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Patron's Message
Dr. Swarnlata Saraf
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I have great pleasure in penning a few words in this issue of APTI Women’s Forum
Newsletter on the theme of Education 4.0. Everybody wishes to lead a successful life
and education empowers an individual to achieve it. An educated citizen of the
country can contribute effectively to herself/himself, community, society, nation and
humanity. The academic institutions have to prepare their graduates in the tune of
the situation. The graduates passing from the institution need to have an indelible
ability to operate at strategic/senior levels in both globalized and technologically
advanced environments and gain hands-on experience to solve real-world problems
nationally and globally. The graduates would also be smart enough to convert his/her
knowledge into a powerful tool to improve the quality of life. To achieve such a goal,
the academic institutions have to adopt the advanced technology as a part of the
curriculum, changing the approach to learning altogether and utilizing this
technology to improve the university experience like distance learning and digital
learning approach.
I express my compliments to the secretary, the chief editor and their dedicated
committee for their valuable efforts in bringing out this issue.
I wish them all triumph!
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Editor's Note
Prof. Vandana B. Patravale

Chief Editor, APTI Women’s Forum Newsletter

Dear Readers,
I welcome you all, with huge honor and delight, to the current issue of APTI Women’s
Forum Newsletter, 2020. This issue focuses on the captivating field of Education 4.0
and its amalgamation with Pharmaceutical Industry. Education 4.0 embraces the
advances in Information and Communication Technology (ICT) and uses it to treat
each student as an individual by understanding their individual learning needs and
bringing out a positive impact. Internet has been on the forefront since its inception
because of the humongous advantages of cost and time effectiveness. ICT has shown
the potential to bridge the gap between teachers and students by overcoming the age
old barriers of time and distance enabling better planning and execution of
educational aims and objectives. Education 4.0 also needs to align with Industrial
revolution 4.0 to prepare the students for their future endeavors. Making the next-gen
students well versed with the cyber-physical system of learning at a global stage will
be essential to develop them as future skilled professionals. The articles in this issue
of APTI newsletter would enlighten and update its readers with educational
revolution and recent trends pertaining to its innovative applications in the education
sector as a whole. The pole to pole section, on the other hand, aims to introduce the
impending concepts which hold immense futuristic research potential. We also
intend to keep the readers abreast with the most up-to-date news of the
pharmaceutical industry which have been highlighted in the industry round-up
section. We, at the editorial board, extend our gratitude to all the authors for taking
time out of their busy schedule and contributing towards this newsletter to make it a
captivating read. I thank the entire editorial team for their efforts in conceptualizing
this newsletter. I hope and expect that you all enjoy reading this newsletter as much
as we enjoyed bringing it forth to you.
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Education 4.0: A Critical Assessment
and Changes Required
Prof. Shubhini A. Saraf
Department of Pharmaceutical Sciences, School of Biomedical and
Pharmaceutical Sciences, Babasaheb Bhimrao Ambedkar University
(A Central University), Vidya Vihar, Raebareli road, Lucknow-226025, India.
shubhini.saraf@gmail.com

