the net charges on the surface[2,3]. One of the greater advantage of the NSLs is
the elasticity facilitates the transmucosal penetration and improves drug absorption. Based on
the evidence provided by many researchers, NSLs exhibit greater stability, flexibility and drug
targeting at the target sits[4,5,6].

One of the obstacles/key challenges for the commercial development of vesicle drug delivery
system is limited shelf lives. Lack of understanding of process and formulation parameters
result in variability of product quality. Therefore, the objective/aim of present study is
utilization of quality by design(QbD) approaches for designing the final product based on the
critical quality attributes (CQASs) of process and formulation. QbD helps to understand the
source of variability and assures the final product quality through implementation of the CQAs.
In this study, Edaravone (EDR) was selected as a hydrophilic model drug for the preparation
of NSLs. Accordingly, NSLs provide an excellent carrier for intracellular penetration and drug
targeting and hence improving the drug therapeutic indexing. For this, the target profile of the
intended EDR nanospanlasics are relatively high drug encapsulation (>40%), low particle size
(<200 nm), sufficient storage (at 4 °C) and minimum variation in the particle size as well as
drug entrapment.

This manuscript emphasizes on identification of CQAs and their variation to obtain consistent
quality of drug product with the desired characteristics. An coherent approach for the
optimization of the CQAs is necessary for minimizing the cost ant time of formulation
development. It is obvious that the amount of the Span 60 and surfactant are most significantly
affecting the quality of the prepared vesicles. However, systemic investigation of the influence
of variance in the parameters on the vesicle preparation have not been studied.

For this purpose, first preliminary studies have been performed to identify most critical
parameters affecting the drug encapsulation. Next, Central Composite Design was employed in
the surface response methodology for the understanding of the various variable factors on the
dependent variables. After obtaining the response surface the optimum formulation and process
variables identified and tested for the robustness and accuracy of the model.

2. OBJECTIVES:

First objective is identifying the CQAs for the preparation of NSLs and screening of variables
on particle size and drug entrapment. Second, study of effect on variation in the most significant
factors on dependent factors using response surface methodology by applying the central
composite design.

3. LITERATURE REVIEW:

Asmaa Saleh et al formulated intranasal spanlastics of Zolmitriptan for direct brain delivery
using quality by design approach. The spalastics were designed based on central composite
design and ethanol injection method. Prepared optimized batch showed the 117.5 nm particle
size with 45.65% of entrapment efficiency. Moreover, 70% of drug was permeated via nasal
membrane and complete permeation was observed within 2 hrs with steady state flux[7].
Ahmed M. Fatouh et al developed chitosan coated Ledipasvir spanlastic for targeting the liver.
Prepared formulation was given orally and showed enhancement of liver bioavailability.
Pharmacokinetic studies exhibited high Cmax, prolonged half life and mean residence time[8].
Fatma Elzahraa Abdelrahman et al investigated the improvement of brain bioavailability of
spanlastics vesicular preparation of risperidone via nasal route. The prepared optimized batch
had low particle size, polydispersity index, high zeta potential and encapsulation efficiency.
Moreover, they observed 2.16 fold increment in brain targeting efficiency with 1.43 folds
improvement in the drug transport[9].

DCruz et al developed the nanosplanlastics for the buccal delivery of antihypertensive drug
Lacidipine for improving the bioavailability. The prepared oral film possessed flexibility with
mechanical strength, instant disintegration within 35 seconds, maximum drug release upto 92%.
The prepared film was stable and with minimum barrier permeation, alleviate hepatic
metabolism[10].
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4. RESEARCH METHODOLOGY:

4.1 Material

Sorbitan based non-ionic surfactants Span 60 & 40, edge activators Tween 80 and PVA were
purchased from Molychem, Vadodara. HPLC grade distilled water, methanol, ethanol and
chloroform was also purchased from Molychem, VVadodara. EDR was obtained as a gift sample
from the Sun Pharma Advanced Research Company (SPARC). All the ither reagents were of
an analytical grade.

4.2 Methods

4.2.1 Preparation of NSLs

Spanlastic vesicles were prepared by using ethanol injection method[11]. In this method,
aqueous phase containing the edge activator was heated at 60 °C. The organic phase containing
the non-ionic surfactant and EDR was injected at constant rate into the aqueous phase.
Immediately vesicular formation was begun upon contacting of organic and aqueous phase.
The resultant solution was stirred at a constant speed (800 RPM) on magnetic stirrer for 15
minutes followed by probe sonication for 5 min. The resultant suspension was kept in
refrigeration till further evaluation.

4.2.2 Characterization of the vesicles:

4.2.2.1 Organoleptic Properties:
NSLs dispersions were characterized for visual appearance, color, and odor to confirm the
presence of any residual solvent.

4.2.2.2 % Drug Entrapment efficiency:

0.2 ml of prepared NSLs were mixed with 25 ml of methanol and shook for 1 hr in the
mechanical shaker. After rupturing of the all the vesicles, centrifuged the resultant solution in
the ultra-centrifuge at 10,000 RPM for 30 min at 4 °C. The clear supernatant was analyzed using
UV-spectrophotometer at Amax 246 nm for determining the total drug concentration. The
prepared NSLs were filter using the whatman filter paper where the unilaminar vesicles easily
filter out while pure drugs were retained on the filter paper. Total entrapped drug was
determined by treating 0.2 ml of filtrate with methanol and shook for 1 hr in mechanical shaker
followed by centrifugation. The clear supernatant was analyzed by UV-spectrophotometer. The
% entrapment efficiency was calculated by following equation.

entrapped dru
% EE = dd g X100
total drug

4.2.2.3 Particle size:
Particle size of all the prepared batches were determined by using Malvern zetasizer. Samples
were 50 times diluted with deionized water. Analysis was performed at 25 °C in the triplicate.

4.2.3 Experimental design:

Maximum drug loading with minimum particle size and appropriate zeta potential for
preventing the aggregation of formed vesicles are influencing the drug targeting and penetration
through mucosal membrane. Hence, they are selected as a CQAs. For the screening of the most
significant process and formulation parameters on the CQAs Placket Burman design (PBD)
was studied. On the bases of prior knowledge and extensive literature review, five significant
parameters were identified and studied. The identified parameters were type of non-ionic
surfactant (Span 60 & 40), type of edge activators (Tween 80 and PVA), hydration volume,
hydration time and type of solvent. The actual and coded values of the independent variables
are given in the table 1.

Design expert 11 software is used for the PBD studies and based on the software 12 different
batches were prepared and analyzed for the CQAs. (Table 2)
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Table:1 Independent and dependent variables used in PBD

Independent variables High level Low level

Type of Non-ionic surfactant (X) Span 60 Span 40

Type of edge activators (X») Tween 80 PVA

Hydration volume (X3) 10 mL 20 mL

Hydration time (X4) 60 min 180 min

Type of solvent (Xs) Ethanol Chloroform: Ethanol (3:2)

Dependent variables

% Entrapment Efficiency

Particle size

Zeta potential

Table 2: Placket Burman design table and results

Batch Xy X, X3 X4 _ Xs % spiigtide
No (mL) | (min) EE (nm)
PBD1 | Span60 | Tween 80 | 20 180 Ethanol 65.93 | 325.6
PBD2 | Span40 | Tween 80 | 10 180 Ethanol 40.21 | 123.1
PBD3 | Span 60 | PVA 10 60 Ethanol 45.93 | 93.5

PBD4 | Span 60 | Tween 80 | 10 60 Chloroform: Ethanol | 55.39 | 145.7
PBD5 | Span 60 | Tween 80 | 20 60 Chloroform: Ethanol | 49.12 | 165.6

PBD6 | Span 60 | PVA 20 60 Ethanol 50.32 | 541.8
PBD7 | Span 60 | PVA 20 60 Chloroform: Ethanol | 42.46 | 654.4
PBD8 | Span 60 | Tween 80 | 20 180 Chloroform: Ethanol | 62.31 | 653.7
PBD9 | Span 60 | PVA 10 180 Chloroform: Ethanol | 40.19 | 107.3
PBD10 | Span 60 | Tween 80 | 10 60 Ethanol 39.51 | 256.6
PBD11 | Span 60 | PVA 10 180 Chloroform: Ethanol | 44.39 | 432.4
PBD12 | Span 60 | PVA 20 180 Ethanol 4492 | 345.5

Based on the screening studies, non-ionic surfactant Span 60, Edge activator Tween 80 and
hydration volume were selected for the further studies as they were the most influencing factors.
Further, relationship between the variation in the most significant factors and dependent factors
were studied using response surface methodology. For this, central composite design using
three independent factors at two different level was studies along with central points. (Table 3)

Design expert 11 was used for the study of CCD design. According to CCD matrix, total 20
batches were generated including eleven factorial points, four axial points and five replicas for
the statistical assessment. of the using different level and evaluated for the particle size, and
drug entrapment (Table 4). For the prediction of the suitable optimized formulation, the fitness
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of model among the quadratic, linear and two factor interactions was studied based on the
analysis of variance (p values < 0.005) and regression coefficients (R?) values.

Table: 3 Independent and dependent variables for CCD

Independent variables High level Low level
Concentration of Span 60 (X1) 160mg 200 mg
Concentration of Tween 80 (X2) 10 mg 30 mg
Hydration volume (X3) 10 ml 20 ml
Dependent variables

% Entrapment efficiency (%) Maximum

Particle size (nm) Minimum

Two different check point batches were prepared according to desirability overlay plot and %
relative error was calculated based on the predicted and actual values of dependent variables.

5. FINDINGS

5.1 Screening of most influencing variables on the CQAs using PBD

Process and formulation parameters directly impacted on the CQAs of prepared nanospanlastic
formulations. All Span have the same head group with different alkyl chain length. Non-ionic
surfactant having HLB values between 3 to 8 are preferable for the formation of bilayer
vesicles[12]. Mostly the entrapment of hydrophobic drug is associated with length of alkyl
chain in the Span. From the demonstration of previous research work, to obtain greater
entrapment efficiency into the vesicles, surfactants with alkyl chain length between C12 to C18
are most suitable as more stable and robust vesicles are formed[13]. Span 60 have alkyl chain
length C18 showed more drug entrapment compared to Span 40. Moreover, Span 60 has glass
transition temperature near about 60°C and HLB values 4.7, are other possible reasons for the
greater drug entrapment[14]. Hence the Span 60 was selected as a most significant variables
for the further study[15].

Another significant factor is co-surfactant Tween 80. Being non-ionic in nature, tween 80 helps
the formation of prepared vesicles into spherical micellar form. This could be a key factor for
the formation of unilaminar vesicles as compared to multilaminar vesicles[16]. The formed
micelles are of in very narrow range and hence particle size of the prepared vesicles is
controlled by the varying concentration of tween 80. Moreover, protection of the prepared
vesicles from the coalesce is necessary for the stabilization of the formulation. Tween 80 shows
optimum interfacial stabilization due to high HLB value 15 compared to PVA and hence
affecting the particle size. So, Tween 80 was also considered the most significant variables in
the NSLs formulation.

Hydration volume was also showing significant effect on the CQAs. As the increase in the
hydration volume, decreases the viscosity of the dispersion medium leads to diffusion of the
drug from the organic layer to aqueous layer improves the drug entrapment. Less viscosity helps
in the application of high shear stress on the prepared vesicles. This leads to reduction in the
vesicle size[17]. Pareto chart obtained by using PBD, also reveals the same results (Fig 1).
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Fig 1: Pareto charts of the most influencing variables based on PBD studies (a) %EE; (b)
Particlesize
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From above finding of the PBD studies, indicates that nanospanlastics formulation is strongly
influenced by Concentration of Span 60, Tween 80 and hydration volume hence further effects
of variation in these responses on the characteristics of formulation, were studied by the central
composite design (Table 4).

5.2 Statistical analysis of responses and formulation optimization using response
surface methodology

For optimization of formulation using CCD design, Response surface Methodology was
employed to validate the statistical model and determination of best possible combinations of
influencing factors to achieve the target responses.

Quadratic model was found most fit compared to linear and 2 factor model as quadratic model
had larger R? values for all the dependent variables (Table 5). Therefore, quadratic model
interaction and quadric terms was selected for describing the possible effects of variables [18].
Moreover, the significance of the selected quadratic model for the effect of independent
variables on dependent variables were analyzed based on analysis of variance (ANOVA). At
the 95% confidence intervals, if the p-values less than 0.05 and the difference between R?y. and
R%q is close to <0.2 indicates the significance of the model. Effects of model term and
associated p-values are given in the table 6. Based on the obtained p-values for Y (p < 0.0001)
and Y3 (p < 0.0001), it can be said that the selected model is better for the understanding of the
relationship between the variables.

Table 5: Regression values of the selected responses during optimization

Model Y1 (% EE) Y. (Particle size)
Adjusted R? Predicted R? Adjusted R? Predicted R?

Linear 0.6358 0.4665 0.5524 0.3937

2F 0.5942 0.3938 0.5308 0.1074

Quadratic 0.9381 0.7525 0.9692 0.8713

From the response surface methodology, the regression equation for all the dependent variables
were obtained as per the following. (equation 1 & 2).
% EE = 4+59.11 + 6.64 X; + 3.53 X, — 1.32X5 — 0.991X, X, — 1.3X, X5 + 1.22X,X;
— 4.24X}% —0.39824.24X2 + 0.81634.24X3
Particle size = +112.71 4+ 26.82 X; —43.88 X, + 9.33X3 — 10.40X, X, — 1.5X; X3
— 17.55X,X5 + 18.47X% + 31.87X% + 0.8644.24X?%

WWW.gsp.gtu.ac.in 7 ISBN:978-81-955306-5-6




Emerging trends and innovations in pharmaceutical sciences, Proceeding of Multi-Disciplinary International Conference
(GTUICON2022), Organized by Graduate School of Pharmacy-Gujarat Technological University

Table 6: ANOVA of optimized quadratic model.

Parameters | Source ]I?egree of | Sum of | Mean of Fvalue | pvalue
reedom | square square

% EE Model 9 1111.88 123.54 32.99 <0.0001
Residue 10 37.45 3.74
Lack of fit | 5 37.45 7.49
Pure error

Particle size | Model 9 58895.63 | 6543.96 67.33 < 0.0001
Residue 10 971.95 97.19
Lack of fit | 5 971.95 194.39
Pure error

The values of coefficients and sign in the regression equation shows the impact of each variable
on the dependent variables. The positive sign indicates the synergistic and negative sign
indicates antagonistic relationship between the variables and response.

5.3 Three-dimensional (3D) plots

For the investigation of optimum combination and quadratic effect of the selected independent
variables based on the desirable dependent variables, three-dimensional plots of RSM is used.
It is also used for In the figure 2 the effect of amount of span 60 and tween 80, along with their
interaction on the dependent variables particle size and % drug entrapment were graphically
represented in 3D plots.

Fig 2: Response surface methodology showing the influence of concentration of Span 60
and tween 80 on (a) %EE; (b) Particle size

% EE (%)

Particle size (nm)

//
P> 170 A Conc. of Span 60 (mg)
10 160

B: Conc. of Tween 80 (mg)

In this study, the attention was focused on the screening of the principle variables using the
design space the laboratory level for the drug encapsulation and particle size since these are the
most significant dependent variables for transporting the drug at the target site as well as the
most difficult to predict and control them in the vesicular preparation. The particle size can be
controlled by using prob sonication and the aggregation of the vesicles can be prevented by
storing them at low temperature (4°C).

5.4 Validation of model:

Based on the above findings, the criteria for dependent variables were set for model validation.
The particle size was kept minimum and the % drug encapsulation was kept between 60-65%.
From the design expert software and based on the desirability, the overlay plot was obtained
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(fig 3). In the plot, the yellow region shows the desirability and was utilized for the selection of
two check point batches. The batches were formulated based on the flag values given in the
overlay plot and evaluated. The difference between the observed result and predicted results is
less than 5% (Table 7). Hence, the selected model was validated and can be used for further
studies.

Fig 3: Overlay plot for model validation
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Table 7: Checkpoint batches

Batch Particle size (nm) % Entrapment efficiency

No Predicted | Experimental | % bias | Predicted | Experimental | % bias
Batch 1 | 104.757 102.9 1.857 63.2069 65.34 2.133
Batch 2 | 125.9 127.2 1.3 61.8747 62.67 0.7953

5.5 Selection of optimized batch

For easy penetration through biological membrane smaller particle size with maximum drug
entrapment would be preferable. For the same, design expert software version 11 was utilized
for the selection of optimized batch by applying the constraints like minimum particles size and
maximum drug entrapment. The optimized batch having 184 mg Span 60, 30 mg Tween 80 and
15 ml hydration volume was formulated. The resulted formulation has particle size about 105
nm and % drug entrapment efficiency about 63%. The obtained result values are near about the
predicted values and hence can be selected as an optimized batch for the further studies.

6.CONCLUSION

For improving the fundament understanding, quality by design approach was utilized in the
vesicular preparation. Fishpond diagram was constructed based on the preliminary studies for
focusing on the critical quality attributes for identification of the critical process and
formulation parameters. For this case study, Plackett-Burman and central composite design
were utilized. These designs are highly predictive models and with minimum number of
experiments, can be easily identified the critical attributes. This design provides the design
space for the nanospanlastics formulation with minimum variability in quality of product. The
results obtained based on experiments, the critical process and formulation variables are
concentration of non-ionic (Span 60) surfactant, concentration of surfactant and hydration
volume. These have the significant effect on the CQAs like particle size and % drug
encapsulation. The experimental design and statistical analysis tools revealed a best possible
composition of formulation consisting of Span 60 (184 mg), Tween 80 (30 mg) and hydration
volume (15 ml) to achieve the target responses of size of 105 nm and entrapment efficiency of
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63%. The studies done can act as milestones in future research on the formulation development
of non-ionic surfactant based vesicles for the site-specific targeted drug delivery systems.
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Abstract

The main aim of this study is to develop, evaluate and optimize the rifampicin loaded chitosan
nanoparticles and to assess its bio-availability and bio-distribution for the effective treatment
of tuberculosis through pulmonary administration. Rifampicin being the first line agent for
tuberculosis treatment, its chitosan nanoparticles were formulated with the aim to deliver drug
directly to lungs and thereby reduce drug associated side effects. Spray drying process variables
(concentration of chitosan (X1), concentration of tripolyphosphate (X2) and polymer: drug
ratio) were applied through 32 factorial designs for their effect on mean particles size (Y1),
entrapment efficiency and cumulative drug release at 1 hr. (Y2) and at 24 hrs. (Y3). The
statistical analysis revealed that both independent variables had a significant effect (p<0.05) on
dependent variables. The optimized formulation (D = 0.8145) had mass median aerodynamic
diameter (MMAD) of 4.83 um, indicating that the chitosan nanoparticles would be able to reach
to deep lungs and could effectively deliver the drug to alveolar macrophage. The optimized
formulation and pure rifampicin were pulmonary and orally administered in two rat groups
respectively. HPLC-UV method was used for the assaying rifampicin in plasma and organ viz.
lung, liver, spleen and kidney for the determination of maximum serum concentration (Cmax),
the time of maximal serum concentration (Tmax), half-life (t12), the area under the curve AUC,.
v AUCo.,, the mean residence time (MRT). Blood data (through pulmonary route) showed
significant reduced rifampicin concentration thereby reducing drug interactions and its systemic
toxicity. In lungs, improved pharmacokinetic parameters (through pulmonary route) indicated
rifampicin’s significant increased resident time as compared to oral. In liver, significant lower
drug concentration (through pulmonary route) was obtained thus supporting reduced
hepatotoxicity. Spleen pharmacokinetics data indicated reduced drug bio-distribution (through
pulmonary route). In kidney, higher drug concentration (through pulmonary route) was
achieved indicating its increased excretion with reduced enterohepatic circulation. From the
collected data, these polymeric nanoparticles might constitute a clinically translatable therapy
for treating pulmonary tuberculosis.

Keywords: Chitosan nanoparticles, tuberculosis, pulmonary delivery, biodistribution,
pharmacokinetics

1 INTRODUCTION

Tuberculosis (TB) is a leading cause of mortality and a global health issue among several
mycobacterial illnesses. Based on the World Health Organization's (WHO) annual TB report
for 2021, around 9.9 million people are ill with TB, with an anticipated 1.3 million deaths. This
necessitates the development of new medicines, as well as improved diagnostics and health-
care coverage. The WHO internationally endorsed Directly Observed Treatment Short
Course Chemotherapy strategy, ""DOTS," in 1970. It has been acknowledged as a highly
efficient and cost-effective technique for tuberculosis control. (Global Tuberculosis
Report2021, 2021).
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Among all medications, rifampicin (RIF) was selected because it is a first-choice drug for
tuberculosis treatment and resistance to RIF can develop rapidly (Son & McConville, 2011)
(Agrawal et al., 2016). Thereby, there is a therapeutic rational for delivering RIF, to passively
target alveolar macrophages where a large number of tubercule bacilli harbour. This can be
done by changing the route of administration and the dosage formulation.

Lungs being the primary gate for many respiratory diseases, this takes more attention for
treatment of diseases through same pathway of entry. Pulmonary systems possess applicability
and alternative for both oral and parenteral routes of administration (Kwatra et al., 2012) (Kim
& De Jesus, 2022). It bypasses hepatic first pass metabolism thus reducing the administrated
doses which are reflected in side effect reduction and drug bioavailability enhancement (Shah
et al., 2020)(Ahmed & Aljaeid, 2016). Thus, for the current research work pulmonary route
was selected for further studies.

With respect to selection of dosage formulation, nanotechnology has various advantages in drug
delivery through pulmonary route. This method enables uniform drug distribution within the
lung and enhances absorption, resulting in a higher drug therapeutic index. (Dharmadhikari et
al., 2013) (Nainwal et al., 2022). Also nanoparticles based drug delivery system of anti-
tubercular drug shorten the sterility time and improves the patient compliance (Claire du Toit
et al., 2006). For the development of therapeutic interventional techniques against alveolar
tuberculosis, nanoparticle formulations have shown targeted and controlled drug distribution
(Luna-Herrera et al., 2021). This targeted and controlled drug distribution can be achieved by
appropriate selection of suitable polymer. Many factors influence the polymer under study to
create polymeric nanoparticles. It includes size of the nanoparticles required, inherent qualities
of the drug, surface features, biodegradability, biocompatibility, toxicity, and drug release
desired profile. Keeping all this in mind and moving further it was found that chitosan, a natural
polymer, is most extensively studied polysaccharide to develop polymeric nanoparticles
because of its low toxicity, and anti-microbial & anti-bacterial properties (Divya & Jisha, 2018)
(Ruiz & Corrales, 2017).

Because of their biodegradable and biocompatible characteristics, as well as enhanced
encapsulation and targeting, chitosan nanoparticles have attracted substantial attention,
particularly for pulmonary delivery of numerous therapeutic agents such as medicines, genes,
and vaccinations (Garg et al., 2015) (Islam & Ferro, 2016) (Divya & Jisha, 2018). In inhalation
therapy, the deposition of inhaled therapeutic agent in the respiratory airways is one of the
crucial prerequisites to produce either their systemic or local therapeutic effects. Many
parameters must be taken in consideration to ensure deep lung deposition such as aerosol
particle diameter, mass median aerodynamic diameters (MMAD), shape, density,
hygroscopicity and the respiratory system complexity (Agarwal et al., 2018). The respiratory
deposition pattern and absorption profile are influenced by particle size of pulmonary drug
delivery systems.

In the consideration of this, the current work was carried out to prepare rifampicin loaded
chitosan nanoparticles which could deliver rifampicin directly to the host macrophage.

The following objectives were decided to be achieved
e Formulating nanoparticles with mean particle size less than 1000 nm.
e Achieving encapsulation efficiency of at least 80%.
e Minimizing the burst release and extending the drug release up to 24 hrs.
e To study the bio — distribution of rifampicin loaded chitosan nanoparticles in rats.

2 MATERIALS

Rifampicin was received as a gift sample from Torrent Pharmaceuticals Ahmedabad, Gujarat
India. Chitosan 652 was purchased from Cadila Pharmaceuticals Limited, Ahmedabad, Gujarat,
India. Sodium tripolyphosphate, glutaraldehyde (25%), Polyvinylpyrrolidone were purchased
from S. D. Fine Chemicals Rajkot, Gujarat, India. Mannitol and L Valine were purchased from
Chemdyes, Ahmedabad, Gujarat, India. Double distilled water was used throughout the study.
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3 METHODS

3.1 Evaluation of drug excipients compatibility

Drug excipient compatibility was studied by performing Fourier transform infrared
spectroscopy (FT-IR) (Fadlelmoula et al., 2022) and Differential scanning calorimetry (DSC)
(Anjani et al., 2021) study.

An IR spectrum was taken for the drug and polymer. FT-IR spectra were recorded with
Thermoscientific. The FT-IR spectrum of the obtained sample of the drug was compared with
the standard FT-IR spectra of the pure drug. The samples were scanned in the range of 400-
4000cm™,

Thermal behaviour of drug and polymer was examined using thermal analyser. An accurately
weighed sample was placed in sealed aluminium pans before heating under nitrogen flow (20
mL/min) at a scanning rate of 10 °C min* from 50 to 500 °C. An empty aluminium pan was
used as reference.

3.2 Spray drying of rifampicin nanoparticles

Rifampicin loaded chitosan nanoparticles were spray dried using Labultima-222 Advanced
Spray-dryer (Labultima, Bangalore, India). Chitosan solution was prepared by dissolving
chitosan in to 1 % v/v acetic acid with continuous stirring at 1000 rpm to get a clear solution.
Later the cross-linking of the particles was induced by the dropwise addition of
tripolyphosphate or 25 % v/v glutaraldehyde. After the addition of cross-linking agent, the clear
solution turned opaque, which could be due to the cross linking of chitosan. To this crosslinked
suspension, weighed amount of rifampicin was added. Various process parameters for spray
drying such as temperature, aspirator setting, and feed rate were studied for their effect on mean
particle size, percentage drug entrapment and in vitro dissolution studies (Pourshahab et al.,
2011) (K et al., 2022). In the preliminary studies the suspension with a predetermined polymer:
drug ratio along with other excipients was fed to the spray dryer. The inlet temperature was
maintained from 120°C to 140°C, the aspiration rate was maintained from 35 — 40 Nm?/hr and
the feed rate was varied from 1 — 5 ml/min (Ngan et al., 2014) as shown in Table 1. Finally, the

spray dried nanoparticles were collected and stored in desiccator until further use.
Table 1 Formulation optimization

Batch no. | F3 | F4 | F5 | F6
Formulation parameters
Conc. of Chitosan 0.5 0.1 0.1 0.5
%w/v
Conc. of Crosslinking | 0.5 Glu | 0.1TPP 0.1TPP 0.5TPP
agent
(Glu./TPP) %wi/v
Conc. of Drug(mg) - - 100 500
Spray-drying process parameters
Inlet temperature 120 120 120 120
(o€)
Aspiration rate 37 37 37 37
(Nma/hr.)
Feed rate (ml/min) 3 3 3 3
Problem Observed
Particle | Particles Good particle | Good particle
size obtained are in | size size
is too nano range and and
high satisfactory satisfactory
yield yield
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3.3 32 Full factorial design

A 32 full factorial design was used to optimize the formulation and process parameters for the
preparation of chitosan nanoparticles (Shah et al., 2020). A total of nine experiments as
generated by Minitab® 17.0 (trial version) were prepared and evaluated (D. Patel et al., 2008).
Concentration of chitosan (X1) and polymer to drug ratio (X2) were selected as independent
variables, while mean particle size (Y1), % entrapment efficiency (Y2), cumulative percentage
drug release at 1 hr (Y3) and cumulative percentage drug release at 24 hr (Y4) were selected as
dependent variables (Ughreja, R; Parikh, 2019). The design matrix is shown in Table 2.

Table 2 Layout and observed response of 3”2 full factorial design (Average + Standard Deviation, n = 3)

Independent variables
Coded Dependent variables
Decoded value
value
Y1 V2 Y3 Y4
Formulation | X1 | X2 | X1(%w/v) X2 Pasrt'de %Entrapment Ctle CtPZIj
12€ Efficiency d a
(nm) hr. hr.
F1 -1 -1 0.1% 1:1 878 65.80 77.06 | 94.98
F2 0|-1 0.3% 1:1 1184 42.15 53.93 | 91.84
F3 1)-1 0.5% 1:1 693 90.20 27.23 | 41.45
F4 -1 0 0.1% 1:1.5 856 89.24 41.28 | 75.13
F5 00 0.3% 1:1.5 | 1045 74.08 24.41 | 40.98
F6 110 0.5% 1:1.5 707 86.85 21.55 | 36.54
F7 1)1 0.1% 1:2 762 85.08 38.43 | 82.44
F8 01 0.3% 1:2 866 46.94 27.41 | 45.68
F9 1|1 0.5% 1:2 724 89.39 23.51 | 47.41

3.4 Evaluation parameters

3.4.1 Particle size and particle size distribution

Mean particle size and particle size distribution of spray dried nanoparticles were determined
using Zetatrac (Microtrac Inc., USA). Suspension samples were directly placed into cuvette and
mean particle size and size distribution were measured and reported in triplicate.

3.4.2 Drug Content

Rifampicin content in chitosan nanoparticles was determined by weighing nanoparticles
equivalent to 100 mgs of rifampicin and dissolving in 100 ml of methanol, followed by
sonication using bath sonicator. The resultant solution was filtered through a 0.451 membrane
filter, diluted suitably and the absorbance was measured spectrophotometrically at 473 nm by
the regression equation of standard curve developed in the same media in the linearity range of
0—40.0 pg/ml.

3.4.3 Percentage drug entrapment efficiency

The drug loaded nanoparticles were suspended in phosphate buffer pH 7.4 and centrifuged at
4000 rpm for 30 minutes to separate out unbound drug in the supernatant layer. The
concentration of the drug in the supernatant layer was determined by measuring the absorbance
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spectrophotometrically at 473 nm by the regression equation of standard curve developed in
the same media in the linearity range of 0 — 40.0 pg/ml. The percentage entrapment efficiency
was determined using the following equation (Rawal et al., 2017):

% Drug Entrapment Efficiency

Total amount of drug added — amount of drug in supernatant
= X100
Total amount of drug added

3.4.4 In- vitro dissolution studies

In vitro dissolution studies (Electrolab Dissolution Tester TDT-06P, USP) were carried out in
USP Apparatus Il using 100ml of simulated lung fluid at 100 rpm. The formulation equivalent
to 100 mg of rifampicin was added to the dissolution medium and sampling was done at 60,
120, 180, 240, 360, 1440 min. at every interval. The samples were filtered with whatman filter
paper (0.22um) and finally the absorbance was measured at wavelength 473nm. The dissolution
medium was replenished with equal amount of buffer at each time interval (Pai et al., 2016).
3.4.5 Determination of the Minimum Inhibitory Concentration (MIC) against M. Tuberculosis
Minimal inhibitory concentrations were determined by the broth microdilution method. The
broth microdilution method was performed in 96-well microplates with u shaped wells. Wells
were filled with 100 mL of M7H9 broth, supplemented with 10% OADC enrichment and 0.05%
Tween 80. Firstly, the sample was diluted with distilled water; the following two-fold dilutions
were performed with 0.1 mL of M7H9 (without Tween 80). The final concentration of M.
tuberculosis was 5x10* CFU/mL. A sample without bacteria in the wells was used as a control
to detect the auto-fluorescence of compounds. Plates were incubated at 37 °C. After 4 days of
incubation, 20 pL of 10% alamar blue solution and 12.5 puL of 20% Tween 80 were added to
either test wells (containing bacilli) or control wells (without bacilli), and plates were incubated
at 37 °C. If a well containing bacterium became pink from blue by 24 hrs, reagent was added
to the entire plate. If the well remained blue, additional bacteria was loaded and tested daily
until the colour change occurred, in which the reagent was added to all the remaining wells.
Then finally the plates were incubated at 37 °C, and results were recorded at 24 h after addition
of reagent. MIC was defined as the lowest drug concentration that exhibited no growth by visual
reading, that prevented a colour change (Rakhmawatie et al., 2019).

3.4.6 Short Term Accelerated Stability Study

Rifampicin chitosan nanoparticle were kept at 40 + 2 °C and at 75 + 5% RH and after 30 days,
evaluated.

3.4.7 Animal Studies in Male Wistar rats

Male wistar rats were divided in 2 groups for the study. Group | was given rifampicin chitosan
nanoparticles through pulmonary route while Group Il was given rifampicin pure drug orally.
3.4.7.1 Development of bioanalytical method for estimation of rifampicin in male wistar rats
HPLC Model- SPD-M10AVP using a Phenomenex C18 column was used for development of
bioanalytical method for estimation of rifampicin in male wistar rats (Swamy et al., 2019). After
the preliminary trials following experimental condition were set,

Mobile phase — water (pH 2.27): acetonitrile (40:60)

Flow rate — 1 mL/min

Column temperature — 25 °C

Detector- Photo Diode Array (PDA)

Amax- 333 nm.

3.4.7.2 Sample preparation for rifampicin analysis

Stock standard solutions of Rifampicin (100 pg/mL) were prepared by dissolving 10 mg of the
Rifampicin in 100 ml of Acetonitrile (ACN) (containing 0.02% BHT). Standard solutions of
RIF (concentrations ranging from 0.5 to 20 pug/ml) were obtained by diluting the stock solutions
with ACN (0.02% BHT). The RIF standard solutions were stored protected from light at 4 °C.
3.4.7.3 Sample preparation from blood

1 ml of blood sample was withdrawn from retroorbital plexus at time intervals of 1, 2, 3, 4, 6
and 24 h after the dosage form was administered in animals from each group. Plasma was
separated and filtered through a membrane filter (0.45 um) and frozen immediately at -20°C
until analysed. To a 100 pL rat plasma sample (ice cooled) 50 pL of ACN (0.02 %BHT) were
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added. After vortex mixing (30 sec) 3 ml of dichloromethane/n-pentane (1:1) (0.02%BHT)
were used for extraction of RIF by vortexing for 60 sec. The mixture was then centrifuged at
2406xg for 5 min (4°C) and the organic layer was transferred to a glass conical tube and
evaporated to dryness in a vortex evaporator. The total residue obtained was reconstituted in
100 or 200 pl of ACN. Aliquots of these solutions (75 and100 uL, respectively) were injected
into the chromatograph after the Millipore Millex-HV filtration (0.45 um).

3.4.7.4 Sample preparation for Bio-Distribution Study

For bio-distribution studies, various organs like lungs, liver, spleen and kidney were removed
at fixed intervals of 1, 2, 3, 4, 6 and 24 h after blood sampling. To 0.5 gm rat organ sample, 2
ml of sodium phosphate buffer (pH-4.5) containing 102 M sodium ascorbate was added. The
sample was homogenized by tissue homogenizer apparatus at 24,000 rpm for 3 min. An aliquot
of the homogenate ie 300 pL was transferred to a glass conical tube, placed on ice, and 50 pL
of ACN (BHT 0.02%) was added and vortex mixed for 30 sec. The mixture was extracted with
3 ml of dichloromethane/ n-pentane (1:1) (0.02%BHT) by vortexing for 60 sec. After
centrifugation at 2406xg for 5 min 4°C, the supernatant was transferred to a glass conical tube
and evaporated to dryness in a vortex evaporator. The total residue obtained was reconstituted
in 100 or 200 pl of ACN. Aliquots of these solutions (75 and 100 uL, respectively) were
injected into the chromatograph after Millipore Millex-HV filtration (0.45 um) (del Carmen
Dominguez et al., 2020).

3.4.7.5 Pharmacokinetic parameter data analysis

Pharmacokinetic parameters were determined by using, free Microsoft Excel add-in, “PKSolver
2.0”. The specifications of this program as well as validation were published in the January
2010 edition of Computer Methods and Programs in Biomedicine. Six parameters calculated
were the maximal concentration (Cmax), the time of maximal concentration (Tmax), half-life (tiz),
the area under the curve AUCo., AUCo. and the mean residence time (MRT). The Mean = SD
pharmacokinetics parameter estimated for standard was oral rifampicin and for test was
rifampicin chitosan nanoparticle (CNP).

3.4.7.6 Statistical Analysis and Graphing

The plasma concentration and organ distribution graphs were plotted as mean+SEM values of
data obtained from bioassay of rifampicin, the biodistribution data was plotted as
meanzxstandard deviation values.

4 RESULTS AND DISCUSSION

Lung is the main site of entry for Mycobacterium tuberculosis (MTb) residing within alveolar
macrophages. Therefore, the present study offers an effective delivery of rifampicin loaded
chitosan nanoparticles for achieving the better targeting of lungs.

