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Mankind is facing new and emerging challenges for maintaining
good health. India is a global hub for diabetes. Metabolic syndrome
is the name for a group of risk factors that raises your risk for
heart diseases, other health problems, such as diabetes,
hypertension and stroke. Life style modification is a critical
attributing factor for such problems. The affected patients might
significantly benefit from the modifications in nutritional habits.
Based on the existing evidences from animal and human studies,
it can be concluded that there is great potential for the
incorporation of fasting or calorie restriction during adult life to
promote optimal health and reduce the risk of many chronic
diseases.

Drug discovery and development is a challenging task. New
molecules provide new benefits as well as new threats. Safety
issues are emerging. New guidelines are being implemented to
cater to the need of new emerging issues. An attempt has been
made to elucidate the QT prolongation issues in drug discovery
and development. The Human ether-a-go-go-related gene (hERG)
potassium channel and its usefulness in screening drugs, which
pose risk for QT prolongation have been described in the present
issue.

New and emerging infectious diseases have always posed a
serious global health threat and risks for humans. A attempt has
been made to take an account of the advantages of yellow fever
vaccine for people visiting yellow fever endemic regions. Yellow
fever is prevalent in East Africa and South America. Every year,
thousands of travelers from India, travel to these regions. The
Yellow Fever vaccine offers life-long immunity according to World
Health Organization (WHO). There is a need to meet the increasing
demand of yellow fever vaccine as well as the awareness about
the yellow fever vaccine in Indian travelers.
A small change may please be noted that from this issue, CRIPS
will appear bimonthly.
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Trends and Scope of
Artificial Intelligence and Machine Learning

in Pharmaceutical Industry
Abhishek R Mali, Amritha G Nambiar, Ashish Kumar Agrawal, Dinesh Kumar*

Department of Pharmaceutical Engineering and Technology, IIT (BHU), Varanasi, India
*dinesh.phe@iitbhu.ac.in

This review showcases the current state and potential applications of AI (artificial intelligence) and ML
(machine learning) in pharmaceutical industry. Due to the abundance of high-quality data, AI and ML
methods play a pivotal role in drug discovery, development, and decision making. AI and ML advancements
provide wings to Continuous Manufacturing and Industry 4.0. This rapid rise of advanced technologies
brings inevitable changes in the pharmaceutical industry. Advanced and futuristic jobs in pharma can
impact diverse drug discovery processes, drug repurposing, overall productivity, clinical research, and
other pharmaceutical activities. Pharmaceutical manufacturing will change from batch manufacturing to
continuous manufacturing by employing these advanced technologies with smart PAT (process analytical
technology) tools. Industry 4.0 is defined by integrated, automated, and self-organizing manufacturing
technologies in the pharmaceutical industry. This review also focused on cluster-based research to boost
research, regional development, and nation-building.

Keywords: Artificial Intelligence, Machine Learning, Continuous Manufacturing and  Industry 4.0.

Current Research & Information on Pharmaceutical Sciences (CRIPS)
@NIPER, SAS Nagar, India

Introduction

Artificial intelligence and machine learning have
significantly influenced the pharmaceutical and
consumer healthcare industries. Artificial intelligence
is a computer technology discipline that analyses
enormous amounts of data in the medical field. Their
ability to leverage meaningful correlations within a
data collection can be helpful in diagnosis, therapy,
selecting individuals for clinical trials, pharmaceutical
production, and making predictions. Artificial
intelligence's primary benefit is that it lowers drug
development expenses, improves returns on
investment, and possibly even lowers end-user
cost.1 Practically all manufacturing processes have
been done batch-wise in the past. Several
pharmaceutical start-ups have recently started
employing continuous manufacturing strategies to
synthesize small molecule drugs, which can deliver
over batch processing.2

Exploiting emerging technologies, Pharma Industry
4.0 improves long-term potential generation to a
more flexible, innovative, and personalized pharma
industry, allowing pharma firms to obtain long-term
benefits in the marketplace. A much more long-
term solution drug supply chain (DSC) needs to be
developed to correspond upcoming management and
control. To produce the next-generation medicines,

pharmaceutical occupations have also begun to
evolve from traditional careers to advanced careers.
The scope of pharmaceutical research-based
employment is expanding as professional prospects
develop. As technology advances, cutting-edge and
future job choices emerge, with the potential to
enhance significantly pharmaceutical industrial
production and bring the next generation of drugs
to market through new research.3,4

Cluster-based research is increasing in regional areas
in coordination with local institutes and industries.
Cluster-based research increases market
concentration and competition for all market
participants. As cluster-based pharmaceutical
research supporting manufacturing has become more
prevalent in Ireland, the country's pharmaceutical
industry statistics are becoming more impressive.5