It is a well-known fact that change is the only constant. Education policies are the change
makers which decide the competencies of the players of tomorrow. To evolve with the
changing times, it is imperative for education to be reinvented. Industry 4.0 is a subclass of
the 4 th industrial revolution that pertains to manufacturing. The 4 th industrial revolution
incorporates skills which were earlier not considered to be a part of the industry, such as
disruptive innovation. This is a term which encompasses a situation where the traditional
way of an established, age old process is challenged. A new order is built which uses an
entirely new method making the earlier process, product, market and so on, redundant. The
country with the world's largest young population must not dream small says Prime Minister
Modi. To think like this, to challenge the existing norms, to question every process, or
product or service, we need a totally different kind of education which is Education 4.0. To
keep pace with the exponential changes in pharmaceutical industry, we need a
Pharmaceutical Education 4.0. These changes are critical to the Indian Economy (1). Women
make up 14% of the 2.8 lakh scientists, engineers, and technologists in R&D. The global
average is 28.4%. We have to ensure that our female workforce also moves ahead in tandem
with the males. The key areas which we need to address are as follows.
Teaching Learning Process - The way that this education is delivered has to be totally
different. We do not need students who will search prior art and make changes to move on a
linear trajectory. We need them to think out of the box and come up with solutions to move
on an exponential trajectory. For this, the entire teaching - learning process has to be
changed. Teachers are expected to have technical capabilities, creativity, and innovative
problem-solving skills to be able to deliver (2). Sadly, at this moment we are still interested in
a well-defined curriculum with airtight compartments, where students are expected to learn
and reproduce and at the maximum apply the knowledge to case studies. Are we
encouraging them to challenge the norms and come up with solutions which are totally new
or disruptive and have no historical precedents? Keeping in mind the kind of knowledge
explosion that exists out there, as teachers we may not be able to keep pace with every
single theory, and we have to accept that. What we need to do is to encourage self-learning.
This may be complemented in a big way by MOOCs courses, which give a student an option
to pick up a subject which may be complementary to his basic degree but at the same time
may be totally unrelated.
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For example, if a pharmacy student picks up a degree in e-commerce, s/he may become an
entrepreneur and may give employment to many instead of seeking employment. The earlier
education system always valued specialization and the higher the person went, the narrower
his/her subject area became. Education 4.0 is vastly different because it emphasizes on being
diverse and having a T shaped specialization. Majoring in diverse but complementary
subjects is the new norm. Learning may have to move out of the classroom and become
more of a self or group learning activity (3). We now need our students to be able to learn and
pick up new skills all the time, otherwise they may soon have a very short half-life as newer
technologies evolve at a fast pace. We need lifelong learners as the education inputs are
through a highly interactive environment. Application and projects based on this learning
would happen in class with the help of a teacher or a mentor. Analytics can be utilized to
understand the pace of learning that a student requires and accordingly either put
differently paced learners in different groups or maybe even teach them individually. The
COVID-19 situation has also brought us head-on with the stark comparison between face-toface learning vis-a-vis online lectures in a big way (4). How this is to be leveraged to equip
students to be tech savvy and to have skills which were never center point earlier, is the
challenge that has to be overcome. For this, we need to train our trainers to learn to deliver
in this manner so that this can be done effectively, maybe even to native digital learners!
(5,6).
Innovation - The good thing about pharmaceutical education is that we have always had a
strong dissertation component which encouraged innovation at the master’s level. Problem
based Learning is to be included at the undergraduate level as well (7). We need to open up
and allow medical devices, lab on chips, artificial intelligence (AI)-based projects, huge data
compilation for healthcare and therapy, inks for 3D printers for formulations and organ
printing as topics for dissertations; the sky is the limit. There are many current topics that we
teach maybe as a short note or as a unit in our curriculum in India which are definitely very
recent. These could be artificial intelligence, 3D printing, nanotechnology, biotechnology,
virtual reality, genomics and precision medicine, digital fabrication technologies,
metabolomics, wearables health devices, stem cell cure, AI for data mining and big data,
digital organs, analytics, repurposing of drugs and so on. But to keep pace with industrial
revolution 4.0, for example, we need an expert in 3D printing along with expertise in software
like .stl files. The student has to be well versed with the material that can be used for printing
ink in the pharmaceutical set-up as literally everything can be printed. Virtual reality and
speech recognition are no longer science fiction. They have even come into our homes. One
more example is the seamless alliance of men and robots. We have to consider real-world
real-time patient outcomes measured by the internet of pharmaceutical things (8). The
Generation of iMillennials (9) must possess the attributes of critical thinking, creativity,
communication, and collaboration to be of value to the industry. Attributes of robotics,
internet of things (IoT), digital simulation, and programming in Robot Operating System
have also been reported to be essentials. How we are to effectively incorporate these as key
attributes is the challenge which is meted out to the education policy makers.
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The syllabus obviously is not the only thing that will lead to this change. It will have to be the
support of the policy makers as well as the subject experts. When both of these come
together on a common plane, we can expect a good output for Pharmaceutical Education
4.0. Wearable devices have completely changed the way healthcare was delivered. We have
such devices for monitoring blood pressure, or blood glucose or the walking gait of
Parkinson’s patients. The challenge for Educations 4.0 is to train such students who are
capable of delivering such solutions.
Social and Emotional Skills - Not just electronics intersecting pharmaceuticals, we have to
be concerned about social skills too. Organizations are becoming flatter. Also, age is not a
criterion for selection to a senior post. This change in social behavior and its effect on the
industry has put out a term called emotional quotient or EQ which is required along with IQ.
Social skills can be broadly classified into social and communication skills as well as virtues.
Striking a delicate balance between all of these is required. A concern for the environment
and the planet is another essential for Education 4.0 (10). Students have to be groomed to
care for the environment and be taught about carbon footprints, carbon credits, and carbon
footprint offsets. Green techniques have to be made mandatory in the curriculum so that this
generation is able to appreciate and transform effectively. Hence, the support of elementary
education is necessary to make higher education effective (11). Social skills are equally
important and are here to stay (12,13).
Conflict Management and Handling Stress - This has to be inculcated into our teaching
methodology. In any system which has a lot of diversity, conflicts are bound to happen. It is
important to not take sides and to listen to the stakeholders with an unbiased approach. In
all cases justice should be met. A very fair viewpoint should be taken and it should be kept in
mind in the case of workers that they may behave unreasonably as a mob. It is better to
interact with smaller groups and to talk to them with logic and reason. When in a leadership
role one must maintain ones temperament and be cool. Solutions almost always emerge
through dialogue and brainstorming. In any situation of conflict one must always remember
that the process of communication or the channels of communication must not be blocked
as this leads to a worsening of the situation. Some hormones are bound to be secreted if a
person is handling a situation and wants the solution to be perfect and flawless. A better way
of doing it is with an adrenaline rush than with stressful negative hormones. The difference is
that one situation is joyful and the other is a negative, harmful one. How to resolve a conflict
and also how to handle stress, are both essential components for a sound Education 4.0.
Decision Making - Students have to be taught that to leave a situation in limbo always
worsens a situation. One must be quick in taking decisions after having listened to the
stakeholders in all earnest. Diverse assessment practices can provide inimitable advantages
for specific decisions. A decision-making tree can be a good way of arriving at a solution.
Here the problems arising out of various decisions can be visualized and then the various
strategies can be weighed out before coming to a decision. Whenever a decision has to be
taken which affects a lot of people, it is always better to have a committee so that any error
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of judgement is ruled out and biases do not creep in. In such cases, a leader should not allow
the committee to digress, he/she should ask for clear cut recommendation, he or she should
also ask for the relevant rules and regulations that are to be followed and ensure that all this
happens in a time bound manner. Decision making techniques can be put into three classes:
random, intuition based, or analytical. Permutations and combinations of these can be
practiced to benefit our cognitive abilities, since our minds have complex ways of working. It
is always beneficial to have some analytical techniques that allow students to better upon
their decision-making skills while taking benefit from the instinct of specialists. Benefiting
from a person’s experience is always better than a bookish theory so students have to be
taught to give a patient listening to a person or group of people with experience, be quick to
pick up and also be quick to come to a decision. Our students are leaders of tomorrow, at
whatever level it may be. To lead a workforce, one has to learn to take decisions and this has
to be taught early, so that it does not pose a challenge later on.
Networking and Collaborations - Working together with the strengths which leads to
synergies of both the parties to me is collaboration. Collaboration can also be to pool in
resources and maximize on them. It can be a joint effort of multiple disciplines, each
contributing their best. Collaborations can be within a department, between departments,
between institutions, within or outside the country. Exchange programs for faculty and
students can also result from good collaborations. Any exposure to an environment leads to
better results. One can study the management systems of an organization or the level of
research, teaching methodology, cultural exchanges, curricular and co-curricular activities
and so on. Collaborations always break down boundaries and build bridges. We are lagging
behind in exchange programs for faculty as well as students. These have to be factored into
our Pharmaceutical Education 4.0 without a doubt. This article aims to provoke thoughts to
effectively deliver Pharmaceutical Education 4.0. The issue definitely needs a brainstorming
session and concerted efforts need to be put in which need to be dovetailed. We have miles
to go before we sleep.
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Internet emerged in the early 1990’s and gave birth to a plethora of virtual possibilities which
could not have been imagined earlier. Along with the flexible ways of accessing the internet,
new ways of communication evolved, leading to invention of numerous online tools and
products which are open to everyone today. Virtual Learning Environments or VLEs surfaced
with the aim of establishing a web-based platform for supporting virtual teaching and
learning activities. VLEs allow academicians to easily create teaching resources with minimum
technical skills with the use of pre-integrated set of internet tools enabling easy upload of
course material. The rapid and exponential growth in the internet and allied technology has
prompted educational organizations across the world to invest in E-learning based platforms
to support the traditional backbone of classroom based teaching. These systems provide
improved learning experience to students and have been observed to positively impact the
academic performance of students. Adoption of E-learning is on a rise owing to its capability
to deliver education in a flexible and easy manner with the use of internet and contribute
towards individual learning as well as overall organisational performance (1). E-learning
involves the use of Information and Communication Technology (ICT) for delivering
educational information when the teachers and learners are separated due to factors like
distance, time, etc. It basically enables to break the conventional barriers of learning while
also providing a cost effective environment for students as well as institutions. Learning
Management Systems (LMSs) refer to web-based education delivery applications adopted by
educational institutions to provide distance learning, online courses, and learning resources
for E-learning to students (2). However, the success of these systems is also dependent on the
understanding of antecedent factors influencing the acceptance by the learners and feasibility
of using these systems.
Blackboard Learning Systems Blackboard learning system is one of the most popular webbased learning system implemented in higher education settings. Blackboard
Learn (previously the Blackboard Learning Management System) is a virtual learning
environment and LMS developed by Blackboard Inc. (USA). Features including course
management, customizable open architecture, and scalable design to allow integration with
student information systems and authentication protocols, are a part of this web-based
system. It is designed to serve as a platform for online communication and content sharing.
The communication feature includes announcements, chats, discussions, and mail sharing
options.
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The content sharing feature on the other hand, involves uploading course content, academic
calendars, learning modules, activity streaming, assignments, online grading systems, etc.
Multiplatform E–learning Systems Multiplatform E–learning systems are the emerging
technologies that are opening up the ever evolving field of electronic learning. The major aim
of these ICT based systems is providing learning systems that generate support and provide
appropriate learning content concurrently to a proliferation of mobile devices such as
wireless laptops, PDA, mobile phones, digital interactive TVs, game consoles, etc. A multidevice learning platform is the need of the hour considering the numerous E-learners globally,
who access these resources on their personal devices including mobiles, laptops, etc. This
provides an opportunity to extend the reach of these systems from single PC accessing device
to various mobile devices (3). It is particularly beneficial for students residing in rural or
isolated areas and do not have the privilege of attending schools or universities on a regular
basis.
ICT Based Education Systems Using Cloud Mapping Approach Advancement in
communication technology and the rise in the percolation of information are transforming the
education industry by the day. Right from E-learning to cloud schools, everything is gaining
pace today. As highlighted in the section for mobile devices for ubiquitous ICT based
education, information technology premises are being expanded to on-premise softwares to
be delivered over the internet, a process termed as cloud computing. Numerous IT
organizations are under the process of developing cloud-based education management
system (EMS) models to overcome the conventional teaching pedagogy (4). Cloud technology
is termed as essential in streamlining management along with teaching and learning
bypassing the geographical barriers. Massive open online course (MOOC) is the term applied
to these learning models which enable unlimited participation with an emphasis on open
access features to encourage barrier free learning. Over the past decade, global universities
including AT&T, Georgia Institute of Technology, University of California, Berkeley, Stanford
University, MIT, and many more have fully adapted to these systems. Non-profit organizations
like the Bill & Melinda Gates Foundation, the MacArthur Foundation, The National Science
Foundation, etc. are also actively involved in the establishment of these MOOCs globally.
Majority of the tools and applications these days are being provided in cloud for example
Google applications like spreadsheets, online classrooms and Office365. These tools can now
be easily synchronised with other mobile devices like smart phones and laptops to widen their
access. Cloud computing provides a unique opportunity for content providers to expand their
reach to ignite a global learning community with the use of already existing resources. Cloud
based softwares now enable virtual classrooms in collaboration with teachers around the
world, with students being able to appear for exams virtually, saving both time and expenses.
Extensive cost saving is possible with the application of this system with respect to availability
of study material, simplified enrolment processes, virtual examinations, infrastructural
investments, and most importantly payment on the go, making it learner centric. Cloud
computing was earlier questioned for its scalability, however, it now covers all major
applications of schools, colleges and universities making it highly efficient. A brief overview of
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numerous cloud mapping applications and their allied examples can be found in the following
table:

The global demand for higher education is expected to double to approximately 200 students
per year, by 2025 (5). Cloud based education is therefore set to grab more attention in near
future with increasing demand and growing interest of Tech corporations in this direction.
Also, with this humongous amount of data being collected and processed in the cloud, next
step for this technology is venturing into artificial intelligence (AI). Integration of AI in
education would revolutionize the field by assisting teachers in being more students centric
and also by lending a helping hand to individual learning struggles of students. We are set to
witness an empowering education sector in the coming years with the advent of advanced
cloud computing technologies. It is needless to say that ICT based E-learning platforms are
also a green option, curbing the carbon footprint, something which is highly essential in the
21st century.
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Online Learning Management Systems
for Teachers
Learning Management System (LMS) is an online tool to facilitate advanced online training.
Through this application, management and designing of educational programs, training
programs or development programs is made easy and accessible. In today’s technology driven
world, this platform ensures easy access to information anywhere for both students and
educators. We have curate few options for teachers to create an immersive online classroom.