4.1 Evaluation of drug excipients compatibility

The drug and excipients compatibility studies were carried out by FTIR. As shown in Figure 1
the FTIR spectra of pure drug showed characteristic peaks at 3792 cm?, 3482 cm™, 1708 cm™,
1651 cm?, 1251 cm™?, 1026 cm™ corresponding to secondary aromatic amine, hydroxyl group,
furanone group, acetyl group and —CN stretching and —CH bonding frequency. As shown in
in the FTIR spectra of drug and chitosan all the characteristic peaks were retained indicating
that drug and chitosan were compatible with each other. Further DSC studies were employed
to assess the compatibility of rifampicin and chitosan. As shown in

Figure 3 the pure drug showed endothermic peak at 205°C relating its melting point followed
by its recrystallization at 248°C. As shown in Error! Reference source not found. the DSC ¢
urve of pure chitosan showed endothermic peak at 219°C and as seen from Error! Reference
source not found. in the DSC spectra of drug and chitosan mixture, the peaks relating to pure
drug were retained indicating that drug and polymer are compatible with each other (Rawal et
al., 2017). Further studies were now conducted to prepare rifampicin loaded chitosan
nanoparticles.
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Figure 1:FTIR of pure drug rifampicin
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Figure 2: FTIR of pure drug rifampicin and chitosan
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Figure 5 DSC of rifampicin and chitosan
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4.2 Formulation and process development of rifampicin loaded chitosan
nanoparticles

The preliminary studies were carried out to evaluate the effect of the process parameters on the
size and % entrapment efficiency of chitosan nanoparticles. To study the process parameters,
the concentration of chitosan solution and glutaraldehyde was kept constant at 0.1 % w/v. It
was seen that when the inlet temperature was kept at 120°C and the outlet temperature was kept
at 40°C at feed rate of 5 ml/min, higher particle size of 4000 nm was obtained, which could be
due to the reason that a higher feed rate would lead to a higher droplet size which would again
lead to a higher particle size. It was also seen that inlet temperature had minimal effect on mean
particle size and in subsequent studies the inlet temperature was kept constant at 120°C and
reducing the feed rate from 5 ml/min to 3 ml/min, produced the nanoparticles with mean particle
size 1000 nm. Further studies were done to evaluate the formulation parameters at fixed process
parameters viz., nozzle size, inlet temperature, aspiration rate and feed rate of 0.5 mm, 120°C,
40Nm? and 3 ml/min respectively. As shown in Table 1 chitosan concentration at 0.5% w/v and
0.1% w/v was evaluated with two cross linking agent glutaraldehyde and tripolyphosphate at
0.1 % v/v and 0.5 v/v. It was seen that nanoparticles prepared with tripolyphosphate showed a
smaller particle size compared to nanoparticles prepared with glutaraldehyde and hence TPP
was selected for further studies (Rawal et al., 2018). Figure 6 shows the in vitro dissolution
studies of formulations prepared with TPP. It was found that drug release profile of rifampicin
loaded chitosan nanoparticles showed initial burst release within 1 hr. and was sustained for at
least 24 hrs. However it was also seen that manoeuvring the process and formulation
parameters, we were not able to achieve the set objectives (as discussed in the introduction
section) and hence it was decided to employ a 3”2 full factorial design (J. Patel & Mori, 2020).

Figure 6 In-vitro drug release
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4.3 3? Full factorial design

To study the combined effect of the amount of drug: polymer ratio and to study the
concentration of chitosan a 32 full factorial design was employed. Table 2 shows the layout of
full factorial design and it could be seen that there is a wide variation amongst the observed
response, further indicating that the independent variables had significant effect on dependent
variables. For further statistical analysis, the three responses were individually fitted to the
second-order polynomial model and each model was validated by Analysis of Variance
combined with the F test. As shown in Table 3 the independent variables had significant effect
(p value < 0.05) for all the response variables. All of the regression models yielded a good fit
with high determination coefficient and F value. The goodness of fit of the model was
confirmed since the R? for one('Y3) of all the three responses was larger than 0.9, indicating
that over 90% of the variation in the response could be explained by the model. The F-ratio was
found to be far greater than the theoretical value for one regression model(Y3), indicating that
the regression model is significant with a confidence level of 95%.

Table 3 Statical analysis of 372 full factorial design

Response PBo B1 B2 P11 B22 P12 R2 F
Y1 1043.77 | -62 - - - 36.75 | 0.882 | 0.122
(Particle Size) 67.16 | 261.66 | 18.16
p value 0.0006 | 0.199 | 0.173 | 0.028 | 0.799 | 0.485
Y2 63.36 | 4.38 | 3.87 | 30.03 - -5.02 | 0.873 | 0.135
(Y%Entrapment 13.46
Efficiency)
p value 0.004 |0.398 | 0.448 | 0.030 | 0.179 | 0.425
Y3 26.55 - -11.5| 3.16 |12.16| 8.78 | 0.972 | 0.014
(CPRat1hr)) 14.16
p value 0.005 | 0.005 | 0.010 | 0.432 | 0.040 | 0.030
Y4 50 - -8.16 2 18.50 | 6.50 | 0.788 | 0.269
(CPR at 24 hr.) 20.66
P value 0.036 | 0.048 | 0.358 | 0.888 | 0.252 | 0.532

4.3.1 Effect of chitosan concentration and polymer to drug ratio on mean particle size

Response surface plots were generated to graphically represent the effect concentration of
chitosan and drug to polymer ratio on mean particle size. As shown in Figure 8 at lower level
of polymer to drug ratio when chitosan concentration was increased from -1 to 0 the mean
particle size increased 693 nm to 878 nm and further increase in the level of chitosan
concentration increased the particle size to 1184 nm. Such an observation could be ascribed to
the fact that increasing the concentration of chitosan from 0.1 % w/v to 0.5 %w/v could result
in a higher droplet size, which eventually would lead to higher particle size (Ughreja, R; Parikh,
2019). Similarly at lower level of concentration of chitosan, increasing the drug to polymer
ratio from -1 to 0 and then 0 to +1, increased the particle size from 693 nm to 707 nm and then
707 nm to 724 nm respectively. This marginal increase in particle size could be attributed to
the fact that increasing the polymer to drug ratio from 1:1 to 1:2, would increase the viscosity
of solution and eventually would increase the droplet size as discussed above, and hence could
increase the particle size. However, the magnitude of increase in particle size by changing the
polymer to drug ratio is quite less as compared to changing the concentration of chitosan. This
is also evident from the statistical analysis as shown in Table 3 that for deep lung delivery of
chitosan nanoparticles, the size range below 1000 nm would be advantageous. From ANOVA
test, it was found that independent variables (X1 and X2) showed insignificant (p value >0.05)
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effect on dependent variables (Y1). However, it was found that the range of the independent
variables were successful in preparation of chitosan particles of nano range. Further, the value
of R?= 0.882 shows a linearity between the dependent and independent variables which is
further depicted by the regression equation (Zhang et al., 2011).

The regression equation for particle size is shown below:

Y1 =1043.77-62X1-67.16X2-261.66X11-18.16X22+36.75X12

Figure 8 Contour plot and Surface Figure 7 Contour plot and Surface
plot of Y1 (Particle Size) plot of Y3 (CPR at 1 hr.)
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4.3.2 Effect of chitosan concentration and polymer to drug ratio on % drug release
As shown in

and Error! Reference source not found. for all the levels of amount of polymer to drug
ratio, increasing the level of chitosan concentration from -1 to +1 there was decrease in the drug
release. At lower level of polymer to drug ratio increase in concentration of chitosan from -1 to
+1 the percentage drug release at 1 hr decreased from 77.06 % to 27.23 % and the percentage
drug release at 24 hr decreased from 94.98% to 47.41%. The decrease in the drug release could
be attributed to fact that increasing the concentration of chitosan, the diffusion of the rifampicin
through the nanoparticle decreases and hence there is decrease in drug release (Shah et al.,
2020). The adequacy and significance of model was justified by analysis of variance
(ANOVA). The analysis of acquired data (Y'3) showed that the F value of model is 21.37 which
is significant with p value<0.05 which indicated the model has significant capacity to explain
variation in response variable Y3 (%CPR at 1 hr). However, both linear (effects of X1 and X2)
and quadratic effects (effects of X22 and X12) are also significant. But interaction effect (effect
of X1X2) is not significant. After all, R? = 0.972 implies that the model was successful in
correlating independent variables (X1 and X2) with the dependent variables (Y3).
The regression equation for % drug release is shown below:
Y3 =26.55-14.16X1-11.5X2+3.16X11+12.16X22+8.78X12
Figure 9 Contour plot and Surface plot of Y4 (CPR at 24 hr.)
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4.3.3 Optimization

Optimization studies were carried out to prepare rifampicin loaded chitosan nanoparticles with
set constraints. Based on the equation obtained from factorial design, the desirability function
was applied using Minitab 17. The constraints set were to minimize response Y1, maximize
Y2, Y3 targeted 30% and maximize response Y4. As shown in Figure 11, an optimum D of
0.8292 was obtained at respective levels of X1 (0.1%wi/v chitosan) and X2 (polymer to drug
ratio of 1:2). A final formulation was prepared according to the levels obtained from desirability
function. As shown in Table 4 the model dependent release kinetics studies of optimized batch
revealed that the drug release follows korse meyer peppas model and the value of n more than
0.5 indicates fickian diffusion. The optimized batch was then evaluated to find out the mass
median aerodynamic diameter and other parameters as shown in Table 5. The particle size of
optimized batch is 750nm as shown in Figure 10. The MMAD was found to be 483 um,
indicating that the rifampicin nanoparticles would reach till deep lungs (Harris et al., 2013).

Table 4 Model fitting for optimized batch

Optimized | Zero First Higuchi | Korsmeyer peppas | Hixon
batch order order crowell
LSSR LSSR LSSR LSSR n LSSR
F7 13093.54 530.37 3820.16 371.10 0.170 2784.22
Table 5 Evaluation parameters of optimized batch
Coded value Decoded value
X1=-1 0.1% wi/v
X2=+1 1:2
Sr. no. Parameters Value
1 Particle size 750 nm
2 %Entrapment efficiency 87.08
3 CPR at 1 hr. 33.43
4 CPR at 24 hr. 85.44
5 MMAD 4.54pm
Figure 11 Desirability Profile Figure 10 Particle size of
for Response optimization optimized batch
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Rifampicin pure drug MIC was 0.4 ng/mL and rifampicin chitosan nanoparticle MIC was 0.07
pg/ml.

Here, Rifampicin loaded chitosan nanoparticle significantly decreased MIC concentration as
compared to pure rifampicin drug (Figure 12).

Figure 12 Rifampicin and rifampicin-chitosan nanoparticle MIC against M. tuberculosis

4.5 Short Term Accelerated Stability Study

Evaluation showed that there was no significant change in rifampicin CNP characteristics and
rifampicin CNP were stable during the time span. From the Table 6 % bias was within the limit
and formulation was stable after short term Accelerated Stability period (Debnath et al., 2018).

Table 6 Short term accelerated stability study

Parameter Before Stability | After Stability % Bias
Before Stability Study (0 day) Study (30 days)

Particle Size(nm) 759 764 -0.65
PDI 0.2 0.2 0.00

% CPR after 24 hrs. | 81.69 80.96 0.90

4.6 Development of bioanalytical method for estimation of rifampicin in male
wistar rats:

With respect to HPLC chromatogram of rifampicin,

Figure 13 and Figure 14 depicts rifampicin’s detection without any interference. Peak
symmetry was good with minimum band spreading. Retention time of rifampicin was around
2.5 min. under the assay conditions.

4.7 Animal Studies in Male Wistar rats

Equivalent dose of oral rifampicin and pulmonary rifampicin CNP has been calculated
according to mean weight of rat ie 250 gm, where dose of RIF is 2.7 gm (Standard dose 12
mg/kg). Rifampicin CNP of 3.1 gm, which contained 2.7 gm actual rifampicin was
administered by modified dry powder insufflator (Quenelle et al., 1999).

4.7.1 Pharmacokinetic Parameter Data Analysis

Rifampicin bio-availability and bio-distribution in different organ at respected time is obtained
as shown in
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Figure 15. Here initial high concentration followed by a decline in concentration of pulmonary
rifampicin CNP showed a burst release pattern followed by a sustain release. Poor
bioavailability and inability of 24 hours maintenance was observed with oral rifampicin.

Figure 13 HPLC Chromatograph of rifampicin
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Figure 14 3D HPLC Chromatograph of rifampicin
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4.7.1.1 Rifampicin Bio-assay in lungs

Rifampicin concentrations were found to be 9-fold higher in the lungs as shown in Figure 16,
which is significantly (p<0.0001) higher and more quickly attained in rifampicin CNP as
compared to oral drug. This finding may be related to controlled and localised drug delivery
under the physiological conditions in the lung. Rifampicin CNP's T and MRT data revealed
that the drug first had a burst release followed by a sustained release. When compared to oral
rifampicin, the Cna/MIC ratio of rifampicin CNP was extremely high, which is important for
the quick bactericidal effect and reduction of drug resistance (Patil et al., 2015).

Figure 16 Oral rifampicin and pulmonary RCN in lungs

LUNG
150 -
*x E=E Oral RIF Lung
E=3 Pulmonary RIF Lung
100- 3
50+
‘)"ulE lm _l**

o > & ;
N 3 2 <

4.7.1.2 Rifampicin Bio-assay in plasma

In the case of rifampicin CNP, lower Cmax and greater Tmax assured reduced systemic toxicity
and high local drug concentration is retained in the lungs, resulting in improved clinical results,
as shown in Figure 17. Oral rifampicin had a lower ti,; than pulmonary rifampicin CNP and a
higher AUC,... than rifampicin CNP, indicating that rifampicin CNP has a more sustained
release effect and is more retained in the lungs. Rifampicin CNP has 305.52% relative
bioavailability, indicating a decreased first pass metabolism (Khadka et al., 2021).

4.7.1.3 Rifampicin Bio-assay in liver

Figure 18 shows that with oral rifampicin delivery, MRT is lower with a higher Cmax, indicating
that the medication is metabolised faster by the liver than with pulmonary administration.
Hepatic ti, and AUCo.. results revealed that oral rifampicin was eliminated more quickly by
the hepatic circulation than by the pulmonary circulation. Rifampicin CNP formulation is
slowly removed and has a lower concentration in the liver. It could be of great assistance in
reducing dose-induced hepatotoxicity and dose-related contraindications.

4.7.1.4 Rifampicin Bio-assay in spleen

Lower rifampicin CNP concentration (with higher MRT, longer ti», higher AUCo..,) indicated
lower bio-distribution in spleen that means more drug is retained into lungs finally indicating
sustain release of drug (Figure 19). MRT of 6.60+0.37 hrs and 19.75+1.17 hrs with oral
rifampicin and pulmonary CNP respectively further confirmed sustained release pattern of
drug.
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Figure 17 Oral RIF and pulmonary RCN in plasma
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Figure 18 Oral RIF and pulmonary RCN in liver
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Figure 19 Oral RIF and pulmonary RCN in spleen
Spleen

E=E Oral RIF Spleen
Pulmonary RIF Spleen

Figure 20 Oral RIF and pulmonary RCN in kidney
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4.7.1.5 Rifampicin Bio-assay in kidney

The higher Cnax (with pulmonary administered rifampicin CNP) in kidney clearly indicated
more elimination of drug by kidney as shown in Figure 20. This might be due to reduced
enterohepatic circulation as compared to oral rifampicin. Tmax, ti2 and MRT are with less
significant difference of rifampicin CNP and oral rifampicin. This can be because of rifampicin
CNP’s initial burst release which later followed sustained release.

5 Conclusion

Rifampicin loaded nanoparticles were prepared successfully using chitosan as carrier polymer
by spray-drying method. From the preliminary studies it could be concluded that spray- drying
process parameters i.e., inlet temperature 120°C, feed rate 3 ml/min. and aspiration rate 37
Nm?3/hr showed desired particle size and entrapment efficiency hence it was explored for
formulation optimization. The developed and optimized rifampicin chitosan nanoparticles
showed D= 0.8292 which released 33.43% drug at 1hr. and 85.44% drug at 24hr. with particle
size of 750nm and entrapment efficiency 87%. Optimized formulation showed MMAD of
4.54um which confirms the deep lung penetration of prepared nanoparticles. It showed
sustained drug release pattern which could be beneficial for reducing drug dose hence helpful
in improving patient compliance, which is correlated with in-vivo studies. In-vivo
pharmacokinetics study comparison between oral rifampicin and pulmonary rifampicin CNP
revealed that rifampicin CNP resides for more time in lungs than when given orally and
systemic effect is seen with initial burst release followed by sustain release. It further helps in
reducing the dosing frequency as compare to oral rifampicin. From in-vivo bio-distribution
study of liver, data reflected reduced pulmonary rifampicin CNP concentration in liver. This
might reduce the dose related hepatotoxicity and improve the drug related contraindication in
patient of TB concomitant HIV infection. In-vivo bio-distribution study in spleen and kidney
suggested sustain release with reduced drug concentration in spleen as compared to oral
rifampicin. In kidney, drug’s higher concentration indicated that drug is more eliminated by
kidney and this might help reduce the enterohepatic circulation as compared to oral rifampicin.
Finally, our findings by using chitosan nanoparticles for successful rifampicin administration
open up new opportunities for developing therapeutic approaches for lung tuberculosis.
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ABSTRACT

The current research aimed to formulate, evaluate and optimize gastro retentive drug delivery
system of Trifluridine/Tipiracil HCI, in a ratio of 1:0.5 with increased bioavailability of
Trifluridine for a prolonged period in the treatment of gastric cancer, which is benefited by
preparing stomach specific drug delivery systems in the form of floating microspheres. The
formulation was evaluated for physical and chemical incompatibility and stability using an
FTIR study and found that there is no such interaction with drugs and excipients. The analytical
methods of UV spectrophotometer were developed for the in vitro analysis of the drug. floating
microsphere prepared by Double emulsion method using HPMC K 15M and Ethyl cellulose 45
as a polymer. The prepared microspheres were evaluated for their production yields, particle
size distribution, morphology, entrapment efficiency, and in-vitro drug release. Box-Behnken
design produced fifteen formulations containing specified amounts of the independent
variables, HPMC 15: EC45 ratio (X1), DCM: Acetone (X2), and stirring rate (rpm) (X3), the
dependent factors studied were entrapment efficiency % (Y1), % drug released after 6 hrs (Y2),
% drug released after 12 hrs (Y3), 90% release (Y4) and particle size (Y5). The prepared
microspheres were characterized for their micromeritic properties and drug loading, as well as
by infrared spectroscopy (IR), differential scanning calorimetry (DSC), Transmission electron
microscopy (TEM), scanning electron microscopy (SEM), and Gas chromatography (GC). The
in vitro release studies were performed in 0.1 N HCI. Microspheres were spherical in shape and
had a smooth surface. The results showed that the production yield of the prepared microspheres
was found to be between 66 to 80%. The formulated microspheres exhibited acceptable
entrapment efficiency % values in the range of 73 to 80%. The optimized batch shows the most
promising controlled drug release pattern for the period of 12 hours and remained buoyant for
> 12 hrs.

Keywords: Trifluridine, Tipiracil HCI, Microsphere, Gastric cancer, controlled release

1. INTRODUCTION

Oral controlled drug delivery is the most preferable route of drug delivery system is to achieve
better bioavailability and release of drug. Gastro retentive dosage forms significantly extend
for the period of time, over which drug may be released and thus prolong dosing intervals and
increase patient compliance. Floating drug delivery systems or hydro dynamically balance
systems have a bulk density lower than gastric fluids and thus remain buoyant in the stomach
for a prolonged period of time without affecting the gastric emptying rate. Microspheres are
small spherical particles, with diameters in the micrometer range (typically Ium to
1000um). Hollow microspheres are typically used as additives to lower the density of a
material. Hollow microspheres, Microballoons or floating microparticles are terms used
synonymously for floating microspheres. Floating microspheres are, in a strict sense, spherical
empty particles without a core. These are free-flowing particles, with size ranging from 1 to
1000um*2

Gastric cancer is cancer that starts anywhere inside the stomach or stomach wall. Advanced
gastric cancer can be locally advanced or metastatic. Gastric cancer begins with a mutation in
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the structure of DNA in cells, which can affect how they grow. Gastric cancer is the fourth
leading cause of cancer-related deaths and accounts for approximately 750000 deaths each year
worldwide)®’

Trifluridine and Tipiracil HCI combination therapy (TAS-102; Lon surf) comprises an
antineoplastic thymidine-based nucleoside analogue, trifluridine, and thymidine phosphorylase
(TPase) inhibitor, Tipiracil HCI, at a molar ratio 1:0.5. following uptake into cancer cells,
trifluridine is phosphorylated by thymidine kinase, further metabolized in cells to a DNA
substrate, and incorporated directly into DNA, thereby interfering with DNA function to
prevent cell proliferation. Trifluridine is rapidly degraded by TPase and readily metabolized by
a first-pass effect, hence the inclusion of the TPase inhibitor, Tipiracil HCl. TFD/TP HCI
combination therapy is in development for the treatment of metastatic gastric cancer "®

1.1 Objectives

Design and Development of sustained release  Trifluridine/Tipiracil  floating
microsphere. Development of UV analytical method for estimation of Trifluridine/Tipiracil.
Screening of various polymers/ excipients required for formulation. Compatibility study of
polymers/ excipients with Trifluridine/Tipiracil. Preliminary Evaluation of microspheres for
various evaluation parameters in consideration of Gastro-retentive properties. Optimization of
the drug: Polymer ratio for required sustained release profile by performing in vitro drug release
studies. Accelerated stability studies of optimized formulation.

2. MATERIAL AND METHODS

2.1 Chemicals and Reagents

Trifluridine and Tipiracil HCI were kindly supplied as Emcure pharmaceuticals, Ahmedabad,
Guijarat, and excipients were procured as gift samples from Colorcon pvt Itd.

2.3 Preparation of microspheres

Floating microspheres were prepared using water in oil in oil emulsion (w/o/o) with different
polymer ratios. The drug was dissolved in an aqueous solvent (distilled water) and the polymer
mixture was dissolved in the organic solvent mixture. Then the aqueous solution was mixed
with the organic phase containing the polymer to obtain the primary emulsion (w/0). This
primary emulsion was slowly to light liquid paraffin-containing surfactant with constant
stirring for 2h. the microspheres were separated by filtration, which made them free from
liquid paraffin and by washing with pet ether and air-dried throughout 12 hrs.*°

2.4 Evaluation of floating microspheres

Particle size:

The particle size of the microspheres was measured using an optical microscopic method and
the mean microsphere size was calculated by measuring 100 particles with the help of a
calibrated ocular micrometer.

Micromeritic properties:

Floating microspheres are characterized by their Micromeritic properties such as flow
properties (Angle of Repose, Hausner’s Ratio), and density. The angle of repose is determined
by the fixed funnel method and the compressibility index is determined by measuring the
change in volume using a bulk density apparatus.

() Bulk density:

Bulk density is defined as the mass of powder divided by bulk volume. Accurately weighed
sample of microsphere was placed into 25 ml measuring cylinder. The volume occupied by the
granules was noted without disturbing the cylinder and the bulk density was calculated using
the equation (values expressed in gm/cm3)

Bulk density = weight of the sample/Volume of sample

(b) Tapped density:

The tapping method is used for the determination of tapped density. In this method, hollow
microsphere sample is placed in a 25 ml measuring cylinder and dropped at a height of one
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inch onto a hard wooden surface 100 times at an interval of 2 seconds. The final volume was
recorded and the tapped density is calculated by the following equation (expressed in gm/cm?3).
Tapped density = Weight of microspheres/Tapped volume

(c) Carr'sindex:

The Carr's index indicates the flowability and compressibility of a powder. This is calculated
from the values of bulk density and tapped density by using the formula:

Carr’s Index (%) = Tapped Density-Bulk density/Tapped density

(d) Hausner’s ratio:

The Hausner’s ratio indicates the compressibility and flow property of powder. This is
calculated from the values of bulk density and tapped density by using the formula:

Hauser’s ratio = [Tapped density / Bulk density]

Angle of repose:

The angle of repose is indicative of the flowability of the substance. This can be determined by
the funnel method. The height of the funnel is adjusted in such a way that stem is 2.5 cm above
the horizontal surface. The sample powder was allowed to flow from the funnel adjusted at a
height of 2.5 cm from the stem. The diameter of the pile was determined by drawing a boundary
along the circumference of the pile and taking the average of three diameters. It is calculated
by the formula.

Angle of repose (0) = tan (h/r)

Where 0 is the angle of repose, h, is the height of the pile; r is the radius of the pile.
Percentage yield:

The percentage yield of floating microspheres was calculated by dividing the actual weight of
the product by the total amount of all non-volatile components that are used in the preparation
of floating microspheres and is represented by the formula.

% yield = (actual weight of product/total weight of drug and Excipients) x100
Drug-Excipients (DE) interactions:

This is done using Fourier-transform infrared spectroscopy (FTIR). The appearance of a new
peak and/or disappearance of the original drug or excipients peak indicate the DE interaction.
Scanning electron microscopy (SEM):

Morphological examination of the surface and internal structure of the floating multiarticulate
is performed by using a scanning electron microscope (SEM).

Floating Behavior:

Appropriate quantity (100mg) of the floating microspheres is placed in 100 ml of the simulated
gastric fluid (SGF, pH 1.2), and the mixture is stirred with a magnetic stirrer. After 12 hours,
the layer of buoyant microspheres is a pipette and separated by filtration. Separate the particles
in the sinking particulate layer by filtration. Particles of both types are dried in a desiccator
until constant weight is achieved. Both the fractions of microspheres are weighed and buoyancy
is determined by the weight ratio of floating particles to the sum of floating and sinking
particles.

Buoyancy (%) = (Wf/ Wf + Ws) x 100

Where Wf and Ws are the weights of the floating and settled microspheres

Percentage drug entrapment:

Appropriate quantity (100mg) of the floating microspheres is thoroughly triturated and
suspended in a minimal amount of solvent. The suspension was filtered to separate shell
fragments. Drug contents were analyzed and the percentage of drug entrapment is calculated
by using the following equation.

% Drug Entrapment = (Actual drug content /Theoretical drug content) x100

In- Vitro Dissolution Tests:

Drug release studies of the prepared floating microsphere were performed, in triplicate, in a
USP Dissolution Tester Apparatus, type- Il (Paddle method) at 37 = 0.5°C. The paddles were
rotated at a speed of 100 rpm. The microsphere (weight equivalent to one dose) was placed in
empty tea bag and dissolution study was performed in simulated Gastric pH using 900 ml of
0.1N HCI solution (pH 1.2). Aliquots of 10 ml were withdrawn from the dissolution apparatus
at different time intervals and replaced by 10ml of fresh dissolution medium. The drug content
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was determined spectrophotometrically at a wavelength of 276 nm and 262nm. The release
profile of all prepared gastroretentive microsphere batches were compared with the theoretical
release of the drug by calculating similarity and dissimilarity factors.

Drug Release Kinetics Study

To analyze the mechanism for the release and release rate kinetics of the dosage form, the data
obtained were fitted in to, zero order, First order, Higuchi matrix, Peppas and Hixson Crowell
model. In this by comparing the R-values obtained, the best-fit model was selected.

Stability studies:

According to ICH guidelines, 3 months of accelerated stability study at 40+2°C, and 75+5%
was carried out for optimized formulations. Optimized drug formulation is evaluated for
appearance, size, and buoyant properties before and after 3 months of storage at 40+2°C &
75+5% RH.

3. RESULTS AND DISCUSSION

3.1 OPTIMIZATION OF VARIABLES USING BOX BEHNKEN DESIGN

DOE is an approach for effectively and efficiently exploring the cause-and-effect relationship
between numerous process variables and the output. A sequence of experiments was performed
that would yield the most information about the factors and their interactions in as few
experiments as possible (15 runs). A 3-factor 3-level factorial Box Behnken experimental
design technique was employed to investigate the variables. Independent variables with their
levels and the dependent variables selected are listed in (Table 4.7.1). An interactive second-
order polynomial model was utilized to evaluate both the response variables. The polynomial
equation generated by this experimental design using Microsoft Excel and Statistica is
described as equation 1:

Yi=Db0+blX1+hb2X2 +b3X3 +b12X1X2 + b13X1X3 + b23X2X3 + b11X1 2 + b22X2 2 +
b33X3 2 (1)

Where Yi is the dependent variable while b0 is the intercept; bl to b33 are the regression
coefficients which were determined from the results of the experiment to identify the
statistically significant terms, X1, X2, and X3 are the independent variables and levels of
independent variables were selected from the preliminary experiments. Coefficients with more
than one-factor term (b12, b13, and b23) and those with higher-order terms (b11, b22, and b33)
represent interaction terms and quadratic relationships, respectively.1?13.14

Table 3.1: OPTIMIZED BATCHES FOR BOX BAHNKEN DESIGN

Batch | Coded value % Ratio Polymer| DCM: RPM
weight | Acetone
(X1)
X1 x2| x3 X1 HPMC15(mg) | EC (mg)| X2 X3
(HPMC15:EC45)
1 1 -1 0 25:75 34 101 20 1500
2 1 -1 0 75:25 101 34 20 1500
3 -1 1 0 25:75 34 101 40 1500
4 1 1 0 75:25 101 34 40 1500
5 -1 0| -1 25:75 34 101 30 1300
6 1 0| -1 75:25 101 34 30 1300
7 -1 0 1 25:75 34 101 30 1800
8 1 0 1 75:25 101 34 30 1800
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9 0 -1 -1 50:50 68 67 20 1300
10 0 1 -1 50:50 68 67 40 1300
11 0 -1 1 50:50 68 67 20 1800
12 0 1 1 50:50 68 67 40 1800
13 0 0 0 50:50 68 67 30 1500
14 0 0 0 50:50 68 67 30 1500
15 0 0 0 50:50 68 67 30 1500

Table 3.2 : Results analysis of design expert formula

Batch HPMC | DCM: |RPM [Y1 Y2 Y3 Y4 Y5
No. [15: Acetone | X3 | EE | Drug release Drug release | tso Particle size
EC15 | X2 (%) | after 6 hrs after 12 hrs
X1
TP | TFD | TP | TFD TP TFD TP | TFD
1 1 -1 0 785 | 789 | 341 | 35.08 | 59.05 | 59.83 | 18.50 | 18.63 | 320.6
2 |1 -1 0 780 | 77.5 | 68.10 | 67.56 | 99.20 | 100.26 | 8.73 | 9.24 | 323.2
3 |- 1 0 76.3 | 76.2 | 383 | 3756 | 63.1 64.36 | 17.92 | 17.67 | 280.1
4 |1 1 0 76.2 | 76.2 68 | 6898 | 100 | 101.29 | 856 | 8.47 | 2874
5 [ 1 0 -1 78.6 | 789 | 2856 | 29.45 | 57.12 58 19.62 | 19.28 | 344.9
6 |1 0 -1 79.2 | 78.1 | 66.21 | 65.23 | 98.2 99 9.15 | 9.11 | 349.23
7 |1 0 1 733 | 73.1 | 32.23 | 33.17 59 59.98 | 18.74 | 18.66 | 250.0
8 |1 0 1 732 | 73.1 | 69.02 | 69.81 | 99.21 | 101.01 | 791 | 7.90 | 256.5
9 |0 -1 -1 80.1 | 80.2 | 53.14 | 53.68 | 96.56 | 97.18 | 10.95 | 10.83 | 370.0
10 | O 1 -1 79.0 | 789 | 55.6 | 56.38 | 97.4 98.23 | 10.74 | 10.64 | 330.6
11 |0 -1 1 741 | 740 | 574 | 58.02 | 99.02 | 99.85 | 9.58 | 9.56 | 2704
12 |0 1 1 716 | 72.0 | 58.82 | 59.75 | 100.02 | 102.73 | 945 | 9.29 | 220.0
13 |0 0 0 768 | 76.3 | 5889 | 59 |100.32 | 99.3 | 10.48 | 10.35 | 300.0
14 |0 0 0 76.7 | 77.2 | 57.12 | 58.02 99 99.96 | 10.48 | 10.36 | 300.0
15 |0 0 0 765 | 77.0 | 57.01 | 57.87 | 100 | 101.12 | 10.43 | 10.38 | 300.0

TABLE 3.3 Summary of ANOVA table for response parameters for Box-Behnken design
for floating microsphere

Source Sum of Degree of Mean F Value P-value
Squares freedom Square
% Entrapment Efficiency (TP HCI)
Regression 84.30 10 8.430185367 41 0.0013
Residual 1.15 5 0.228459777
Total 85.4 15
% Entrapment Efficiency (TFD)
Regression | 88.21980167 10 8.821980167 | 60.77062287 | 0.000630292
Residual 0.806491667 5 0.161298333
Total 89.02629333 15
Drug release after 6 hrs (TP HCI)
Regression | 2587.761393 10 258.7761393 | 93.26657719 | 0.000270453
Residual 15.41436667 5 3.082873333
Total 2603.17576 15
Drug release after 6 hrs (TED)
Regression | 2566.337192 10 256.6337192 | 160.1968797 | 0.00009
Residual 8.899941667 5 1.779988333
Total 2575.237133 15
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Drug release after 12 hrs (TP HCI)
Regression | 4538.956148 10 453.8956148 | 435.8260489 0.00001
Residual 5.785891667 5 1.157178333
Total 4544.74204 15
Drug release after 12 hrs (TFD)
Regression | 4581.547152 10 458.1547152 319.33 0.00002
Residual 7.970541667 5 1.594108333
Total 4589.517693 15
t90 (TP HCI)
Regression | 249.4498346 10 24.94498346 | 213.8508907 0.00005
Residual 0.648036775 5 0.129607355
Total 250.0978713 15
t90 (TFD)
Regression | 242.2757835 10 24.22757835 | 140.2843938 | 0.000120
Residual 0.959462802 5 0.19189256
Total 243.2352463 15
Particle size
Regression | 23367.96178 10 2336.796178 | 149.9328485 | 0.000105444
Residual 86.58676944 5 17.31735389
Total 23454.54855 15

3.2 Multiple regression analysis for dependent variables
Y1- % Entrapment Efficiency

(%EE-TP) = 76.85+ 0.29X1 -0.90X2 —-3.00X3 + 0.32X1X2+ 0.23X1X3 -0.18X2X3- 0.07X1 ?
+0.40X2 2—0.96X3 ?

(%EE-TFD) = 76.69+ 0.01X1 -0.96X2 —3.10X3 + 0.09X1X2- 0.17X1X3 -0.37X2X3 + 0.20X1 ?
+0.34X22- 0.83X3

The coefficient of X, that is by bear positive sign whereas coefficient of X, and X that is b and
bs respectively bear negative sign indicating that the % entrapment efficiency is increased with
increase in level of X1 whereas as there is increase in the level of X2 and X3 there is decrease
in % entrapment efficiency. Furthermore, the coefficient value of X3 is higher than other two
independent variable (X1 & X2) reveals that the X3(RPM) has greater influence on %
entrapment efficiency (Tipiracil HCI). The significance level of coefficient by, bs and bss was
found to be less than p=0.05, thus they were significance effect on % Entrapment Efficiency
(Tipiracil HCI). The results of statistical analysis are shown in table 5.7.7. The Figure 5.7.4
shows surface response plot and countor plot for the interaction between independent variables
and % entrapment efficiency. It reveals that the % EE is affected by all three independent
variables. The effect of X2 and X3 is stronger on % EE than the effect of X1. There is sharp
decrease in % EE with increase in level of X2 and X3 from -1 to 1 which It shows that as the
results clearly indicate that the dependent variables (% Entrapment Efficiency) are dependent
on the independent variables.
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Figure 3.1: Surface Response Plot for effect of independent variable on % EE
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Response surface plot and coutour plot shows that X1 increase from level -1 tolto increase in
% Entrapment Efficiency (Tipiracil HCI) and X2 and X3 increase from level -1 tol decrease
in % Entrapment Efficiency (Tipiracil HCI).

Y2- Drug Release after 6 hours

(Qs-TP) =57.44 + 17.26X1 + 0.99X2 + 1.74X3 -1.07X1X2-0.21X1X3 -0.26X2X3 -6.27X1 2
+0.95X2 2-2.16X3 ?