AI in the pharma industry

According to some experts, by 2025, over half of all
global healthcare corporations will have implemented
AI plans, and it will be critical for how businesses
operate in the future. Top pharmaceutical
corporations partner with AI vendors for research &
development and overall drug discovery and
incorporate AI technology into their production
processes. According to surveys, roughly 62% of
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healthcare organizations consider investing in AI
soon, and 72% of businesses feel AI will be critical
to their future operations.6,7

Present scenario of AI in pharma

The usage of AI and ML technologies, according to
researchers, enhances decision-making, maximizes
innovation, increases the efficiency of research/
clinical trials, and creates useful new tools for
physicians, consumers, insurers, and regulators.
Roche, Pfizer, Merck, AstraZeneca, GSK, Sanofi,
AbbVie, Bristol-Myers Squibb, and Johnson &
Johnson are among the top pharmaceutical
corporations that have already partnered with or
purchased AI technologies. The Massachusetts
Institute of Technology has launched a Machine
Learning based on Pharmaceutical Research and
Synthesis program teamed with Novartis and Pfizer
in 2018 to change medication design and production.
The consortium intends to bridge the gap between
MIT's machine learning research and drug discovery
research by bringing together researchers and
industry to identify and solve the most pressing
issues.8

GSK also formed a partnership with Cloud
Pharmaceuticals to speed up the development of
new medication candidates. GSK and Vir
Biotechnology teamed in April 2020 to improve

COVID-19 drug discovery using CRISPR and AI.
Roche and Owkin, a medical research machine
learning platform, have teamed up to accelerate
medication discovery, development, and clinical trials.
Abbott also just introduced an artificial intelligence-
powered coronary imaging technology. AI platform
can detect the severity of calcium-based blockages
and evaluate channel diameter to improve decision-
making during coronary stenting procedures.9

AI based - drug discovery

Biological testing of pharmaceutical compounds
consumes enormous time in the drug development
process. Novartis researchers employ ML algorithms
on photographs to determine which chemicals are
worth further investigating to speed up the screening
process. Algorithms are significantly faster at
revealing new data sets than traditional human
analysis and laboratory tests. Unique and effective
medications can be available sooner while
simultaneously lowering the operating expenses
associated with each compound's manual
examination. The following are some of the top
biopharmaceutical companies' current AI initiatives:

[a] mobile platform to improve health outcomes -
the ability to refer patients based on real-time
data, improving patient outcomes.

Figure 1A. Artificial Intelligence and its subsets.7 Figure 1B. Drug discovery assisted with AI tools.11

Traditional drug discovery AI tools based drug discovery

Target driven Data-driven

Work well for easy targeting Machine learning with complex algorithms
extractsvaluable insights from a given dataset

They have limitations as the complexity of Find chemicals that attach "undruggable
cellular connections and a lack of targets" or proteins with undefined structures
understanding of complicated cellular pathways

Table 1. Comparison between traditional and AI-based drug discovery.8
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[b] drug development- pharmaceutical corporations
collaborate with software businesses to employ
cutting-edge technologies in the costly and
time-consuming drug discovery process.9

AI support antibiotic study

Antibiotic discovery has become more complicated
in recent years with the rise of antibiotic resistance.
Earlier, antibiotics were discovered by screening soil-
swelling microbes for secondary compounds
prohibited bacterial growth. However, antibiotic
development is currently hampered by the discovery
of the same molecules repeatedly. Recently, a study
showcasing machine learning to find new antibiotics
was released, where researchers employ machine
learning to anticipate antibacterial chemicals in silico
from a database of over 107 million molecules. This
antibiotic, known as "Halicin," is effective against
various bacteria, including tuberculosis and difficult-
to-treat types. Other medications could benefit from
this strategy, such as those used to treat cancer
or neurological illnesses.1

AI in diagnosis and treatment

Physicians can collect data using powerful machine
learning techniques and analyze and evaluate patient
healthcare data. Deep learning and machine learning
are being used by healthcare practitioners worldwide
to store patient data in a cloud securely, or a
centralized storage mechanism Electronic Medical
Records (EMRs) are the term for this. Physicians
can use these health records to determine how a

specific genetic trait affects a patient's health.
Machine Learning algorithms can use data contained
in EMRs to provide real-time estimates for diagnostic
purposes and suggest appropriate treatment for the
patient. Verge Genomics is tackling the major issues
in drug discovery by employing automated data
collection and analysis. In other words, they're using
an algorithm to map out hundreds of genes involved
in brain disorders such as Alzheimer's, Parkinson's,
and ALS (Amyotrophic lateral sclerosis). Medications
could benefit from this strategy, such as those used
to treat cancer or neurological illnesses.10