Moodle is a free online Learning Management System, enabling
educators with an open source solution for eLearning. It allows
users to create customized courses. For additional information,
please refer to https://moodle.com/lms/

WizIQ is an online platform delivering and managing live, selfpaced and scheduled courses and measure performance of students.
For additional information, please refer to https://www.wiziq.com/

ezTalks Webinar is online classroom software which allows teacher
or students to teach or study over the internet. For additional
information, please refer to https://www.eztalks.com/webinars/howto-create-a webinar.html

Udemy offers free courses on how to build your own course,
complete with worksheets and real-world examples. For additional
information, please refer to https://www.udemy.com/teaching/?
ref=teach_header
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Easyclass is a non-profit organization offering free LMS that
allows educators to create digital classes whereby they can
store the course materials online; manage class discussions;
give assignments, quizzes and exams; monitor due dates; grade
results and provide students with feedback all in one place. For
additional
information,
please
refer
to
https://www.easyclass.com/about

Contributor : Dr. Clara Fernandes, Associate Professor, Department of Pharmaceutics, Bombay College of
Pharmacy, Mumbai
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1. Introduction
One of the most crucial skills of health care professionals such as physicians, nurses, and
pharmacists is to accurately perform pharmaceutical calculations. In the United States, this
expectation is clearly laid out in the Accreditation Council for Pharmacy Education (ACPE)
standards and guidelines (1) and North American Pharmacist Licensure Examination (NAPLEX)
blueprint (2). Hence, a strong curriculum that actively promotes this skill development in
student pharmacists is essential (3). This review summarizes the novel instructional and
assessment strategies that have been studied in the context of improving the outcomes of
pharmaceutical calculations course in the literature.
2. Teaching
2.1. Course Design
2.1.1. Integrated sequence vs. standalone course
The pharmaceutical calculations can be offered as a standalone course or it can be integrated
with other pharmaceutics courses such as pharmaceutics, compounding and dosage forms.
The integration is done mainly with the objective that students are able to retain, integrate,
and apply the knowledge, skills, and attitudes. In the past, this integration led to connection
of concepts with actual products that established relevance, especially for those unfamiliar
with such products, and increased engagement, reinforcement, and practical application (4).
After this longitudinal integration, Daveis et al. (5) found improved retention and fewer
failures. Recently, in a study by McCafferty et al., (6) students who took the standalone
pharmaceutical calculations course was found to perform better as indicated by an
improvement in calculations course grades, OSCE (objective structured clinical evaluation)
performance, retention of calculation skills, and self-confidence. Similar findings and
reinforcement of calculations concepts throughout the pharmaceutics course sequence is
emphasized in the literature (7, 8).
2.2 Delivery of the course
2.2.1 Flipped classroom
In the flipped classroom format, the students are provided with opportunities for concept
application through active processes, for example, completing problem sets, solving cases,
workshops or any other group activities in a smaller group setting. The flipped classroom
delivery has previously been reported with improved student attendance and course
outcomes. In a study by Cotta et. al, the students in flipped classroom achieved a higher score
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compared to students taught by traditional method. The student also seem to prefer the
flipped method over the traditional method (9). Similar findings were reported by Anderson et
al. wherein student mean exam scores in the flipped model of pharmaceutical calculations
class were found to be higher than those in the lecture model at six weeks and six months
later (10). However, in a more recent study of using condensed videos (under 18 min in length,
TED talk style) in a flipped classroom setting, in spite of students preferring it, the mean exam
scores of the intervention group were not significantly different than the control group of
traditional lecture (11).
2.2.2 Computer module
Institutes have been delivering calculations in the traditional lecture style or self-paced
instructional format with nongraded self-assessments as well as in-class module
examinations. This gave the less skillful students the opportunity to receive instructions at
their own pace (12).
2.2.3 Keller personalized system of instruction
Lacroix et al. (13) utilized the Keller personalized system of instruction (PSI) as a strategy to
reduce variation in student learning outcomes. In this strategy, students were promptly able
to receive feedback after each quiz attempt that provided them a formative assessment and
an opportunity to make learning adjustments prior to the next quiz. The researchers found
that students significantly preferred the Keller PSI compared to traditional instructional
format. Moreover, the students in Keller PSI cohort performed equivalent or better than
students who used more traditional learning methods prior to summative exams.
2.2.4 Video podcast and typed solutions
Video podcast as a method of delivering course contents was found to be a clear, step-by-step
approach, and synchronization of audio and visual information was helpful for learning, easy
to understand, and was perceived as a useful method of feedback by student pharmacist (14).
Maher et al. (15) compared typed solutions (traditional format commonly used/seen in
textbooks) and video podcasts informed by instructional design theory (novel format) as a
method to provide feedback to students, and found that both were equally effective. While
the video podcast hearing, reasoning, and the ability to pause and rewind were useful to
students, the typed solutions offered a quick verification of their work.
2.2.5 Live scribe
Powers et al. (16) used the process of viewing the web-based handwritten notes with
accompanying audio: pencasting, for delivering contents of calculations course using the
Livescribe Pulse™ pen. The students reported enhanced learning using this technology.
3. Assessment
3.1 Higher passing percentage
A survey research conducted by Brown et al. (3) reported that more than half number of
colleges surveyed across the United States use 70% as the benchmark for passing the
calculations course. They also advocate considering raising the minimum competency to
more than 70% to be consistent with the level of accuracy required to train them for better
patient centered care involving minimum or no error. Some colleges also offered repeated
testing and makeup opportunities to meet the high benchmark.
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3.2 Constructed-response versus selected-response questions (MCQs)
As far as the assessment of this course, the students were found to correctly answer more
selected-response questions than constructed-response questions and felt more confident in
doing so (17). Authors suggest the use of constructed-response questions to enhance
numerical competence in pharmacists and pharmacy students (18).
3.3 Collaborative vs non collaborative quizzes
In a study by Enz et al. (19) the midterm and final exam scores in pharmaceutical calculations
class were compared among students who took weekly quizzes collaboratively,
noncollaboratively, or half-collaboratively/ half-noncollaboratively ("mixed"). Peer
collaboration strategy was found to improve the student satisfaction of the course and was
perceived favorably by them. However, it failed to improve student performance on midterm
and final examinations that were taken noncollaboratively.
3.4 Online assessment
Because calculations is a type of learning that is mastered with repeated practice, guidance
from instructor, extensive feedback and online homework assignments as formative
assessment was studied in comparison with traditional paper–pencil Scantron® quizzes (20).
The online assignments were found to be preferred by students for their speed of receiving
feedback and the grade, process convenience, and environmental friendliness. The overall
course grades of the cohort that took online homework assignments were significantly
greater compared to those who took Scantron® quizzes.
3.5 Repeated Testing
Coker et al. studied repeated testing as a means of improving knowledge retention in
pharmaceutical calculations course (21). The benefit of repeated testing was observed more
for lower-performing students. Over 90% of survey respondents in this study agreed that
repeated testing promoted long term knowledge.
4. Summary
Various methods have been researched and suggested in the literature for effective delivery
and improving outcomes of pharmaceutical calculations course as detailed here. While there
is no “one-size fits all” approach that can be deduced, the ideal approach depends on a
number of factors e.g., number of students in the class, availability of technology, availability
of teaching assistants, institute and curriculum needs etc. Nevertheless, this review is an
attempt to serve as a digest for compilation of studies that have been done in improving the
course outcomes from delivery and assessment standpoint.
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The pharmacy education and its practice in India is ancient and dates back to the Vedic
period. In those days, physicians and teachers of Gurkuls like Takshila, Kasi, and Nalanda
developed some theories and practices of preparation of medicines and their different dosage
forms (goli, bhasm, and ark, etc) as well as teaching of surgeries (1). After training, students
were able to prepare extracts (ark) of many medicinal plants, cultivate plants, and
concurrently correlate their uses with many ailments. Later, based on these theories, various
subjects like pharmaceutics, pharmacognosy, and others evolved. These subjects contained
extensive literature on drug and their therapeutic use, compounding, and dispensing of
primitive medications. The first training of pharmacists was conducted at Chennai in 1899 and
the first undergraduate course in pharmacy was started at Banaras Hindu University in 1932
under the guidance of Professor Mahadeva Lal Schroff, fondly called the “Father of
Pharmaceutical Education in India”. For the period during British rule over India and after
independence, pharmacy profession was practised by pharmacists, druggists, and chemists.
Here, some theories related to the various formulations, compounding, and dispensing were
illustrated without clarification of side effects, contraindications, and their comprehensive
uses. So, there was an unmet need for modern pharmacy education and their institutions for
the development of better and foolproof medication system for the treatment and mitigation
of acute to malignant diseases.
Keeping the need of advanced and honest pharmacy practice in mind, regulations concerning
to good pharmacy practices were passed by the central government. Thus, modern
pharmaceutical training institutions were established and the pharmacy profession itself was
regulated by the enactment of the Pharmacy Act in 1948. To prepare future graduates, various
amendments were added in the pharmaceutical education system with the aim to align
college and educational universities, their teaching, and practical exposure with technological
advancements as per industrial regulations (2).
Primarily, both students and teachers initially used technology in a basic way, known as
Education 2.0. After that, the education system was interlinked and generated from the
internet based findings, subsequently Education 3.0 was formed. Now, pharmacy graduates
have their own direct connection to different online information sources around the world.
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This encouraged the development of a broader way of learning in terms of theory and
practicals, termed as Education 4.0 (3). It is an approach that aligns education with the
emerging industrial revolution that mainly focuses on research and development outcomes,
reproducible formulations, pharmacovigilance, data integration, etc. Every university and
college must prepare their students for a global educational adaptation where theories
should be closely related to principles of industrial scale-up techniques. Education 4.0
consists of advanced technology as part of the curriculum with a new learning approach that
may improve the student learning experience before entering into the industrial world. For
the settlement of students in the upcoming industrial revolution, Education 4.0 should be
encouraged. It will be accelerated by deep learning using digital means with required
practical skill-sets. This can be achieved by maintaining accountability of resources with good
time management. Project-based learning can directly be linked to a specific job role for