(Qs-TFD) = 58.30 + 17.11X1 + 0.97X2 +2.00X3 — 0.40X1X2+ 0.21X1X3 — 0.24X2X3 —
6.70X1%+ 0.84X2 - 2.18X32
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Fig 3.3 : Surface Response Plot for effect of independent variable on drug release after 6
hrs.
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The coefficient values for all the variables carries positive sign and the p value for coefficient of
X1 and X3 is less than 0.05. The positive sign indicates the increased drug release with higher
level of all three selected independent variables however the higher value of b; stands for
significant stronger effect of X1 on drug released at 6! hours. The results of statistical analysis
are shown in table. The surface response plot and countor plot shows that shifting of X1 from
lower level (-1) TO Higher level (1) shows greater feet on total amount of drug released at sixth
hours. The rotational speed (RPM) has lesser effect on drug released at sixth hours than the X1.

Y3- Drug Release after 12 hours

(Q12-TP) =99.03 + 19.79X1 + 0.83X2 + 0.99X3 - 0.81X1X2- 0.21X1X3 + 0.04X2X3- 19.28X1
2+0.58X2 2-1.36X3 2

(Q12-TFD) = 100.13+ 19.79X1 + 1.32X2 +1.40X3 — 0.61X1X2+ 0.01X1X3 — 0.46X2X3 —
19.48X1%+ 0.52X2 2 1.15X3 2

Fig 3.5 : Surface Response Plot for effect of independent variable on drug release after 12
hrs.
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Effect of X1 & X2 on H12 (TP) Effect of X1 & X2 on H12 (TFD)
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Y 4- too(Trifluridine)

(t90-TFD) = 10.36 — 4.94X1 - 0.27X2 -0.56X3 + 0.05X1X2- 0.14X1X3 - 0.02X2X3 + 3.40X1 %~
0.26X2 2-0.02X32

(t90-TFD) = 10.47 — 5.05X1 - 0.13X2 -0.60X3 + 0.10X1X2- 0.09X1X3 + 0.02X2X3 + 3.32X1 %
0.36X2 2+ 0.07X3?

The coefficient of X that is by bear positive sign and coefficient of X, and Xs that is b, and bs
bear negative sign and thus X increases the Particle size whereas X, and Xs decrease the
Particle size. The significance level of coefficient b, and bs was found to be less than p=0.05,
thus they were significance effect on particle size. The results of statistical analysis are shown
in table. The plot shows that the particle size of microspheres was greatly dependent and
influenced by changes in level of X3 and X2 from-1 to 1. There is a significant decrease in
particle size was revealed with increase in level of X2 and X3. The effect of X1 is not as
prominent as the effect of X2 and X3.
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Fig 3.6: Surface Response Plot for the effect of the independent variable on drug release on
t90
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Fig 3.7: Contour Plot for the effect of the independent variable on drug release on t90
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Y5- Particle size
Yi (P. size) = 300 + 2.59X1 — 20.77X2 —49.72X3 + 1.19X1X2+ 0.53X1X3 — 2.75X2X3 +2.62X1

2+ 0.22X2 2- 2.47X3 2

Fig 3.9: Coutor Plot for effect of independent variable on particle size
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Validation of Model by Checkpoint batch

The three components of Box-Behnken design were run with one check point
composition of which is shown in Table. Batch CP1 was prepared to validate the
derived equation for selected responses. The data for the predicted and observed values
are shown in table.

Table 3.4: Evaluation parameters for check point batch

Check
Egt';t] Drug Flfa:/rcgrl;]téggr Prjgliuczed Observed value % Error
(CP1)
t90 10.46 10.1 3.44
Tipiracil HCI HO 0079 045 343
H12 105.68 101.5 3.96
>)<(12-:01-% %EE 74.44 715 3.95
. X3=0.5 t90 10.21 9.85 3.53
Trifluridine HO o314 oL45 2.08
H12 101.28 97.31 3.02
%EE 72.34 70.35 2.72
P size 255.91 249.5 2.50
Table3.11: t-Test: Paired Two Sample for Means
t-Test: Paired Two Sample for Means
Variable 1 Variable 2
Mean 84.47222 81.78444
Variance 5266.429 5002.529
Observations 9 9
Pearson Correlation 0.999962
Hypothesized Mean Difference 0
df 8
t Stat 4.14547
P(T<=t) one-tail 0.001615
t Critical one-tail 1.859548
P(T<=t) two-tail 0.003229
t Critical two-tail 2.306004
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Figure 3.5: Profile for predicted value and desirability of CP1 batch
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Fig 3.12: FTIR for optimized formulation
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Table 3.6: Interpretation of FTIR graph of B13 Batch

Functional |(TFD) Pure Drug (cm°| Functional | (TP)pure Drug (cm’| Microsphere

group b Group Y

0-H 3615.52 N-H 3379.27 3384.17
N-H 3564 C=0 1721.68 1726.29
C-=0 1732.47 C=N 1689 1687.37
C-F 1278 C-H 3233 3230

Aromatic
C-O 1128.49 C-O 1104.08 1054.02

DSC thermograms of pure Trifluridine, Tipiracil HCI, and Trifluridine/Tipiracil HCI loaded
floating microsphere. They exhibited a sharp endothermic peak of trifluridine at about 186.28°C
corresponding to its melting point (186-189°C), and Tipiracil HCl exhibited a sharp
endothermic peak at 253.45°C corresponding to its melting point (251-253°C) representing its
crystalline nature. The thermogram of the physical mixture of polymer and drug and
formulation gave the peaks at 185.09°C, respectively, there was a slight decrease in the melting
point of the drug when prepared in the form of microspheres. It was also observed that there
was a noticeable reduction in the enthalpy of the crystals in comparison with pure drugs. The
evaluation of the thermograms obtained from DSC revealed no interaction between the polymer
and the drug in the microspheres.

Differential Scanning Calorimetry (DSC)

Figure 3.12: Differential Scanning Calorimetry (DSC)
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Transmission electron microscope (TEM)

The high-resolution transmission electron microscope was used to investigate the
microstructures. Transmission electron microscopy (TEM) images were taken with a FEG -
TRANSMISSION ELECTRON MICROSCOPE (HR-TEM), Thermo Fisher Scientific, Talos
F200i S/TEM using an accelerating voltage of 200 kV was further investigated by TEM. Fig. a
and b shows TEM images of the as-prepared floating microspheres with different
magnifications. Low-magnification TEM image as indicated in Fig. a shows that the as-
prepared product is composed of microspheres with a uniform diameter of about 300 um, which
is consistent with the observed result in SEM images. Fig. 3b is a high-magnification it can be
seen that the sample is a hollow structure with a spherical shell thickness of about 303 nm. The
hollow structure was formed in the sphere, and the structure was broken in the microspheres.
From the high-magnification TEM image shown in fig , the microspheres were porous structure
was observed.

Figure 3.13. TEM images of the sample. (a): TEM images of the microsphere with low
magnification; (b): TEM images of the high magnification.

Figure 3.14: GC Scan of B13 formulation, solution prepared in DMSO
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Table 3.7: Residual Solvent Analysis for microsphere

Sr. | Sample Name Acetone Dichloromethane
No (ppm) (ppm)
1 Microsphere 0.30 0.62
CONCLUSION

Floating microspheres of Trifluridine/Tipiracil HCI were prepared to absorption in stomach
necessities development of sustained drug delivery system forms which retained in
stomach with improved drug efficiency and decreased dose requirements for prolonged
period of time. The systems provide an easy way of maintaining constant blood level with
an ease of administration and better patient compliance in case of gastric cancer.
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Abstract: -

The process of digital fabrication, commonly known as 3D printing or additive manufacturing,
involves gradually adding materials to a geometric representation to make physical objects. Dr.
Kodama receives the first 3D printing efforts in exchange for his creation of a quick prototyping
method. He was the first to explain a layer-by-layer manufacturing process and develop the
photosensitive resin that served as the prototype of SLA. 3D printing is now widely used
throughout the world. 3D printing technology is progressively being applied for mass
modification and manufacture of open-source designs in agricultural, healthcare, automaobile,
locomotive, and aviation industries. A significant amount of 3D printing technology is currently
being employed in the pharmaceutical production chain to change what pharmacies do when
producing particular drugs. The advantages include extremely reproducible results, a variety of
pharmaceutical release patterns, and individualized pharmacological therapy. Patients may
benefit from a variety of advantages provided by 3DP's customized medications. It may be
better to provide a patient a printable dosage form on paper rather than one printed with powder.
Used in the creation of complicated release profile formulation and customized delivery, as
well as drug printing in picoliters and minimizing API side effects or adverse effects.

Keywords: Three-dimensional printing, Solid oral dosage forms, medical devices,
pharmaceutical development, Personalized medication, Controlled release

THREE-DIMENSIONAL PRINTING: -

The purpose of 3D printing is to deliver customized and complex product in much easy way
than the conventional manufacturing techniques [1]. Digitized production technologies are
anticipated to bring striking benefits for companies and businesses, but in practice, such gains
are rarely realized. Product Innovators are advised to be extraordinary and agile to turn to three-
dimensional (3D) printing [2]. 3D printing is a relatively fresh technology that was first
illustrated in the early 1990s[3]. Medicinal and pharmaceutical 3D printing applications are
growing quickly and are expected to develop the health care industry [4]. Examples of
personalized drugs, including dose, dose combination, or even actively tailored to the patient's
genetics, are not yet fully understood [5, 6]. 3D printing is all about digital drawing and
fabrication of article layer-by-layer [7]. In realistic terms, this means that users can create
practically anything that can be designed in a digital platform using computer-aided design
(CAD) software [8, 9]. Virtual must be created as stereolithography (.stl) or object (.obj) files
for use as templates in commercially available object printers [10]. Democratization of design
and production, enhanced collaboration, reduced time, customized geometrically complex
objects in small quantities have helped reduce material use [3,11]. The term 3D printing refers
to a series of additive mechanized processes, which construct products straight from digital
design by creating layers of plastics, metals or other materials [12]. Due to the all-embracing
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research being done in this vicinity and all the investigational drug delivery systems intended
and described in numerous papers over the past few years, pharmaceutical company like
Aprecia® launched its first approved 3DP manufactured product [13].

3D printing is built-up technique in which objects fabricate by depositing material like, plastic,
metal, resin, powder, liquid, etc. to construct 3D object [14].

3D printers are similar to the traditional inkjet printers though, the ending creation differs within
that a 3D printed object is produced.

BRIEF HISTORY:: -

Hull, in 1980s, was working at the Ultra Violet Products Company in California to manufacture
plastic making objects from Photopolly Limers invented 3D printing [4]. In 1988, 1st
commercial 3D printer, SLA-250, was launched. Later, Austin filed a patent designed for
selective laser sintering; a process scan over a powder bed is by laser beam to produce a solid
object after repetitions [15].

MIT Professors are accredited first for using the expression ‘3D printer’” with their invention
of a layering technique using standard inkjet print head to deposit ‘‘ink’’ or a binder solution
into the powder bed to bind powder, again repeating this process layer-by-layer to produce the
desired geometry [16].

Thomas J. Bradbury and his colleagues created design of anatomically correct implants for a
patient. Radiological data representing anatomical structure of anatomical body, which is to be
altered, repaired or augmented and created multidimensional model, can be used [17]. David
Russell and collogues invented apparatus and method to produce 3D object [18].

TYPES OF 3D PRINTING TECHNOLOGIES: -

Over the past 20 years, wide varieties of 3D printing technologies were introduced. 3D printing
is also known as the additive manufacturing (AM) process. Although other highly competitive
processes, such as laser-based writing systems or nozzle-based deposition systems, have been
extensively developed, printing-based inkjet systems is a frequently used procedure in three-
dimensional method [19].

It can furthermore be classified, figure 1, into 3-D printing systems. 3- D printing processes
may also be related to (1) melt and solidify method, (2) fusing method and (3) cut and join
methods. Fused deposition production method uses melting followed by liquid-based printing
[20].

In stereolithographic printing, a laser is used to photo polymerize a resin. StereoLithography
translate liquid polymers into solid layers by means of photo-curing UV blue light and used to
manufacture complex nanocomposites [21, 22, 23]. Polyjet printing is a quite novel form of
rapid printing manufacture [24]. The process was patented in 1994 by Sachs et al. under US
patent [25].

It uses inkjet technologies to produce physical model groups [26, 27] Laminated Object
Manufacturing is ideal for large parts production [28].

The layers are bound together by pressure and temperature application and by means of a
thermal adhesive coating. In selective laser sintering process, the powder is sintered or fused
using carbon dioxide laser beams [20].

Electron beam melting used mostly for fabricating complex polymer prototypes that have now
become well established [29,30]. Laser engineered net shaping (LENS) uses virgin metal
powder as the user's choice, as processes build material [31- 33].

In MIT-licensed procedures, 3DP and prometal, a liquid binder is installed on a powder medium
using inkjets for printing using computer-aided design (CAD) data [20,28].
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Figure 1: Categorization of 3D printing general additive manufacturing techniques
based on type of base
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TECHNIQUES WIDELY USED BY THE PHARMACEUTICAL COMPANIES:
Pharmaceutical industry uses 3D printing techniques bases on solid form fabrication
that are further classified in printed based inlet system, nozzle-based deposition system
and laser-based writing systems (figure 2).

Figure 2: 3D printing technologies that supports medicine manufactures for solid
form fabrication
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1. Printing-based inkjet systems: -

Inkjet printing is the overall term for describing systems that are capable of digitally controlled
configuration and residency of small liquid droplets on a substrate with a pattern-generating
mechanism. There are two categories of printing-based inkjet systems: 1) continuous inkjet
printing (C1J) and 2) drop- on demand (DoD) inkjet printing [19, 35]. Inkjet printing is based
on Lord Raley's instability theory, developed in 1878, which explains the breaking of a liquid
stream or jet into droplets [34, 36].

1. Drop-on-demand (DoD) inkjet printing: -

DoD inkjet printers fabricate individual drops when considered necessary and are therefore
more economical with ink delivery than C1J systems [37]. DoD classifies into two types: drop-
on solid deposition and drop-on-drop deposition. The most regular types of work with DOD
printing are thermal (sometimes referred to as bubbles) and piezoelectric [19, 34]. In thermal
type, its heads utilize a resistor that the electrical pulses in the reservoir heat up swiftly and
make a vapor bubble, these bubbles then drive the ink out of the print head; then the bubble
breaks down, producing negative pressure that pulls the ink out of the reservoir to refill the
chamber. In piezoelectric type, a piezoelectric component such as a crystal or ceramic is used
to manufacture mechanical movement when voltage is applied. The element deformation
creates a pressure signal that drains the fluid out of the nozzle. breaks down, producing negative
pressure that pulls the ink out of the reservoir to refill the chamber. In piezoelectric type, a
piezoelectric component such as a crystal or ceramic is used to manufacture mechanical
movement when voltage is applied. The element deformation creates a pressure signal that
drains the fluid out of the nozzle.

2. Drop-on- solid deposition

Drop-on-solid deposition uses a mixture of powder-bed and binder-ink to generate a solid
structure in a level-by-level way. The stability of the final product is often achieved by thermal
sintering, which permits the elimination of residual volatile solvents. The binder may reason
the particles of the ink to stick or the powder bed may play a role after its own solidification.
These techniques are prejudiced by two powder characteristics: powder topology and the
response of materials with binder.

1.1.1. Drop-on-drop deposition

The drop-on-drop deposition is a direct-writing inkjet printing method capable of creating
microscopic drug formulations with diverse geometries and comparatively high drug loadings.
Multi-droplets allow the creation of overlapping, high-resolution three-dimensional
compositions. Piezoelectric print heads are frequently used because they do not restrict the
selection of solvent. The droplets produced are characterized by the volume of some picoliters,
which corresponds to the normal range of 18-50 um. The major negative aspect of the process
is that the three-dimensional structures are very fragile and irregular, deficient hardness,
unconvinced resolution finish, and low drug loadings. The unbound powder serves as a
supporting material during the process and is removed after the forgery [19,34,36].

3. Continuous inkjet printing (C1J):-

CIJ printing uses a pressure stream to generate a continuous flow of drops. The droplets are
taken after exiting the nozzle and are directed to the substrate or the waste again by electrostatic
plates [37,38].
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2.Nozzle-based deposition systems: -

Technologies are ever evolving and new technologies are continuously developed to overcome
limitations of previous ones [39]. The nozzle-based deposition method consists of a
combination of drugs and polymers and other solid materials prior to 3D printing. Nozzle-based
deposition systems permit direct writing, which is based on computer-controlled production
methods that ink through the nozzle to create a 3D pattern layer-bilayer with controlled
structure and architecture. Such systems can be divided into processes based on content melting
and non- melting processes. There are two types of printing, depending on the kind of material
use: fused deposition modeling, which uses dissolved components, and pressure-assisted micro
syringes, which do not use dissolved materials.

1. Fused deposition modeling:

In Fused deposition modeling process, the copy or part is usually produced by extruding slim
200-400 um threads of polymer-based matter that alleviate immediately to structure a solid
layer [20]. Process has limitation of various shapes that can be fabricated. Yet, using a
detachable hold up structure, any form can be constructed. These thin supports are added
without human intervention to the model throughout processing and can be broken down during
the finishing procedure.

2. Pressure-assisted micro-syringes (PAM):

This technique uses a syringe extruder for oily and semi-liquid material deposition according
to the geometry design. Viscosity, apparent elastic limit and viscoelasticity, are the root
parameters that establish the fertility of this technology. It has the potential to work
continuously with an oven and at room temperature. Solvents used can be sometimes toxic to
health and may cause stability problem in certain APIs. Tissue printing substitutes or soft tissue
scaffolds, as well as multifaceted medicine delivery systems are its key applications [19, 34].

3. Stereolithography:

In stereolithographic printing, a laser is used to photo polymerize a resin. Stereo Lithography
converts liquid polymer resins and composites into solid layers using photo-curing UV blue
light [17]. This technology produces high-quality components for biomedical applications or
gears with integrated moving components and complex hanocomposites.

BIOLOGICAL APPLICATIONS/ MEDICAL APPLICATION FOR 3D

PRINTING:-

Additive manufacturing was used to design and manufacture lightweight machines for various
purposes like parts of rocket, plane, formula one car [40, 41]. In the early 2000s, the expertise
was first used to create dental implants and custom prosthetics [4, 34]. After that, medical
applications of 3D printing have advanced extensively. Recently published reviews tell the use
of 3D printing intended for skeleton, ears, exoskeleton, windpipes, stem cells, jawbones,
spectacles, vascular network, cell culture, blood vessels, organs and tissues, novel dosage
forms, and drug delivery devices [42]. Additive manufacturing have been extensively used as
a tool for bioengineered tissue, varying in composition from bone and tooth to vascular and
organ sca olding. However, in some cases the required scaffolds area is so large that autogenous
tissue sampling is not possible for the patient [36]. 3D printing has become an attractive booth
for the development of biological material that is reproducible. Table 1 shows the various
biological applications of 3D printing.
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Table 1: Biological applications of 3D printing

Tissue
Engineering

The current treatment for organ failure is largely based on organ
transplantation of live or else deceased donors. On the other hand, present
is a stretched scarcity of human organs obtainable for transplantation [43].
Researchers are working on methods to grow complete human organs,
which can be used, for selection purposes at some stage in drug discovery
[4, 32].

3D bioprinting have been doing well in produce knee meniscus, heart
valves, artificial ears as well as the manufacture of custom-made barrier
absorbable trachea, which has already been implanted in neonates with

tracheobronchomalacia [34, 44].

Customized
Implants
and
Prostheses

Planting and prosthesis can be made in almost any conceivable geometry
by translating X-ray, MRI or CT scan digital.stl 3D print documents. 3D
printing is productively used in the health care, both standard and
complex, used for surgical implant and prostheses, sometimes within 24
hours [4]. Used for fabricating dental, spinal, and hip implants.

Surgical
Anatomical
Models

3D Printed neuro anatomical providing can be especially helpful for
neurosurgeons by introducing some of the most complex structures in
the human body. A real model, modeling the relationship between
lesions with

regular brain structure, can help determine the safest surgical corridors
and

may be useful for rehearsing challenging cases for neurosurgeons.
Multipart

spinal deformity can be better studied using the 3D model. Models for
colonoscopy and liver transplant studies have been designed in USA and
Japan,

respectively. Polypeptide chain models with secondary folds
structures were designed by inclusion of bond rotating barriers.

Aesthetic
Surgery

In the future, using a three-dimensional printed model will be able to print
personalized breast implants to suit any patient's anatomy and personal
needs. Not only the shape but also the implant's design can be adjusted,
giving the breast a more natural appearance and a natural experience.

Hand
Surgery

Recently, customized three-dimensionally printed prostheses have
emerged, and various commercial companies offer personalized three-
dimensionally printed finger, hand, and arm prosthetics. It is now doable
to order a 3D printed finger or arm prosthetic for only $20 to $50. Print
biomimetic prosthetics combined with diverse neurons layers may
probably make prosthetic limbs a entirely functional piece of the body.

Treatment
of Burn
\Wounds

Researchers at the Wake Forrest Institute of Regenerative Medicine used
this method to bioprint amniotic fluid-derived stem cells and skin cells
directly onto wounds and burn defects. The escalating speed and
resolution of three-dimensional bioprinters, this approach may develop
into viable for the in vivo regeneration of tissues straight away after injury

or during surgery.
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PHARMACEUTICAL APPLICATIONS: -

1. Commercially existing 3D Printed Drugs:

The FDA granted approval to the antiepileptic API, the first 3D printed drug-containing
levetiracetam, Spritam® (Aprecia Pharmaceuticals, East Windsor, NJ, USA). Pharmacological
effectiveness was found to be analogous conventional tablets, but porous and soluble matrix
composition led to improved dissolution [34]. Also used for tablets with immediate-release,
monolithic sustained-release, pulsatile drug release, biphasic release, fast-disintegrating,
enteric release, and zero-order release, orodispersible films, floating drug delivery system
(FDDS), multi-active solid dosage forms, and nanocapsule formulation [39].

2. Personalized Topical Treatment Device

Nose-shaped masks for acne treatment filled with salicylic acid have been developed
efficiently. Here, facial scan of patient was exported to the program, after which the section
was selected. The most promising technique was for mask manufacturing, allowing high drug
loading for the significant conductivity of salicylic acid during 3D printing [34].

3. 3D printing of transdermal delivery systems

To avoid first-pass metabolism and/or pH mediated degeneration or ease of administration for
patients with chronic illnesses such as diabetes, transdermal delivery systems may be beneficial.
Layer-by-layer 3D printing technology can with no trouble used for the foundation of
multifaceted transdermal patches of films. 3D technology offers the unique advantage of
printing drug-filled microneedles for transdermal delivery. Microneedles are usually less than
500 um in height and are meant to penetrate the stratum corneum (10-15 um) to deliver active
agents [12]. SL was used to produce microneedles of biodegradable polymer (methyl vinyl
ether-alt-maleic anhydride). To coat a quantum dotted needle as a model active agent inkjet
printing can be used.

SUMMARY OF RESEARCH CARRIED OUT USING 3D PRINTING FOR
DOSAGE FORM DEVELOPMENT
Variety of research has been carried out on dosage form development ranging from controlled

release profile of drug to immediate release solid dispersions. Table 2 summarizes various
research reported and their outcome to guide further course of research in future.

Table 2: Studies of 3D printing for use in drug formulation development:

The 3D techniquelAPI and/or Application/Remark Reference

(equipment) Dosage form

Selective laser|Captopril, Nifedipine [3D extrusion-based printing|[45]

sintering and fused|Glipizide was used as a drug product

deposition technology. It was used to

modeling or UV produce a multi-active tablet

curing of resin as in with well-defined and separate

stereolithography controlled release profile, for
three different drugs.

FDM (fused Metronidazole Printed 3D printed tablet, which|[47]

deposition has a hole of

*Modeling) 2.0 mm, air volume of 132
mm3, is released zero-order
drug. In this research, indicate
That has promised in the
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development of the existing 3D
printing tablet housing platform
Floating drug delivery systems.

printing makes it possible to
personalized dose as per patient
age, body surface area and sex.

The desktop Guaifenesin This research was a noteworthy|[48]
extrusion-based 3D step towards the revelation and
printer validation of easy, low-cost 3D
(Fab@Home) printing for the adapted
manufacture of medicines, with
the impending possibility to
play a decisive role in future
developments, both in
personalized care and
treatment.
RegenHU 3D |Ramipril, Demonstrate 5 drugs in one|[49]
printer(3D pravastatin tablet (polypill) in one tablet,
based extrusion)  |sodium, immediate  and  sustained
Atenolol, release, shun incompatibility of
aspirin,and drug, no  detection  of
hydrochlorothiazide |interaction.
Fused deposition  [Theophylline FDM-based 3D printing [50]
Modeling (FDM) proved compatible with the
3D printing and Hot drug load filament produced by
Melt Extrusion HME.
(HME)
3DP Chlorpheniramine 3DP  technology different|[51]
maleate, release mechanism (erosion,
Diclofenac diffusion), Pulsatory devices
sodium fabrication one pulse generate
in stomach and second pulse
generate in the intestine. 3DP
techniques used for fabricating
pulsatile release fabrication.
Thermal Ink- |Salbutamol Sulphate [Salbutamol Sulphate used as a[52]
Jet (TH) model drug and treatment of
Printing Asthma in pediatric patient. T1J

Inkjet printing

Riboflavin sodium
phosphate,
propranolol
hydrochloride

Inkjet-printed solid dose forms
showed excellent  content
Consistency for both APIs.
Also used for water-insoluble
and oxygen labile drug and
increase the stability of the

drug.

[53]
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FDM 3DP

Paracetamol

Five diverse shaped tablets
were printed - pyramid, cube,
sphere, cylinder, and torus.
Here, it was concluded that
drug release was dependant on
surface are to volume ratio
rather than simply on surface
area and there comes the role of
geometric shape.

[54]

Inkjet printing

Rifampicin

Antibiotic and calcium eluting
micropatterns were revealed as
fresh means of prevention.
Microfluidic motile cultures
were used. Rifampicin
absolutely kills the ability of
the micropattern to have as an
effective means of preventing
biofilm colony. S. Epidermidis
composition is an effective
means of preventing biofilm
colony development.

[55]

Inkjet printing

Levofloxacin(LVFX)

A 3D printing process that
yields a dual-model profile i.e.,
pulsatile and sustains release
from an implant was developed.

[56]

Hot-melt 3D inkjet
printing

Fenofibrate

Higher spatial resolution is
achieved by the formulation
testifies to and benefits from
very small volumes of ink
(picoliters). Accurate dose is be
very desirable when managing
Chronic illnesses like
hypertension and anti-
depression  for  maximum
therapeutic reasons.

[57]

Piezoelectric inkjet
printing

Paclitaxel (PTX)

PTX loaded PLGA
microparticles with different
geometries display different
drugs release rate mainly due to
different surface areas to
volume ratio. The release rate
was a downward rate
categorized as honeycomb >
grid, ring > circle.

[58]
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extrusion based 3D
printing)

value of dual co-extrusion
fluid- loaded soluble free
filament and insoluble drug-
free with 3D printed tablet with
aripiprazole (ARP) assigned to
BCS class Il. The synchronized
co-extrusion  of  drug-free
filament was chosen because

feedstock material
demonstrates a  promising
approach to be a viable

preparation method for prints
with modified release.

Extrusion printing |dexamethasone-21- (The printed 3-dimensional[59]
phosphate compositions are represented
disodium salt |by the spatial distribution of the
(Dex21P) drug. Two types of drug
encapsulation designs (rolled
and sealed as well as layer-by-
layer)  were  successfully
fabricated  using  printing
technology.
ZMorph® 3D|Aripiprazole The underlying principle of this|[60]
printer(co- research was to estimate the

Fused Deposition
Modeling (a.k.a.
FDM-3D printing)

Metformin and

glimepiride

Formulated bilayer tablet
dosage form encloses two anti-
diabetic drugs having di erent
daily dosage regimens. It is
desirable to include added more
than one APl into the
formulation, as it increase
patient fulfillment and reduce
the cost of treatment, especially
when different doses of API are
tailored to the explicit
requirements of each patient,
provided by printing.

[61]

Dual extrusion
fused
deposition

modeling

Pantoprazole sodium

The model drug used different
printing plans for tablets with
the acid- and thermo-labile drug
pantoprazole sodium  were
evaluated for various
characteristics. The acetate
phthalate bottom and the almost
insoluble polycaprolactone at
the top are printed only at 58
°C. Coated tablets with a
thermo-labile API were
successfully implemented

[62]
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showing no visible signs of
thermal degradation.

Hot melt ram Paracetamol Paracetamol used as the model|[63]
extruder 3D drug in Orodispersible film
printers (ODF). This work describes a

novel approach to print ODF
intended for adapted therapy.
This should be the uniformity
of the drug amount per unit of
medicinal products Goals for
the benefit of patients can be
certain.

3DP Paracetamol 3DP technology development|[64]
of new oral fast- disintegrating
dosage form devices. The
porosity of the pellets is
inversely  related to the
compressive pressure.
However, high compression
pressure is needed to ensure
sufficient strength of the tablet.
3DP has some advantages over
traditional compression
techniques for the manufacture
of solid dosage forms and can
grant inventive strategies for
the  design,  development,
production, and
commercialization of many
types of solid dosage forms.

3DP Acetaminophen Desired drug release in|[65]
conventional manufacture
techniques requires multistep
process different materials used
in the different processes and
unfriendly effect on accuracy
repeatability. Desired release
profile tablet formulated in
single easy step. Also powerful
way to  compete  with
controlled-release tablets
formulating.
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3-DP™ Pseudoephedrine Primary difficulties in|[66]
Technology hydrochloride (PEH) |maintaining a constant release
rate include initial dose
explosion, loss of driving force
to maintain target release rate
over the desired period, and
premature changes in its
properties due to the length of
the drug release path. Prepare
the near zero-order release of]
water-soluble drug by this
technology. These techniques
produce products insensitive to
both changes in pH and
hydrodynamic stress of the
dissolution medium.

Inkjet printing Felodipine Felodipine is poorly water-|[67]
soluble anti- hypertensive drug
and bioavailability and
dissolution is poor, inkjet
printing able to produce droplet
size in picoliters so adverse/side
effect is reduced. This
technology used to prepare the
solid dispersion to boost the
dissolution profile.

3DP technology  |Fenofibrate (FEN) Fenofibrate (FEN) and|[68]
and Cinnarizine cinnarizine (CINN) are used as
(CINN) the model drug for the
preparation of solid self-micro
emulsifying drug  delivery
systems (SSMEDDS) with
defined surface area to volume
(SA/V) ratios. Drugs selection
was based on their poor water
solubility and their broad use as
lipophilic compounds in a
variety of studies with lipid-
based drug formulations. These
formulations controlled three-
dimensional geometry without
a solid-phase carrier. The
dispersal kinetics of the drug-
filled S-SMEDDS formulation
showed a clear dependence on
the SA / V ratio values,
showing the effect of geometric
shaping on the dispersion time.
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HME FDM Haloperidol In 3D printed tablet drug in|[69]
amorphous state and drug,
release is faster and immediate.
Potential delivery of medicine
avoidance of side effects by
personalized  delivery, 3D
printed tablets prepared by
fused deposition modeling with
the aim of would afford
comparatively  rapid  drug
release.

FUTURE TRENDS: -

3D printing is anticipated to execute a significant role in the attitude towards individual
medicine, the use of customize dietary foodstuffs, drugs and organs. Pharmaceutical
API/dosage forms could be made-up on demand. Drug manufacturing and distribution will be
more cost effective. 3D printing in fabricating the complex organ and prosthetics for the
individual patient will surely help healthcare system. Pharmaceutical industry, like aerospace,
could use the complex designed equipment for manufacturing processes. The advances in the
programmed bioprinters and robot-assisted surgical treatment may also be fundamental in the
direction of the development of this technology. There are challenges but a promising progress
is continuing.

CONCLUSION: -

Our well-thought-out review summarizes the accessible literature on current techniques
designed for pharmaceutical manufacturing and dosage form development. Useful
individual/personalized drug delivery for the narrow therapeutic window drug in 3D printing
technology printing in the picoliters and reduce the adverse effect or side effect of the API for
pediatrics and geriatrics. 3D printed fabrication of the products with complex release profile
and personalized delivery. Effect of formulation geometry on release rate was studied which
gives a way and idea to study other factors using printing technology produced dosage forms.
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Abstract

Immersive technologies that combine virtual and real-world components are virtual
reality and augmented reality. These technologies have helped and enhanced human
skills in a variety of areas. There are several medical applications for virtual and
augmented reality systems. They work well in the majority of patient therapy and
medical procedure phases. Therefore, the goal of this study is to evaluate and rate the
many uses of virtual and augmented reality in the field of pharmaceutical. A new
technique called augmented reality (AR) involves superimposing computer visuals on
the actual environment. A large pharmaceutical firm used augmented reality to boost
production and decrease mistakes. Virtual reality (VR) is a simulation of reality in
which users are immersed in a synthetic or virtual environment that doesn't actually
exist but gives the impression that it does. VR technology was first applied to video
games, but it is now utilised in a variety of industries, including pharmaceutical
industry. The main objective of this review is to shed light on the applications of VR in
pharmaceutical industry to discuss some applications showing how the pharmaceutical
field has already started reaping the benefits of VR.

Keywords: Augmented Reality, Virtual Reality, Medicine, Pharmaceutical industry.
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Abstract:

To formulate physically and chemically sustained release formulation of allopurinol by using a
gastro retentive drug delivery system with the floating approach. Sustained release floating
microballoons containing allopurinol was formulated by solvent evaporation method with
sustained release polymer, DCM and ethanol as organic solvents and tween 80 as a processing
medium by using 3: factorial designs. The independent factors were concentration of Eudragit
RS 100 and tween 80 whereas dependent factors were % entrapment efficiency and % drug
release. The prepared batches were evaluated for particle size, % entrapment efficiency, drug
loading, floating time, total floating time and in-vitro drug release. During experiment the
concentration of polymer increases shows decrease in entrapment, drug release and also affect
the floating property. Thus, in moderate concentration of polymer shows excellent result of %
entrapment efficiency, % drug release, floating property and sustained drug delivery.
Evaluations were performed for optimized batch (B3) shows 1.04 seconds floating time,
97.45% drug entrapment efficiency, 98.19% drug release at 12 hours and total floating time up
to 12hours. The sustained release floating microballoons system is a promising novel drug
delivery system for the treatment of gout using allopurinol as a drug. This system is used
because it enhances the floating behavior at upper part of GIT as microballoons have low
density and hollow space, also the drug has solubility on upperpart of GIT.

Keywords: Floating, microparticulate, hollow sphere, allopurinol

1. INTRODUCTION

Floating drug delivery systems are low density systems that have abundant buoyancy to float
over gastric content and remain in the stomach for a prolonged period. The systems float over
to the gastric contents, and the drug is released slowly at the desired rate, which results in
increased gastro retention time and reduces the fluctuation. Microballoons (hollow
microspheres) is the multiunit floating system which are spherical empty particles without a
core. These microballoons are characteristically free flowing powder. It consists of proteins or
a synthetic materials and ideally having size less than 200 micrometer. Microballoons are
considered as one of the most promising buoyancy systems, as they possess the unique merits
of multiple unit system as well as better floating properties because of the central hollow space
inside the microsphere.

Allopurinol was first reported in 1965 synthesized by Roland k. Robins. It is used in the
treatment of gout. Gout is the purine metabolism disorder resulting from an excess uric acid
present in the blood stream. Allopurinol reduces the production of uric acid in our body. It is
potent xanthine oxidase inhibitor. It is BCS class | drug has high aqueous solubility and
permeability.

2. METHOD OF PREPARATION

Microballoons were prepared by using solvent evaporation method. Allopurinol and Eudragit
RS100 in different ratio were dissolved in mixture of dichloromethane and ethanol (1:1) in a
beaker. The above mixture was poured in the water containing surfactant (Tween 80) solution
at a room temperature while stirred on magnetic stirrer at 300rpm agitation speed and volatile
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solvent was allowed to be evaporated. The obtained microballoons was filtered and washed
with distilled water and dried at 40° C.

Table 1: Composition of floating microballoons of allopurinol

Batch ,(ArTI]Ig)purinol %Jodragit RS ;I'(\éveen 80 (%) gtCrZ]I;/In (:) | (Dr:]slgilled water
(mg) X1
Bl 100 75 0.05 1:1 200
B2 100 75 0.1 1:1 200
B3 100 75 0.15 1:1 200
B4 100 100 0.05 1:1 200
B5 100 100 0.1 1:1 200
B6 100 100 0.15 1:1 200
B7 100 125 0.05 1:1 200
B8 100 125 0.1 1:1 200
B9 100 125 0.15 1:1 200

3. EVALUATION OF FLOATING MICROBALLOONS

3.1 Production yield
The production yield of the microparticles was determined by accurately calculating the initial
weight of the raw materials and the last weight of the microballoons obtained.