future industrial experiences. Learning practices such as SCALE-UP helps in working on realtime questions and hands-on learning for reproducible data interpretation through on-field
experiences such as internships, mentoring projects and collaborative projects. Students will
be exposed to data in which they are required to apply their theoretical knowledge to
numbers and use their reasoning skills to make inferences based on logic and trends from
given sets of data and instructions. In this education system, students need to be assessed by
analyzing their learning journey all the way through theoretical and practical exposures.
Education 4.0 is a deeper fusion of technology into the teaching process. The rationale of
utilizing this expertise and new methods is to place students at the core of the education
process; “shifting the focus from teaching to learning.” Students will turn out to be more selfregulating and self-sufficient in their own wisdom, thus forcing teachers to presume a new
role as facilitators who will steer the students through their learning process.
Education 4.0 offers a more adapted and personalized way of learning to students. Through
this system, universities will be able to recognize struggling students and provide them
optimized learning strategies to overcome their weaknesses and develop confidence with
required pharmaceutical skills. It is advisable that universities must evolve and accept
required changes to get conventional processes in order to train graduates for future
employment in pharmaceutical sector. For the accomplishment of Education 4.0, the layout of
the classroom should be changed in terms of virtual and augmented reality. Also, there should
be flexibility in assignment submissions with multiple learning styles. Some of the common
changes that have been embraced by institutions include student grading style, online
assignment access, and use of collaborative software/applications to complete group tasks,
etc.
In conclusion, we can say that Education 4.0 is the paradigm shift in education sector that
describes the learning preference of the students with precise outcomes. It is about class
instructors considering current technologies in their teaching methodology so that learning
becomes more exciting and probing.
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Education 4.0 The Future Eye Technology
Maharashtra Cosmopolitan Education Society's 'Institute of Pharmacy' (M.C.E’s IOP) had
organized a one week Online Faculty Development Program on “Effective use of ICT tools for
Teaching and Learning Process and online Assessment” for pharmacy teachers across
Maharashtra from 20th to 25 th April 2020. The objective of this programme was to introduce
teachers from the field of Pharmaceutical education to digital learning. In the current
pandemic situation, it has become a mandate to use online platforms and actively engage
both the students and teachers towards applying digital learning platforms. Dr.V.N Jagtap,
Principal, M.C.E’s IOP and his team came up with the trending idea of online faculty
development program through live YouTube streaming and received registrations from 1100
teachers. The program was sponsored by the Maharashtra State Board of Technical
Education (MSBTE).
Dr. P. A. Inamdar, President, M.C.E. Society, inaugurated the program and emphasized that
in addition to the benefitting the faculty from the field of Pharmacy, such kind of faculty
development program will help equip latest IT technology beyond 4.0 era in future. He also
congratulated the Institute of Pharmacy for accepting his innovative challenge.
Dr. V. N. Jagtap, Principal, Institute of Pharmacy, in his welcome speech briefed about the
goals of arranging such kind of faculty development programmes and stated them to be a
corporate responsibility too. All the invited resource persons contributed in an excellent way
by sharing their knowledge and skills while also showcasing their social responsibility.
Dr. Vinod Mohitkar, Director, MSBTE, said that the objective of the program is to provide
basic knowledge about the use of ICT tools to effectively create a virtual classroom for online
learning of students during a pandemic like COVID-19, which has lead to a national lockdown.
In order to maintain pace with the advancement of technology, teachers should be familiar
with the teaching methods involving ICT tools for the greater interest of students. The main
objective of this online FDP program was to make teachers aware of the various basic
specialized softwares / ICT tools for free webinars, virtual classes, online study materials,
question paper designing, online assessment, e-content design etc.
The training was conducted by the following eminent speakers who are experts in the
concerned fields.
Dr. Satish Polshettiwar MITWPU, School of Pharmacy, Pune took a very effective drive on
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“ICT tools for teaching and learning: need of the hour”, using different softwares such as
Google Classroom, Testmoz, MS Power Office 365 etc.
Dr. Rameth J. Dias, Head of Pharmacy Department, Government Polytechnic, Jalgaon
provided information about free softwares for preparing images, presentations, animations,
videos, podcasting, virtual classrooms, discussion forums, and online quizzes.
Mr. Royston Toppo B, India Head - Calixpod Talent Solutions Pvt. Ltd., discussed about
‘Online Exam Model Software Demo’ and explained how one can conduct test and
examinations for students and multiple proctoring levels, which would be easy
and quick to implement.
Dr. Prashant D. Argade, Sr. Lecturer, Department of Pharmacy, Polytechnic, Jalgaon
showed live demonstration of different software tools such as Moodle-Open source cloud
based platform for learning management, Screencast-O-Matic desktop version, MS Power
Point etc.
This programme was an outcome of the efforts from the members of IOP faculty. The
coodinators Tasleem Kureshi & Mrs. Kirti Sapare along with Ms. Saba Shaik, Ms. Aayesha
Shaikh, and Mr. Aarif Pathan would like to express their gratitude towards all the participants.
The main take-away from the program was that utilization of ICT tools for online teaching and
learning benefits the students by placing them at the centre of education system which is
shifting from teaching to E–learning.
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Industry Roundup
19 March, 2020: Dr Reddy’s Laboratories said it has launched in the US a generic version of
Pfizer’s Geodon injection, 20 mg/mL. The generic Ziprasidone Mesylate injection is indicated
for treatment of acute agitation in schizophrenic patients. The company has launched
Ziprasidone Mesylate for injection 20 mg (base)/mL single-dose vials in the US after approval
from the US Food and Drug Administration (US FDA).
19 March, 2020: Hyderabad-based CSIR – Indian Institute of Chemical Technology (IICT) has
tied up with pharmaceutical giant Cipla to work on development of anti-viral drugs to contain
COVID-19. It has been reported that Cipla has urged IICT director S Chandrasekhar to work on
three molecules — remdesivir, favipiravir and baloxavir on an immediate basis.
16 March, 2020: Zelluna Immunotherapy, a biopharma company, and the world renowned
Karolinska Institutet (KI) in Stockholm, Sweden, announced a collaboration to develop next
generation transformative T cell receptor (TCR) based cellular immunotherapies for the
treatment of solid cancers. In addition, Zelluna has entered as a collaborative partner in the
new Competence Center for Next-Generation NK Cell-based Cancer Immunotherapy
(NextGenNK) being established at the KI. The collaboration will support a multi-year research
program with Dr. Evren Alici, head of the Gene & Cell Therapy group at KI. The collaboration
will make use of Zelluna’s proprietary TCR-NK technology for the development of Zelluna’s
TCR-NK platform and off-the-shelf products. Zelluna will have exclusive rights to develop and
commercialize TCR-NK products resulting from the collaboration through a commercial
license with KI.
13 March, 2020: US based Novavax, Inc., a late-stage biotechnology company developing
next-generation vaccines for serious infectious diseases, and Serum Institute of India (SII)
have announced a commercial license agreement for the use of Novavax’ proprietary MatrixM™ vaccine adjuvant with SII’s malaria vaccine candidate. SII licensed the R21 malaria
vaccine, which targets the most severe plasmodium falciparum-induced malaria disease, from
the Jenner Institute at Oxford University in 2017. Matrix-M is a key component in the malaria
vaccine candidate, currently in a Phase IIb clinical trial sponsored by the Jenner Institute, with
top-line data expected to be reported in the second quarter of 2020.
12 March, 2020: Zydus Cadila, and US based XOMA Corporation have announced a licensing
agreement to advance an IL-2-based immuno-oncology (IO) drug candidate that combines
Zydus’ IL-2 with XOMA’s novel anti-IL-2 monoclonal antibody. As part of the agreement, Zydus
will advance the new IO candidate through formal clinical trials. Zydus has been granted
exclusive rights to develop and commercialize the therapy in India, Brazil, Mexico and other
emerging markets, and XOMA has the potential to receive single-to double-digit royalties on
commercial sales in those territories and exclusive rights in XOMA territories.
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5 March, 2020: Zydus Cadila, has announced that the Drug Controller General of India (DCGI)
has approved its New Drug Application (NDA) for Saroglitazar for the treatment of NonCirrhotic Non-Alcoholic SteatoHepatitis (NASH) in India. NASH is a progressive disease of the
liver highly prevalent with 10% to 30% of the global population affliction rate, characterized
with initial fat accumulation in the liver known as Non-Alcoholic Fatty Liver Disease (NAFLD)
and eventually progressing to cirrhosis and liver failure. Currently, there is no approved drug
for the treatment of NASH anywhere in the world. The prevalence of NASH in India is
estimated to be nearly 25% of the population. NASH ranks as one of the major causes of
cirrhosis, behind hepatitis C and alcoholic liver disease. Liver transplantation is the only
option for managing advanced cirrhosis with liver failure. Saroglitazar was launched in India
in September 2013, for the treatment of diabetic dyslipidemia and hypertriglyceridemia in
patients with type-2 diabetes not controlled by statins alone. Saroglitazar owing to its dual
PPAR alpha and gamma properties has shown to reduce the comorbidities (dyslipidemia,
hypertriglyceridemia, diabetes mellitus) and thereby resolving NASH.
25 February, 2020: Novartis and the Drugs for Neglected Diseases initiative (DNDi), a not- forprofit research and development (R&D) organization, have signed a collaboration and licence
agreement to jointly develop LXE408, as a potential new oral treatment for visceral
leishmaniasis. LXE408 is a first-in-class compound, discovered at Novartis with financial
support from the Wellcome Trust. Within the scope of the agreement, Novartis is responsible
for completing Phase I clinical trials, drive pharmaceutical development and regulatory
submissions. DNDi will lead Phase II and Phase III clinical development, with the first Phase II
study scheduled to start in early 2021 in India. Additional trials are planned to take place in
East Africa, which has the highest burden of visceral leishmaniasis.
21 February, 2020: AstraZeneca India has announced the launch of once-daily tablet, Qtern®
(Dapagliflozin 10mg + Saxagliptin 5mg film Coated Tablets) for treatment of type 2 diabetes
(T2D). Qtern® is indicated as an adjunct to diet and exercise to improve glycaemic control in
adults with type 2 diabetes mellitus (T2DM). Qtern® combines two anti-hyperglycaemic agents
(SGLT-2 inhibitor and DPP-4 inhibitor) with complementary mechanisms of action. SGLT-2
inhibitors improve glycaemic control by reducing the reabsorption of glucose from the renal
tubules of kidneys and enabling its removal via the urine. Dapagliflozin (SGLT-2 inhibitor)
reduces HbA1c, weight, blood pressure and confers cardiac protection.
14 February, 2020: India based startup mfine, an AI powered, on-demand healthcare service
which enables virtual medical consultations, has announced the launch of Remote Clinics.
Remote Clinics bring the hospital's satellite or nodal centres, corporate clinic outposts and
diagnostic health centres on the mfine platform and enables virtual consultations with
speciality doctors via audio and video chat. mfine rolled out the first set of remote clinics in
partnership with RxDx Bangalore and Fortis Mumbai. The company plans to scale this model
across India by partnering with similar specialty hospitals having primary health centres and
aims to add 100 more clinics on its network in the next six months.
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5 February, 2020: Lupin Limited announced the approval for its Leflunomide Tablets USP, 10
mg and 20 mg, from the United States Food and Drug Administration, to market a generic
equivalent of Arava® Tablets, 10 mg and 20 mg, of Sanofi Aventis. The product would be
manufactured at Lupin’s Pithampur (Unit 1) facility, India. The product is indicated for the
treatment of adults with active rheumatoid arthritis.
Contributor : Dr. Clara Fernandes, Associate Professor, Department of Pharmaceutics, Bombay College
of Pharmacy, Mumbai

Pole to Pole
COVID-19 Pandemic: Diagnosis and Treatment Strategies
It was 31 December 2019, when Wuhan in China, reported pneumonia of unknown cause
amongst its population to WHO Country Office (1), while rest of the world continued to relish
the New Year’s Eve unaware of the future consequences this unknown pneumonia causing
virus would have on the entire world. By 7 January 2020, Chinese authorities reported that
they have identified a novel virus, which belonged to the group of corona viruses similar to
common cold virus, SARS (Severe Acute Respiratory Syndrome) and MERS (Middle East
Respiratory Syndrome). This new virus was temporarily named “2019-nCoV” (2). On 28
February 2020, WHO announced that the risk of this novel virus was “very high” and finally, on
11 March 2020, it was declared as a pandemic. Thus, a virus proposed to be originated in bats
has now infected thousands of people and also caused deaths in horrific numbers, worldwide.
Corona viruses (CoVs) are a family of enveloped viruses with a large single-stranded RNA
capable of infecting animals and humans, belonging to family Coronaviridae. The name
“Corona” originates from the Latin word corona which means crown as these viruses appear
to contain crown-like projections under electron microscope. Human CoVs can be divided into
six types: Alpha CoVs, Beta CoVs, Gamma CoVs, Delta CoVs, Bafinivirus, and Torovirus (3). The
novel COVID-19 virus, SARS CoV-2 belongs to the Beta CoV category.
Reported symptoms
The most common symptoms of COVID-19 infection include fever, fatigue, and dry cough (4).
These symptoms are usually mild in the beginning and worsen gradually. On worsening, the
patient also experiences difficulty in breathing along with the above mentioned symptoms.
Older people and those with underlying medical problems like high blood pressure, heart
problems or diabetes, are more likely to develop serious illness. People with fever, cough. and
difficulty in breathing should seek medical attention at the earliest.
Diagnosis
Diagnosis of COVID-19 infection can be done using various techniques which are adapted from
the diagnosis methods used during SARS and MERS outbreak, and include the following (5)(6):
Clinical manifestations: To check if the patient has symptoms of common cold, common
flu or actual COVID-19 infection, as this infection shows symptoms like fever, fatigue, dry
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cough, dyspnea with or without runny nose and nasal decongestion.
Physical examination: Patients with mild symptoms may not show positive symptoms. But
patients with severe infection may present symptoms like shortness of breath, moist rales
in lungs, weak breath sounds, dullness in percussion, and increased or decreased tactile
speech tremor.
CT imaging examination: Early stage disease shows multiple small patchy shadows and
interstitial changes, remarkable in the lung periphery. Severe cases can further develop to
bilateral multiple ground-glass opacity, infiltrating shadows, and pulmonary
consolidation, with infrequent pleural effusion. In children with severe infection, multiple
lobar lesions may be present in both lungs. It is said that pulmonary lesions are shown
more clearly in chest CT scan as compared to chest X-Ray examination.
Laboratory testing:
Haematology examination:
In early stages of the disease, the total leukocyte count decreases to small extent or
remains normal, depending on the individual. The lymphocyte count decreases and an
increase in monocyte count, along with decrease in CD4 and CD8 Tcells is observed. Blood
check-up should be done every 3 days.
Detection of pathogen in respiratory tract:
Detection of COVID-19 nucleic acid (RNA) is done via Reverse Transcriptase-Polymerase
Chain Reaction (RT-PCR) of the samples obtained via throat swab method or other
respiratory tract sampling method. Samples can be collected from the upper respiratory
tract (oropharyngeal and nasopharyngeal) and lower respiratory tract (endotracheal
aspirate, expectorated sputum, or bronchoalveolar lavage) of patients suspected of having
the infection. The full gene sequence of the virus has now been obtained and thus can be
used to detect the infection.
Although there is very little information about SARS CoV-2 till now, many of the scientists in
India are striving hard to help the population in combating against the virus. Recently, R&D
Chief- Minal Dakhave Bhosale, Mylab Labs in Pune developed a coronavirus testing kit called
Patho Detect, in just six weeks. This kit could detect infection within two and half hours
whereas the conventional RT-PCR method required nearly six to seven hours. It is also feasible
economically as each Mylab test kit can test 100 samples in Rs. 1200 only, whereas each
sample kit imported to India costs nearly Rs. 4500. The mechanism behind the said kit is
based on serological testing.
Abbott has also come up with a testing kit which is a small and light weight box that can fit
into a small place and used to detect positive results in as little as five minutes and negative
results in 13 minutes, named ID NOWTM. Here, the sample (nasal, nasopharyngeal or throat
swab) is added and a chemical solution cracks open the virus, which leads to release of
genetic material. Even if small amount of genetic material is present, molecular technology
works to replicate the small section of viral genetic material, making it detectable. The kit
received US FDA Emergency Use authorization (EUA), for its use in COVID-19 detection, in
March 2020.
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Treatment
Currently, there is no vaccine or specific antiviral therapy for the treatment of COVID-19
infection, but there are certain drugs which are being repurposed as they showed effects on
other viral infections. Following are the examples of drugs which are used currently (7) in the
Indian subcontinent:

The next approach towards which efforts are made globally is development of vaccines.
Vaccine development requires extensive planning regarding vaccine design, production and
purification, preclinical testing, and multiple phases of clinical trials in humans. If the virus
disappears from circulation or the perceived risk the virus poses to human health
substantially declines—before phase 2 trials end, the pace of vaccine development will
probably slow down. Despite the disadvantages, various strategies are proposed in the
development of vaccines against COVID-19.
mRNA vaccine: This provides a synthetic mRNA of the virus, which the host body then uses
to produce the viral proteins itself. They basically imitate the natural infection of virus as
they contain short synthetic version of viral mRNA which encodes only the antigen protein.
mRNA-based antibodies: Besides using mRNA as vaccines, studies are going on using
mRNA as a drug that can be given intravenously. This infusion of mRNA can be given to
people which will stimulate the immune system to produce their own copies of diseasefighting antibody proteins.
Similarly, specific antibodies against the virus are being isolated from COVID-19 survivors. The
genetic instructions for the most effective anti-coronavirus antibodies can be encoded as
mRNA. These mRNA encoded antibodies can be used to treat patients needing urgent care.
While there are several promising new approaches, our best protection against COVID-19
currently remains prevention and containment of the disease. Until we have a good vaccine
against COVID-19, social distancing and vigilance is our best weapon.
1. Coronavirus Disease (COVID-19) - events as they happen https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen (accessed Mar 20,
2020).
2. Coronavirus https://www.who.int/westernpacific/health-topics/coronavirus (accessed Mar 20, 2020).
3. Wu, D.; Wu, T.; Liu, Q.; Yang, Z. The SARS-CoV-2 Outbreak: What We Know. Int. J. Infect. Dis. 2020, S1201971220301235. https://doi.org/10.1016/j.ijid.2020.03.004. Q&A on
coronaviruses (COVID-19) https://www.who.int/news-room/q-a-detail/q-a-coronaviruses (accessed Mar 21, 2020).
4. Q&A on coronaviruses (COVID-19) https://www.who.int/news-room/q-a-detail/q-a-coronaviruses (accessed Mar 21, 2020).
5. Wu, D., Wu, T., Liu, Q., & Yang, Z. (2020). The SARS-CoV-2 outbreak: what we know. International Journal of Infectious Diseases. https://doi.org/10.1016/J.IJID.2020.03.004
6. Suganthan, N. (2019). Covid-19. Jaffna Medical Journal, 31(2), 3. https://doi.org/10.4038/jmj.v31i2.72
7. WHO. (2020). Landscape analysis of therapeutics as 17 February 2020 Landscape analysis of therapeutics as 17 February 2020. (February), 1–36. Retrieved from
https://www.who.int/blueprint/priority-disease