3.2 Loading efficiency

The loading efficiency (%) of the microballoons was calculated according to the following
equation:

Loading Efficiency=Amount of drug in microballoons/ Weight of Microballoons*100

3.3 Drug entrapment efficiency(DEE)

The amount of drug was estimated by crushing the microballoons equivalent to 100mg of
allopurinol and extracting with aliquots of 0.1 N HCI repeatedly. The extract was further
transferred in to a 100 ml volumetric flask and the volume was made up using 0.1 N HCI. The
solution was filtered and absorbance was measured by the spectrophotometer against the
appropriate blank. The amount of drug entrapped in microballoons was calculated by;

DEE= (Amount of drug actually present / Theoretical drug load expected) x100

3.4 Floating lag time:
The 100 mg of floating microballoons were placed in the 100 ml of 0.1N HCI and is raised to
upper of the beaker. The duration of time was noted.

3.5 Buoyancy time (total floating time):

100 mg microballoons were dispersed in 0.1 N HCI solution containing Tween 80 (0.1 w/v %)
to stimulate gastric fluid and the mixture was stirred with a paddle at 75 rpm. After 12 hours,
the layer of the buoyant particles was pipette out and the floating particles were separated by
filtration and particles in sinking particulate layer were separated by filtration. Both particles
were dried overnight and each weight was measured and buoyancy was determined by the
weight ratio of the floating particles to the sum of floating and sinking particles.

Buoyancy (%) = Qf/Qf+ Qs x 100
Where Qf and Qs are the masses of floating and settled microballoons.
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3.6 In-vitro drug release study

In vitro release study was carried out by taking microballoons equivalent to 100 mg of
allopurinol in capsules in basket type dissolution apparatus. Dissolution study was carried out
in pH 1.2 dissolution media for 12 hrs at 37 °C. Allopurinol amount in withdrawn samples was
determined by spectrophotometrically at | max 250nm.

3.7 SEM analysis

The surface structure of microballoons was examined using scanning electron microscopy
(SEM-JSM 5610 LV) technique. The prepared microballoons were coated with gold palladium
under an argon atmosphere at room temperature, and then SEM images were recorded at the
required magnification.

3.8 Kinetic data analysis

The mathematical models were used to evaluate the kinetics and mechanism of drug release
from the tablets. The model that best fits the release data was selected based on the correlation
coefficient (r) value in various models he model that gives high r* value was considered as the
best fit of the release data.

4. RESULT AND DISCUSSION

Table 2: Evaluation of floating microballoons of allopurinol

Batch| Mean Size | Production | Entrapment Drug Floating Total
(um= S.D., | Yield (%) | Efficiency | Loading | time (sec) floating
n=3) (% +S.D., |(%x=SD.,, | (xS.D.,n=3)| time (hrs)
n=3) n=3) (xS.D., n=3)

Bl |193.66+0.06 | 84.08+0.01 | 95.14+0.01 |83.14+0.05| 1.33+0.04 >12

B2 |195.94+0.02 | 93.17+0.05 | 91.78+0.04 |79.91+0.08 | 2.00+0.12 >12

B3 | 191.47+0.07 | 98.23+0.07 | 97.45+0.03 |92.57+0.07 | 1.04+0.05 >12

B4 |192.07+0.01 | 85.31+0.15 | 96.32+0.08 |90.43+0.06 | 2.56+0.09 >12

B5 |194.84+0.01 | 94.23+0.09 | 91.45+0.07 |77.09+0.09| 1.81+0.01 >12

B6 |195.85+0.08 | 95.45+.0.11 | 89.14+0.04 |68.37+0.03| 2.00+0.03 >12

B7 | 194.98+0.07 | 90.45+0.06 | 92.08+0.05 |85.57+0.01| 2.55+0.01 >12

B8 | 197.85+0.05 | 95.98+0.03 | 81.45+0.02 |73.38+0.02 | 2.00+0.41 >12

B9 |198.62+0.04 | 97.15+0.10 | 73.65+0.09 |60.07+0.04 | 3.30+0.22 >12
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Figure no 1: In vitro drug release of B1-B3
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Figure no 2: In vitro drug release of B4-B6
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Figure no 4: Contour plot showing the effect of Eudragit RS 100 (X1) and Tween 80 (X2)
on response Y1 (% Entrapment efficiency)
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Figure no 5: Contour plot showing the effect of Eudragit RS 100 (X1) and Tween 80(X2) on
response Y2 (% Drug release) at 12 hours
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Final equation in term of coded factors

% Drug release = +85.59 -6.41 * A +4.74 * B

Final equation in term of actual factors

% Drug release = +85.59000 -6.41333 concentration of Eudragit RS 100 +4.74167

concentration of tween 80

Figure no 6: Response surface plot showing the effect of Eudragit RS 100 (X1) and Tween
80 (X2) on response Y1 (% Entrapment Efficiency)
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Figure no 7: Response surface plot showing the effect of Eudragit RS 100 (X1) and Tween
80 (X2) on response Y2 (%drug release)
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Figure no 8: SEM image of floating microballoons of allopurinol

Figure no 9:

s OEg 149 3 SER

The morphology of Allopurinol loaded microballoon prepared by solvent evaporation method
was investigated by SEM studies. The images showed that prepared microballoon were nearly
spherical. Closer view of a microballoon revealed characteristics hollow on surface.

Table no 3: Release kinetics model of Floating Microballoons of allopurinol

Batch/Zero order|Higuchi model|First order|Hixon- Crowell|Peppas model
Model
B3 0.9929 0.9496 0.9303 0.9745 0.9835
Figure no 10: Zero order graph
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Figure no 11: Korsmeyer Peppas model
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5 CONCLUSIONS

Floating microballoons of allopurinol was successfully prepared by taking polymer Eudragit
RS 100 by solvent evaporation method. 3: factorial designs were employed to optimize the
floating microballoons of allopurinol by selecting the concentration of Eudragit RS 100.From
the factorial design it can be concluded that as the concentration of polymer decreases shows
increase in yield and drug release. As the concentration of polymer increases shows decrease
in entrapment, drug release and also affect the floating property. Thus, in moderate
concentration of polymer shows excellent result of % entrapment efficiency, % drug release,
floating property. From 3: factorial design it can be concluded that 75 mg of Eudragit RS 100
and 0.15 % of tween 80 (B3) formulation imparts good result for formulation. Evaluations were
performed for optimized batch shows 1.04 seconds floating time, 97.45% drug entrapment
efficiency, 98.19% drug release at 12 hours and total floating time up to 12 hours.
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Abstract

Indian market for Medical Device is the 4™ largest in Asia and is in one of the top 20 Medical
Device market across the World. It was valued as Rs. 75,611 crore (US$10.36 billion) in 2020
and is presumed to reach US$ 50 billion in 2025 at a rate of 37% CAGR (Compound Annual
Growth Rate). Medical Devices are used for various functions in the field of healthcare, as but
not limited to, screening and diagnosis, treatment/care, restoration, and monitoring. Since 1940,
medical devices were regulated as per Drug and Cosmetic Act 1940 and Rules 1945, CDSCO
(Central Drug Standards Control Organization) regulated only a handful of medical devices
through gazette notifications, these devices being called as notified devices. This system was
not in consonance with the international standards and was rudimentary in character of CDSCO.
After recognizing the requirement to establish more stringent and specific regulations for
separating medical device from drug, refurbish the regulatory framework for medical device by
passing the Medical Device rules 2017. This rule came into effect from 1% January 2018 which
majorly focuses on the manufacture, sale, import, distribution and clinical investigation of
Medical Device in India. Till date there are 37 Medical Devices registered to CDSCO under
the Medical Device Rules 2017. In the subsequent amendments of the guidelines CDSCO is
coming with the concept to cover all the medical devise under one umbrella, making the similar
rules and norms for all the medical devices. These regulations will provide a great number of
opportunities for the manufacture of medical devices to invest in India and ease of doing a
medical device business in India.

Keywords: CDSCO, Medical Device Rules 2017, Notified Devices
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Abstract

Recent advancements in phage encapsulation techniques reveal possible areas for innovation
in the field of study that might have a big influence on the industry's future prospects.
Therapeutic investigations, phage host identification, phage treatment effectiveness, and
official procedures are required to assess the efficacy of phage therapy in combination with
antibiotics, as well as their clinical applications. It has also enlightened the importance of
human microbiota. Phage cocktails, rather than a single phage preparation, may be the most
effective way to treat infections, according to research on animals. As designation of modern
anti-biotics and many possible forms of therapy are needed to point out the universal problem
of anti-biotics resistance. The phage therapy is the best concept which basically solves the
problem related to multi-drug resist organisms. This paper reviews and summarises the use of
phage therapy for various infections and focuses on the therapeutic demands and issues related
to treat acute and chronic infections.

Keywords: Anti-biotics resistance, Human microbiota, Phage encapsulation, Clinical studies.

1.INTRODUCTION

Bacteriophages are biological creatures that aren't alive but yet have genetic material such as
DNA and RNA that is essentially coated by a protein shell called a capsid that allows them to
infect and multiply inside the cells of bacteria.We know that the exposure of anti-biotic
resistance entities leads to fundamental threat to public health all over the world. That's why,
phage therapy represents promising alternative approach to fight emerging pathogens. Phage
therapy is defined as the administration of virulent phages directly to a patient for causing lysis
of the bacterial pathogen which may leads to cause any infections.

1.1.1 History

History of phage therapy, has been full of with conflicting observations, poor understanding
and misinterpretation. But understanding the extra scientific aspects of its history can help to
explain the course of phage therapy.

1. Stages of phage therapy development

1915 - First report of phage by Fredenck Tworth

1917 - Felix D'Herelle characterizes phage

1919 - Beginning of phage therapy

1920 - Use of phage therapy in western world

1928 - Discovery of penicillin by Alexander Fleming
1930 - Decline of phage therapy, rise of antibiotic use
1940 - Golden age of anti-biotics

1948 - Emergence of penicillin resistant S. aureus
1959 - Rise of MRSA
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1983 - Phages used to treat drug - resistant bacterial infections 2001 - First use of purified
endolysin in vivo

2009 - First regulated clinical trial of phage therapy 2013 - Phase 1 clinical trial of lysin
SAL-1

2017 - Pharmacokinetic analysis of endolysin based drug SAL-200 2020 - Phase 1/2 a clinical
trial of lysin XZ.700 from micreos

1.1.2 Mechanism of action of bacteriophage therapy
Figure: 1 Lytic lifecycle of bacteriophage:
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2. ADVANTAGES OF BACTERIOPHAGES OVER ANTI-BIOTICS

Table:1 Comparison of bacteriophages with antibiotics

Bacteriophages Anti-biotics
Ables to kill anti-biotic resistant bacteria Cannot kill anti-biotic resistant bacteria
It is very specific so the chances of This may affect the microbial balance in
developing secondary infections are the patient, which may lead to serious
avoided secondary infection

No serious side effects have been described Multiple side effects have been
observed and secondary infections
have been reported

Available where they are most needed Do not necessarily concentrate at the
site of infection

Do not harm microbiome that is found inside | Anti-biotics tend to kill good bacteria
of our bodies
Bacteria do not regain their viability, means | They only stop the growth of bacteria
once it is killed it remains dead.
They are non-toxic. They may toxic.
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3.APPLICATION OF BACTERIOPHAGE:

e Antiviral activities SARS-nCOV 2

o Treatment of Multi drug resistant bacteria

o Phage therapy: Treating human infectious disease
Prevention of human infectious disease

e Veterinary medicine: Treating animal infectious disease
Prevention of animal infectious disease

e Phage encapsulation

e Phage associated protein synthesis

1.3.1 Phage therapy: A novel approach to secondary bacterial infection treatment
in COVID 19

One of the most well-known pandemics of the 20th century was COVID-19 (World Health
Organization 2020). Numerous guestions remain about the prevalence, manifestation, and
symptoms of bacterial infections in SARSCoV-2 (COVID-19) patients. According to reports,
only 8.4% of COVID-19 patients acquire a secondary bacterial infection. In comparison, 74.6%
are given antibiotics as a preventative measure. Antibiotics are still prescribed to patients with
secondary bacterial infections and/or co-infections, even though they are worthless for the
treatment of COVID-19. This presumption, though, increases the risk of antibiotic overuse and,
eventually, widespread bacterial resistance. A great option would be phage treatment, which
has a long history of effectiveness. The moment has arrived to revive it as an antibiotic
substitute. High specificity (targeted killing) and anti- inflammatory bacteriophages will be
very helpful in the treatment of diseases like Covid-19. There are two potential pathways for
Phage's anti-inflammatory action:
1.indirect impact by lowering bacterial burden by killing the targeted pathogen directly or
facilitating their evacuation from the body.
2.direct effect by engaging with the host immune system. Bacteriophages aid in the removal of
their respective hosts from the body in addition to killing (lysing) them directly.
Figure :2 Phage treatment for secondary bacterial infection in COVID 19 over antibiotics
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4. DEVELOPING A BACTERIOPHAGE DELIVERY METHOD USING
ENCAPSULATION AND POSSIBLE IMMOBILISATION APPLICATIONS

It is essential to deliver medicinal substances to the area of action. Although many chemical
compounds, such as beta-lactam antibiotics, can reach therapeutic levels in the majority of the
human body after administration, chemicals with a greater molecular weight, such as
therapeutic proteins, may not be able to reach the site of action (such as an infection), and are
thus useless. However, the use of therapeutic proteins has been shown to be successful. Phage
therapy is a highly promising technique, particularly for infections caused by multidrug-
resistant bacteria. Encapsulation, or their immobilization is one of the most frequently
employed methods. Encapsulated phages, such as those found inside liposomes, provide a
variety of therapeutic advantages over the administration of free phages. The goal of any
encapsulation method is to generate monodisperse particles that are identical in size and other
physicochemical features and do not agglomerate during manufacture or application.

Table: 2 Summary of the advantages and disadvantages of mass manufacturing of
encapsulated therapeutic phage compositions.

Encapsulation Advantages Disadvantages

method

Emulsification Material produced ideal for cream type Difficult to transport Prone
treatments Promote absorption when to bacterial contamination
applied topiclly

Freeze drying Final product: easy to store Variety of Time consuming and
applications costly

Spray drying Final product: easy to store Variety of Energy consuming process
applications

Table :3 A summary of advantages and disadvantages of several bacteriophage
immobilization procedures for the development of therapeutic phage formulations

Immobilization Advantages Disadvantages
Approach
Physical Adsorption Simple process Undirected, inconsistent phage not
Inexpensive strongly bound to substrate
Protein-Ligand Strongly bound phage High Complicated process
binding efficiency Tail-up Expensive
orientation
High binding efficiency Electrostatically charged surface
) Applicable to most tailed phages | may not be desirable
Electrostatic Tail-up Orientation
Covalent Linkage |Strongly bound phage Potentially | Can be a costly and complex
longer shelf life process (in the case of
linker-based immobilization)

5.Bacteriophage therapy a successful clinical trial :

The combining of both, i.e., bacteriophage and antibiotics, or phage alone, may produce
potentially successful treatment options for bacterial infections as opposed to totally replacing
antibiotics, as proven by past clinical case studies. In order to increase the use of bacteriophage
treatment against multi-drug resistant infections, significant challenges must be overcome in
the design of improved clinical studies. When antibiotics fail to work, antibacterial medications
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can be administered alone or in combination with bacteriophages, known as bacteriophage-
antibiotic combination therapy.

1. Bone and joint infections 2.  Urinary tract infections 3.  Biofilm infections
4. Heart/pulmonary infections 5. Gastrointestinal infections 6. Septicemia/bloodstream
infections 7. Skin and soft tissue infections

Figure :3 Summary of the phage therapy clinical trials and compassionate use case reports
from 2005 to 2020. Case reports are categorized by the site of infection and target pathogen.
The color coding represents the primary route of phage administration in each case report
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https://doi.org/10.1016/j.clinthera.2020.07.014.

Table: 4 A summary of clinical trials using bacteriophages to treat infections of the
bones and joints

Case study Description Administration Result Reference
Using A 79-year-old Phage#- Local Bacteria Doub et al.
bacteriophage female with a instillation eradicated 2021
therapy to treat | resistant Antibiotics successfully
of PKI Staphylococcus (colistin, following

epidermidis PKI | meropenem and | combination

was given phage | ceftazidime) — | therapy

treatment Intravenous

following

debridement and

implant retention

surgery
Bacteriophage Following a Phage cocktail Bacteria were Tkhilaishvili
treatment for gunshot (SA- BHUL, successfully et al. 2020
chronic PJI wound, an 80- SA-BHU2, eliminated as
infection of the | year-old SA-BHUS, a result of
knee and patient SA- BHU15, combination
persistent pain suffering from SA-BHUZ21, treatment.
femoral T2DM2 and SA-BHU37,
osteomyelitis. CKD were SA-

identified with BHU47)—

Intralesionally
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PJI and chronic
kidney disease.
Osteomyelitis
caused by
Pseudomonas
aeruginosa
MDR

infection

PJI prosthetic joint infection, PKI prosthetic knee infection, T2DM2 type 2 diabetes
mellitus, CKD chronic kidney disease MDR multi-drug resistant, Phage#: Collection (No
identification Case study given) received from George Eliava Institute of Bacteriophages,
Microbiology and Virology (Thilsi, Georgia).
Table: 5 A summary of clinical trials using bacteriophages for the treatment urinary

tract infections

Klebsiella
pneumoniae (MDR).

CASE DESCRIPTION ADMINISTRATI | RESULT Reference
STUDY ON
Identifying Men over the age of| Phage cocktail| Intravesical phage| Leitner
intravesical 18 with acute UTI| (Pyobacteriophage | therapy was non-| et al.
Using phage| but no signs of| )-Intravesical inferior to| 2021
therapy  to| systemic disease| suprapubic antibiotic
treat UTI were included in a treatment .In terms
placebo-controlled, of efficacy and
double-blind clinical safety, bladder
research. irrigation (placebo)
Uropathogens was not
(Enterococcus  spp., superior. safety
Escherichia coli,
Proteus  mirabilis,
Pseudomonas
aeruginosa,
Staphylococcus spp.,
and  Streptococcus
spp.)
Case report of| A 58-year-old renal| Phage#-Oral, After receiving| Kuipers
effective transplant  patient| Intravesical and| combination et al.
therapy  for| experienced bladder irrigation| treatment, sterile| 2020
chronic epididymitis  after| Antibiotic urine culture was
relapsing developing a post-| (meropenem)- obtained.
UTI treated| transplant UTI| Intravenous
with phage caused by ESBL

UTI urinary tract infection, , ESBL extended-spectrum B-lactamase; Phage#: Solution

(No identification given) received from Eliava Institute in Thilisi, Georgia
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Table: 6 A summary of clinical trials using bacteriophages for the treatment of

biofilm infections
CASE DESCRIPTION ADMINISTRATION RESULT Reference
STUDIES
Using Pseudomonas Phage cocktail (CT- PA| A statistically| Fong et al.
bacteriophage | aeruginosa containing Pal193,| significant 2019
therapy to treat| infection was| Pa204, Pa222  and| decrease in
of animal-based| simulated in sheep| Pa223)- Intranasal the bacterial
paranasal frontal sinuses to population of]
biofilm model | create an infection the  biofilm
and produce a was observed.
biofilm.
Phages and| In microtiter plates,| Phage (NP1 & NP3) and| As compared| Chaudhry
antibiotics work| Pseudomonas antibiotic  (ceftazidime,| to other drugs,| et al. 2017
together to| aerug- inosa bioflm| ciprofoxacin,  colistin,| the synergistic
destroy has been grown in| gentamycin &| efect of
biological films.| vitro to mimic the| tobramycin)-Direct phages and
in-vivo inoculation drugs was
environment highest  with
tobramycin

Table: 7 A summary of clinical trials using bacteriophages for the treatmen t of heart

and pulmonary diseases

CASE STUDY | DESCRIPTION ADMINISTRATION RESULT | Reference
Phage therapy for| Eight patients with| Phage (CH1, Enfl, PA5, No major| Rubalskii
critical Infections| immunosuppress- PA10, KPV811, KPV15, adverse etal. 2020
associated  with| sion after organ| Sa30, SCH1, SCH111, effects, 9056 A
Cardiothoracic transplantation were| ECD7, V18)-local,| seven out
surgery infected via intraoperatively, of  eight

MDR inhalation and intranasal| people got

Staphylococcus Antibiotics (cefepime,| their target

aureus, daptomycin, linezolid,| bacteria

Enterococcus tobramycin, ceftazidime,| eradicate

faecium, colistin, meropenem, co-

Pseudomonas triamoxazole,rifampicin,

aeruginosa, fucloxacillin,sultamicillin

Klebsiella and clindamycin)—oral

pneumoniae, and and intravenous

Escherichia coli
Bacteriophage A 76-year-old| Phage (OMKO1) and| Infection | Chan et
therapy for an| patient underwent| antibiotics (ceftazidime)-| eradicated | al. 2018
aortic graft| surgery for an aortic| direct injection into the| with  no
infection aneurysm with| site (mediastinal fstula) signs  of

Dacron graft, which recurrence

resulted in MDR in 18

Pseudomonas months

aeruginosa infection

MDR: Multi drug

resistant
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Table: 8 A summary of clinical trials using bacteriophages for the treatment of skin and
soft tissue infections

Case studies Description Administration | Result Reference
A clinical trial for | Patients aged between | Phage#- Seven patient | Gupta et
the treatment of| 12to Topical infections al. 2019
wounds via a| 60 years with chronic eradicated, while
bacteriophage non- healing wounds the remaining 13
cocktail caused by Escherichia wound sizes

coli, Staphylococcus decreased

aureus and signifcantly

Pseudomonas

aeruginosa
Transfersomal The posterior portion| Phage (MR-5| 100%  survival | Chhibber
phage  cocktail | of both thighs of 4-6-| & MR-10)- rate was | etal. 2017
treatment against| week-old female rats| Intramuscular | observed for
SSTIs in a rat| was intramuscularly both 30 min and
model injected with 12 h  post-

Staphylococcus infection

aureus

SSTIs: Skin and soft tissue infections; Phage#: Cocktail of phages (No identifcation given)

Table: 9 A summary of clinical trials using bacteriophages forthe treatment of
septicemia/bloodstream infections

Case studies Description Administration | Result Reference
A case report off A 61-year-old man| Phage (BFC1)-| Fever Jennes et
bacteriophage with peritonitis| Intrevenous and| disappeared, al. 2017
therapy for the| infection and other| Topical CRP level
treatment of| complications dropped, and
septicaemia in a| developed large blood culture
patient necrotic pressure sores turned negative

by MDR Pseudomonas for P. aeruginosa

aeruginosa leading

to septicaemia
Experimental The mice intragastrical| Phage (NK5)-| The bacteriall Hung et
phage therapy for| inoculation of{ Oral or| count was al. 2011
the treatment Klebsiella Intraperitoneal | eliminated
of liver abscesses virtually from
and bacteremia
pneumoniae led to the development of liver abscesses, necrosis both blood and liver
of liver tissues and tissues
bacteremia

MDR: Multidrug-resistant; CRP: C-reactive prote.
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Table: 10 A summary of clinical trials using bacteriophages for the treatment of
gastrointestinal infections

Case studies Description Administration Result Reference
Bacteriophage | Due to increased| Phage#-Oral The colony-forming| Chaturvedi
therapy for| antimi crobial unit of Kilebsiella) and Nath
intestinal MDR| resistance in gut pneumoniae 2018
bacteria bacteria, the effect gradually decreased
eradication of single-dose of] as the days
bacteriophage on progressed, leading
MDR Klebsiella to full eradication in
pneumoniae 6 days
isolated from
albino mice use
faeces
Combined bacte| Female mice| peritonitis Phage| 100% successful tre| Gelman et
riophage inoculated with a (EFDGI and| atment vial al. 2018
treatment  for| lethal dose off EFLK1) and| bacteriophage
septic VRE antibi- otics| cocktail alone for
disseminated (ampicillin)- critically ill mice an
intraperito neally| Intraperitoneal d 60% the suc-
to intraand extra- cess rate for combin
peritoneal organs ation therapy

MDR multi-drug resistant, VRE vancomycin-resistant
Customized Phage cocktail (No identification given)

Enterococcus faecalis; Phage#:

6. CURRENT ISSUES AND NEW STRATEGIES IN PHAGE TREATMENT.
Currently, phage therapy encounters obstacles including:

1.sustaining existing standards of quality and safety

2.ensuring the longevity of phage preparations

developing a high-throughput test for phage screening

overcoming phages' restricted activity in biofilms

preventing and combating the development of bacterial phage resistance

developing a regulatory system more suited to phage products.

the use of combined strategies, such as the combination of phages and antibiotics.

the use of synthetic biology technologies to create phages with enhanced characteristics

ONOoO AW

7. CONCLUSION

Since bacteriophages are particular to their host, their effectiveness against resistant
bacteria offers them a possible treatment for resistant bacterial infections, which is
especially important given the rise in AR bacterial illnesses. According to previous
clinical case studies, bacteriophage and antibiotics combined or phage alone might
produce potentially effective treatment alternatives against bacterial pathogens rather
than completely replacing antibiotics. The possible benefits of bacteriophage treatment
include improved bacterial clearance, more effective adsorption into biofilms, and a
reduced risk of bacteriophage resistance development.They also hold great promise for
the treatment of bacterial co-illnesses or secondary infections during viral pandemics like the
ongoing COVID-19 pandemic. Despite tremendous advances in medicine, we are unable to
halt the spread of diseases caused by AMR infections. More study on the nature of host-
phage interactions is needed in the future to help clarify and expedite the notion of
bacteriophage treatment, as well as advocate for its regulatory adoption in modern
medicine.
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ABSTRACT:

Oro-dispersible tablets of Brivaracetam were successfully formulated by the direct compression
method. Pre-formulation studies of the drug were performed; the infrared spectral analysis
studies revealed that there is no chemical interaction with excipients used in the formulation of
the drug. Risk Assessment of formulation variables using Quality by Design (QbD) showed
that diluent selection and type and level of disintegrants were most likely to affect the Critical
Quality Attributes (CQA) of the Orally Disintegrating Tablets (ODT). Hence were ranked high.
Based on weight variation, hardness, friability, disintegration time, and dissolution, it was
found that all the formulations were satisfactory as per pharmacopeial standards. Disintegration
time was 90% of drug release at 10 minutes with the least disintegrant level. Further
optimization of the formulation was done using 22 factorial designs (2 factors 2 levels) using
Minitab 16 and established control strategy and design space of the formulation. Validation of
design was done and the final optimized batch P7 was chosen from the design space. The final
formulation P7 was tested for accelerated stability studies for 3 months and found stable.

Keywords: Brivaracetam, Orally Disintegrating Tablets (ODT), Critical Quality Attributes
(CQA)

1 INTRODUCTION

1.1 Introduction of Drug Delivery System

Formulation of drugs into a presentable form is the basic requirement and need of today. The
dosage form is a means of drug delivery system, used for the application of drugs to a living
body. Various type of dosage forms is available such as tablets, syrups, suspensions,
suppositories, injections, transdermal, and patches having different type of drug delivery
mechanisms.!

These classical/modern dosage forms have some advantages and disadvantages therefore the
development of an ideal drug delivery system is a big challenge to the pharmacist in the present
scenario. To get the desired effect the drug should be delivered to its site of action at such rate
and concentration to achieve the maximum therapeutic effect and minimum adverse effect. For
the development of a suitable dosage form a thorough study of the physicochemical principles
that govern a specific formulation of a drug should be subjected.*

1.1.1 ORAL DISPERSIBLE TABLETS:-!

Drinking water is mostly required for the oral administration of drugs, like tablets and capsules,
in which some patients experience nuisance in swallowing bulky conventional dosage forms.
To prevent the dysphagia and improve patient compliance, orodispersible tablets are introduced
as a substitute in oral DDS, designed to disintegrate in the mouth without the aid of water. So
they are useful in such conditions in which water is not available, or prohibited as before
operation, in kinetosis, cough episodes due to neurological stimulation, or chest infections.
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Different methods are adopted to manufacture the orodispersible tablets to give fast
disintegration to the dosage form as it gets in contact with saliva with a good agreeable moth
feeling.

These orodispersible tablets (ODT) can be administered to any patient having difficulty
swallowing. They are also recognized as mouth dissolvable, melt-in-mouth, fast dissolving,
rapid-melts, or porous tablets.

1.1.2 PREREQUISITE OF FAST DISINTEGRATING TABLETS:-?

There are some prerequisites for fast disintegrating tablets which are mentioned as,

v Tablet must disintegrate and disperse in the oral cavity without water intake.

v" It can hold high drug quantities.

v" It should be compatible with taste-masking agents and excipients and have an optimum
sensation effect.

Leave minimum to no residue after administration.

It should have the optimum capacity to remain intact in formulation processes.

It should be stable in the range of temperature and humidity.

It should be adaptable and amenable to existing processing and packaging machinery.
It should be manufactured at a low cost.

1.1.3 SUITABILITY OF DRUGS FOR FAST DISINTEGRATING TABLETS:-3

For developing FDT of a specific drug several factors should be kept forth while selecting the

drug, excipients, and formulation method. These are as follows:

v Drugs to be used for sustained action are not suitable candidates for FDT.

v Drugs having very disagreeable taste are not suitable like clopidogrel.

v’ Patients suffering from Sjogren’s syndrome and those with less saliva secretion and not
suitable for FDT dosage form.

v' Drugs of very short half-life and requiring frequent dosing are not an appropriate

candidates.

Patients on Anticholinergic therapy are not suitable for FDT.

Drugs showing altered pharmacokinetic behavior if formulated in such dosage form

concerning their conventional dosage form are not suitable, like selegiline, apomorphine,

and Buspirone.

v" Drugs producing considerable amounts of toxic metabolites on first-pass metabolism and
in GIT and having substantial absorption in oral and pregastric areas are good candidates.

v Drugs permeable to upper GIT and oral mucosal epithelial cell lining are considered good
candidates for FDT.

AN NN NN

AN

1.1.4 TECHNIQUES FOR PREPARING ORODISPERSIBLE TABLETS:-?

Various techniques are currently used in preparing fast disintegrating/dissolving tablets;
o Direct compression

Freeze drying or Lyophilization

Molding method

Sublimation

Spray-drying

Mass-extrusion

Cotton candy process

Nanonization

Compaction

Phase-transition method

1.1.5 ADVANTAGES OF ODT'S:-"

v Administration to the patients who cannot swallow, such as the elderly, stroke victims,
bedridden patients, patients affected by renal failure, and patients who refuse to swallow
such as pediatric, geriatric, and psychiatric patients.

O O O O O O O O

o
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v" Rapid drug therapy intervention.

v Achieve increased bioavailability/rapid absorption through pre-gastric absorption of drugs
from the mouth, pharynx, and oesophagus as saliva passes down.

v" Convenient for administration and patient compliance for disabled, bedridden patients and
for travelers and busy people, who do not always have access to water.

v' Good mouth feel property helps to change the perception of medication as bitter pill
particularly in pediatric patients.

1.1.6 DISADVANTAGES OF FAST DISSOLVING TABLETS:-*

v Low amount of drug can be incorporated in each dose.

v’ Sometimes it possesses mouth feeling

v ODT requires special packaging for proper stabilization & safety of stable products.
v" Eating and drinking may become restricted

1.2 Introduction of Drug

e Brivaracetam:-"1°

Table 01 Drug Information

General Properties:-

Name Brivaracetam
Brivaracetam is a racetam derivative of levetiracetam used in the
Description treatment of partial-onset seizures. Brivaracetam binds SV2A with
20 times higher affinity than levetiracetam.
Appearance Brivaracetam is a white to off-white crystalline powder.
);
Structure [:}.&O
" T CONH,
CAS number 357336-20-0
Category Antiepileptic
Molecular Weight 212.28 g/mol
Chemical Formula | C11H20N20;

IUPAC Name (2S)-2-[(4R)-2-ox0-4-propylpyrrolidin-1-yl]butanamide
It is very soluble in water, buffer (pH 1.2, 4.5, and 7.4), ethanol,
Solubility methanol, and glacial acetic acid. It is freely soluble in acetonitrile

and acetone and soluble in toluene. It is very slightly soluble in n-
hexane.

Water Solubility 46.8 mg/mL
Log P 0.86

pKa 16.29
Melting point (°C) 72t0 77 °C

Hygroscopic

Non-Hygroscopic

Identification

FTIR, UV
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BCS Class

Dose

10/25/50/75/100 mg

PharmacokineticProperties:-

Absorption of drug

Brivaracetam is highly permeable and is rapidly and almost
completely absorbed after oral administration.

Protein binding of
drug

Brivaracetam is weakly bound to plasma proteins (<20%)

Metabolism of drug

Brivaracetam is primarily metabolized by hydrolysis of the amide
moiety to form the corresponding carboxylic acid metabolite, and
secondarily by hydroxylation on the propyl side chain to form the
hydroxy metabolite

Half life

9 hours

Excretion

Brivaracetam is eliminated primarily by metabolism and by

excretion in the urine.

Pharmacological Prop

erties:-

Drug Indication

Used as adjunctive therapy for partial-onset seizures in patients 16

years of age or older.
Brivaracetam displays a high and selective affinity for synaptic
vesicle protein 2A (SV2A) in the brain, which may contribute to the
anticonvulsant effect.

Marketed Preparations:-

Mechanism / Modes
of action

Brand/Generic Name Availability Company Name
BRIVIACT Tablet: 10/ri5g/50/75/100 UCB Pharma

Figure 1 Marketed Preparations

BRIVIACT’ BRIVIACT" BRIVIACT® ACT*

Q s “"“um) (bnvuuoum) . (brivaracetam) (brivaracetam) (S,s:":'c etam) 4
N, et @ tablets @ | tablets (7 tablets  (§ tblets (7 #
\ gm (25 mo | (soms SN 75 ms | T g
I 3 | 3 . 7
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2 AIM & OBJECTIVES

2.1 Aim of Work
Present research work aims to formulate and evaluate the Orally Disintegrating tablets of
Brivaracetam.

2.2Rationale

v/ Patient inconvenience due to swallowing difficulty (dysphagia) may minimize the drug
treatment efficacy. Dysphagia is common in elderly patients and those with dementia,
whereas patient rejection is frequently perceived.

v Formulation of drugs as orally disintegrating Tablets (ODTSs) is one of the approaches to
achieve enhanced patient acceptance toward orally solid dosage forms.
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v’ Orally disintegrating Tablets are solid dosage forms that disintegrate rapidly when placed
upon the tongue, usually within a matter of seconds.

v’ Brivaracetam is a racetam derivative used in the treatment of partial-onset seizures. Its oral
recommended dose is 10/25/50/75/100 mg two to three times in a day.

v’ Itis only available as simple conventional tablets under the brand name of Briviact.

v" Its molecular weight is 212.28 g/mol. The half-life is about 9 hours. Also, the drug has good
water solubility.

v’ Brivaracetam is belongs to the Antiepileptic category which is used in the emergency
condition of seizures. This condition required quick onset of the action to the patient for
instant recovery.

v Hence, by making Brivaracetam as orally disintegrating tablets (ODT’s) can provide
several patient advantages as they disintegrate rapidly (<1 min) in the mouth with or
without water. Fast disintegration provides immediate drug release and fast drug absorption
which ultimately gives quick onset of action.

v' In addition, Brivaracetam ODT’s provide ease of administration & swallowing, in addition
to an acceptable mouth feel. Also the tablet swallowing difficulty can be minimizing for
elderly patients.

2.3 Objectives of Work

v' To formulate and evaluate orally disintegrating tablets of Brivaracetam using QbD
approach.

v" To investigate the impact of critical quality attributes (CQAs) and critical process
parameters (CPPs) on quality target product profile (QTPP) attributes of orally
disintegrating tablets of Brivaracetam.

v" To check drug excipient compatibility study.

v To prepare orally disintegrating tablets of Brivaracetam using direct compression method.

v To screen various super disintegrating agents for satisfactory Disintegration time and In-
Vitro Drug release.

v To evaluate pre and post compression parameters.

v To carry out stability study on final formulation.