Mansi Shah, Institute of Chemical Technology, Mumbai

APTI Women's Forum Newsletter , May - Jul 2020 | 25

AI for Screening of Breast Cancer
Breast cancer is the most common cancer and the second leading cause of death among
women, globally. One of the key aspects of breast cancer is early detection, which can
considerably improve the clinical outcomes. Women in the age group between 40 - 50 years
are often advised to go for a regular mammography screening. And though these measures
contribute to early detection, there can still be cases of false-negatives due to the difficulty of
interpreting the screening images correctly. This only makes breast cancer worst to treat as it
develops in hindsight and is detected only when the visibility of the tumour increases.
Different tools such as mammography, ultrasound, and thermography have been developed
to screen breast cancer. Despite the existence of screening programmes worldwide, the
interpretation of mammograms is affected by high rates of false positives and false negatives.
An artificial intelligence (AI) based system that is capable of surpassing human experts in
breast cancer prediction may be uniquely poised to help with this challenge. Following is the
methodology for detection of breast cancer using AI.
Steps for detection of breast cancer by AI
Image acquisition
The first step in processing images is to capture an image. In this step, data is
collected in the form of digital images. The image format is usually a portable
gray map, which is a fixed format, and does not erase the image data when
compressing images.
Image pre-processing
The next step is to pre-process input images to improve their quality by
eliminating noise. Pre-processing of images is done through the middle filter.
Pre-processing, in addition to deleting or reducing noise, improves image
quality through increased contrast.
Image segmentation
Segmentation refers to cutting an image and dividing it into its constructive
parts. In image analysis and processing, the most important step is to
fragment an image. Segmentation is actually dividing an image into subsections that can be similar or different depending on its features. The output
depends largely on the accuracy of the measurements of the features
Feature extraction and classification
The conversion of input data into a set of extracted features is called feature
extraction. There are many ways to extract features. Some of the most
commonly used methods are as follows:
1) spatial features,
2) transform feature,
3) edge and boundary features,
4) colour features,
5) shape features,
6) texture features.
Feature extraction techniques play a very important role in the diagnosis of
disorders. Tissue features are very useful in differentiating the mass from the
natural tissue of the breast. These categories of features are capable of
separating natural and abnormal lesions of the masses or microcalcifications.
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Top findings
One of the major findings showed that AI, in comparison to the radiologists, displayed better
sensitivity in detecting cancer with mass (90% Vs. 78%) and distortion or asymmetry (90% Vs.
50%). AI was better in the detection of T1 cancers, which is categorized as early-stage invasive
cancer. AI detected 91% of T1 cancers and 87% of node-negative cancers, whereas the
radiologist reader group detected 74% for both (1).
Another finding was a significant improvement in the performance of radiologists, before and
after using AI. According to the study, AI alone showed 88.8% sensitivity in breast cancer
detection, whereas radiologists alone showed 75.3%. When radiologists were aided by AI, the
accuracy increased by 9.5% (1).
An important factor in diagnosing mammograms is breast density and dense breast tissues.
Mostly, data from the Asian population is difficult to interpret as dense tissue is more likely to
mask cancers in mammograms. According to the study’s findings, the diagnostic performance
of AI was less affected by breast density. In contrast, radiologists' performance was prone to
density, showing higher sensitivity for fatty breasts at 79.2% compared to dense breasts at
73.8%. When aided by AI, the radiologists’ sensitivity, when interpreting dense breasts,
increased by 11%(2).
Conclusion
Computerized diagnosis of breast cancer has a number of highly effective advantages; thus, it
is constantly being used by radiologists and its impact on the field of medicine is clear.
Computer-assisted methods increase diagnosis accuracy by reducing false positive results.
Advantages of using AI based systems for diagnosing breast cancer include 1) helping
radiologists in the process of interpretation and screening as a second interpreter, 2) reducing
the number of false positives, which will eliminate the need for unnecessary biopsy and lead
to cost effectiveness, and 3) reducing the time of the patient’s examination by reviewing and
reporting the findings in a marginally less time frame. Although, the diagnosis of breast cancer
can be highly accurate, it is not necessarily the same as the results obtained in other sets of
images. Therefore, future research can be done to improve the system’s performance and
validate it by conducting tests on a larger set of images.
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4D Bioprinting for Biomedical Applications
3D printing is a well-known technique that is widely used in engineering and biomedical fields
for various applications. It involves printing of single or multiple materials in layer-by-layer
fashion and by controlling the shape of each individual layer, the 3D complex structure is
developed. The evolved version of 3D printing allows to print living cells into complex 3D
functional tissue constructs in order to build functional tissues and organs used for various
biomedical applications including transplantation. The only drawback of 3D printing is that it
is static and inanimate as it considers only initial state of the printed object. The fourth
dimension i.e., time has been assimilated to 3D bioprinting and the advanced technique is
called ‘4D bioprinting”. In this technique, the printed objects are capable of changing their
shapes or functionalities with time, when an external stimulus is imposed (1). Therefore, 4D
printing is an extended technique of 3D printing or additive manufacturing with an added
constraint of time in the printed objects. This unique shape change mechanism demonstrated
in this process is a combination of shape programming and usage of smart active materials,
mainly polymers, which are stimulus sensitive. The stimulus is either of physical or chemical
nature such as humidity, pH, light intensity, and temperature. Hence, it is a combined concept
of logic and matter, materials with mathematical data programming (2).
Biomedical Applications of 4D Bioprinting
4D bioprinting offers advantages like 1) development of 3D complex tissue constructs based
on responsive materials that are able to change their function when exposed to external
stimuli, 2) development of tissue constructs with functionalities that are similar to that of
native tissues because of post-maturation of printed cell populations in scaffolds with
programmable architectures. Because of these advantages, major applications of 4D
bioprinting in pharmaceutical industry include:
a) Regenerative Medicine and Tissue Engineering: Self-folding polymers or shape memory
polymers (SMPs) can be used to construct blood vessels by encapsulating different type of
cells and can form multilayered tube-like structures that act as biomimetic blood vessels in
vitro. These SMPs, when exposed to stimuli, modify their shape in a pre-deﬁned manner to
convert a temporary transformation to permanent transformation (2). Chitosan based
hydrogel systems in which rutin is employed to significantly enhance production and
accumulation of extracellular matrix, improves cellular healing process. Studies also showed
that rutin remarkably enhance fibroblast proliferation and collagen production in vitro (3).
Polypeptide hydrogels have been also employed in wound healing systems. These
compounds possess antibacterial properties and exhibit higher magnitude of cell proliferation
which boosts the healing process. SMPs fabricated into ultrafine nanoscale fibers can be
utilized to constitute tissue engineering scaffolds, which are highly biodegradable and
efficient in recovery and repair of bones and tissues. 4D bioprinting has also been adopted to
print hard-tissue constructs e.g. bone grafts. The SMPs can also be used to fabricate stents
and artificial corneal implants. In addition, 4D printed materials have potential applications in
human body systems such as artificial muscles, implantable biomedical micro-devices, and
wearable sensors (4).
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b) Drug Delivery: 4D bioprinting enables precise control over the spatial distribution of
different components that can self-fold or self-unfold to encapsulate and release drugs and
cells in a programmable manner e.g. multisomes. Multisomes are compartmentalized vesicles
which are based on droplet interface bilayers. Droplet interface bilayers are lipid membranes
which are formed when two lipid monolayer-coated water-in-oil droplets, encapsulating
aqueous droplets in small oil drops, are brought into contact. Oil is excluded from this
interface and a bilayer is formed. When the external environmental conditions like
temperature and pH change, it leads to the release of components in the droplets. The minisized multisomes have potential applications in drug/cell delivery. Multisomes can also be
programmed by osmotic gradient enabling them to fold or unfold into complex structures,
thereby encapsulating and releasing desirable contents, with potential applications in drug
delivery.
4D bioprinting has also been utilized to construct a self-folding device, which comprised of
two differentially swelling polymeric hydrogel layers. The first layer comprised a pH sensitive
hydrogel layer including crosslinked poly (methyacrylic acid) (PMMA) while the other nonswelling layer comprised poly (hydroxyethyl) methacrylate (PHEMA) along with a
mucoadhesive layer in which drug is incorporated. This device subsequently self-folded into
the mucus due to the different swelling of the bilayers and significantly promoted
mucoadhesion (1).
To summarize, 4D printing is a time factor oriented evolution of 3D printing. It has grown
considerably, influencing several industries and the future of this technology looks more
promising. Human body comprises a complicated microenvironment which is maintained by
several regulatory processes. Therefore, there is a need to develop biomaterials which are
capable of self-deforming in response to the multiple physiological signals and external
stimuli (4). Also, there is a need to develop new 4D printing softwares for the different types of
4D printing techniques. The growth in biocompatible smart material systems can
revolutionize the medical sector. Extensive research is still required to develop faster and cost
effective bioprinting processes. Discovering new materials and making the current one
printable and biocompatible is a challenging task (1). This emerging technology will help in
enhancing sustainable environment by reducing the overuse of natural resources, thereby
curbing the cost in the long run and providing a competent sustainable alternative for existing
products (4).
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CRISPR-Cas9 Genome Editing Technology for Treatment of Genetic
Disorders
Genome editing (also called gene editing) is a group of technologies that aids scientists in
changing an organism's DNA. These technologies allow genetic material to be added,
removed, or altered at particular locations in the genome. Several approaches to genome
editing have been developed. A recent one is known as CRISPR-Cas9, which is short for
clustered regularly interspaced short palindromic repeats and CRISPR-associated protein 9.
The CRISPR-Cas9 system has generated a lot of excitement in the scientific community
because it is faster, cheaper, more accurate, and more efficient than the other existing
genome editing methods (1).
CRISPR involves the DNA sequences found within the genome of microorganisms like
bacteria. CRISPR-Cas9 biology has been a turning point in the field of molecular biology and
gene editing systems. It is necessary to understand the function of the given gene through
precise editing and regulation of genomic information. CRISPR-Cas is a prokaryotic immune
system and consists of a simple, RNA-guided Cas protein for highly efficient and specific
genome editing and regulation in diverse organisms, thus creating revolutionary tools for
biomedical research and new possibilities for treating genetic disorders (2).
Where do CRISPRs come from?
CRISPRs were first discovered in archaea (and later in bacteria) by Francisco Mojica, a scientist
at the University of Alicante in Spain. He proposed that CRISPRs serve as a part of the bacterial
immune system, playing a role in defending against invading viruses. They consist of
repeating sequences of genetic code, interrupted by “spacer” sequences, remnants of genetic
code from past invaders. The system serves as a genetic memory that helps the cell to detect
and destroy invaders (called “bacteriophage”) when they return. Mojica’s theory was
experimentally demonstrated in 2007 by a team of scientists led by Philippe Horvath (3).
How does the system work?
CRISPR-Cas9 protein system is an adaptive immune system that evolved in bacteria. It is a
RNA – guided DNA nuclease, safe guarding them against the attacking phages and plasmids.
In prokaryotes, three types of CRISPR mechanisms are found, of which type 2 is extensively
studied. CRISPR-Cas9 editing tool works like a restriction endonuclease that is guided by a
hybrid strand of RNA (Cr RNA) that is approximately 20 bp in length and forms complex with
Cas9 endonuclease. Cr RNA binds with complementary DNA sequences in the host cells
through normal Watson and Crick base pairing. This specificity has enabled CRISPR-Cas9 gene
editing system to be the new tool in molecular biology in the category of restriction
endonuclease. CRISPR-Cas9 is similar to eukaryotic immune system. In type 2 CRISPR
mechanism, trans-activating crRNA (tracrRNA) and CRISPR RNAs (crRNAs) combine to form
single guide RNA (sgRNA), which then forms a CRISPR ribonucleoprotein complex with Cas 9.
(4). Genome editing can be achieved in vitro or in vivo by delivering the editing machinery in
situ,which powerfully adds, ablates, and “corrects” genes as well as performs other highly
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targeted genomic modifications. Targeted DNA alterations begin from the generation of
nuclease-induced double-stranded breaks (DSBs), which lead to the stimulation of highly
efficient recombination mechanisms of cellular DNA in mammalian cells. Nuclease-induced
DNA DSBs can be repaired by one of the two major mechanisms that occur in almost all cell
types and organisms: homology-directed repair and nonhomologous end-joining, resulting in
targeted integration or gene disruptions, respectively (5).
CRISPR-Cas9 in Genetic Disorders
CRISPR-Cas9 system has been used in the last few years to treat genetic diseases like cystic
fibrosis, β-thalassemia, haemophilia, and Duchenne muscular dystrophy (DMD). Cystic fibrosis
is a genetic disease caused by the mutation in cystic fibrosis transmembrane conductance
regulator (CFTR) gene on the long arm of chromosome 7. It causes fluid retention and
disturbances in ion transport. Recently, a correction of mutation in CFTR gene by CRISPR-Cas9
in intestinal stem cells has been reported (4). DMD is a genetic disorder caused by in-frame
deletions of dystrophin gene. It is an inherited X-linked fatal genetic muscle disease.
Dystrophin has critical role in muscle development and its absence causes progressive muscle
weakening and premature death in the affected person. Till now, there is no effective
treatment discovered for DMD. Genome correction approaches for muscular dystrophy
involving exon removal and cDNA knocking using different techniques have been tried.
Bengston et al. reported that adenovirus associated viral (AAV) –mediated muscle specific
gene correction has the potential for treatment of this neuromuscular disorder (6). Recently
CRISPR–Cpf1 isolated from Prevotella and Francisella-1 was used for the correction of
muscular dystrophy mutation in animal disease models and human cardiomyocytes. Thus,
the therapeutic potential of CRISPR-Cas9 tool to cure human genetic disorders like DMD is
encouraging (7).
CRISPR-Cas9 in Cancer Research
CRISPR-Cas9 system can assist in tracking oncogenic progression and analyzing the
expression patterns of the cancer genes. In 2016, two attempts for malignancy treatment have
been demonstrated in China and the United States. Both were conjectures to use CRISPRCas9 to design and understand T cells in vitro to suppress oncogenic cells. Current progress in
the field of gene editing system via CRISPR-Cas9 has advanced towards lung cancer
treatments. Cas nuclease, most commonly isolated from the bacterium
Streptococcus pyogens, is used to communicate inside cells of interest. Recently, several
nuclear oncology research laboratories reported that both NANOG and NANOG8 expressed in
cancer cell lines and cancer tissues can be corrected with CRISPR-Cas9 or in combination with
zinc-finger nuclease (ZFNs) or transcription activator-like effector nucleases (TALENs) (4).
CRISPR-Cas9 technology may also be envisioned as a tool to correct chromosomal
aberrations, immunodeficiency, viral diseases, and other genetic diseases. The classic
examples of chromosomal aberrations are Robertsonian translocation, trisomy 21, Turner and
Klinefelter syndromes, Y chromosome microdeletion, infertility and mitochondrial diseases.
These chromosomal abnormalities can be corrected by using CRISPR-Cas9 via separation of
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two chromosomes, restoration of centromere position and by introduction of corrected gene
sequence. However, taking into consideration the several challenges in manipulating the
chromosome, therapy may be quite far from being applied. Further, combination of modern
technology like whole genome sequencing and CRISPR-Cas9 may also help to identify new
genes which are involved in different genetic diseases. Further, CRISPR-Cas9 could be used to
correct mutations in mitochondrial DNA (mtDNA) in mammalian oocyte. It is reported that
mutations in the mtDNA are transmitted exclusively via the oocyte, which can carry between
10,000 and 100,000 mtDNA copies. It is also proposed that using CRISPR-Cas9 instead of
TALEN may correct mutated mtDNA sequence from the oocyte or the zygote. The
multifactorial neurodegenerative disorders like Parkinson’s disease (PD), Alzheimer’s disease
and amyotrophic lateral sclerosis are caused by abnormal protein folding. A gene editing tool
like CRISPR-Cas9 would be able to modify or correct abnormal protein production and
prevent their accumulation in pathological conditions (7).
CRISPR-Cas9 in HIV Infection
HIV is an immune deficiency disease which occurs due to functional loss of CD4+ cells. The
successful correction of chemokine receptor 5 (CCR5 or CXCR4) in stem cells, normal induced
pluripotent stem cells (iPSCs), and human CD34+ hematopoietic stem and progenitor cells
(HSPCs) has been done using modified nucleases viz. ZFNs, TALENs and CRISPR-Cas9. In 2014,
Hu et al. reported that CRISPR-Cas9 mediated disruption of viral gene expression and
replication in various cell lines suggest that HIV can be cured by using CRISPR-Cas9 editing
tool (8). Furthermore, cancer is the harbour of multiple mutations that cause cells to convert
into malignant phenotypes. CRISPR-Cas9 system may offer to be a highly specific tool for
correcting such mutations and treating the cancers. The indels (addition or removal of a small
number of bases in a DNA sequence) can be done in cancerous cell lines which are easily
available using CRISPR-Cas9 technology. Further, to create indels, the oncogenes like receptor
tyrosine kinase Erb2 could be good for CRISPR-Cas9. Recently, CRISPR-Cas9 tools have been
applied in cancer inducing mutation in human cell line and animal models to cure lung
cancer, acute myeloid, liver cancer, and pancreatic cancer, further highlighting the potential
of CRISPR-Cas9. This technology can also be used to manipulate inherited diseases by
targeting DNA regulators or enhancers of pathogenic genes (9).
CRISPR-Cas9 compared to other genome editing tools
CRISPR-Cas9 is proving to be an efficient and customizable alternative to other existing
genome editing tools. Since the CRISPR-Cas9 system itself is capable of cutting DNA strands,
CRISPRs do not need to be paired with separate cleaving enzymes as other tools do. They can
also easily be matched with tailor-made “guide” RNA (gRNA) sequences designed to lead
them to their DNA targets. Tens of thousands of such gRNA sequences have already been
created and are available to the research community. CRISPR-Cas9 can also be used to target
multiple genes simultaneously, which is another advantage that sets it apart from other gene
editing tools (3).
Future Prospective and Conclusion
The quick progress in the field of gene therapy is likely to continue to accept new challenges
APTI Women's Forum Newsletter , May - Jul 2020 | 32