3 RESEARCH METHODOLOGY

Quality Target Product Profile

The quality target product profile (QTPP) is “a prospective summary of the quality
characteristics of a drug product that ideally will be achieved to ensure the desired quality,
taking into account safety and efficacy of the drug product.”

Table 3 QTPP of the product

Dosage Design

QTPP Elements Target Justification
Dosage Form oDT Patient Compliance
Immediate Release For suitable replacement of

tablet without scoring marketed product

Same route of

Route of Administration Oral . .
administration
Dosage Strength Similar to marketed
product
L. Similar to marketed Pharmaceutical
Pharmacokinetics .
product Equivalence
Stability Similar to marketed
product

Physical Attribute | Pharmaceutically Equivalent to Marketed Product
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Identification

Drug Assay
Product Disintegration
Quality | Time

Attributes | Content

Uniformity

Dissolution
Administration/Concurrence . To achieve similar

) . Similar food effect o
with labeling Pharmacokinetics
Alternative methods of
. . None None

administration

4 LITERATURE REVIEW
4.1 Review of Literature on Drug Delivery System

Maria M et al 2 formulated and evaluated fast-disintegrating tablets (FDTs) having
Flurbiprofen (FP) and Metoclopramide HCI (MHCI) in combination. Direct compression was
used to formulate FDTs of FP and MHCI as a combination regimen in six formulations. FDTs
are defined as solid oral dosage form that disintegrates rapidly within seconds when placed in
the oral cavity. FDT-1, FDT-2, FDT-3, FDT-4, FDT-5, and FDT-6 were formulated using
crospovidone, croscarmellose sodium, and sodium starch glycolate as super disintegrants each
in two formulations. Several pre-compression tests (angle of repose, bulk density, tapped
density, Hausner’s ratio, and compressibility index), post-compression evaluation (weight
variation, friability, hardness, disintegration time, wetting time, assay, in vitro dissolution
study, release kinetics study, statistical analysis, and stability study), and drug compatibility
study were done for all six formulations.

Gozde G et al ** prepared different oral disintegrating tablet formulations and tested by
changing the usage of co-formulated disintegrating excipient and other disintegrant combined
with sodium starch glycolate and mannitol. Powder flow characteristics were examined.
Suitable formulations compressed via direct compression method at two different pressure
levels. Compressed tablets were tested physically and chemically. The results thus obtained
were evaluated in the Artificial Neural Network and Gene Expression Programming modules.

Buket A et al ®investigated the impact of critical quality attributes (CQAS) and critical process
parameters (CPPs) on quality target product profile (QTPP) attributes of orally disintegrating
tablet (ODT) containing Ondansetron (OND) using two artificial neural network (ANN)
programs.

Ashwini R et al ¥’ focused on application of QbD approach to see the effect of formulation
variables on oral disintegrating tablets containing antiemetic drug, Granisetron HCI. Risk
assessment of critical material and process parameters are linked to critical quality attributes
(CQAS) of the product with respect to obtain target quality product profile (TQPP). Preliminary
screening was done to characterize the effects of microcrystalline cellulose, crospovidone,
croscarmellose sodium and magnesium stearate on drug release. The effects of critical
parameters (concentration of two super disintegrants crospovidone and croscarmellose sodium)
were investigated by executing design of experimentation (DoE) using 3 level full factorial
designs

Biswajit B et al ¥ worked on aims to propose control strategy for commercial manufacturing
of Loratadine as an ODT. The control strategies include proposal of different parameters
including strategies for raw materials, mixing time, speed of impeller and chopper, inlet
temperature, screen size and mill speed, blending and lubrication time, and tablet compression.
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Swapnil S et al ** reviewed all the aspects of ODTs which are necessary to develop the drug
products as Super generics. The future perspective of ODTs about QbD is also provided to bank
the researchers & manufacturers towards ODTSs.

Priyanka N et al ?°focused on ideal characteristics, advantages and disadvantages, formulation
aspects, formulation technologies, evaluation of products and future potential. Various
marketed preparations along with numerous scientific advancements made so far in this avenue
have also been discussed.

Niranjan B et al 2! prepared ODT by direct compression method by using crospovidone as a
superdisintigrating agent and optimized by 32 factorial design. Independent variables were
concentration of crospovidone (X1) and hydroxypropyl cellulose (X2) while dependent
variables were disintegration time and percent drug released. Optimized formulation, F4,
showed drug content (97.90+0.37%), disintegration time (20.33+0.317 sec), percent drug
released (101.5+0.59%), water absorption ratio (113.5+1.26%).

5 PREPARATIONS OF FORMULATION:

5.1 Direct Compression Method:

Direct Compression Method was adopted as it is the simplest of approach for ODT tablet
fabrication. It involves least number of unit operations and is cost effective when it comes to
commercialization of the product. Detailed formulae mentioned in table below.

Table 02Formulation Table

Screening of |Screening of Super Optimization of Super
Diluent Disintegrants Disintegrant
i:;)’ Ingredients F1 |F2 |F3 |F4 F5 F6 F7 F8 F9
1 Brivaracetam 10.0|10.0(10.0{10.0 10.0 10.0 10.0 10.0 10.0
2 Pharmaburst 500 [50.0 |- - 50.0 50.0 50.0 50.0 50.0 50.0
3 Ludiflash - 50.0 |- - - - - - -
4 Pearlitol - - 50.0 |- - - - - -
5 |Crospovidone |- |- |- |75 - - 5.0 7.5 10.0
g [Croscarmellose | | | | 75 i i ) i
Sodium
Sodium Starch
! Glycolate 0 i 7 i i j
8 Avicel pH 102 76.0/76.0|76.0168.5 68.5 68.5 66.5 68.5 76.5
9 Sucralose 40 |4.0 |40 (4.0 4.0 4.0 4.0 4.0 4.0
10 [ColloidalSilicon |, 5 1y 6 140 la0 |40 |40 |40  |a0  |a0
Dioxide
11 (Talc 2.0 |2.00|2.0 |2.0 2.0 2.0 2.0 2.0 2.0
12 |Magnesium 40 40 40 40 |40 |40 |40 |40 |40
Stearate
Total 350' 350' (1)50' 1500 |150.0 [150.0 [150.0 [150.0 |150.0
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5.2 Procedure:

5.2.1 Dispensing and Sifting

a) Dispensed quantity of Drug, Pharmaburst 500 / Ludiflash / Pearlitol, Crospovidone /
Croscarmellose Sodium / Sodium Starch Glycolate, Avicel pH 102, Sucralose and
Colloidal Silicon dioxide were sifted through #40 mesh.

b) Talc and Magnesium Stearate were sifted through #60 mesh.

5.2.2 Blending and Lubrication:

a) Material of Step 1.a was transferred to a Double Cone blender and the material was blended
for 15 minutes at 20 RPM.

b) To the above blended material, sifted Magnesium Stearate was added and the blend was
lubricated for 5 minutes at 20 RPM.

The blend was then evaluated for pre-compaction parameters.

5.2.3 Compression:

The blend from step 2.b was compressed using Multi punch Tablet compression machine from
Cadmach machinery using a 5.5 mm round tip punch sets.

The tablets were then evaluated for post compression parameters of ODT.

5.3 Application of factorial design

Based on the trial batches results, statistical design was applied for optimization of final
formulation. It was observed that the amount of super disintegrant and the directly compressible
excipient is critical and the physicochemical parameters was depends on the both factors.
Hence, factorial design was applied by taking crospovidone and Pharmaburst 500 as an
independent variable. 22 factor 2 level factorial design was applied as per below;

Table 03Factorial Design table

Independent Low Center Point High
Variable
Crospovidone 5.0 75 10
Pharmaburst 500 40 50 60

Dependant Variable

Y1=Disintegration Time

Y2=Drug Release at 2 min

Table 04Formulation table for Factorial batches

Sr. No. Ingredients (mg) P1 P2 P3 P4
1 Brivaracetam 10.0 10.0 10.0 10.0
2 Pharmaburst 500® 40.00 40.00 60.00 60.00
3 Crospovidone 5.0 10.0 5.0 10.0
4 Avicel pH 102 81 76 61 56
5 Sucralose 4.0 4.00 4.00 4.00
6 Colloidal Silicon Dioxide 4.0 4.00 4.00 4.00
7 Talc 2.0 2.00 2.00 2.00
8 Magnesium Stearate 4.0 4.00 4.00 4.00
Total 150.0 150.0 150.0 150.0
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Evaluation of factorial batches was done as per trial batches and the results were recorded in
results and discussion chapter.

5.4 PRE-COMPRESSION PARAMETERS

Precompression parameters of all the blends (F1 to F9) and it was observed that there was no
significant difference amongst all the blends in terms of flowability and compressibility. It
could be possible because of the fact that most of the property of the blend is governed by the
excipients which include diluents in major. All pre compression parameters are tabulated
below:

Table 05Results of Pre-Compression Parameters of blend

Angle of Bulk_ Tapp_ed Hausner's Carr's_ _
Batch Repose Density Density Ratio Consolidation

(0)_ (g/_ml) (g/_ml) (n=3) Ingex (%)

(n=3) (n=3) (n=3) (n=3)
F1 228+03 | ool * P o 35.477 + 0,035
F2 239405 8;88‘1) * 81383 * ézgﬂ * 25.214 + 0.024
F3 250£07 | 0o * sl e 28.958 + 0.032
F4 27.4+0.4 8;855 * 8;332 * ézg;g * 23.926 + 0.014
F5 26.3+0.6 8:882 * 8:332 * é:gﬁ * 29.228 + 0.031
F6 245+05 8j§8§ * 8;38; * ézgi’g * 22.976 + 0.025
F7 25.7+0.5 8:88% * 8:382 * é:ggi * 23.028 £ 0.017
F8 22.040.3 8;832,’ + 8:383 + é:ggg * 27.966 + 0.031
F9 23404 | 050F DAoL 1.336 +0.010 | 25.163 + 0,031

5.5 Post Compression Parameters:

5.5.1 Weight Variation:

Weight variation was performed to ensure dosage uniformity. The test was carried out by
weighing the 20 tablets individually using analytical balance, then calculating the average
weight, and comparing the individual tablet weights to the average. The percentage of weight
variation was calculated by using the following formula.

Table 06Weight Variation

Sr. No. | Average Weight of tablets (mg) Maximum % difference allowed
1 <130 +10%
2 130-324 +7.5%
3 >324 + 5%

5.5.2 Thickness:
Thickness will affect the physical appearance of the tablet and will be governed by the
compressibility of the blend and the target hardness. It is measured in mm.
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5.5.3 Hardness:

Hardness is also so called crushing strength. It is the load required to crush the tablet when
placed on its edge. Tablets must be able to withstand the rigors of handling and transportation
experienced in the manufacturing plant, in the drug distribution system, and in the field at the
hands of the end users (patients/consumers). For these reasons, the mechanical strength of
tablets is of considerable importance and is routinely measured. It is measured in Newton or
kg/cm? or kilo Newton.

Hardness is a Critical Quality Attribute as it governs a balance between Disintegration Time
and Friability.

5.5.4 Friability:
Friability is defined as the %weight loss by tablets due to mechanical action during the test. It
refers to the ability of the compressed tablet to avoid fracture and breaking during transport.
Friability of a tablet is calculated by below mentioned formula:
%friability = (1-Final weight/Initial weight)*100

5.5.5 Disintegration Time:

Disintegration Time is the most important Critical Quality Attribute for an Orodispersible. The
in vitro disintegration studies were carried out using a digital tablet disintegration test apparatus
(Electrolab, India). One tablet was placed in each of the 6 tubes of the basket assembly and then
disk was added to each tube. This assembly was then suspended in a 1-liter beaker containing
water with its temperature being maintained at 37 = 2°C. The basket was then moved up and
down through a distance of 5 to 6 cm, at the frequency of 28 to 32 cycles per minute. The time
required for complete disintegration of the tablet was recorded.

5.5.6 Wetting Time and Water Absorption Ratio:
The Wetting Time of the tablets was evaluated (n = 6). This experiment mimics the action of
saliva in contact with tablet. A Whatman filter paper disk folded once diametrically was placed
in a petri dish. A small volume (10 ml) of water containing the water soluble dye, Rhodamine
B (0.1 g) was added to the filter paper on the petri dish. The tablet was carefully placed on the
filter paper at t = 0 and the time for complete wetting were measured. Complete coloring the
tablet was taken as a sign for complete wetting. The wetted tablet was then weighed and water
AR was determined according to the Equation mentioned below
Absorption Ratio = 100 X (Wa — Wb)/Wb
Where Wa and Wb are the tablet weights after and before wetting

5.5.7 Dissolution:

The release rate of Brivaracetam from ODTs was determined using United State
Pharmacopoeia (USP) dissolution testing apparatus Type Il (paddle method). The dissolution
test was performed using 900 ml of 0.1N HCI pH 1.2 as dissolution medium, at 37 £ 0.5°C and
50 rpm. A sample (5 ml) of the solution was withdrawn from the dissolution apparatus at 5, 10,
15, 20 and 30 minutes. The samples were filtered through a 0.45 membrane filter. The
absorbance of these solutions was measured at 225 nm using a Shimadzu spectrophotometer.
The cumulative percentage of drug release was calculated using an equation obtained from a
standard curve.

6 RESULTS & DISCUSSION

6.1 Preformulation Study
The results and conclusion of the Preformulation studies carried out on Active Ingredients are
documented below.

6.1.1 Melting Point Determination:

The melting point of the Active Ingredient was found to be 76°C, which is found to be
consistent with that of the reported melting point of pure Brivaracetam. This confirms the purity
of the material.
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6.1.3 Physical Characterization of the drug:
Observations from the test results of physical characterization of the drug are tabulated below:

Table 0.7Results of Physical Characterization of Brivaracetam

Sr. No. Test Results Inference
1 Angle of Repose 47.8 Poor flow
2 Bulk Density (g/ml) 0.15 -
3 Tapped Density (g/ml) 0.21 -
4 Hausner's Ratio 1.40 Poor flow
5 Carr's Consolidation Index 28.6 Poor flow

6.1.4 Solubility Studies:
The solubility of pure Brivaracetam was evaluated in different media and the results were
recorded in the table below. Results are tabulated below:

Table 0.8Solubility Studies Data

Sr. No. Media Solubility (mg/ml)
1 Purified Water 8.2
2 pH 1.2 HCI buffer 9.5
3 pH 4.5 acetate buffer 7.5
4 pH 6.8 phosphate buffer 8.4

6.1.5 ANALYTICAL METHOD FOR ESTIMATION
6.1.5.1 UV ABSORPTION

Figure 0.24max of Pure Brivaracetam
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Scanning the Brivaracetam stock solution showed that the Amax Of drug was 225 nm and all
further analysis will be done at this particular wavelength.

6.1.5.2 STANDARD CALIBRATION CURVE
The calibration curve was found to be linear in the concentration range of 2-12 pg/ml
In 0.1 N HCl at its Amax, 225 nm. The coefficient of correlation (R?) was found to be R?= 0.998.
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Table 9 Calibration curve

Concentration (ng/ml) | I i Absorbance £ SD
2 0.150 0.151 0.152 0.151+£0.04
4 0.343 | 0.341 | 0.339 0.341 +0.03
6 0.520 0.522 0.524 0.522 + 0.02
8 0.760 | 0.770 | 0.765 0.765 + 0.02
10 0.950 | 0.945 | 0.955 0.950 + 0.03
12 1.135 1.138 1.141 1.138 £ 0.05
Figure 03Calibration Curve of Brivaracetam
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6.1.6 DRUG-EXCIPIENT COMPATIBILITY

Figure 04FT-IR Spectrum of Brivaracetam
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Figure O5FT-IR Spectrum of Brivaracetam + excipients of optimized formulation
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The graph is evident of the fact that all the functional groups of Brivaracetam are maintained
in the spectrum of drug + excipients. Hence it can be concluded that all the excipients used in
the formulation of ODT are compatible with the drug.

Table 010 FTIR Interpretation

Functional FTIR Region (_)bserved frequen_(iy Observed fljequencx N ~onclusion
group in Pure Drug (cm™) Formulation (cm™)
C-H 2960-2850 2809.8 2922.9
C=0 1700-1725 1705.4 1705.9
No Interaction
O-H 1200-1500 1279.3 1280.0
N-H 1500-1700 1448.6 1448.0

6.2.2 PRE-COMPRESSION PARAMETERS

Precompression parameters of all the blends (F1 to F9) and it was observed that there was no
significant difference amongst all the blends in terms of flowability and compressibility. It
could be possible because most of the property of the blend is governed by the excipients which
include diluents in major. All pre-compression parameters are tabulated below:

Table 011 Results of Pre-Compression Parameters of blend

Batch AF\QZ%ISS? BuII(<g/Dn(13|r;sity Ezﬁgii?/ Ha&;ggrls Coni?l?;l;tion
©) (n=3) (g/TI) (n=3) Inde>_< (%)
(n=3) (n=3) (n=3)
F1 22.8+0.3 | 0.311+0.004 | 0.482+0.003 | 1.550 + 0.021 | 35.477 +0.035
F2 23.9+05 |0.350+0.001 | 0.468 £ 0.004 | 1.337 £0.011 | 25.214 +0.024
F3 25.0%+0.7 |0.341+0.002 | 0.480 + 0.001 | 1.408 £ 0.023 | 28.958 + 0.032
F4 274+04 |0.372+0.002 | 0.489 +0.003 | 1.315+0.020 | 23.926 + 0.014
F5 26.3+0.6 |0.339+0.004 | 0.479+£0.001 | 1.413+£0.011 | 29.228 + 0.031
F6 245+0.5 | 0.352+0.003 | 0.457 £0.002 | 1.298 £ 0.013 | 22.976 + 0.025
F7 25705 |0.361+0.002 | 0.469 £0.001 | 1.299 + 0.031 | 23.028 + 0.017
F8 22.0+0.3 0.340 +0.005 | 0.472 £ 0.002 | 1.388 £ 0.022 | 27.966 + 0.031
F9 234+04 |0.345+0.003 | 0.461 + 0.003 | 1.336 +0.010 | 25.163 +0.031
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6.2.2 POST COMPRESSION PARAMETERS:

6.2.2.1 Weight Variation:

Weight Variation of all the Formulations was found well within the prescribed Pharmacopoeial
limits of NMT 7.5 %. A good flow could be attributed to diluent selection which has a
substantial effect on powder flow.

6.2.2.2 Thickness:

All the formulations were compacted to achieve a target hardness of 4.5 kg/cm?. All the
formulations showed a similar thickness profile.

6.2.2.3 Hardness:

Target Hardness was optimized to 4.5 kg/cm? keeping in mind the tablet weight and
dimensions. All the formulations showed very good compressibility which could be due to
choice of ODT platform used in the formulation.

6.2.2.4 Friability:

Friability for all the formulation was well below the Pharmacopoeial limit of NMT 1.0%.
Proper selection of hardness and a good compactability of the blend resulted in a satisfactory
friability result.

6.2.2.5 Disintegration Time:

The most important attribute of an ODT is Disintegration Time. For an Orodispersible tablet,
the Pharmacopoeial limit is NMT 3 minutes. All the formulations passed this limit. However,
for a tablet to be claimed as an Orally Disintegrating Tablet, as per USP, the limit is not more
than 30 sec. Formulations F8 and F9 matched these criteria. Hence the level of super
disintegrant was finalized as per trial F8.

6.2.2.6 Wetting Time and Water Absorption Ratio:

Wetting Time results were comparable to the Disintegration Time showing a good correlation
to the grade and level of super disintegrants. Formulation F9 with the highest level of
Crospovidone XL 10 showed the least amount of Wetting Time. Since Crospovidone XL 10
absorbs a great amount of water by a wicking mechanism, its Water Absorption Ratio is also
the highest.

6.2.2.7 Dissolution:

Dissolution was rapid for all the formulations as all the formulations had a disintegration time
below 2 minutes. All formulations showed comparable dissolution with F8 showing >90% of
drug release at 10 minutes with least disintegrant level.

Table 012 Results of Post-Compression Parameters

Weight .
e Thickness Hardness R
Formulations MU (mm) (kg/cm?) Fn%b'“ty
(mg) (ne3) (h=3) (%)
(n=20)
F1 148 + 2.6 3.80+0.23 53+0.9 0.39
F2 151 +3.1 3.78£0.31 41+1.2 0.31
F3 150 + 3.7 3.76 £0.11 74+0.8 0.41
F4 149+ 2.1 4.08 £0.20 69+1.1 0.30
F5 152 + 3.3 4.05+0.17 55+04 0.32
F6 151 + 2.0 4.03+0.11 49+0.3 0.34
F7 153 +3.0 4.05+0.22 4.7+04 0.31
F8 149+24 4,09+0.15 55+0.3 0.29
F9 152 +2.9 4.00+0.11 49+0.1 0.28
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Table 013 Results of Post-Compression Parameters

. . Water . .
_ D|S|'ntegrat|on Absorption Wetting Time Assay (%)
Formulations Time (sec) . (sec) 7
(n=6) Ratio (%0) (n=3) (n=3)
(n=3)

F1 37+35 61.7+45 75+5.9 98.9+1.3
F2 49+19 48629 84+4.38 99.2+1.2
F3 62+ 2.8 35319 92+6.5 100.3+0.3
F4 31+4.6 68.4 +2.7 65+5.4 99.6 +0.4
F5 35+34 65.9+3.9 72+ 3.6 99.4+10
F6 38+ 3.7 57.3+1.8 75+4.8 99.9+0.6
F7 34+4.6 67.9+1.38 70+£4.9 100.1+0.2
F8 27+19 75.1+3.38 54 +6.1 101.3+0.1
F9 24 + 3.7 85.3+4.1 51+2.3 100.4+0.3

Table 014 Results of Dissolution Studies

) % Cumulative Drug Release in 900 ml, 0.1N HCI, at 50 RPM Paddle
Formulations . = = . . :

Time 5 min 10 min 15 min 20 min 30 min
F1 %CDR 72.4 81.3 93.4 98.4 99.9
SD 34 3.2 3.0 2.2 1.7
F2 %CDR 69.4 75.6 88.9 94.3 98.7
SD 3.1 3.6 3.1 2.2 2.1
F3 %CDR 65.5 71.2 85.6 95.1 99.8
SD 2.3 2.4 1.6 1.4 1.2

F4 %CDR 83.4 88.2 97.6 99.7 100.2
SD 4.9 3.2 2.1 1.7 1.6

5 %CDR 80.0 84.7 97.1 99.9 101.3
SD 4.5 3.2 14 15 15

6 %CDR 78.1 85.6 95.5 99.8 100.1
SD 4.1 4.2 3.1 2.7 1.9

F7 %CDR 77.8 84.2 93.7 99.9 100.4
%SD 3.2 2.1 3.0 2.7 2.2

s %CDR 87.8 94.3 99.4 100.0 100.3
%SD 2.1 3.9 3.1 1.7 1.6
F9 %CDR 92.0 99.7 100.2 100.1 99.9
%SD 3.3 1.6 15 15 1.4
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Figure 6.4 Comparative Dissolution Profile
6.4 Analysis of Factorial Design
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Factorial batches were taken and their evaluation parameters were compiled to check the effect
of independent factors. 2 factors 2 levels of full factorial design was selected and the data was
fitted in Minitab software for analysis. Following are the details collected from DoE software.

Table 09 Factorial Design table

Run Cente | Bloc | Crospovi | Pharmabur | Disintegration | Dissolution at
Order r Pt ks done st 500 Time (sec) 2min
1 1 1 5 60 19 33.4
2 1 1 5 40 42 25.8
3 1 1 10 60 8 49.1
4 1 1 10 40 29 40.9

ANOVA for Drug release at 2 min

Table 010 Analysis of Variance for Drug release at 2 min

Source DF | SeqSS | AdjSS | Fvalue vailjue Remarks
Main Effects 2 | 299.570 | 299.570 | 1664.28 | 0.017 | Significant
Crospovidone 1 | 237.160 | 237.160 | 2635.11 | 0.012 | Significant
Pharmaburst 500 1 62.410 | 62.410 | 693.44 | 0.024 | Significant
Residual Error 1 0.090 0.090 - - -
Total 3 | 299.660 - - - -

ANOVA table for Drug release at 2 min shows that the Crospovidone and Pharmaburst 500
both have a significant impact.

6.5 Optimized Batch

Based on Factorial Design data, final optimized batch selected from the Contour plot to achieve
desired drug release and disintegration. Complete analysis of this batch done and recorded
below.
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Figure 05 Overlay contour plot for optimized batch
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Sr. No. Ingredients (mg) P7
1 Brivaracetam 10
2 Pharmaburst 500® 59.4
3 Crospovidone 9.8
4 Avicel pH 102 56.8
5 Sucralose 4.00
6 Colloidal Silicon Dioxide 4.00
7 Talc 2.00
8 Magnesium Stearate 4.00
Total 150.0

Results of optimized batch
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Table 011 Results of Optimized batch

Evaluation Parameters P7
Weight Variation
150+ 2.1
(mg) (n=20)
Thickness (mm) 4.10 +0.03
(n=3)
2
Hardness_(kg/cm ) 55403
(n=3)
Friability (%) 0.25
Disintegration Time (sec) (n=6) 9+2
Wetting '[lme (sec) 19+11
(n=3)
Water Absorption Ratio (%) (n=3) 70.8+1.7
Assay (%)
(n=3) 99.4+0.8
Batch 0 min 2 min 4 min 6 min 8 min 10 min
P7 0 472+16 | 96.8+15|982+26 | 99.8+1.1 | 99.9+05

6.6 Comparison with Marketed Product

Final batch P7 was optimized with the marketed product. The dissolution profile was shown
below. As the marketed formulation was only conventional tablet hence it gives release more
than 85% after 30 min.

Table 012 Comparison with marketed formulation

Batch 2 min 4 min 6 min 8 min 10 min
P7 472+16| 96.8+15 98.2+2.6 99.8+1.1 99.9+05
Marketed | 1, 6,56 | 179+34 | 258+19 | 346+28 | 459+17
Product
Figure 06Comparison with marketed formulation
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é 80
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6.7 Stability Study

Stability study of final optimized batch P7 performed for 1 month at 40°C and 75% RH. Initial
results and after 1 month results compared and found satisfactory. The batch was found stable
during stability. The results were recorded in below table.

Table 013 Stability study of P7 batch

Evaluation Parameters Initial After 1 month
Appearance Complies Complies
Disintegration Time (sec) 9x2 10+ 2.2
Assay (%0) 99.4+0.8 99.1+1.1
fr’goirli)rug release after 10 99.9+ 05 99.9 + 0.2

7 CONCLUSION

Orodispersible tablets of Brivaracetam were successfully formulated by Direct Compression
method. Preformulation studies of drug were performed; the infrared spectral analysis studies
revealed that there is no chemical interaction with excipientsused was compatible with drugs.
Risk Assessment of Formulation Variables showed that Diluent selection and Type and level
of Disintegrants were most likely to affect the CQAs of the ODT. Hence were ranked high.
Based on Weight variation, Hardness, friability, Disintegration Time and Dissolution it was
found that all the formulation were satisfactory as per PharmacopoeialStandards. Disintegration
Time was <30 sec for formulation F8 and F9. Dissolution was rapid for all the formulations as
all the formulations had disintegration time below 2 minutes. All formulations showed
comparable dissolution with F9 showing >90% of drug release at 10 minutes with least
disintegrant level.Further Optimization of formulation was done using Factorial design (2 factor
2 levels) and established control strategy and design space of the formulation. Validation of
design was done and final optimized batch P7 was chosen from the design space. The final
formulation P7 was tested for Accelerated Stability Studies for 1 month and found stable.
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Abstract

The aim of the given study is to perform screening of various process and formulation
parameters to check its significant effect on formulation of Transfersomes by using Plackett-
Burman design. Screening of lipid, edge activators and other process parameters are crucial as
they significantly affect the formulation of Transferosomes. These factors can affect the vesicle
size and entrapment efficiency of formulation. Transferosomes are vesicular carriers used in
transdermal drug delivery systems and therefore effect of variables on vesicle size must be
taken into consideration. In the present study 8 factors including amount of lipid, amount of
edge activators and other process variables were taken for the preparation of Transferosomes
of Rasagiline Mesylate. By using Placket and Burman domain of matrix total 12 batches were
obtained and responses taken were vesicle size and entrapment efficiency of Transferosomes.
For particle size value of sh?is 5.747 and among 11 factors 3 factors shows b value higher than
5.74, for entrapment efficiency value of sh?is 3.44 and among 11 factors 3 factors shows b
value higher than 3.44. Based on results co-efficient of 12 batches for each variable, amount of
lipid, amount of edge activator and sonication time are selected as significant variables. Further
optimization study of Transfersomes of Rasagiline Mesylate can be done by using these three
variables.

Key words: Screening, Variables, Plackett and Burman design, Transferosomes.

INTRODUCTION:

The Plackett Burman screening design was used for identification of various process variables
and formulation variable to check significant effect. The Plackett Burman design is also known
as Hadamard design of screening. Total 12 experimental batches were obtained for the
screening The Plackett Burman design estimate eight coefficient or effects and additionally a
constant term. This design is shortest screening design which gives design matrix in
multiplication of 4 experiments the design is also very well known as Hadamard design.[1-7]
8 quantitative variables are selected for the screening at 2 levels +1 and -1. Here, X1 to X8 are
real variables and X 10 to 12 are dummy or false variables and do not correspond to any actual
factor and therefor omitted. So, experimental domain shows 12 variables with 12 experimental
runs. Variable to be studied are amount of lipid, amount of edge activator, amount of hydration
media, amount of alcohol, hydration time, temperature, sonication time and rotation speed.[8,9]
Calculation of the effect

b,= average of responses

b.=(Y:-ytys Yy Yty Yoty ytyu-y.) /12

b=(ytyrYstYys Yy tyotytiyu-ye)/12

D=(-yitytys Yty Yyt Yot Yutyu-y2)/12

DE(Y:ytystyimYet Yy rYoYitYutyu-ye) /12

B=(YAYrY Yty Yy Y yotyu-y.) /12

o o o s B O U o O s T A

D=(yty Yty Yot ytyrYot Yo Yuryu-ye) 12

b= (-yytysty byt Yt Yty Yot Yy u-yeo) 12
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D= (-YirYor Yt Yt Yot YooYt Yot Yo Vit YunY ) [12

Du=(Y:-Yo Yoyt Yt Yot VYt Yot YionY -y i) 12

D.=(-Y Yy Y Yt Yt Yot VoYt Yoot Y-y o) 12

sb: = average value of responses form dummy variable (X9+X10+X11/3):

MATERIALS AND METHOD

Rasagiline mesylate was procured from Benzchem Enterprise Vadodara, Phospholipon 90 G
was gifted by lipoid Germany, Sodium Deoxycholate, dihydrogen potassium phosphate,
dihydrogen sodium phosphate and sodium chloride were procured Chemdyes Corporation,
Rajkot.

METHOD FOR PREPARATION OF TRANSFEROSOMES

The film hydration method was used to prepare Transferosomes. Given quantity of lipid and
edge activator were dissolved in chloroform in round bottom flask. Round bottom flask was
attached to rotary evaporator to form thin and uniform film. Hydrated formed film with 7.4 pH
phosphate buffer saline in which Rasagiline mesylate was dissolved. Allow vesicles to hydrate
for about 2 hours at room temperature. The hydrated Transferosomal solution was then
subjected to sonication for further size reduction.[10-12]

METHOD FOR DETERMINATION OF ENTRAPMENT EFFICIENCY
Transferosomal solution equivalent to 1 mg APl was placed in centrifuge tube and
centrifugation was done. Supernatant was collected and absorbance was checked to find
concentration. Following equation was used to determine %EE[13,14].

Entrapment efficiency = (amount entrapped/ total amount added) * 100

METHOD FOR DETERMINATION OF VESICLE SIZE
Vesicle size of Transferosomes was determined by using zeta sizer. Transferosomal solution
was kept in cuvette and allowed to scan [13,14].

Table:1 Experimental domain for a screening of significant factors

Factors Associated variables | Levels
-1 |+
Amount of lipid(gm) X1 052
Amount of edge activator(mg) | X2 25 | 100
Amount of hydration media(ml) | X3 10 | 30
Amount of alcohol(ml) X4 5 |10
Hydration time(hrs) X5 052
Temperature(-C) X6 40 | 60
Sonication time(min) X7 05 | 15
Rotation speed (RPM) X8 50 | 100

Table:2 Placket-Burman design matrix for 11 factors and 12 runs

Noofruns | X1 | X2 | X3 | X4 | X5 | X6 | X7 | X8 | X9 | X10 | X11
1 + |+ |- + |+ |+ |- - - + -

2 - + + - + + + - - - +

3 + |- + |+ |- + |+ |+ |- -

4 - + |- + |+ |- + |+ |+ |- -

5 - - + |- + |+ |- + |+ |+ -

6 - - - + |- + |+ |- + |+ +

7 + |- - + |- + |+ |- + +

8 + |+ |- - - + |- + |+ |- +

9 + |+ |+ |- - - + |- + |+ -
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10 - + + + - - - + - + +
11 + |- + |+ |+ |- - - + |- +
12 - - - - - - - - - - -
RESULTS

For formulation of Transferosomes of Rotigotine HCL and Rasagiline mesylate various factors
were taken for screening purpose, two responses were taken to identify significant and non-
significant factors and are particle size and entrapment efficiency. Trial batches were taken with
the reference of experimental domain and results were recorded. Effects, b,and sh:values were
calculated with given formula. The effects give values from b: to b=were compared and
significance of factors were checked by using sh:values for each response. Value of b greater
than sh:is consider as significant factors and others are nonsignificant. For particle size value
of shzis 5.74 so among 11 factors 3 factors shows b value higher than 5.74, For entrapment
efficiency value of sb:is 3.44 so among 11 factors 3 factors shows b value higher than 3.44.
These three factors are considered as significant factors and are amount of lipid, amount of edge
activator, sonication time (table no.4). The responses result obtained were plotted in pareto
chart.

Table:3 Placket-Burman design matrix with results

Runs | X1 | X2 X3 | X4 | X5 | X6 | X7 X8 Y1 Y2
(gm) | (mg) | (ml) | (ml) | (hr) | (C) | (min) | (RPM) | (nm) | (%)
1 2 100 |10 10 2 60 | 10 50 112 32
2 05 |100 (30 |5 2 60 |30 50 88.58 42
3 2 25 30 10 05 (60 |30 100 98.8 45
4 05 100 |10 |10 |2 40 |30 100 62.8 70
5 0.5 25 30 5 2 60 | 10 100 59.69 71
6 0.5 25 10 10 05 (60 |30 50 55.17 73
7 2 25 10 5 2 40 |30 100 77.89 54
8 2 100 |10 5 05 (60 |10 100 132 35
9 2 100 |30 |5 05 |40 |30 50 102 46
10 0.5 100 | 30 10 05 (40 |10 100 62.4 51
11 2 25 30 10 2 40 |10 50 128 37
12 0.5 25 10 5 05 (40 |10 50 62.68 57
Table:4 Results of Packet-Burman (Hadamard) design
Parameters Parameters | vesicle size (Sb> | %EE(Sh?)
Average BO 86.8 51.01
Amount of lipid Bl 21.61 -9.58
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Amount of E. E B2 6.46 -5.08
Amount of hydration media B3 3.08 -2.42
Amount of alcohol B4 -0.31 0.25
Hydration time B5 1.33 -0.083
Temperature B6 4.21 -1.412
Sonication time B7 -5.96 3.92
Rotation speed B8 -4.57 3.25
Sbe Sb: 5.75 3.44
Rotation speed
Sonication time(min)
Temperature(oC)
E Hydration time(hrs
E Amount of alcohol{ml)
Amount of hydratign med|a(ml)
Amount of edge activator(mg)
Amount of lipid{gm|)
-0 -5 LlJ 5I 1ID 1I5 2IU 25
vesicle size nm
Rotation speed |
Sonication time(min) |
Temperature(di
.g Hydration time(hrs) 1
k] Amount of alcohol(ml) :‘ - Seriesl
Amount of hydration media(mil)=
Amount of edg@lactiVator(ing)
\ Amount of lipid(gm) |
-15 -10 -5 0 5
Effects
DISCUSSION

The aim of this presented study was screening of significant and non-significant factors which
affects the formulation. With 8 independent and 2 dependent variable, 12 batches were obtained
by using design expert software (version 7.0.0). Total 8 factors were selected for the study and
were checked that which of them are most effective. Particle size and entrapment efficiency of
resultant batches were checked. For further analysis pareto chart was obtained and from which
standardized effects gave significant and non-significant factors. Particle size of different
batches was obtained in the range of 55.17nm to 122nm, entrapment efficiency was obtained
in the range of 32-73%. Significant factors were used for optimization of formulation. Amount
of lipid, amount of surfactant and sonication time.
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CONCLUSION

The study was carried out for screening of significant and non-significant variable which can
affects the vesicle size and entrapment efficiency of transferosomes. The study has been
performed by formulating batches obtained from design expert software (version 7.0.0). vesicle
size and entrapment efficiency of all 12 batches were checked. Amount of lipid, amount of
surfactant and sonication time were found to be most effective variables for the formulation of
transferosomes based on sh: value. The result of ANOVA shows p value > F for both responses.
These significant variables will be optimized by using box-Behnken design for the formulation
of transferosomes for the treatment of Parkinson’s disease.
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Abstract

Currently, very few food options or nutritional supplements are available for paediatric group that offers
the combined benefit of fulfilling nutritional requirement and immunoprotection. A nutritional
supplement providing both these advantages is highly desirable and forms the basis of our present
investigation. The first sustenance of life, Colostrum, created by a natural process called colostrogenesis,
referred to as liquid gold or immune milk was used. It possesses immunomodulatory action along with
anti-inflammatory activity. A unique ready-to-sprinkle nutraceutical containing Colostrum and Opuntia
elatior Mill. (O. elatior; Prickly pear) fruit was formulated that may serve as an immunomodulator and
a hematinic. Fruits of O. elatior are known to contain Betanin that exhibit medicinal benefits as
antioxidant and haematinic; in treatment of such as rheumatoid arthritis, hypertension, diabetes, asthma,
gastric mucosal issues, coronary disease, etc. Fresh juice of O. elatior fruits was blended with fresh
bovine liquid colostrum followed by lyophilization to produce the intended formulation. Formulation
was characterized by estimating total Betanin content using RP-HPLC method, while 1gG content was
assayed using ELISA kit, proving immunomodulatory potential. Accelerated stability studies were
carried out at 40 °C + 5 °C and 75% * 5% RH for 30 days, which resulted into loss of around 4% total
Betanin content. Final formulation batch was also scaled up for marketing the product as a Nutraceutical
or Food supplement for pediatrics.

Keywords: Paediatric, Hematinic, Colostrum, Prickly pear fruit, Immunomodulatory.
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Abstract

Drugs alone seem to be insufficient in the face of holistic and complex medical approaches in
an era of constant technological quantum leaps and increasing patient demands. This is
resulting in the emergence of 'beyond the drug' services, which provide the opportunity for
improved health outcomes, gaining competitive advantage, and new business models. The
concept of digital pill emerged in Nov, 2017 when the FDA approved world’s first “digital
pill”. Also popularly known as the “Smart Pill” is indeed an ingestible drug that incorporates
technology that can track and regulate drug release, as well as record data about drug release
such as when, where, drug amount, body temperature, and heart rate. It is ingestible
miniaturized electromechanical device embedded with sensors that serve as a point of
convergence for biomedical technology, medicine, and the pharmaceutical industry. This is
used to measure the dosage level of a tablet in real-time. When medical professionals are
provided with the information, they can prescribe a treatment regimen which is more likely to
lead to medication adherence, increasing the drug's therapeutic effects. The whole adherence
assistance comes with serious implications for the patient's privacy. This review article
addresses that despite having regulatory challenges, this pill remains a remarkable advancement
in the field of medical science when it comes to medication adherence in patients especially
those suffering from psychological disorders.

Keywords: digital pill, smart pill, medication adherence, psychological disorders.

1. INTRODUCTION

Despite sounding like something out of a science-fiction narrative, advanced pill technology
that really can transmit relevant information of real-time adherence data to clinicians is by now
being used and approved - “The Digital Pill” (Istory & Ackground, 2018). In an era where there
are huge technological leaps occurring every day, the main focus of pharmaceutical industry
lies in advancement of technology which can be inbuilt in dosage forms itself for betterment of
patient compliance having ultimate goal of improvement in treatment. There arise innovative
business models which provides services ‘beyond the pill’ in combination with advance
technology(Liebmann-Smith, 1993).

Pharma companies must proceed beyond innovative features to compete effectively at this
crossroads of technology, facilities, patient requirement, and market opportunity, and they have
a number of factors to consider along the case, such as,

1. economic evaluation and future prospects for digital health tools

2. which services are meaningful and add value for both patient populations and pharmaceutical
industry

3. a broader assessment of the patient satisfaction(Liebmann-Smith, 1993)
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Even in modern medication system, the main issue faced by physicians for failing of treatment
is medication non-adherence. Digitalizing medication adherence can have advantages in
medical field. (Chai, Goodman, etal., 2021; Wong & Chan, 2016). Patients with serious mental
illness (SMI), which account for roughly 4% of US adults, possess elevated risk of chronic
physical comorbidities than the normal community(Merikangas et al., 2010). Patients who
suffer from depression seem to develop cardiovascular disease 1.5 times more. Patients
suffering from bipolar disorder or schizophrenia seem to be 2-3 times more likely to suffer from
cardiovascular disease(Carney et al., 2006; Carney & Jones, 2006; Dixon et al., 1999;
Kilbourne et al., 2004, 2007; MacEwan et al., 2018b; Merikangas et al., 2010). Diabetes
mellitus seems to be 2-3 times more common in patients with bipolar disorder. All of these is
caused by medication non-adherence(de Hert et al., 2011; MacEwan et al., 2018a).

TABLE 1: Differences between conventional and digital pill formulation.

Conventional Formulation Digital Pill Formulation
It has high level of non-Adherence It has low level of non-Adherence
Partial or complete loss of response Increase in overall response
High Cost of payers Low cost of payers
Health cost is higher Reducing health cost
Revenue is low Revenue is high

(Ilan, 2021)

A digital pill is boon in this area. Digital pills are an answer to the issue of nonadherence. There
is plethora of proof promoting the usage of digital pills system in clinical trials, and
technological breakthroughs in system trustworthiness as well as improve end user compliance
enhance the effectiveness observed in monitoring adherence in a manner trying to ease process
of implementing pill. Digital pill system rules over conventional drug formulations as it is
enriched with dozens of advantages over conventional formulations (TABLE 1). In long-term,
the reliability as well as quality of appropriate data of adherence, along with the decline of
variances, will reap rewards(Klein, 2021). Digital pill or smart pill or smart tablet contains
special electronic sensors and monitoring devices that can be consumed and used to collect and
transmit data while still within your body. They can be used to catch and transmit images, detect
chemical and hormone level changes, start releasing medications, or plainly alert ones doctor
that users did take the medication. The AbilifyMycite digital tablet from Proteus Digital Health
and Otsuka Pharmaceutical was the very first to be approved, and it consisted of a swallowable
sensor to record patient’s commitment to the medication regimen. This was applied for treating
mentally ill patients, who profited immensely from it (Martani et al., 2020a; Rawat et al., 2015;
Sharma, 2022).

2.WHAT DO WE UNDERSTAND BY “DIGITAL PILL”

Digital pills are orally administered event markers which allow for adherence assessment via
an integrated swallowable sensor combined with exterior receiver. The orally administered
medications are enclosed in a suitable capsule shell having appropriate pharmaceutical-grade
that holds a biocompatible sensor that is enabled by gastrointestinal fluid exposure. A digital
signal emits real-time drug therapy ingestion information. A wearable technological device
detects the output and forwards it to the physician and researcher. The method for using digital
pill is equivalent to that of over-encapsulating an active study drug, however the capsule also
includes an ingestible sensor (Browne et al., 2018; Chai, Goodman, et al., 2021). Patients can
learn very quickly how to use and understand such systems. In a latest usability study, users
have been capable of using the system as originally meant, safely and effectively; in
performance evaluations, they ascertained that this device was having simple usage and
possessed potential to become a beneficial tool in order to assist them organise their
medicines(Baumgartner et al., 2021b; Shtrichman et al., 2018).
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2.1. Components of digital pill.
There are various advancements in components of this pill. The main components of the first
digital pill approved by FDA, developed by Proteus are shown in FIGURE 1.

FIGUREZL: Components of Digital Pill developed by Proteus.
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(Istory & Ackground, 2018)

The ingestible sensor, which is only one mm long and one-third of a mm thick, is inaccessible
to patients and is encapsulated in medications such as Abilify. The sensor along with the main
drug is encapsulated in a smart pill or capsule. Whenever the patient consumes the pill, the
sensor made of copper, silicon, and magnesium establish a circuit with human's gastric acid.
The extraneous patch is applied to the patient's skin mainly at torso part. The patch tracks and
system log the dates and times the pill is consumed, in addition to other vital signs like the
patient's pulse rate, temperature, function, and respiratory rate(Istory & Ackground, 2018;
Martani et al., 2020a; Plowman et al., 2018)

2.2. How does a Digital Pill work?

As complicated as it sounds, the working of this pill quite simple and does wonders when it
comes to safety and patient compliance. FIGURE 2 clearly demonstrates the process of working
of digital pill.

This FDA-approved form of treatment encompasses an ingestible sensor having length and
width of a sand’s grain into a capsule or pill. So, when sensor reaches the stomach, the
electrolytes on its surface (copper and magnesium) interact with the electrolytes in stomach
acid to form a bio galvanic-like battery. The sensor is able to use these voltages to produce an
electric field, that is spotted by the Proteus Personal Monitor, an extrinsically worn adhesive
monitor(Diedericks, 2019; Voelker, 2018). The orally administered sensor can interact with the
monitor for 5 to 10 minutes until becoming unresponsive, crossing through the end of the
gastrointestinal tract, and then being excreted with faecal matter(Diedericks, 2019).

The patients should be provided with some training before implementing it. They should be
aware about the overview of the System, setup of charger and tracker for the first time, routine
usage of the system without use of the patient application, routine use of the system with use
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of the patient application, application navigation and functionality(Baumgartner et al., 2021a;
Chai, Bustamante, et al., 2021).

FIGUREZ2: Demonstration of working of digital pill system (DPS).

ARIN|I33/1M
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1.The ingestible sensor infused with drug pill is taken by patient who has to wear an adhesive
tracker on his body mainly on the torso part. 2.This sensor emits a reduced power RF (radio
frequency) signal when stimulated by person's gastrointestinal fluid. 3.The tracker analyses the
output signal emitted from the consumed sensor and transmits it to the patient's mobile App via
Bluetooth. 4.The mobile application shows the information and then sends it to the
central secure server. 5.The server transmits data about drug ingestion to the physician
dashboard.

The detector can record numerous different parameters including heart rate and activity level
in addition to tracing whenever the ingestible sensor signal is received, making it a useful
platform for both clinicians and scientists. Records from the tracker is encrypted and distributed
to the person's smartphone via Bluetooth technology prior to getting shared online to a
centralized server, enabling evidence gathered by the tracker to be assimilated into electronic
medical records(di Carlo et al., 2012a; Kane et al., 2013; Park et al., 2015). When health
practitioners are provided with the data, they can recommend a medication regimen which is
more likely to lead in medication adherence, enhancing the medication's therapeutic benefits.
Digital pill establishes an assistance system that links both patients and caregivers, thereby
minimizing the healthcare workers required to guaranties patient’s medication compliance.
Furthermore, by enhancing patient adherence, cumulative cost of treatment for both patient
populations and insurance providers are scaled back by avoiding unwanted
expenditures(Insinga et al., 2011; The True Cost of Skipping Prescription Medications, n.d.).
This structure has proven good detection accuracy of the ingestible sensor, low ill consequences
in patients (currently restricted to skin rash and one case of nausea), and an increased rates of
patient compliance. This even requires little coaching, making it a good fit for medication
adherence tracking(Belknap et al., 2013a).

2.3. Which are the available types of Digital Pill?

The Food and Drug Administration (FDA) has given green signal in sales promotion of two
digital pill systems as ingestible event identifiers. Otsuka Pharmaceutical Co., Ltd. (Tokyo,
Japan) partnered with Proteus Digital Health to establish and market Abilify MyCite®, the very
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first adherence-enabled drug-device combination product (Otsuka eventually acquired the
Proteus technology)(Abilify MyCite (Otsuka America Pharmaceutical, Inc.): FDA Package
Insert, n.d.; Otsuka America Pharmaceutical, Inc., Purchases the Assets of Proteus Digital
Health, Inc. | Discover Otsuka, n.d.).

In December of 2019, the FDA granted 510(k) clearance to etectRx (Gainesville, FL, USA) for
the ID-CapTM System. This scheme is an engaging technology capable of incorporating a huge
spectrum of oral medications.

3. WHAT REGULATORY BODIES HAVE TO SAY ABOUT DIGITAL PILL?
The very first medication in the country with a digital ingestion tracking system was given
approval by the US Food and Drug Administration in Nov, 2017. The ingestible sensor in the
aripiprazole tablets identified as Abilify MyCite (with sensor) keeps track of the timing of
medication consumed. This medication is approved for acute treatment of manic and mixed
episodes linked to bipolar I disorder as well as for usage in adjunctive therapy in adult
depression. According to FDA officials, the recently approved aripiprazole framework
hasn't yet to be proven to upgrade' adherence to his\her treatment. Proteus Digital Health Inc of
Redwood City, California, and Otsuka Pharmaceutical Co Ltd of Tokyo, Japan, the platform's
manufacturers, stated that the program's ramp - up will comprise a narrow number of health
insurance framework, doctors, and patients in order to enhance user feedback response. Adults
taking Abilify in clinical studies most frequently reported experiencing the following adverse
effects: nausea, vomiting, constipation, headache, dizziness, uncontrollable limb and body
movements (akathisia), anxiety, sleeplessness, and restlessness. Some individuals may have
skin irritation where they applied the MyCite patch(FDA Approves Pill with Sensor That
Digitally Tracks If Patients Have Ingested Their Medication | FDA, n.d.).

In both clinical and research settings, Digital pill are combination of drug-device that record
and communicate patient-specific measurement information to track certain health-related
lifestyle behaviours, particularly medication-taking behaviour(Martani et al., 2020b).

The ingestible sensor have ability to be co-encapsulated with conventional medications in DP,
which allows higher reliability in monitoring of medication-taking behaviour as well as
gathering information about other lifestyle activities related to health(Chai et al., 2015).

In 2016, the European Medicines Agency (EMA) issued an opinion recognising DP as "a
qualified tool for evaluating adherence in clinical studies."(European Medicines Agency |, n.d.)
4. AREAS OF APPLICATION OF DIGITAL PILL:

This system has its role in numerous areas where medication non-adherence stands as a major
issue. Brief areas and diseases where these pills can be used is mentioned in figure 3.

FIGURES. List of areas where DPS can be applied.
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OF DIGITAL
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(Baroletti & Dell’Orfano, 2010; Briesacher et al., 2008; Browne et al., 2015)

The very first drug of its type, marketed to public as Abilify MyCite, is an aripiprazole dosage
formulation manufactured with a sensor administered in the pill. Aripiprazole is indeed an
antipsychotic medication that is administered to treat schizophrenia, bipolar disorder, and
depressive symptoms. In a comment, Mitchell Mathis, MD, director of the FDA's Division of
Psychiatry Products, told reporters, "Being able to track ingestion of medications prescribed for
mental illness may be useful for some patients." Mathis added that perhaps the organisation is
keen to investigate how truly innovative prescription medication technology can assist both
patients and professionals (Voelker, 2018). Multiple previous studies utilized a DPS i.e., Digital
Pill System to assess adherence, which would include diabetes treating drugs, antiretroviral
therapy (ART), tuberculosis treatment, and antipsychotic medication for schizophrenia(Browne
et al.,, 2015, 2017; Kamal et al., 2020; Peters-Strickland et al., 2016). 90% terms of
confidence shown with a digital pill system was documented in a study designed to examine
opioid use patterns(Chai et al., 2017; Hoppe et al., 2015).

Although it hasn't been authorised for clinical use, Belknap et al have used early design of the
system designed by Proteus Digital Health, Inc to illustrate considerably better medication
compliance for tuberculosis disease management(Belknap et al., 2013b). Modernizing
medication compliance may also have a substantial effect in the area of cardiovascular diseases,
under which medication nonadherence is observed in 60% patients, along with a wide range of
some of the other chronic diseases such as rheumatoid arthritis, chronic myeloid leukaemia,
diabetes mellitus, and sickle cell anaemia(Baroletti & Dell’Orfano, 2010; Briesacher et al.,
2008; Creary et al., 2014).

In addition to the above-mentioned fields, this technology can be used in various other fields
like oncology, neurology, Parkinson’s disease, infectious diseases etc. where medication non-
adherence is a major drawback in treatment therapy (Burks et al., 2017; Chai et al., 2020; Klein,
2021; Marin et al., 2010)

5. CHALLENGES

Amidst its ability to transform universal health care, digitalizing medication adherence
does have a few important shortcomings and issues to be concerned of. One or more of
the mentioned hurdles may impact a user's interest in long-term use: (1) problems with
the application, tracker, and/or charger's technology; (2) design issues with the tracker
and/or charger; (3) a perceived lack of personal adherence challenges. (4) observed side
effects on user’s body. (5) patient’s privacy issues. (Chai et al., 2022).

5.1. Important issues to consider:

The majority of the problems with the application, tracker, and charger revolve around user-
friendliness. At this point in time, the layout of this specific ingestible sensor confines its use
to prescription medications taken orally. Furthermore, there are issues that integrating an
ingestible sensor into treatments and medications will substantially increase healthcare costs.
As medication accessibility is a hinderance to medication adherence, especially for individuals
without drug insurance coverage, this medication adherence strategic approach may be pricey
for the patients who require it the most. One more concern with implementing digital medical
adherence is patient privacy, due to the problems associated of capturing and maintaining
private health data on some kind of central server not controlled by the patient(di Carlo et al.,
2012b; Wong & Chan, 2016).

There has been some debate about privacy rules and laws apply to data created and
communicated by digital sensors, as well as whether existing practices to privacy
data protection implement to this technological innovation. Patient records, in specific, is
highly individualized and private to patients and might be advantageous to businesses,
including insurers, when evaluating insurance premiums(Fears of Hackers Targeting US
Hospitals, Medical Devices for Cyber Attacks - ABC News, n.d.). This is true especially for
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such evidence gathered and transferred by the digital pill. Patients must have faith that his\her
personal medical data will be considered confidential, notably since the medication itself
tales to those who receive it. Also, because Supreme Court has ruled that people with mental
ilinesses have all the liberty not to be coerced into therapies(Canter, 2010), which would
also include taking medication, the digital pill may emerge controversial as a remedy to
medication adherence in mentally ill people. Abilify MyCite can raise the mortality risk in
elderly patients with dementia-related psychosis. It may lead to increasing the probability of
suicidal thoughts and hormonal change development in children, adolescents, and young adults
who consume pills(VVoelker, 2018).

5.2. Solution:

A mere equilibrium must be seen among the confidentiality threats posed to users by the digital
pill as well as the issues of excessive regulation, which might prevent whatever perks from
being discovered. Having provided a printed privacy policy to an advanced digital pill user
wouldn't be an efficient method of providing the patient with the greatest security protection
available. Similar to how a client might scroll through a privacy policy on an installed app on
one’s device prior to actually clicking "accept," an end user of the digital pill might do the same.
Agreement derived from a health care professional offers the patient with a stronger possibility
for consideration, understand regarding the user privacy posed by the technology, as well as
seek clarification with his\her doctor prior to actually using or spending for the digital pill. No
individual should be mandated to take the digital pill unless they have given their full explicit
consent. Adherence technology has the capability to be employed against clients as a
requirement for health insurance, occupation, or admission to a school. To protect the
same, federally mandated usage of such advanced technology are considered necessary.
Ultimately, even though this innovation proficiently detects medication adherence, it ought to
be aided by suitable and efficient patient counselling to be sincerely efficient in enhancing
patient treatment adherence(lstory & Ackground, 2018; luga & McGuire, 2014).

6. FUTURE ASPECTS:

In the future, the principle could be broadened to produce low-cost, high-efficiency easily
curable smart pills that also provide diagnosis. As a result, all patients can be supervised and
treated within the same time(Chen et al., 2021). Wearable devices like fitbits and smartwatches
should be incorporated into this concept. It enables patients to monitor his/her health and keep
record of a wide range of indicators in his\her bodies. This collects details including heartbeat,
blood pressure, and calories burned. Such systems can monitor and alert on health problems
such as seizures. In addition to the individual's tracking, wearable data could be used to convey
health outcomes to physician during consultations. Furthermore, wearables may occur in the
form of rings, garments, and possibly other items as technology evolves (Swarna et al., 2021).
Some users further suggested for optimizing the software of the smartphone application in
order to enhance overall user experience(Chai et al., 2022).

7. CONCLUSION:

Overall, there have been mixed feeling about this innovation in the opinion of users, physicians
and caretakers. As the traditional mode of operation has become redundant, smart pills are
becoming more trustable and serve as one of the least harmful and endurable diagnostic
techniques in the present society. To function properly, the system necessitates sophisticated
design knowledge. Only aripiprazole currently has ingestible sensor approval, but it shouldn't
be astounding if the edible sensor will be embedded into certain other medications in the
upcoming years. Despite its advantages, concerns about healthcare costs, confidentiality of the
patient, and patient autonomy might have to be clarified prior to it being widely used. By
enacting appropriate legislation, upgrading existing safeguards, and establishing protections,
the digital pill can indeed be smoothly launched onto the market, allowing us to reap the entirety
of its benefits. The "digital pill," however, provides a novel workable alternative to a long-
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standing challenge in health care services and could soon become an excellent component in
the forthcoming physician's toolbox for achieving optimum health outcome.
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Abstract

Ratio derivative UV spectroscopic method and RP-HPLC method were developed, validated
and compared for the quantitative determination of Efonidipine HCI Ethanolate (EFD) and
Metoprolol Succinate (METO) in their combined dosage form. Both the methods were
validated as per ICH Q2R1 guideline. The UV spectroscopic method utilizes 285 nm and 274
nm for EFD and METO, respectively, whereas 230 nm was used in case of RP-HPLC method.
Methanol is used as solvent in both methods. Both the methods were found to be linear in the
range 10-60pg/ml for RP-HPLC and 10-50 pg/ml and 25-125 pg/ml for EFD and METO
respectively in UV-spectroscopic methods with a good correlation i.e. r2> 0.999. ANOVA
analysis of Assay result indicates both methods can be applied for estimation of EFD and
METO in their combined dosage formulations in quality control laboratories.

KEY WORDS: Efonidipine Hydrochloride Ethanolate, Metoprolol Succinate, Ratio
derivative Method, RP-HPLC, Validation, ANOVA

INTRODUCTION

Efonidipine Hydrochloride Ethanolate (EFD) is a 2-(N-benzyl anilino) ethyl 5-(5,5-dimethyl-
2-0x0-1,3,2 A5 - dioxaphosphinan-2-yl)-2,6-dimethyl-4-(3-nitrophenyl)- 1,4-dihydropyridine-
3 carboxylate; ethanol; hydrochloride (Figure 1). It belongs to 1,4-dihydropyridine calcium
channel blocker and used to cure hypertension and angina pectoris. It leads to vasodilation and
lower the automaticity of heart by blocking the L and T type of calcium channels. It employs
negative chronotropic effect by hindering T-type calcium channel action of sinoatrial node, it
delays the late phase-4 depolarization of sinoatrial action potential and reducing the heart rate.
t2)

Metoprolol succinate (METO) is chemically known as (RS)-1-isopropylamino-3-p-(2-
methoxyethyl) phenoxypropan-2-ol (2R,3R)-succinate (Figure 2). It is a cardio-selective f-
blocker, used in the treatment of various disease of the cardiovascular system, commonly
hypertension. G4
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Figure 1: Efonidipine HCI Ethanolate @
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Figure 2: Metoprolol succinate ©
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Source: “Metoprolol succinate™ https://pubchem.ncbi.nlm.nih.gov/compound/Metoprolol-
succinate#section=3D-Conformer

OBJECTIVE

During literature survey ©-19 till date there is no analytical UV spectrophotometric method and
RP-HPLC are available for simultaneous determination of Efonidipine HCI Ethanolate and
Metoprolol succinate. Therefore, the objectives of this study were to develop a simple, rapid,
and validated method for simultaneous estimation of Efonidipine HCI Ethanolate and
Metoprolol succinate and to validate the method in accordance with International Conference
on Harmonization (ICH) guidelines and evaluate the data using Statistical analysis.

RESEARCH METHODOLOGY

Materials and Methods

Reagents and Chemicals

Pure drug sample of EFD was procured from Purechem Pvt Ltd, Ankleshwar and METO was
procured from CTX lifescience Pvt Ltd, Surat. LR and AR grade Methanol was used as solvent.
Calibrated glass wares were used throughout the work.

Instrumentation
Instrument used was an UV-Visible double beam spectrophotometer, SHIMADZU (Model-
UV-1800) with a pair of 1cm matched quartz cells. The software was used UV Probe 2.33.

WWW.gsp.gtu.ac.in 121 ISBN:978-81-955306-5-6



Emerging trends and innovations in pharmaceutical sciences, Proceeding of Multi-Disciplinary International Conference
(GTUICON2022), Organized by Graduate School of Pharmacy-Gujarat Technological University

The HPLC used Shimadzu LC 20AD binary pump system, equipped with a UV-detector with
manual injector, Enables Cig. The software was used LC win 5.

Preparation of standard stock solution

An accurately weighed quantity of EFD and METO (25 mg) was transferred to a separate 25
ml volumetric flask and dissolved and diluted to the mark with methanol to obtain standard
solution having concentration of EFD and METO (1000 pg/ml). For Method I (Ratio derivative
method), Accurately measured of both the solutions were transferred into a 25 ml of volumetric
flask and diluted to the mark with Methanol to obtain solution having concentration of 200
ug/ml of EFD and 500 pg/ml of METO and for Method Il (RP-HPLC), solution having
concentration of 500 pg/ml of EFD and METO.

Selection of detection wavelength

Method I: EFD 30ug/ml spectrum was divided with the divisor spectra of METO (25ug/ml).
New spectrum was obtained which is then derivatized in to first and higher orders. Mixture
spectra was similarly divided with the same divisor and derivatized. EFD and mixture shows
same absorbance at 285nm in 2" derivative spectra with Delta lambda 20 and scaling factor 10.
Same as METO 75pug/ml spectrum was divided with the divisor spectra of EFD (10pg/ml). New
spectrum was obtained which is then derivatized in to first and higher orders. Mixture spectra
was similarly divided with the same divisor and derivatized. METO and mixture shows same
absorbance at 274nm in 1% derivative spectra with Delta lambda 5 and scaling factor 10.
Method I1: In the present study individual drug solutions were prepared in HPLC grade
Methanol. These drug solutions were scanned in the UV-region of 200-400 nm and the spectrum
were recorded to get maximum of analytes in mobile phase.

EFD and METO were scanned in UV in which both EFD and METO show reasonably good
response at 230 nm.

VALIDATION OF PROPOSED METHOD

The proposed methods were validated according to the International Conference on
Harmonization (ICH) guidelines. 7

Method I: Ratio Derivative Method

Linearity

The calibration curves were plotted over a concentration range of EFD and METO. Absorbance
of the solutions was measured at respective wavelength against Methanol as blank. The
calibration curves were constructed by plotting absorbance versus concentrations and the
regression equations were calculated.

Method precision
The precision of the instrument was checked by repeated scanning and measurement of
absorbance of solutions (n = 6) for EFD and METO.

Intermediate precision

The intra-day and inter-day precision of the proposed method was determined by
analyzing the corresponding responses three times on the same day and on three
different days three different concentrations of standard solutions of EFD and METO.

Accuracy

Accuracy was determined by performing recovery studies by spiking different concentration of
drug in pre-analysed sample solution. To pre-analysed sample solution, a known amount of
working standard solution of EFD and METO were added in 10ml volumetric flask and made
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up to mark with different level i.e. 80%, 100% and 120%. The experiment was performed in
triplicate.

Limit of Detection and limit of Quantification

The limit of detection (LOD) and the limit of quantification (LOQ) of the drug were derived by
calculating the signal-to-noise ratio (S/N) using the following equations designated by
International Conference on Harmonization (ICH) guidelines.

LOD =3.3 x6/S

LOQ=10xo/S

Where o is the standard deviation of the response and S is the slope of the calibration curve.

Analysis of EFD and METO in a combined tablet dosage form

The obtained spectra of test concentration scanned in range of 200 — 400 nm and the absorbance
were measured at respective wavelengths as per developed method. From recorded
absorbancies concentrations were found out and % purity was calculated for both EFD and
METO.

Robustness
Robustness of proposed method was evaluated by deliberately substituting the parameters and
found out the % RSD.

RESULTS AND DISCUSSION

Ratio spectra derivative spectroscopic method based on dividing the spectrum for a mixture
into the standard spectra for each of the analyses and driving the proportion to obtain a spectrum
that is independent of the analyte concentration used as a divisor. The use of standardized
spectra as divisors minimizes experimental errors and background noise. &

Figure 3: Overlain zero order spectrum of EFD ( ----, 20 ug/ml), METO ( .... , 50 ug/ml)
and Mixture (___, 20+50 pg/ml)
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Linearity
Figure 4: Overlain spectra of EFD (10- 50 pg/ml)

Figure 5: Overlain spectra of METO (25-125ug/ml)

z.e00 20878

Table 1: Calibration curve

Conc. (pg/ml Mean % Conc. (ug/ml Mean

(Eép[l)g) ) Abs((r):’:t;a;nce RSD (ME(}I{%)) ) Abs(?]r:bga;nce % RSD
10 2.312 0.04 25 0.294 0.34
20 4.042 0.03 50 0.631 0.24
30 5.897 0.01 75 0.991 0.15
40 7.703 0.01 100 1.332 0.07
50 9.411 0.01 125 1.716 0.05

Precision
Table 2: Repeatability
Concentration Mean Absorbance (n=6) % RSD
(ng/ml)
EFD METO EFD METO EFD METO
30 75 5.896 0.992 0.02 0.07
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Intermediate Precision
Table 3: Intra day and Inter day precision

Intraday precision Interday precision
(S;/r:r:i) Mean absorbance % RSD Ab:gfsgnce % RSD
EFD
10 2.310 0.08 2.320 0.28
30 5.892 0.04 5.894 0.05
50 9.610 0.02 9.616 0.07
METO
25 0.287 0.43 0.288 0.75
75 0.993 0.23 0.993 0.14
125 1.717 0.11 1.715 0.14

Accuracy
Table 5: % Recovery study
Mean
Level M(e: rlé)bs % Recover % ADs. % Recover %
(%) EED ° Y I RSD | (n=3) ° Y | RsD
METO
80 6.854 98.29 1.208 100.83
100 7.681 101.79 1.54 1.334 98.43 1.32
120 8.362 100.72 1.497 101.18
LOD and LOQ
Table 6: LOD and LOQ of EFD and METO
Parameters EFD METO
LOD (pg/ml) 0.669 1.334
LOQ (ug/ml) 2.027 4.044
Assay
Table 7: Analysis of EFD and METO in formulation (n=6)
Tablet Mean of Abs o o Tablet content
Drug content (mg) (n=6) Yo Assay Y0 RSD found (mg)
EFD 20 5.896 100.43 0.02 20.08
METO 50 0.992 99.97 0.99 49.98
Robustness
Table 8: Robustness of EFD and METO
Solvent Source Instrument Model Different Analyst
EFD METO EFD METO EFD METO
% RSD 0.03 0.09 0.04 0.19 0.02 0.12

Method 11: RP-HPLC

Selection of mobile phase

Mobile phase was selected on the basis of best separation, peak symmetry and theoretical plate.
So, numbers of trials were taken for the selection of mobile phase.
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Preparation of mobile phase
Mobile phase was prepared 85 ml of Methanol and 15 ml of Water. The mobile phase was
filtered through 0.45 pm membrane filter paper.

Table 9: Chromatographic Conditions

Chromatographic Conditions Results
Elution Isocratic
Column Phenomenex Kinetex ® 5u C18 Size: 150 * 4.6mm
Mobile phase composition (%v/v) Methanol: Water (85: 15 %V/V)
Flow rate (ml/min) 1 ml/min
Detection wavelength (nm) 230 nm
Injection volume 20 ul
Run time 10 min
Retention time EFD 2.3 min
(min) METO 3.9 min

Table 10: System Suitability Parameters

Data obtained

Parameters
EFD (30ug/ml) METO (75ug/ml)
Retention time (Rt) + SD 2.32+0.03 3.91+0.06
Area = SD 2707110 + 50.84 1297445 + 478.93
Theoretical plates per column (N) £ SD 7254 + 42,50 3672 + 20.95
Symmetry factor/;’glllng factor (As) + 124 +0.04 144 +004
Resolution (Rs) = SD 2.45+0.02
Linearity
Figure 6: Linearity of EFD and METO
' EFD
P
METO
! =
{

Table 11: Linearity data

Conc. Conc.
(ug/ml) Average area % RSD (Mg/ml) Average area % RSD
EFD METO
10 800223 0.01 25 421463 0.26
20 1734261 0.005 50 865462 0.04
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30 2707110 0.001 75 1297445 0.03

40 3595092 0.004 100 1788400 0.05

50 4492412 0.004 125 2219640 0.01

60 5526749 0.07 150 2714620 0.04
Precision

Table 12: Repeatability of EFD and METO

Concentration Mean area (n = 3) % RSD
(Mg/ml)
EFD METO EFD METO EFD METO
30 75 2707223 1295502 0.005 0.228

Intermediate Precision
Table 13: Intraday and Interday Precision

Intraday Precision Interday Precision
Conc. Mean area % RSD Mean area % RSD
(ng/ml)
EFD
10 800465 0.02 800652 0.02
30 2707460 0.01 2705670 0.04
60 5522794 0.03 5523516 0.03
METO
25 422769 0.31 422516 0.17
75 1297539 0.02 1296497 0.13
150 2714848 0.05 2716063 0.13
Accuracy
Table 14: % Recovery
Mean Mean
Level | % Recovery o o % Recovery o o
(%) EED %) Yo RSD METO %) Yo RSD
Recovery Recovery
80 100.52 99.10
100 99.61 100.63 0.98 100.38 99.94 0.97
120 101.76 100.34
LOD and LOQ
Table 15: LOD and LOQ of EFD and METO
Parameters EFD METO
LOD (pg/ml) 0.04 0.18
LOQ (pg/ml) 0.13 0.55
Analysis of EFD and METO in formulation
Table 16: % Assay of EFD and METO
0,
Drug Drug Content Mean % %RSD Content found
(mg) Purity (mg)
EFD 20 101.18 0.05 20.23
METO 50 100.30 0.16 50.18
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Robustness
Table 17: Robustness of EFD and METO
Peak area Theoretical plates Tailing factor
EFD METO EFD METO EFD | METO
Flow rate (ml/min)
% RSD 0.07 0.06 0.46 0.52 1.86 1.73
Mobile phase

composition (%V/V) 0.07 0.19 0.29 1.18 1.32 1.36

% RSD

STATISTICAL COMPARISON
The statistical evaluation of % Assay of Ratio derivative method and RP-HPLC method done
by ANOVA: Single Factor and found out the F value.

Discussion: F value was found to be smaller compared to F it value (F < F ¢it), therefore
there were no significant differences between the groups.

CONCLUSION

Statistically compared, the LC method is more precise and accurate than the UV method.
Statistical tests revealed that there was no significant difference between the groups during the
analysis with both methods. It is clear from the report that both of the recommended UV and
RP-HPLC methods are applicable to the determination of EFD and METO in drug formulation
appropriately. Excipients in pharmaceutical preparations have not interfered and the mobile
phase can be prepared very easily. Both suggested analytical methods are reproducible, precise
and linear and can be used for routine analysis of EFD and METO in pharmaceutical dosage
forms.
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Abstract

Since June of 2018, thousands of pharmaceuticals from all over the world have been
recalled due to the unexpected presence of nitrosamines (NAs). Beginning with the class of
pharmaceuticals known as sartans, subsequent lines of inquiry included antidiabetic medicines,
antihistamines, and antibiotics. The problem can be mainly ascribed to naively adopted
approval revisions and the lack of sufficient current analytical technologies that can detect those
contaminants in time. The impact on the global pharmaceutical market has been enormous, and
the problem can be traced to both of these factors. Because of the presence of NAs, it has
become clear that pharmaceutical corporations and regulatory bodies in the past did not place
sufficient emphasis on these chemicals while they were developing new drugs. Because NAs
are known to cause cancer, it is imperative that these cancer-causing substances be eradicated
or, at the at least, severely restricted in order to protect patients who are dependent on these
medications. This work contributes a procedure that may be utilized in the preapproval
development of drugs as well as the post approval risk assessment in order to prevent
unexpected finding in the future.