that will expand the scope of curing genetic diseases by genome editing technologies. In
recent years, there has been an increase in number of CRISPR related clinical trials worldwide.
The potential of CRISPR-Cas9 technology is remarkable and the various fields of use seem
extremely exciting. There is a lot of scope to make a promising future by correcting a diseasecausing mutation in an innocent patient using CRISPR-Cas9. With the rapid development of
CRISPR-Cas9 based gene editing strategy in current molecular research, researchers feel that
it will change the general picture of cancer research, hematological disorder treatments, and
genetic disorder surgery. Recent works also claim that CRISPR-Cas9 can permanently correct
gene mutation in various genetic disorders. Scientists believe it is a natural gift to upcoming
young researchers and will be the turning point in medical research in the near future.
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Women Achievements
Ph.D. Awardees
Ms. Indrayani Damodar Raut, Assistant Professor, Rajarambapu
College of Pharmacy, Kasegaon has been awarded with Doctor of
Philosophy by Shivaji University, Kolhapur for her research entitled
“Design, Development, and Characterization of Colloidal Drug Delivery
System for Anticancer Drugs in the form of Solid Lipid Nanoparticles”.

Dr. Pankti Dalwadi, Department of Pharmacology, Associate Professor, A-One Pharmacy
College has been awarded with Doctor of Philosophy from Pacific Academy of Higher Education
and Research University on her research entitled "Inhibition of growth and induction of
apoptosis in human breast cancer cell using nanoparticles based formulation of some potent
phytoconstituents".
Mrs. Neelima Rani, Institute of Pharmaceutical Technology, S. P. Mahila Visvavidyalayam,
Tirupathi, has been awarded with Doctor of Philosophy for the topic entitled “Formulation and
Evaluation of Rapid melts for some selected drugs by direct compression and sublimation
techniques”.

Dr. Vijetha Pendyala, Associate Professor, Department of
Pharmacognosy & Phytochemistry, Chebrolu Hanumaiah Institute of
Pharmaceutical Sciences, Guntur, has been awarded with Doctor of
Philosophy from Institute of Pharmaceutical Technology, Sri
Padmavathi Mahila Visvavidyalayam, Tirupathi
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Women Achievements
Grants sanctioned
Dr. Vandana B. Patravale, Professor of Pharmaceutics, Department of Pharmaceutical Sciences
and Technology, Institute of Chemical Technology, Mumbai, received an Industrial Grant of
USD 16,100 from Thoroughbred Remedies Manufacturing Ltd., Ireland for a project entitled
“Oral nutritional supplement for Newborn lambs”.
Dr. Meenakshi B. Patel, Associate Professor, Babaria Institute of Pharmacy, Vadodara, Gujarat,
received SSIP grant of Rs. 1 lakh in 2019 for the project title "Intranasal In situ Gel Rotigotine
Hydrochloride".
Dr. Nishkruti Mehta, working as Associate Professor & Head, Department of Pharmacology, AOne Pharmacy College, Naroda, Ahmedabad, fetched Student Startup & Innovation Policy
(SSIP) Grant of Phase V of Rs. 33 lakhs as Institute SSIP Co-ordinator
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Women Achievements
Awards and Honours
Dr. Pankti Dalwadi, Department of Pharmacology,
Associate Professor, A-One Pharmacy College was
awarded with first prize in poster presentation at 3rd
International
Conference
on
“Perspective
in
Multidisciplinary Research: Changing Paradigm"
sponsored by PCI, APTI, DST, GUJCOST, and GTU
organized by A-One Pharmacy College on 6th March,
2020.
Dr. Meenakshi B. Patel, Associate Professor, Babaria Institute of Pharmacy, Vadodara, Gujarat,
received ‘Innovative Academician Of The Year 2019’ award for outstanding and exemplary
contribution towards education and research during Tenth Rashtriya Shiksha Gaurav Puraskar
Ceremony 2019 – from AICTE, New Delhi during Inaugural Summit of Indian Education Festival,
organized by Centre for Education Growth and Research (CEGR). She also received ‘Best Talent
Award - Female’, in recognition of outstanding professional achievements during APP 9 th IndoUS Conference on Advanced Challenges in Pharmaceutical Education and Research – 2020.

Ms. Chandni Chandarana, Assistant Professor, SSR College of Pharmacy,
Silvassa has been recently awarded as OPF Achiever Award in Research in
2019-20.

Dr. Meenakshi B. Patel, Associate Professor, Babaria Institute of Pharmacy, Vadodara, Gujarat,
received ‘Best Talent Award - Female’, in recognition of outstanding professional achievements
during, APP 9th Indo-US conference on Advanced Challenges in Pharmaceutical Education and
Research – 2020 held at Saraswati Institute of Pharmaceutical Science, Dhanap, Gandhinagar,
Gujarat, on 6th January 2020.
Dr. Vandana B. Patravale, Professor of Pharmaceutics, Department of Pharmaceutical Sciences
and Technology, Institute of Chemical Technology, Mumbai, received the coveted Kukreja
Oration Award by the India Section of International Academy of Cardiovascular Sciences (2020)
and Dr. Manjushree Pal Memorial Award for the best Pharmaceutical Scientist-2019 (2019).
Dr. Poonam Parashar, Meena Rathor, Monika Dwivedi, and Prof. Shubhini A. Saraf (Department
of Pharmaceutical Sciences, Babasaheb Bhimrao Ambedkar University), received Best Paper
Award 2019 (Pharmaceutics) for the work entitled “Hyaluronic Acid Decorated Naringenin
Nanoparticles: Appraisal of Chemopreventive and Curative Potential for Lung Cancer”.
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Dr. Sushama Talegaonkar, Associate Professor, Dept of Pharmaceutics, School of
Pharmaceutical Sciences, Delhi Pharmaceutical Sciences and Research University was awarded
the Best Researcher of the Year Award, 2019, from AICTE during Inaugural Summit of Indian
Education Festival.
Prof. Shubhangi Sutar working as Assistant Professor at Ashokrao Mane College of Pharmacy,
Peth-vadgaon, Kolhapur, secured Best poster presentation award at International
workshop on ‘Translational research strategies for drug discovery and clinical development’
organized by CRC Pharma LLC, New Jersey, USA held at Radisson Blu Plaza Hotel, Banjara Hills,
Hyderabad, India on 20 and 21 July, 2019 and also received Shivaji University travel grant for the
said conference.
Dr. Sabeena Hussain Syed, Assistant Professor at Genba
Sopanrao Moze College of Pharmcy, Wagholi, Pune, was
awarded best poster in the Department of
Pharmacognosy with a cash prize of 10,000 at the 2nd
Pharmaceutical Sciences Congress conducted by The
Indian Association of College of Pharmacy with the
theme “Connecting Pharmaceutical Sciences and
Knowledge advancement” at St. Peters Institute of
Pharmaceutical Sciences, Warangal, Telangana on 2nd
and 3rd November, 2019.
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Women Achievements
Patents granted
Indian Patent granted for invention entitled “Process For Preparation of Intranasal Efavirenz
Nanoparticles For CNS Targeting In Neuro-Aids” - 2020. Inventors: Dr. Aarti Belgamwar, Assistant
Professor, Shri Vile Parle Kelvani Mandal's Institute of Pharmacy, Dhule, Dr. Shagufta Khan,
Professor, Institute of Pharmaceutical Education and Research, Borgaon Meghe, Wardha, and
Dr. Pramod Yeole, Vice Chancellor, Dr. Babasaheb Ambedkar Marathwada University,
Aurangabad.
Hong Kong Patent granted for invention entitled “mTOR Inhibitor Eluting Medical Device - BET
16P2077 (AV-TC) - HK HK1221918” – 2020. Inventors: Ankur Raval (Sahajanand Technologies
Private Limited), Chhaya Engineer (Sahajanand Technologies Private Limited), and Dr. Vandana
B. Patravale, Professor of Pharmaceutics, Department of Pharmaceutical Sciences and
Technology, Institute of Chemical Technology, Mumbai.
Indian Patent granted for invention entitled “A Composition for Regulated Release of
Neurotherapeutic Agent and A Process Therefor” – 2019 Inventor: Jamia Hamdard
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LOTUS LOGO STORY
As a lotus is able to emerge from muddy waters un-spoilt and pure it is considered to represent
a wise and spiritually enlightened quality in a person; it is representative of woman who carries
out their tasks with little concern for any reward and with a full liberation from attachment.
Lotus-woman in the modern sense of women’s qualities: she is superbly intelligent, highly
educated, and totally committed to individualism. She is politically astute and works
incessantly for a better and more humane society. She is exquisite in her taste for music, art
and culture, abounds in social graces and performs brilliantly in communication.
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