Keywords: Nitrosamines, Drug Development, Impurity
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Abstract

The prevalence of diabetes in India's 15 states was 73% (95 % CI 70-7.5), according to the
study. In urban Gujarat alone, 9.8 percent of diabetes were documented, whereas in rural
Gujarat, 5.1 percent of diabetics were reported. Increased usage of Metformin and its
combinations has been found in both urban and rural populations, coupled with this rise in the
incidence of diabetes. Metformin and its combinations with other medicines are widely used as
a therapy for type 2 diabetes. Combinations of these other medications include Glipizide,
Rosiglitazone, Pioglitazone, Nateglinide, Vidagliptine, Fenofibrate, Sitagliptin, Glimepiride
and Fenofibrate. In recent months, the U.S. Food and Drug Administration (and European
Medical Agency (EMA), Therapeutic Goods Administration (TGA), and Health Canada (HC))
have placed a greater emphasis on the probable presence of human carcinogenic and genotoxic
nitrosamine contaminants in Metformin formulations. According to ICH M7, the USFDA
advisory paper specifies seven potentially carcinogenic nitrosamine impurities with maximum
daily allowable intake. In the interest of public health, a systematic market survey of Metformin
with other drug combinations in Gujarat is necessary, followed by a short risk evaluation of the
failed samples. Due to the nanograms per milliliter limitations of certain contaminants,
analytical procedures such as LC-MS/MS, LC-HRMS, or GC-MS/MS are necessary. Present
article shows the need and the methodology on accordance with regulatory guidance to carry
out systematic survey on marketed metformin combinations in Gujarat Region.

Keywords: Nitrosamine, long term medication, impurity.

WWW.gsp.gtu.ac.in 131 ISBN:978-81-955306-5-6



Emerging trends and innovations in pharmaceutical sciences, Proceeding of Multi-Disciplinary International Conference
(GTUICON2022), Organized by Graduate School of Pharmacy-Gujarat Technological University

PCP410

ISOLATION AND CHARACTERIZATION OF SELECTIVE
HERBAL MARKERS FROM GARCINIA INDICA EXTRACT

AP0419 AP0425 AP0427
Kankshi Pathak Monika Sorathiya Dr. Sanjay Chauhan
Student Student Director
Graduate school of Graduate school of pharmacy- Graduate school of pharmacy-
pharmacy-GTU GTU GTU
knp462000@gmail.c  monikasorathiya421999@gmail.  Prof_Sanjay chauhan@gtu.ed
om com u.in
Abstract

As the market for herbal goods grows, it will be necessary to build trustworthy, cutting-edge
technical interventions to find fake, mislabeled, and contaminated products. In this case, we
have established cutting-edge technical ways to test the Garcinia indica (G. indica) which is
known as Kokum-member of Guttiferae family. It prevents obesity and functions as an
antioxidant and digestive tonic, and treats liver conditions, sunstroke, cancer, and heart
conditions. Garcinol, citric acid (CA), hydroxycitric acid (HCA), hydroxycitric acid lactone
(HCAL), tannins, carbs, fiber, lipids, proteins, and anthocyanin pigments are some of the
phytoconstituents discovered in it. Garcinol isolation by vacuum column chromatography and
size exclusion chromatography was performed after dichloromethane: methanol (1:1)
extraction of dried fruit rinds. Toluene, ethyl acetate and acetic acid (7:3:0.2 v/v/v), used as the
mobile phase, were used to develop the high-performance thin layer chromatography (HPTLC)
method. The high-performance liquid chromatography (HPLC) method was established using
C18 (250mm x 4.6mm, 5 m) as the stationary phase, 0.01M potassium dihydrogen phosphate
(KH2PO4) as the mobile phase A, and acetonitrile: 0.01M KH2PO4 (90:10 v/v) as the mobile
phase B. The samples were then detected at 215nm and 276nm. Garcinol had a 0.69 retention
factor (Rf) according to the HPTLC technique. HCAL, HCA, CA, and Garcinol all had HPLC
retention times that were, respectively, 2.941, 4.25, 8.666 and 18.467 minutes. This study may
aid in the prevention of adulteration as well as quality assurance, standardization and
phytoconstituent identification in G. indica formulations.

Keywords: Garcinia indica, phytoconstituents, HPLC, HPTLC, standardization.
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ABSTRACT

A simple, accurate Stability-Indicating High-Performance Liquid Chromatographic
(HPLC) method was developed and validated for Simultaneous estimation of Celecoxib and
Tramadol hydrochloride in combination. Chromatography was carried out on Phenomenex luna
C18 (4.6 mm LD x 250 mm, 5um) column using a mixture of Water: Methanol (15:85, v/v) as
the mobile phase at a flow rate of 0.8ml/min, the detection was carried out at 275nm
respectively for Celecoxib and Tramadol hydrochloride. The retention time of the Celecoxib
and Tramadol hydrochloride was 5.79 and 3.89 min respectively. The method procedure linear
response of Celecoxib and Tramadol hydrochloride was found to be 1 and 0.997 respectively.
The method precision for the determination of assay was below 2.0% RSD. The method was
statistically validated for linearity, accuracy, precision and selectivity. Due to its simplicity and
accuracy this method will be useful for routine quality control analysis.

Key words: Celecoxib, Tramadol hydrochloride, HPLC, Method Validation, Stability study
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Abstract

Green chemistry is the utilisation of a set of principles that reduces or eliminates the use or
generation of hazardous substances in the design,manufacture and application of chemical
products. Chemicals are a part of modern life. Products are the main emissions of the chemical
and pharmaceutical industries. Very often they do not become degraded or fully broken down
to water, carbon dioxide and inorganic salts. Often,unknown transformation products are
formed in the environment. Therefore, according to the principles of green chemistry, the
functionality of a chemical should not only include the properties of a chemical necessary for
its application, but also easy and fast degradability after its use. Green Chemistry is simply a
new environmental priority when accomplishing the science already being performed
regardless of the scientific discipline or the techniques applied. Pharmaceutical Green
Chemistry will translate to higher synthetic efficiency and better chemical processes, which
will in turn reduce impact upon the environment.The main objective of this review is to shed
light upon key aspects with regard to the philosophy of pharmaceutical green chemistry and to
reduce environmental risks,hazards and pollution caused by chemicals in pharmaceutical
industry.

Keywords: Green Chemistry,Green Pharmacy,Sustainable products,Green analytical
techniques.
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Abstract

Any component of the new drug substance that is not a chemical entity is considered an
impurity. The identified and unidentified impurities present in a new drug substance are referred
to as the impurity profile. Impurity profiling is the common name for a set of analytical
activities aimed at detecting, identifying, elucidating, and determining organic and inorganic
impurities in pharmaceuticals. The impurity may be developed during Formulation or upon
aging of API’S. Toxic impurities are dangerous to health and increase the safety of drug
therapy; therefore, impurities should be identified and determined using any selective methods.
Regulatory bodies include the international council for harmonization (ICH), United States
Food and drug administration (USFDA) and Canadian Drug and Health Agency (CDHA).
Catalysts, reagents, heavy metals, and degraded end products obtained during the
manufacturing of bulk drugs via hydrolysis, oxidation, and de-carboxylation are some of the
various sources in pharmaceutical products. To identify impurities in pharmaceuticals, various
methods such as ultraviolet spectroscopy, infrared spectroscopy, liquid chromatography-mass
spectroscopy (LC-MS), gas chromatography-mass spectroscopy (GC-MS), nuclear magnetic
resonance (NMR) spectroscopy, and others are used.

Keywords: Impurity Profile, Chromatography, Impurities, Elucidation.
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Abstract:

Despite a slowdown in antibiotic development, identifying the mechanism of action (MOA)
remains a significant barrier. To identify the metabolic fingerprint of 15 antibiotics induced on
Escherichia coli metabolism, a high-throughput whole-cell FTIR spectroscopy-based bioassay
was developed. Since each biochemical fingerprint was unique, it was possible to distinguish
between several antibiotics in various separate cultures using FTIR spectroscopy. These
fingerprints matched the known MOA of each tested antibiotic. High throughput screening for
antibiotic development and a better knowledge of the MOA of existing antibiotics both offer
considerable promise for FTIR spectroscopy.

Keywords: Antibiotic discovery; Fourier-Transform infrared (FTIR) spectroscopy;
high-throughput screening; metabolic fingerprinting; multivariate analysis.
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Abstract:

A precise, robust, simple and accurate stability indicating RP-HPLC method was developed
and validated for simultaneous estimation of Acebrophylline and Montelukast in marketed
formulations. Presented analytical method had challenges due to extreme sensitive nature of
montelukast i.e., heat and light sensitive and hygroscopic. According to the literature review,
Acebrophylline is composed of two different components, each with different properties and
pKa values. Therefore, the chromatogram would have shown two distinct peaks. (One for
theophylline -7- acetic acid and other for ambroxol base). Unfortunately, none of the reported
more than four HPLC methods shown two individual peaks. Theophylline-7-acetic acid and
ambroxol base are components of Acebrophylline which requires more reliable data using
forced degradation studies and stability studies. In this work, marketed sample was subjected
to various degradation conditions. The developed method was analyzed by Eclipse Plus C18
(150mm x 4.6mm, 5um) as stationary phase using mobile phase in ratio of Phase A 90:10 %v/v
and Phase B 10:90%v/v at flow rate of 1.0ml/min. Quantification was achieved at 296 nm with
PDA detector. The retention time was Montelukast 21.73min and Acebrophylline Peak
1=4.75min and Peak 2= 7.95min. The linearity of method was found in the range of 10-30 and
200-600pg/ml with mean accuracies of 100.69%-99.83% and 99.921%-100.369% respectively.
The developed method meets all the acceptance criteria as per ICH Q2 R1 guideline.
Keywords: RP-HPLC, Acebrophylline, Montelukast, Method Validation, Stress Testing, IR
spectrum

INTRODUCTION:

Introduction To the Drug Combination

Acebrophylline is a mucolytic. It is used for the treatment of Respiratory Tract Infection.
Acebrophylline cyclohexanol is the salt obtained by reaction of equimolar amounts of
theophylline-7-acetic acid, which is a xanthine derivative with specific bronchodilator activity,
and ambroxol, which is a mucolytic and expectorant. Montelukast is a leukotriene antagonist.
It works by blocking the action of leukotriene, a chemical messenger. Monosodium salt is a
selective and orally active leukotriene receptor antagonist that inhibits the cysteinyl leukotriene
CysLT1 receptor. The combination of these two drugs are available in the market for the
treatment of COPD and bronchial asthma and also clinical trials have been reported for this
combination in Indiafl,

Acebrophylline: CAS no. is 96989-76-3, IUPAC name is 4-[(2-amino-3,5-dibromophenyl)
methylamino] cyclohexan-1-ol;2-(1,3-dimethyl-2,6-dioxopurin-7-yl) acetic acid (Fig. 1a) and
mechanism of action is that Acebrophylline is obtained by reaction of the Ambroxol base and
theophylline-7-acetic acid 31, The Carboxyl group of theophylline-7-acetic acid was satisfied
with Ambroxol’s amine group in a stoichiometric ratio 38.7% acid and 61.3% base that ensures,
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after absorption, high plasma levels of Ambroxol with low levels of the xanthine derivative
which are nevertheless high enough to ensure a carrier effect for ambroxol ©51,

Dme Nﬁ :
|
HE/N N\C][ —Co H HO O
o o /éf\ Cl
° OH
- (NS

Er

Figure 1: a) Structure of Acebrophylline, b) Structure of Montelukast

Montelukast: CAS no. is 151767-02-01, IUPAC name is [R-(E)]-1-[[[1-[3-[2-(7-chloro-
2quinolinyl) ethenyl] phenyl]-3-[2-(1-hydroxy-lethylrhtyl) phenyl] propyl] thio] methyl]
cyclopropane acetic acid, monosodium salt (Fig. 1b) and mechanism of action is that
Montelukast selectively antagonizes LTD;, at the cysteinyl leukotriene receptor, CysL00544, in
a human airway, Montelukast inhibits the actions of LTD, at the CysLT: receptor, preventing
airway edema, smooth muscle contraction, and enhanced secretion of viscous and thick mucus
[6.7]

In the proposed method, both the drugs are applied for forced degradation in acid, alkaline,
oxidative, photolytic, and thermal environments and these solutions were analyzed by the RP-
HPLC method. A stress study or degradation study was performed according to ICH guidelines
for stability testing. The method was developed and validated according to ICH Q2R1
guidelines. After a detailed and systematic study, the following procedures are recommended
for the determination of Montelukast sodium and Acebrophylline in pharmaceutical
formulations.

Literature Review
Several reports are available describing various methods for the estimation of the Montelukast
and Acebrophylline individually and in a combination in a variety of matrices like bulk drug
and dosage forms. Literature review for the combination presented in table 1.

Table 1. Literature review

or. | Sample | Analytical Method description Ref
(Combination with levocetirizine)
Column C- 18 BEH 2.1 x 50 mm (1.7 pm)
Flow rate: 0.6 ml/min
1 Combination RP-HPLC Wavelength: 230 nm 9
drug method Mobile phase; methanol: acetonitrile:
Buffer (30:40:30) potassium dihydrogen
phosphate buffer was used with pH 6.0.
Run time 4.5 min.
Marketed Column: C18 4.6 mm * 250 mm (5 um)
5 formulation | HPLC method | Mobile phase: Ammonium acetate buffer 10
(MONT+ of pH 3.5 (pH adjusted with glacial acetic
ACB+ LEVO) acid) and methanol in the ratio 15:85 v/v
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Column: BDS Hypersil, C18,
3 Tablet RP-HPLC (250 x 4.6mm, 5um) 1
method Mobile phase:10 mm phosphate buffer
(pH 4): Acetonitrile (15:85)
Marketed Column: BDS C8 Column (150 x 4.6mm,
formulation 5um)
4 (MONT+ PRI’DITA-aneIEr?c; q Mobile phase: Potassium hydrogen ortho- | 2
ACB+ phosphate buffer: acetonitrile (40:60)
Desloratadine) Flow rate: 1ml/min
Column: C18
Hibar Lichrospher® (250 mm x 4.6 mm,
Combined 5um) 13
> dosage form HPLC method Mobile phase: Acetonitrile: Methanol
(60:40 %v/v)
Flow rate: 0.8 ml/min

Justification

The literature review and studies concluded that Acebrophylline made up of two different
components i.e., theophylline -7- acetic acid, a xanthine derivative, and ambroxol base, a
mucolytic and expectorant. So, the chromatogram would show two separate peaks for both
components. None of the reported HPLC methods did show two individual peaks for
Acebrophylline. (One for theophylline -7- acetic acid and the other for ambroxol base). So,
the requirement of generation of more reliable data with forced degradation study was required.
That would result in a robust, accurate, precise and reliable analytical method on HPLC for
simultaneous estimation and assay calculation of Acebrophylline and Montelukast
formulations.

MATERIALS AND METHODS

Chemicals and Reagents

Acebrophylline and Montelukast both standards were obtained from Synochem
Pharmaceuticals. HPLC grade solvents methanol purchased from Rankem lab, Milli Q water,
and AR grade reagents ammonium formate buffer, O- phosphoric acid are of research-grade
used without further purification.

Instrumentation and Chromatographic Conditions

The chromatographic analysis was performed using Agilent HPLC (1260 Infinity 1) system
equipped with a prominence PDA detector (G7115A) and quaternary pump (G7111B) system
operational with an auto-sampler (G7129A). The data interpretation and analysis were done
using software Open Lab CDS. Chromatographic separation was carried out using Eclipse Plus
Cug analytical column (150mm x 4.6mm internal diameter, 5um particle size) at a column
temperature of 10 °C. The optimized Mobile phase A= Ammonium formate buffer was adjusted
to pH 2.8 with OPA: Methanol (90:10 V/V) and Mobile phase B= Ammonium formate buffer
were adjusted to pH 2.8 with OPA: Methanol (10:90 V/V) and pumped through column at a
flow rate of 1.0 mL/ min. Prior to use, the mobile phase was filtered through the 0.45 pm
Millipore filter and ultrasonically degassed. The volume of injection was kept at 10 pL for the
sample analysis. The optimum wavelength i.e., 296nm was used for simultaneous estimation

(Fig. 2).
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Figure 2: Isoabsorbance plots

NOTE:

Montelukast is heat and light-sensitive drug.

Carried out all the experimental work in minimum light to avoid the light exposure
Carried out all the experimental work at room temperature (25 °C)

Preparation Of Mobile Phase And Diluent

0.7 mg of Ammonium formate buffer was weighed and make the volume up to 1000 mL then
sonicated it for 15 min (Observed pH was 6.54), Adjusted the pH 2.8 with 1 mL of O-
phosphoric acid. Filtered the solution.

Mobile phase A= Ammonium formate buffer: Methanol= 90:10 V/V

Mobile phase B= Ammonium formate buffer: Methanol= 10:90 V/V

Diluent: Methanol: Ammonium formate buffer: 70:30 V/V

Preparation of Standard solutions

Standard stock solution of ACBR (4000pug/ mL) and MTKT (200 pg/ mL) were prepared in
diluent (Methanol: Ammonium formate buffer — 70:30 V/V). 100 mg of Acebrophylline and 5
mg of Montelukast were weighed into a 50 ml volumetric flask. Add about 35 ml of diluent
and sonicated to dissolve. Diluted up to mark with diluents (Acebrophylline 4000 pg/mL and
Montelukast 200 pg/ml). 5 mL of stock solution and diluted up to 25 mL with diluent (400
pg/mL of Acebrophylline and 20 pg/mL of Montelukast). Primary standards were stored in
well manners to protect from light and heat until analysis.

Preparation of Sample solutions

Twenty tablets were weighed accurately and a quantity of tablet powder equivalent to 100 mg
Acebrophylline and 5 mg Montelukast was transferred to 50 ml volumetric flask, 35 ml of
diluent was added, sonicated for 5 min and made upto mark with diluent (4000 pg/ml and 200
pg/ml of ACBR and MTKT respectively). The sample solution was scanned in the wavelength
range of 400-200 nm. 296 nm wavelength was selected for further analysis on HPLC owing to
measurable response of all three components.
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METHODS

The development of a method for simultaneous analysis of Acebrophylline and Montelukast
was performed by using different mobile phase gradient and mobile phase pH. According to
ICH guidelines, the validation of the developed method was done for linearity, the limit of
guantification (LOQ), the limit of detection (LOD), accuracy, precision, robustness, specificity.
8

System Suitability Test (SST)

The SST ensures that validating the power of the analytical method as well as confirms the
resolution between different peaks of interest. All critical parameters tested met the acceptance
criteria on all days. The system suitability assessment for the analytical HPLC method
established instrument performance parameters such as resolution, %RSD, Theoretical Plates
(N), and Tailing factor (Tf) for both the analytes.

Precision

Repeatability was determined by analysing a solution containing a mixture of Acebrophylline
and Montelukast having a concentration of 400 pug/ml and 20 pg/ml respectively. The Peak area
of the same concentration was measured six times and % RSD was calculated.

Intraday Precision: Solution containing a mixture of Acebrophylline and Montelukast as 200
pg/mland 10 ug/ml, 400 and 20 ug/ml and 600 and 30 pg/ml were analysed on 3 different days,
peak areas were determined and % RSD was calculated.

Interday Precision: Solution containing a mixture of Acebrophylline and Montelukast as 200
pg/ml and 10 pg/ml, 400 and 20 pg/ml and 600 and 30 pg/ml were analysed on 3 times on same
days, peak areas were determined and % RSD was calculated.

Linearity

The linearity of the method was evaluated by injecting different concentrations of the standard
solution of Acebrophylline and Montelukast. A stock solution was prepared of Acebrophylline
400 pg/ml and Montelukast 20 pg/ml. Further dilutions are 0.5, 0.8, 1.0, 1.2 and 1.5 mL of
stock solution and diluted up to 10mL which gives concentrations 200, 320, 400, 480 and 600
pg/ml of Acebrophylline while 10, 16, 20, 24 and 30ug/ml of Montelukast.

Accuracy (%oRecovery)

The assay method was evaluated with the recovery of the standards from excipients. Three
different quantities (50%, 100% and 150%) of the standards were added to the pre analyzed
formulation and were analyzed using the developed HPLC method.

Specificity

The specificity of the method was ascertained by analyzing diluent, placebo, standard and tablet
formulation to examine the % interference of excipients and their impurities with analytes peak.
The specificity of the proposed method was determined by analyzing spiking of placebo to
sample and calculated the % interference.

Robustness

As defined by the ICH, the robustness of an analytical procedure refers to its Capability to
remain unaffected by small and deliberate variations in method Parameters here changes in
different conditions were considered:

1) Change in wavelength (296 nm * 2)

2) Change in Flow rate (1 ml/min + 0.2)

3) Column Temperature (25°C £ 5°C)

4)  Mobile phase pH (2.8 £ 0.2)
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LOD and LOQ

From the linearity curve equation, the standard deviation (SD) of the intercepts (response) was
calculated. The limit of detection (LOD) of the drug was calculated by using the following
equation designated by International Conference on Harmonization (ICH) guideline:

LOD = 3.3x Standard deviation / Slope

The limit of quantitation (LOQ) of the drug was calculated by using the following equation
designated by International Conference on Harmonization (ICH) guideline:

LOQ = 10 x Standard deviation / Slope

Stability Studies (Forced Degradation):

Stability Studies were carried out on the drug in order to check the stability of the drug by
providing various stress conditions like acid, base, oxidation, thermal, photo, and UV Control
degradation compared with normal conditions as recommended by ICH. The purpose of the
force degradation method is to provide evidence that the analytical method is efficient in the
determination of drug substances in the commercial drug product in the presence of its
degradation products.

NOTE: Stability studies (forced degradation) were performed on the marketed formulation
(Telekast A by Lupin Ltd.; Label claim= Acebrophylline 100 mg, Montelukast 10 mg)

Acid Hydrolysis

Tablet powder equivalent to 773.5mg of Acebrophylline and Montelukast (1 tablet) was
transferred in a 50 mL volumetric flask. Add 1mL of 1N HCI was added and kept for 15min at
60°C in the water bath. Neutralization was done by using ImL of 1N NaOH. Add about 35mL
with diluent and sonicate it for 10min, make up the volume up to the mark (400 pg/mL and 20
pg/mL of Acebrophylline and Montelukast respectively) centrifuge it for 10min at 5000 rpm
maintaining 10°C filter the solution with 0.45 um syringe filter.

Base Hydrolysis

Tablet powder equivalent to 773.5mg of Acebrophylline and Montelukast (1 tablet) was
transferred in a 50 mL volumetric flask. Add 1mL of 1N NaOH was added and kept for 15min
at 60°C in the water bath. Neutralization was done by using 1mL of 1N HCI. Add about 35mL
with diluent and sonicate it for 10min, make up the volume up to the mark (400 pg/mL and 20
ug/mL of Acebrophylline and Montelukast respectively) centrifuge it for 10min at 5000 rpm
maintaining 10°C filter the solution with 0.45 um syringe filter.

Oxidative Hydrolysis

Tablet powder equivalent to 773.5mg of Acebrophylline and Montelukast (1 tablet) was
transferred in a 50 mL volumetric flask. 0.5mL of 6 % H202 was added and kept for 15min at
60°C in the water bath. Add about 35mL with diluent and sonicate it for 20min, make up the
volume up to the mark (400 pg/mL and 20 pg/mL of Acebrophylline and Montelukast
respectively) centrifuge it for 10min at 5000 rpm maintaining 10°C filter the solution with 0.45
pm syringe filter.

Thermal Degradation

Tablet powder equivalent to 773.5mg of Acebrophylline and Montelukast (1 tablet) was
transferred in 50 mL volumetric flask and kept in the water bath for 20min at 60°C. To it, 70
% of diluent was added and sonicated for 20 min. Add about 35mL with diluent and sonicate it
for 10min, make up the volume up to the mark (400 pg/mL and 20 pg/mL of Acebrophylline
and Montelukast respectively) centrifuge it for 10min at 5000 rpm maintaining 10°C filter the
solution with 0.45 pum syringe filter.
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Photo Degradation:

Tablet powder equivalent to 773.5mg of Acebrophylline and Montelukast (1 tablet) was
transferred in 50 mL volumetric flask and kept in UV chamber for 2Hrs. Add about 35mL with
diluent and sonicate it for 10min, make up the volume up to the mark (400 pg/mL and 20 pg/mL
of Acebrophylline and Montelukast respectively) centrifuge it for 10min at 5000 rpm
maintaining 10°C filter the solution with 0.45 pum syringe filter.

UV Control Degradation:

Tablet powder equivalent to 773.5mg of Acebrophylline and Montelukast (1 tablet) was
transferred in 50 mL volumetric flask and kept in UV chamber (wrapped with aluminum foil)
for 2Hrs. Add about 35mL with diluent and sonicate it for 10min, make up the volume up to
the mark (400 pg/mL and 20 pg/mL of Acebrophylline and Montelukast respectively)
centrifuge it for 10min at 5000 rpm maintaining 10°C filter the solution with 0.45 um syringe
filter.

RESULTS AND DISCUSSION

Development and optimization of a method

A robust and new RP-HPLC method was established for the simultaneous determination of
Acebrophylline and Montelukast. The different parameters such as mobile phase composition,
their pH and flow rate, wavelength and column oven temperature were optimized for the
development of an effective chromatographic method. The mobile phase was selected based on
pKa and pH values of both the drugs, solubility, peak symmetry, best separation etc. A number
of trials were taken for the selection of mobile phase as mentioned here. Initially according to
the pKa value and solubility of Acebrophylline and Montelukast, methanol and ammonium
formate buffer were tried in different ratio and it gives satisfactory results. Finally mobile phase
consisting of Mobile phase A= ammonium formate buffer; methanol [pH 2.8 optimized by 1mL
OPA] in the ratio of 90:10 v/v and mobile phase B= ammonium formate buffer: methanol in
ratio of 10:90 v/v gave good separation and resolution. The effect of various flow rates on
formulation and separation of peaks of the analytes was studied and a flow rate, 1.0 mL/min
was optimum with reasonable time of analysis. Montelukast having a retention time of 21.73
min and Acebrophylline having retention time Peak 1=4.75 min and Peak 2= 7.95min. (Fig. 3).
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Figure 3: Chromatogram of both standards

Method validation

Validation of analytical method deals with the aim to ensure that the developed method is
acceptable and reliable for its deliberate purpose. As per ICH guidelines (Q2R1), the developed
HPLC method was validated for different validation characteristics such as system suitability,
linearity, accuracy, precision, LOD, LOQ, robustness, and specificity (Table 2).
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Table 2. Summary of validation parameters

Result
Parameters -
Acebrophylline Montelukast
Linearity 0.9998 0.9994
Accuracy at 50%, 100% & 150% 99.92- 101.07 % 99.83- 100.69 %
Precision
Interday Precision 0.504 0.795
Intraday Precision
Robustness
. 0.125 (294nm) and 0.402 (294nm) and
Change in wavelength (296 nm + 2) 0.392 (298nm) 0.955 (298nm)

Change in Flow rate (1 ml/min £
0.1)

0.738 (0.9 ml/min) and
0.87 (1.1 ml/min)

0.131 (0.9 ml/min) and
0.187 (1.1 ml/min)

Temperature (25 ‘C+5 °C)

0.742 (20 °C) and 0.824

0.345 (20 °C) and

(30 °C) 0.688 (30 °C)

Change in pH (2.8 + 0.2) 0.606 (2.6) and 0.849 (3) | 24?8 (2%)""”0' 0.315
LOD 0.335 pg/ml 2.767 ng/ml
LOQ 1.015 pg/ml 8.387 pg/ml

System suitability

The system suitability ensures that the validity and specificity of the developed method. This
test represents an essential component of the method development and is utilized to confirm the
resolution and reproducibility of the developed technique, for performing chromatographic
analysis. The percent RSD of different parameters such as peak area, retention time, theoretical
plates and tailing factor were determined (Table 3). The peaks obtained for Acebrophylline and
Montelukast were found to be sharp, well separated and with high resolution.

Table 3. System suitability parameters

Observation
Acebrophylline FEE L
Parameters Montelukast Specification
Peak 1 | Peak 2 | Sum

Resolution (RS) 000 22.64 22.64 21.10 RS > 18
Tailing Factor (T) 0.97 1.63 - 1.10 T<2
Theoretical Plates (N) | 6962 | 18249 - 45412 > 3000
% RSD - - 0.274 0.618 <2%

RSD: Relative standard deviation

Precision

Precision is a measure of degree of scattered readings of the developed method between the
numbers of reading resulted from various samplings of a similar sample under the specified
analytical procedures. In the present study, intra-day and inter-day assays were used to test the
precision. Analysis of precision was done on the same day at different time intervals by
determining repeatability (intra-day precision), and on three consecutive days, by determining
intermediate precision (inter-day precision).

Linearity
Linearity is the ability of the analytically developed procedure to check the result of the sample
analytes whether it is to its concentration. The linearity of the method was tested by analysing
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different concentration ranges 200-600 ug/mL of Acebrophylline and 10-30 ug/mL
Montelukast, at 296nm. The regression analysis data for the calibration curve shows linear
relation over this concentration range. The correlation coefficient values for both drugs were
found to be R? > 0.999 (Fig. 4).
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Figure 4: Linearity overlay of Acebrophylline and Montelukast

Accuracy (% Recovery)

The closeness of experimental and true value or an accepted reference value signifies the
accuracy of analytical procedure. The data for accuracy for Acebrophylline and Montelukast is
presented in table 10 and 11 respectively. The recovery range for Acebrophylline and
Montelukast was found to be 99.921- 100.369% and 100.69- 99.83% respectively.

Specificity

Specificity is the ability to assess unequivocally the analyte in the presence of components that
may be expected to be present. Typically, these might include impurities, degradants, etc. It is
proven by comparing chromatogram of blank, standard solution and sample preparation
solution, there was no interference of excipients with peak of Acebrophylline and Montelukast.

Robustness
Deliberate changes in different parameters like i) Flow rate, ii) Wavelength, iii) pH and iv)
Column oven.

LOD and LOQ

From the LOD and LOQ values, it was inferred that the optimized method was sensitive to
determine the entrapment efficiency. LOD found from the equation was 0.055 and 0.114 while
LOQ was 0.167 and 0.346 for Acebrophylline and Montelukast respectively.

Forced degradation study

ACBR and MTKT were subjected to various forced degradation conditions to effect partial
degradation of the drug preferably in 10-30% range. Data of degradations presented in table 4
for Acebrophylline and Montelukast as well as in Fig. 5.
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Figure 5: A) Acid Degradation, B) Alkali Degradation, C) Peroxide Degradation, D) Thermal
Degradation, E) UV Degradation and D) UV Control Degradation

DAD1A, SIg=006,4 Ref=olf

B 4

T B =
= | 5 1
7 M | EF EE T
L /
5 | N PI /
-1 ——— eI — /
15 1""er

T T T T {zdasstesmnzadisw v adan et eidiziadnesraedn |
Tme pmin]

A

DADTA 2ig=296 4 Refmal?

T

Al oplglive Pa sk 3]
15592
Aark

T2 EEe
LS =] TR T
T—

40 T L

T . I rr 111 r 1111111 1.1 1. T 1.1 1. I T T T T T
1234 86TR9 DI 12 139415161718 1920 H 2223 2428 R 2T 28 293031323334 3536 37 38 39 40
Time: [miln]

B

DADTA Sig=286 4 Refwoft

o

AU
-~ L3
-L.;/‘,
k
/ Acebropillineg Pesk 1
Q445

15 883

Acetropiliine Peak 3
Blank
rd

—g 19 125

4 ~. ‘
& N S N

Montelukast

22 0e2

|
, 4
104 g DUEPRY

‘-_—
X
/

~_|

i
|
l
f‘

| " /
-1{ .L./‘
T \J T T T T L) U T U L ) L U L T T L\l T T \J T Ll L) T T T T T \J T
1234567301011 1213 1516171802021 222324252627 282930313233 34 353537333040
Time Jmin]

C

WWW.gsp.gtu.ac.in 147 ISBN:978-81-955306-5-6



Emerging trends and innovations in pharmaceutical sciences, Proceeding of Multi-Disciplinary International Conference
(GTUICON2022), Organized by Graduate School of Pharmacy-Gujarat Technological University

DAD1 A Sig=055.4 Ref-oT
1; é 1|:I é
H "l‘v' ; | &
| & | £ B ~
2 l 1 | F .
Elk._J Sé ﬂé o 5 i -
I : il
: . EH /
£ 1'"\-,__\__.'- I ! ."ll
-1 T e _.-"J'._ T - _|I_|L_ .lr
2 -_-—_.II, .l'll
-4 e
3 _
PUU T adadstesunzad et ehudsr bkl enltewyana |
Time jrin]
D
DADH A, Si0=005 4 Riefeol
5 o .
0] i g
15 £ | £
o L5 |8
9
% 5l gg ;.§ L 3
D-\—Jll‘ Y L] B2 i
Ll nﬁ
5 e ' S/
1 R H“—-\_-___;\__..\JI"_ P —— |IE e o | z:-
(| ¥
15 e
U T U T adagefeduum izl st b adnr skl enlaSerand T T T T
Time jmir]
E

DADIA Zige236 4 Refmol?

i

15 &0
Sl

i ity | el P i 4

At

N

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 LI 1 1 1 1 1 1 T T
1234CET R0 11124314 151617181920 22 2324 2 X 27 252930 31323334 353537 38 1940
Time [min]

F

WWW.gsp.gtu.ac.in 148 ISBN:978-81-955306-5-6



Emerging trends and innovations in pharmaceutical sciences, Proceeding of Multi-Disciplinary International Conference
(GTUICON2022), Organized by Graduate School of Pharmacy-Gujarat Technological University

Table 4. Forced Degradation
Acebrophylline % Degradation

Area .
Parameter % Degradation
Peak 1 Peak 2 Sum
Acid 311.46 631.15 942.61 22.71
Alkali 304.53 752.83 1057.36 13.50
Oxidation 295.44 832.45 1127.90 7.16
Thermal 326.03 638.25 964.28 20.98
Photolytic 310.11 832.24 1142.36 6.48
UV Control 428.75 782.96 1211.72 0.98
Montelukast % Degradation
Parameter Area % Degradation
Acid 251.65 30.37
Alkali 368.15 25.96
Oxidation 251.46 30.46
Thermal 285.78 20.62
Photolytic 219.32 39.41
UV Control 244.83 32.48

Dosage form analysis

Formulations was procured commercially from the market. The tablet formulations Telekast A
(Lupin Ltd), Montek AB (Sun Pharmaceutical Industries Ltd), Glemont-A (Glenmark
Pharmaceuticals Ltd) and Montair AB (Cipla Pharmaceuticals) containing 200 mg
Acebrophylline and 10 mg Montelukast when analyzed using the developed method, showed
separated peak at Retention time and assay as observed in standard with slight change in the
chromatogram of tablet formulations indicating no interference of the excipients. Data
presented in table 5.

Table 5. Dosage form analysis

Telekast A
Retention time
Acebrophylline peak 1 3.598 Mean: 102.94
Acebrophylline peak 2 9.346 SD: 0.812
Montelukast 22.625 %RSD: 0.794
Montek AB
Acebrophylline peak 1 4.003 Mean: 102.75
Acebrophylline peak 2 9.300 SD: 0.517
Montelukast 22.662 %RSD: 0.503
Glemont-A
Acebrophylline peak 1 4.013 Mean: 102.29
Acebrophylline peak 2 9.290 SD: 0.461
Montelukast 22.636 %RSD: 0.451
Montair AB
Acebrophylline peak 1 4.009 Mean: 102.34
Acebrophylline peak 2 9.306 SD: 0.397
Montelukast 22.670 %RSD: 0.388

CONCLUSION

WWW.gsp.gtu.ac.in 149 ISBN:978-81-955306-5-6



Emerging trends and innovations in pharmaceutical sciences, Proceeding of Multi-Disciplinary International Conference
(GTUICON2022), Organized by Graduate School of Pharmacy-Gujarat Technological University

A simple, sensitive, accurate, precise and specific RP-HPLC method has been developed for
the simultaneous quantification of Montelukast and Acebrophylline in bulk and marketed tablet
dosage form. The developed method was validated by linearity, precision, accuracy, specificity,
robustness, LOD and LOQ. The proposed method is satisfactorily applied for the separation of
analyte peaks in presence of degradation products. The chromatograms showed that there were
no interference peaks due to degradants, hence the method is stability indicating and can be
applied for quality control of Acebrophylline and Montelukast combination tablets.
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Abstract

An Azido impurity is an Azidomethyl-biphenyl-tetrazole (AZBT). It is present in sartan
medicine which is used to treat high blood pressure(hypertension). Sartan drugs
(Losartan, Irbesartan, Telmisartan, Olmesartan, Valsartan) are Angiotensin Il Receptor
Blockers (ARBs). An Azido impurity is mutagenic impurity that is produced during
the API manufacturing process. In April 2021, AZBT-contaminated sartans were first
identified as result, EDQM immediately ordered a market recall. After numerous recalls
were issued as a result of this azido impurity by regulatory authorities such as Health
Canada, TGA, MHRA etc. This review talks about mechanism of formation of azido,
health risk, currently available analytical methods like LC-MS/MS, HPLC-UV-MS etc.

Keywords: Azido Impurity, AZBT, Mutagenic, Sartan drugs, Analytical Methods
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Abstract:

The substances reacting with DNA have a potential to cause gene mutations at low
concentration and are called Genotoxic Impurities (GTI) which may cause cancer. Their
assessment at ppm/ppb levels demands highly sensitive analytical methods. Hazard assessment
helps in Impurities classification with respect to mutagenic and carcinogenic potential (Class
1-5). The EMEA guideline focusing on Threshold of Toxicological Concern (TTC) gives a
value of 1.5 pg/day corresponding to a theoretical 10s excess lifetime risk of cancer.
Identification of these GTIs can be done using in-silico structure-based approaches, (Q)SAR
methodologies. Since Genotoxic Impurities should be controlled at ppm level, the analytical
method used for their assessment should be highly sensitive, specific and reliable. Recent
analytical approaches for assessment of GTI like two dimensional (2D)-GC, Hydrophilic-
interaction chromatography (HILIC), Ultra-performance Liquid Chromatography (UPLC-
MS/MS), Extractive ESI-MS/MS, Molecular Imprinted Polymers (MIP), matrix
deactivation are described in the paper to reduce matrix interference and enhance sensitivity.
The risk assessment is based on the physicochemical properties and factors that influence the
fate and purge studies of the impurity. This paper describes updated information about GTls
and reviews the regulatory aspects centered on ICH M7 for GTls in drug substance/products as
well as its control strategies.

Keywords: Genotoxic Impurities, ICH M7, Gene mutation, Carcinogenic impurities, HILIC,
GC-MS, UPLC-MS/MS.

1. INTRODUTION:

The manufacturing of active pharmaceutical ingredients (API) may lead to inevitable entry of
some starting material, intermediates or by-products in the final end products in the form of
impurities (Majid et al., 2018). A small number of these possible impurities, referred to as
Genotoxic Impurities (GTIs), are of particular concern because of their propensity to interact
with DNA and resulting in genetic abnormalities. Additionally, GTIs may interfere with DNA
replication resulting in the growth of tumors or other serious health issues (Helmy et al., n.d.).
Genotoxicity has been defined as "any deleterious change in the genetic material, regardless of
the mechanism by which the change is induced" in the ICH S2 (R1) Guidelinel(“Genotoxic
Impurities in Pharmaceutical Products,” n.d.). International Council on Harmonisation of
Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) guidelines
Q3A and Q3B addresses the control of impurities in APIs as well as drug products. Based on
the estimated clinical dose, route of administration, and various mitigating factors, these
standards specify the reporting, identification, and qualification levels of impurities in APIs and
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final medicinal products. These recommendations acknowledge that "unusually toxic"
impurities like GTIs do not fall within the purview of the ICH-defined impurity levels (Helmy
etal., n.d.). Itis difficult to determine the acceptable limits of Genotoxic Impurities as the data
available for GTlIs is quite variable. In case of absence of appropriate data, a general approach
as explained by Threshold of Toxicological Concern (TTC) is implemented. The intake of
genotoxic impurities with a TTC value of 1.5 pg/day is considered to have tolerable risk (excess
cancer risk of 1 in 100,000 over a lifetime) for the majority of pharmaceuticals. (Giordani et
al., 2011). The TTC value is not applicable when the GTI belongs to the class of aflatoxin-like
compounds or N-nitroso or azoxy compounds. For these highly genotoxic compounds the lower
limit (0.15 pg/person/day) must be applied, alternatively the risk assessment requires
compound-specific toxicity data (Giordani et al., 2011).

A staged TTC is one that has been adjusted to account for both the dose and the length of the
clinical trials; as a result, it is lower for higher doses and higher for shorter durations. The reason
for this is that overall exposure in clinical research is kept to a minimum and dosage durations
are kept to a minimum. For most potent carcinogens, this technique yields considerable safety
margins due to the original TTC's conservative risk assessment. If there are multiple genotoxic
impurities present, the staged TTC values should be applied to each chemical at every stage of
development. Exceptions to this rule include extremely potent carcinogens (PhRMA, n.d.).

The Europeans Medicines Agency (EMA) is the first regulatory agency to implement
comprehensive rules for handling genotoxic impurities. The recommendation established the
idea of limiting impurity levels to "as low as reasonably possible" (ALARP) for potential
genotoxic contaminants lacking sufficient evidence of a threshold-related mechanism. The
recommendation in the guideline calls for the implementation of a risk assessment, such as an
estimation of daily exposure at and below levels where there is a negligible risk to human
health, if the formation of genotoxic impurities cannot be prevented and if the impurities cannot
be totally removed (EMEA, Committee for Medicinal Products (CHMP), 2006)

Table 1: Acceptable qualification thresholds for GTls for Pharmaceuticals in Clinical studies

Duration of Exposure Limit (ug/day)
PhRMA USFDA EMA

Single dose 120 120 120
Less than 14 days 120 60 120
14 days to 1 month 120 60 60

1 to 3 months 40 20 20

3 to 6 months 20 10 10

6 to 12 months 10 5 5
More than 12 months 15 1.5 15

Source: (FDA Draft guidance, 2008)(European Medicines Agency, 2018) (PhRMA, n.d.)

Genotoxic tests are in vitro and in vivo procedures used to identify substances that cause genetic
damage either directly or indirectly through a various mechanisms. With regard to DNA
damage and its fixing, these tests should be able to identify potential hazards (Guidance for
Industry S2B Genotoxicity ICH, 1997). A single test is not able to detect all the genotoxic
impurities that are possibly present. Thus, complementary tests or battery tests are performed
in genotoxicity studies.

Examples are provided for some of the often identified potentially genotoxic structural motifs.
Alkylating agents, which include alkyl halides, alkyl sulfonates, and related structures, are a
subtype of these. These compounds could be produced during chemical synthesis or employed
as reagents. For instance, an alkyl halide is created when an alcohol combines with the salt
counter ion of a basic molecule like HX (X = halogens).
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Table 2: In Vitro and In Vivo Tests for the Detection of Genotoxicity:

Tests to be performed

Species used

Observed End Point

In-vivo test methods:
e Comet assay test
e Immunoassays
spectrometry

e Somatic and germ cell gene
mutation assay for transgenic
rodents

e Micronucleus test

e Chromosome aberration test

and mass

e Mammalian tissues
e Mammalian liver cells,

Mammalian ~ tissue  and
peripheral blood cells
o Transgenic rats or mice

e Mammal blood cells
e Mammalian bone marrow
and spermatogonial cells

Breaking od DNA
strand

Induction of DNA
repair

Mutagenicity
Chromosomal
damage
Chromosomal
damage

In-vitro test methods:

o Ames test

e Hrpt test

e Thymidine kinase/ Mouse
lymphoma assay

e Chromosome aberration test

e Micronucleus test

e Comet assay test
e Immunoassays
spectrometry

and mass

o Salmonella thyphimurium,
Escherchia coli

¢ Mammalian cell lines

o TKG6 human
lymphoblastoid cell line

¢ Mammalian cell lines

e Human and mammalian
primary lymphocytes and
cell lines

o Cell and cell lines

e Cell and cell lines

Reverse mutation

Forward mutation
Forward mutation or
chromosomal damage

Chromosomal
damage
Chromosomal
damage

Breaking of DNA
strand

Induction of DNA
repair and adduct

Source: (Cartus & Schrenk, 2016)

Alkylation agents are frequently employed in chemical synthesis, and examples include alkyl
esters of sulphate, methanesulfonic acid (mesylate), benzenesulfonic acid (besylate), and p-
toluenesulfonic acid (tosylate). After being bioactivated in vivo, aromatic amines and nitro
compounds may cause genotoxicity (Liu et al., 2010). Some common GTI atructures are

depicted below.

Figure 1: Representative Structures of common GTls
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Source: (Sun, Liu, et al., 2010)

A case study on control of NDMA impurities in Metformin:

Metformin is one of the most widely used drugs in the treatment of type 2 diabetes mellitus
(T2DM). It is used as a chronic therapeutic agent (administered for more than 10 years),a TTC-
based acceptable intake of a mutagenic impurity of 1.5 pg/person/day, is considered to be
associated with a negligible risk. Metformin, being an important medicine for diabetic care, is
consumed by a large number of patient populations with high dose. The presence of nitrosamine
impurities like NDMA (Nitrosodimethlyamine) in Metformin may be a resultant of cross-
contamination, nitrosating reagent, or degradation of starting and intermediate products. Since
NDMA is classified as probable human carcinogen by WHO/IARC, the allowable daily intake
for NDMA is 0.096 pg/day as per USFDA and EMA. Still several marketed products of
Metformin like Glycomet IR (max. dose 3000mg) and Glycomet SR (max. dose 2000mg) have
controlled levels of NDMA up to 0.03 pg/day to avoid its carcinogenic effects (Doshi et al.,
2021). Since the synthesis of Metformin includes a reaction between Dicyandiamide (DCDA)
and Dimethylamine HCI (DMA), there are chances of them occurring as impurities in the final
product. As per Indian Pharmacopoeia, test for Related Substances should be performed to
check the presence of such impurities. The limit of dicyandiamide should be not more than
0.02% and impurity should not be more than 0.1%.(Government of India, Ministry of Health.
(1955), Pharmacopoeia of India (the Indian Pharmacopoeia), 2018)

Figure 2: Schematic diagram of metformin synthesis
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Source: (Doshi et al., 2021)

2. IDENTIFICATION AND CLASSIFICATION OF GENOTOXIC
IMPURITIES:

As per ICH M7, genotoxic impurities can be classified based on hazard assessment by analyzing
impurities through database of carcinogenicity and bacterial mutagenicity test or by Structural
Activity Relationship methodologies. Using (Q)SAR techniques that forecast the results of a
bacterial mutagenicity assay, a novel computational toxicology assessment should be carried
out. The fundamental validation guidelines outlined by the Organization for Economic Co-
operation and Development (OECD) should be adhered to by (Q)SAR models using these
prediction approaches(ICH M7(R1), 2017). The absence of structural alerts is sufficient to
conclude that the impurity is non-mutagenic and thus, no further testing is needed (e.g. Class
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V). In case of a relevant structural alert, adequate control measures in addition with bacterial
mutagenicity assay can be applied (e.g. Class Ill). If the bacterial mutagenic assay gives
negative test results no further assessment is required. Additionally, if an impurity has same
structural alert, position and chemical environment as the drug substance it can only be
considered as non-mutagenic if the bacterial mutagenicity assay gives a negative result (e.g.
Class 1V).

Table 3: Classification based on Carcinogenic/Mutagenic potential and required Control
actions:

Class

Description

Control Action

Impurities with  known

carcinogen

mutagenic

Should be controlled at or below the
compound specific acceptable limit

Impurities with known mutagens but
unknown carcinogenic potential

Should be controlled at or below
acceptable TTC limits

Impurities with alerting structure, not
related to drug substance and no
mutagenicity data available

Should be controlled at or below
appropriate TTC/ bacterial mutagenicity
assay should be conducted.

If positive= Class V

If negative= Class Il

Impurities with same alerting structure
with the drug substance which are tested
as hon-mutagenic

Should be treated as non-mutagenic
impurity

\%

Impurities with no structural alerts, or
data to prove mutagenicity or

Should be treated as non-mutagenic
impurity

carcinogenicity
Source: (ICH M7(R1), 2017)

A comprehensive review by Bhaskar Reddy, Jaafar and collegues shows some of the structural
alerts in some common Genotoxic impurities including alkylating agents, like alkyl halides,
alkyl sulfonates, and other closely. These compounds are frequently employed as reagents or
may even be produced during chemical synthesis. They have the impact of cytotoxicity, which
inhibits cell development or starts apoptosis or programmed cell death. Additionally, nitro
compounds and aromatic amines do not directly establish covalent bonds with DNA bases, but
rather, gets metabolically active before reacting with DNA bases and becoming genotoxic
(Majid et al., 2018)

Figure 3: Structural alerts of commonly encountered GTIs:
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Source: (Majid et al., 2018)

Before qualifying a Genotoxic impurity, one must consider the following points (Q3B(R2)
IMPURITIES IN NEW DRUG PRODUCTS, 2006):

a. Inorder to distinguish between qualified and unqualified material, more than one studies
should be designed for general genotoxic studies.

b. The duration of studies should be based on appropriate data and should be performed
amongst the species that are most likely to show maximum potential to detect the toxicity
of an impurity.

c. Single dose drug studies are recommended for case-by-case studies only.

d. Generally the studies should be conducted for at least 14 days and at the most 90 days.

e. If the genotoxic impurity is unusually toxic, lower thresholds can be considered.

Attachment 3 of ICH Q3(B) gives a decision tree for identification as well as qualification of
degradation products based on threshold levels and identified structures.

Figure 4: Decision Tree for Identification and Qualification of Degradation Product:
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Source: (Q3B(R2) IMPURITIES IN NEW DRUG PRODUCTS, 2006)
3. RISK ASSESSMENT METHODS FOR GENOTOXIC IMPURITIES:

In current toxicological studies, a thorough understanding of the compound's mode of action
(MoA) is a vital prerequisite for a substantial risk assessment. The presence of a threshold and
an absolutely safe level, for compounds having a genotoxic mechanism of action, particularly
if they were carcinogenic in people or experimental animals, thus cannot be assumed. It is rare
for legal residues to necessitate a risk assessment of genotoxic substances because genotoxicity
is typically a requirement for excluding a chemical from legal authorisation (and
subsequent use) (Cartus & Schrenk, 2016).

Some of the common approaches for risk assessment have been developed, they are:

a. For the evaluation of non-genotoxic compounds, the No Observed Adverse Effect
Level (NOAEL), or the maximum dose level that does not significantly induce an
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adverse effect, can be employed. However, it is not found suitable for the evaluation
of substances that are both genotoxic and carcinogenic.

b. The dose-response data are fitted using several mathematical functions to determine
the modelled Point of detection (PODs). These modelled functions have confidence
intervals that are statistically specified.

c. Ifthe benchmark or critical level of effect is predefined, the estimation of dose levels which
would induce the degree of effect is allowed by the modelled functions. Lower Confidence
Level of a Benchmark Dose (BMD) with 10% Effect can be derived from the lower level
of the associated confidence interval (for example, 95% confidence)(Davis et al., 2011). A
free in-silico software like BMDS or PROAST is available.

d. Astaged TTC approach by PhARMA task force also suggests use of computer-based
structure-activity relationship tools such as DEREK (Deductive Estimation of Risk from
Existing Knowledge, http://www.chem.leeds.ac.uk/ luk/derek/) or MCASE (Multi
Computer Automated Structure Evaluation,
http://www.multicase.com/products/prod01.htm) along with the in vitro assay for point
mutations such as Ames test. (Humfrey, 2007)

4. CURRENT APPROACHES IN ANALYSIS OF GENOTOXIC
IMPURITIES:

At the commercial stage, GTIs were controlled at a TTC of 1.5 g/day. According to the ICH
Q3 guidance for traditional pharmaceutical impurities analysis, a GTI would need to be
controlled at a level of 1.5 ppm for a 1-g daily dose of the marketed product ([1.5 g/day]/[1
g/day] = 1.5 ppm), which is hundreds of times lower than the 0.05% (500 ppm) control standard.
Additionally, for clinical development and commercial products, the total amount of mutagenic
impurities shall not exceed Spug/day in cases when three or more mutagenic impurities are
present in the drug substance specification. Robust and sensitive analytical techniques are
essential for the monitoring and analysis of GTls given their low level (Wigman et al., 2015).
Prior to creating a strategy, it is crucial to comprehend the following:

a. The purpose of testing; if the technique will be utilised for API release testing or during
development (spiking and purging studies)

b.The requirements for method validation differ depending on whether a limit test or
quantitative method is performed

c. The analyte's physicochemical characteristics

d.The method's ultimate user, which could be a manufacturing laboratory, a commercial user,
or a development laboratory.

Two of the most used analytical techniques, gas chromatography (GC) or high performance
liquid chromatography (HPLC), may be used depending on the physicochemical characteristics
of the analyte. The following figure shows the common strategy used to select an appropriate
analytical method for the assessment of genotoxic impurities.
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Figure 5: Analytical Method Selection Strategy.

Source: (Wigman et al., 2015)

Analytical challenges in identification, quantification as well as assessment of gentotoxic
impurities: (Raman et al., 2011):

(a) Diverse structural forms of GTIs which necessitate the use of numerous analytical methods,
(b) GTls lacking structural characteristics friendly to conventional analytical detectors,

(c) Chemically reactive or Low recovery and poor sensitivity are caused by unstable GTIs,
which call for unique handling methods,

(d) Sample matrix interference resulted from increased API test concentration to obtain lower
limits on detection

Some innovative analytical methods used for genotoxic impurities are described below:

1. 2D Gas Chromatography Technique:

Volatile compounds are generally separated by gas chromatography. In this analysis, the
headspace injection adds another dimension of separation alongwith chromatographic
separation, where nonvolatile API is not introduced into the GC system. Thus, for thermally
stable volatile compound headspace sample injection is preferable. Since use of direct injection
leads to introduction of a large amount of API into the chromatography system, there is a high
risk of column, detector or injection port contamination. Currently, GTI analysis has benefited
from the application of two-dimensional (2-D) GC techniques such back flush and heart cut
analysis, which only inject a small portion of the volume containing the target analyte into the
MS detector or second column, limiting the instrument contamination (Sun, Liu, et al., 2010).
The most common detector used along with GC is flame ionization detector (FID). When GTls
contain halogens, electron capture detection (ECD) can be a good alternative to FID in GC as
they add an extra level of selectivity to the detection process. Recent study makes it clear that
sensitive and selective mass spectrometry detection is a key component of GTI analysis. The
most popular detection modes are selective ion monitoring (SIM) or multiple reaction
monitoring (MRM), while quadrupole mass analyzers are the industry standard for
quantification. While MRM demands more advanced triple quadrupole MS instruments, SIM
is commonly achieved with single quadrupole MS instruments. Impurities analysed by GC are
enlisted below (R POUNIKAR et al., 2020):
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i. Five genotoxic impurities were assessed and quantified in the drug substance Divalproex
sodium (DPS) using GC-EI-MS with SIM mode at very low levels: methyl bromide, ethyl
bromide, isopropyl bromide, n-propyl bromide, and n-butyl bromide.

ii. Methyl-p-toluene sulfonate ethyl p-toluene sulfonate and isopropyl p-toluene sulfonate are
analysed in Dobutamine drug substance.

iii. 1, 3-dichloropropane, 3-chloropropylacetate, and chloropropyl hydroxypropyl ether are

detected as residual GTIs by GC-MS in SIM mode with helium as the carrier gas.

2. HILIC-MS/MS Approach:

Depending on the volatility of the analytes, HPLC or GC are selected most commonly. GTls
can be classified into two classes based on their volatility. Reversed phase (RP)-HPLC is the
most widely used chromatography method for nonvolatile analytes. For the separation of
different pharmaceutical compounds, numerous varieties of RP-HPLC column stationary
phases are well known. In addition to RP-HPLC, hydrophilic interaction liquid chromatography
(HILIC) is beneficial for separating extremely polar analytes (An et al., 2008). Hydrophilic
interaction LC (HILIC) was developed as a substitute for NPLC. A hydrophilic SP and an
aqueous-polar organic solvent MP are characteristics of HILIC. Similar to NPLC, retention
rises with higher polarity of the analysed compounds, higher polarity of the SP, lower polarity
of the MP, and so on (Dejaegher & Vander Heyden, 2010). Due to HILIC's MP characteristics,
the drawback of insolubility of hydrophilic chemicals in NPLC is essentially resolved. Since
the SP develops a water-enriched liquid layer, a portion of the MP becomes a fundamental
component of the SP. Generally the stationary phase used for HILIC is silica based and polymer
based. The mechanism of retention is surface adsorption, electrostatic interaction with the
charges present on the stationary phase, or hydrophilic portioning between mobile phase and
hydrophilic stationary phase (Dejaegher & Vander Heyden, 2010). For the detection of trace
amounts of genotoxic contaminants, the hydrophilic interaction liquid chromatography-tandem
mass spectrometry (HILIC-MS/MS) method was developed and validated (Mullangi et al.,
2021). The pharmaceutical sector has a significant analytical challenge with the trace-level
analysis of PGIs in drug substances. For ppm or lower level detection of PGIs in
pharmacological compounds, complex and expensive procedures like LCMS, GC-MS, and
ICP-MS are typically used. In order to examine contaminants at such a low level, a
straightforward, sensitive, and affordable method through HPLC utilizing an HILIC technique
is not thoroughly explored. To evaluate genotoxic impurities at lower levels, an HPLC method
as sensitive as LCMS was established and validated (Jain et al., 2017). The advantages and
disadvantages of HILIC over conventional RP-HPLC are enlisted in the below table.

Table 4: Advantages and Disadvantages of HILIC:

Sr. Advantage of HILIC Disadvantage of
no. HILIC
1. Ability to retain highly polar compounds using mobile phase | In case of analysis of
containing major portion of organic solvents hydrophobic
2. Less matrix interference, high signaling and high sensitivity | compounds is HILIC
3. | It can be applied in analysis of polar and less polar | !eads to precipitation.
compounds as it is strictly selective towards polar
compounds.

Source: (Jain et al., 2017)
Some of the common impurities analyzed using HILIC are as follows:

i.The intermediates, 2, 3-dichloro aniline, bis (2-chloroethyl) amine, and 2-chloro ethylamine
used in synthesis of Aripiprazole can be present as GTI in the final product (Mullangi et al.,
2021)
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ii.(Pyridine-4-carboxamide), (3-Aminopyridine), (1, 2-bis (4-pyridyl) hydrazine), (1, 3-Di
(pyridin-4-yl) urea), and (4-Aminopyridine-N-oxide) are often produced as GTls during the
manufacture of Dalfampridine (Jain et al., 2017)

iii.2-chloro-N-(2-chlor oethyl)ethanamine hydrochloride (BCEA), a well-known genotoxic
contaminant, is used in the crucial stage of this synthesis process for Vortioxetine (VOR), the
amount of BCEA in the final product must be strictly controlled (Dousa et al., 2016)

4.3 UPLC-MS/MS Technique:

Several HPLC methods are developed and reported for quantification of various GTlIs, but only
a few LC-MS methods are reported for detection as well as qualification of known and unknown
GTls in drugs like Zolmitriptan. The major disadvantage of HPLC method of analysis is low
separation efficiency and longer analysis time (sometimes more than 20 minutes). For trace
analysis of GTIs there is a need to develop better analytical methods as the existing methods
have reported some drawbacks (e.g. variation in retention time for HPLC). Novel approaches
like Ultra Performance Liquid Chromatography coupled with Mass Spectrometry (UPLC-
MS/MS) has major advantages over conventional analytical methods as it can simultaneously
separate and quantify multiple GTIs without modifications in the chromatographic or mass
spectrometric parameters (Vijaya Bhaskar Reddy et al., 2013). When compared to high-
performance liquid chromatography, ultra performance liquid chromatography (UPLC) is
effective for particles with a diameter of less than 2um and can achieve excellent resolution,
speed, and sensitivity (HPLC). Pharmaceutical industries are focused on innovative strategies
to increase efficiency and speed up medication development in the twenty-first century.
Analytical laboratories are not an exception to this trend as UPLC analysis now results in better-
quality products. In UPLC, the separation and quantification are carried out at extreme pressure
(up to 100M Pa). In comparison to HPLC, it has been found that high pressure has no adverse
effects on the analytical column, and that time and solvent consumption are lower in UPLC
(M* et al., 2015). UPLC chromatograms show superior resolution and separation. They also
perform more sensitive analyses, use less solvent, and analyse data rapidly (Wu et al., 2004).
UPLC can be used in assessment of epoxide impurity in sarpogrelate hydrochloride
intermediate, 4-nitrobenzenesulfonic acid, methyl 4-nitrobenzenesulfonate, ethyl 4-
nitrobenzenesulfonate, and isopropyl 4-nitrobenzenesulfonate, APP, NPA, NPP 11 and MNA
as common intermediates in synthesis of Zolmitriptan that acts as GTls (Vijaya Bhaskar Reddy
etal., 2013)

4.4 Matrix Deactivation Method:

A challenging problem in pharmaceutical analysis is the trace identification of reactive and
unstable pharmaceutical genotoxic impurities (GTIs). The instability of analytes is frequently
a direct cause of numerous experimental problems, including insufficient sensitivity, poor
accuracy, and anomalous (too high/low) spiking recovery. The matrix deactivation approach
chemically deactivates the synthetic reactive species in the sample matrix, in contrast to the
traditional chemical derivatization strategy where the analytes are changed into stable
observable species. It chemically stabilizes the analyte for analytical method development. The
matrix deactivation method was created under the idea that interactions between specific
analytes and low level reactive species in the sample matrix leads to the instability of certain
analytes at trace levels. The unstable and reactive analytes could therefore be stabilised by
guenching the reactivity of the reactive species. Matrix deactivation is used to chemically
reduce the reactivity of the reactive species. Based on the analytes' reactivity and any potential
degradation pathways, the matrix deactivation reagents should be chosen. There is no need for
any additional steps; the matrix deactivation reagents can simply be injected into the diluents.
As a result, matrix deactivation is a straightforward sample preparation technique that can be
utilised to increase the stability of analyte solutions. Scavenging or protonation by acids can be
used to achieve this (Sun, Bai, et al., 2010).
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4.5 Extractive ESI-LC/MS:

Basic analytes can be analysed by atmospheric pressure ionisation MS with high sensitivity
since they have a strong affinity for protons. The compounds that contains multiple nitrogen
molecules are ideal for electronspray ionization (ESI) LC/MS (Liu et al., 2010). Sensitivity and
selectivity can be assessed for both atmosphere pressure electrospray ionisation (AP-ESI) and
atmospheric pressure chemical ionisation (APCI), whether they are functioning in the positive
ion (PI) or negative ion (NI) detection mode. For instance, despite the fact that one mode may
produce a larger absolute response when combined with lesser selectivity and/or higher
background, the overall performance of another ionisation mode may be superior for the
particular application. Here, the employment of a multimode ESI/APCI source, flow injection
of GTI/PGI solution, MS acquisition in alternate + or - scan mode, and can be helpful (Jacq et
al., n.d.). For the purpose of detecting the genotoxic impurity (GTI), methyl p-toluenesulfonate
(MTS), atmosphere pressure thermal desorption-extractive electrospray-mass spectrometry
(AP/TD-EESI-MS) is being used. A new method aims to enhance both retention and sensitivity
derivatization with dansyl chloride followed by LC/ESI-MS detection. For the study of (p-
chlorophenyl)-aniline, electrochemical oxidation and ESI-MS/MS are combined. Additionally,
HILIC interfaced with ESI-MS may be used to investigate this class of chemicals. In this
method, polar analytes are retained on a column whereas non-polar APIs elute close to the void
(Hsieh, 2008).

4.6 Molecular Imprinted Polymers (MIP) Approach:

Removal of GTIs from the APl is of utmost importance for pharmaceutical safety assessment
as well as regulatory compliance. Molecular imprinted polymers is a novel technique used to
address this concern. MIP are used as GTI scavenger resins in selectively removing the
impurities (Székely, Bandarra, et al., 2012). For impurities like Acetamide and Aryl sulfonate
impurities that act as carcinogenic as if contains p-toluene sulfonic acid like compounds during
manufacturing needs to be controlled below TTC limits. It is generally known that the
purification process plays a significant part in GMP quality production and enhances product
risk assessment. Typically, multiple-step procedures including recrystallization, fractional
distillation, and other chromatographic methods are used to remove these contaminants. These
time-consuming purifying procedures result in a significant proportion of API loss, which
increases the cost of the final API. This demands the development of new purification methods
that will efficiently separate genotoxins and other contaminants from APIs. Recently, selective
API purification techniques have been developed using molecularly imprinted solid phase
adsorbents, molecularly imprinted membranes, and nanofiltration (Székely, Fritz, et al., 2012)
4.7 Some other Approaches for Assessment of GTIs include:

For the purpose of identifying residual alkylating impurities in the API, several researchers,
including Steen and Zeinab, evaluated a number of electrically driven modes of separation
techniques, including capillary zone electrophoresis (CZE), micellar electrokinetic
chromatography (MEKC), and microemulsion micellar electrokinetic chromatography
(MEEKC).

The novel analytical method of micellar electrokinetic chromatography (MEKC) can
distinguish between neutral and charged analytes. High separation efficiency, extremely low
chemical usage, and user-friendly operation are further benefits of MEKC. Other intrinsic
characteristics of the MEKC process include increased separation effectiveness and less solvent
consumption. It is used in determination of 4-hydrazine benzene sulphonamide impurity in
Celecoxib (Elder et al., 2011).

A microemulsion is employed as the carrier electrolyte in the interesting capillary
electrophoretic method known as micro-emulsion electrokinetic chromatography (MEEKC).
Analytes may partition between the microemulsion's aqueous phase and its oil droplets, which
function as a pseudostationary phase. Although it can also be used for charged analytes, this
mode works well for the separation of neutral analytes (Al Azzam & Aboul-Enein, 2016)

5. CONTROL STRATEGY FOR GENOTOXIC IMPURITIES:

Monitoring impurities that develop, particularly in the penultimate and final stages of synthesis
of a drug substances, is the key objective of the risk assessment. By modifying the synthetic
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pathway and reagents employed, the genotoxic impurity may be eliminated if it develops during
the synthesis of the APl. However, this is not a feasible option since, the synthesis of APl is a
complex procedure and is limited to chemicals and availability of reagents. Additional
purification steps can be implemented to the synthetic route in order to get rid of the impurities.
But, this may not be a good choice in case of impurities formation after the synthesis of the
API, like degradation products or by interaction with the container-closure system. Testing for
an impurity that developed during the synthesis of an API might only be necessary for the
intermediate that follows the introduction of the impurity (rather than the final product). If the
amount of impurity in the first intermediate test exceeds a specific threshold further testing
will be necessary on subsequent intermediates. Spiking studies can be implemented in order to
assess the pre-determined levels, while the test points and impurity level specifications varies
for different compounds. It is easier to conduct risk assessment on the synthetic route to identify
all the theoretical GTls present in the end product. It is possible to exclude an impurity from
the final API specification if it is added before the last step of the synthesis. On the other hand,
if the impurity is added during the last stage of synthesis, it should be considered in the final
API (Majid et al., 2018). The following steps can be followed to control the presence of GTls
once it is identified (Raillard, 2012).

(1) Change the route of synthesis to completely eliminate the PGI

(2) Change relevant process parameters to lower the PGI to a level that is not concerning.

(3) Use chemical and mechanistic reasoning, ideally supported by experimental evidence, to
show that the PGI will not be present at a substantial level.

(4) Carry out tests to show that the PGI at its average API level is not actually hazardous.

Figure 6: Strategies to control Genotoxic Impurities:
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6. CONCLUSION:

Identification, control and assessment of Genotoxic impurities should be strictly monitored due
to the hazardous effect of the GTlIs present in the API. Literature data, structural alerts, and
specialised software along with correct toxicological assays and genotoxicity tests (e.g. Ames
test) can all be used to identify GTI. It takes scientific judgement to measure the risk that can
result from the GTI's presence in the drug substance against the potential for impurity
production and carryover. Subsequently, limits for the impurities will be set using either the
TTC or the available toxicological data. These limits allow for the development of appropriate
analytical methodologies to determine the presence of the GTI in the drug substance and during
the production process. It is a challenging task to develop analytical methods that are highly
sensitive, robust, and reliable thst can accurately monitor GTls at very low levels (ppm level).
Although simple separation and detection techniques are preferred in manufacturing quality
control laboratories, MS detection in tandem with GC or HPLC is essential for tracing GTI at
various pre-clinical and clinical drug development stages. The key to developing reliable
methods for GTI assessment is to have a solid understanding of the molecular characteristics
and structure of GTls. Low recovery and inadequate sensitivity constitute a real difficulty in
trace analysis because many GTIs have reactive properties and are unstable for direct analysis.
Development of novel approaches like Extractive ESI, 2D Gas Chromatography, UPLC,
HILIC-MS/MS is a breakthrough in assessment and quantification of Genotoxic impurities at
ppm level. These novel techniques not only save time but are cost efficient and gives better
sensitivity and reliability as compared to the conventional chromatography techniques. In
addition, a sample treatment method called "matrix deactivation has been devised to efficiently
guench interfering elements in the sample matrices, which can be brought on by either the API
itself or low level contaminants and solvents. This enables direct examination of some GTIs
that are reactive or unstable. Although initial guidance on controlling and assessment
of impurities with genotoxic potential has been provided by regulatory guidelines such as ICH
M7, ICH Q3(B), ICH S2(R1), EMA, and USFDA, additional challenges are still being
identified as all stakeholders acquire further experience in this area and these challenges be
acknowledged. As technology and risk assessment approaches advance, it is expected that the
assessment and regulation of genotoxic impurities will evolve.

\‘
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ABSTRACT

Herbal medicines are widely improved for primary health care because of better
acceptability, better compatibility with the human body, and lesser side effects.
Lozenges are palatable solid unit dosage forms to be administered in the oral cavity.
The benefits of the medicated lozenges are: they increase the retention time which
increases bioavailability, reduces gastric irritation, and bypasses first-pass metabolism.
These are the flavoured medicated dosage forms proposed to be held in the oral cavity
usually prepared in a sweetened base. Lozenges show local effects in the oral cavity
and systemic effects by absorption into the systemic circulation. The emerging
pandemic of coronavirus disease 2019 presents a new challenge for healthcare systems
globally. The clinical presentation of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) mainly targets the respiratory tract, for the treatment of which large
numbers of drugs are prescribed. These flavoured lozenges reduce the number of
medications and improve patient compliance in the treatment of sore throat associated
with respiratory infections. In the present study different herbal medicinal plants were
selected and the extract was prepared. These lozenges are formulated with hard
lozenges candy base using different ingredients like binders, lubricants, flavouring,
colouring, whipping agent, humectants, and herbal extract. Lozenges are evaluated for
hardness, friability, diameter and thickness, weight variation, moisture content, drug
content/ assay, etc. Lozenges provide easy administration, convenience to the patient,
patient compliance, efficient treatment of low drug dosing, immediate onset of action,
reduced dosage regimen, and cost-effectiveness.

Keywords: Lozenges, Herbal medicament, Cough drops, COVID, Sore throat.

1. INTRODUCTION

Cough is the most common infection which has been increasing and is considered to be an
evidence defense mechanism for eradication of foreign material from the respiratory tract.
Acute sore throat is a symptom often caused by an inflammatory process in the pharynx, tonsils,
or nasopharynx. A sore throat is pain, scratchiness or irritation of the throat that often worsens
when you swallow. The most common cause of a sore throat (pharyngitis) is a viral infection,
such as a cold or the flu. A sore throat caused by a virus resolves on its own. Strep throat
(streptococcal infection), a less common type of sore throat caused by bacteria, requires
treatment with antibiotics to prevent complications. Sore throats may be caused by viral
infections, Bacterial infections, Irritants and injuries. The microscopic organism that most
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normally causes sore throat is streptococci. A sore throat can also occur by aggravation,
smoking, air contamination, unnecessary shouting, and postnasal trickle brought about by
hypersensitivities and breathing through the mouth. To conquer these issues such as difficulty
in swallowing and conditions such as sore throat, formulators have significantly devoted their
push to build up a novel kind of tablet dosage form for the oral route, that is, one, which
deteriorates and breaks up quickly in salivation without the requirement swallowing the dosage
form as a whole. These tablets are lozenges that break down from 15 s to 2 min. The quicker
the medication breaks, the faster the assimilation and beginning of clinical impact. (Polyherbal
Extrac