They believe collecting and interpreting gene data
will positively impact the drug discovery phase,
beginning with preclinical trials. Starting in the
preclinical stage, utilize AI to track the effects of
various pharmacological treatments on the human
brain. As a result, drug companies can better
understand a medicine's impact on human cells earlier
in the development process. Verge genomics, in
particular, use artificial intelligence to track the
effects of various drugs on the human brain with a
specific focus on the preclinical phase.10

Treatment and management of rare diseases

Advances in information technology, particularly in
the fields of artificial intelligence (AI) and machine
learning, large, multivariate datasets are frequently
used to "train" AI and machine learning algorithms,
which are subsequently used to make predictions
on new data. For example, by classifying tumours in
radiological images as benign or malignant.10

Figure 2. Comparison of batch manufacturing and Continuous manufacturing.13
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Advances in AI have rekindled interest in cures for
rare diseases. There are currently over 350 million
people worldwide who suffer from over 7,000
uncommon diseases. Heal, a UK-based biotech
business has acquired $10 million in Series A funding
to employ AI to discover breakthrough treatments
for rare diseases, so it is not all doom and gloom for
people with uncommon conditions. Another Swiss
biotech start-up, Thera chon, has acquired $60
million in investment to create medications to treat
rare genetic i l lnesses using AI.6,12 Artificial
intelligence/machine learning (AI/ML) and its
accompanying capabilities have opened up lots of
new prospects for intelligent intervention, which,
when properly harnessed, can greatly improve the
rare disease treatment path.12

Continuous manufacturing in pharma

Continuous manufacturing refers to the production
of a pharmaceutical product in a single continuous
process. The entire process takes place in one
location, from beginning to end, with no waiting
times. Continuous manufacturing is a more flexible
method that allows for better production scaling.
For example, scaling up simply means running the
continuous production process for a more extended
period.13 In other words, continuous manufacturing
makes matching supply to demand much more
manageable than producing in batches.

Currently, traditional "batch" procedures are used
to manufacture most pharmaceuticals. Batch
operations allow raw components to be added into
the network at the beginning of the process and

subsequently ejected as a final product together at
once later. The finished batch must have consistent
qualities and meet predetermined quality criteria.
Between every production phase, the intermediate
product is collected and frequently moved for the
next step, which comprises several independent
procedures (blending, granulation, drying, and so
on). Batch production is a time-consuming, disjointed
process that lacks agility and flexibility.14

On the other hand, continuous manufacturing
techniques allow essential raw materials to be
continually fed into the process on a regular basis,
and the outcome continuously gets cleared.
Compared to batch manufacturing, continuous
processing is more adaptable, allowing it to adjust
to fluctuations in economics more quickly. This is
especially useful in times of crisis, such as when
there are crucial drug shortages or pandemics. By
running the process for extended periods, using
parallel processing lines, or boosting the pace of
the process, continuous manufacturing can
theoretically allow faster output volume increases.14

Relevance of continuous manufacturing
during covid-19 pandemic

During this life-threatening pandemic of covid-19,
the pharmaceutical industries face unprecedented
challenges, reinforcing the need for rapid, efficient,
and scalable drug development and production. At
this critical juncture in global health, when demand
for low-cost vaccines and other pandemic-related
treatments is at an all-time high, continuous
manufacturing can assist in meeting that demand,

Raw material input/
product output

Batch manufacturing Continuous production

Raw materials are fed intermittently into
the processing activity, and the finished
product (products element) is released in
a single batch

Raw materials are continually
injected into the system, and the
result (product material) is released
continuously and consecutively after
a set amount of time

Production processes Operators handling continually start and
stop each process

Without operator supervision,
manufacturing is continuous thanks
to integrated process units and
automated technology

Production facil ity
area

A lot of areas is required Space can be saved

Scaling-up Each scale has its own verification
techniques and equipment at the prototype
and validation stages, while commercial
production requires special equipment

Experimental equipment can be
developed to match current
production, and a speedy transition
to mass production can be achieved
by simply changing the manufacturing
time

Table 2. Features of batch production and continuous production.16



CRIPS Vol. 16 No. 3 July-August 202246

Review Article

as all major pharmaceutical companies are stepping
up for continuous manufacturing.15

Factors that are causing continuous
manufacturing to gain traction

Small batch industrial production, characterized by
the sequential framework of large tanks, controlled
individually for each procedure, has been the
standard approach to producers in the medicinal
and fine chemicals companies. In contrast,
continuous manufacturing, including big factories for
industrial chemicals, hasn't been widely adopted.
Continuous manufacturing technology is a flow
production approach that uses a constant supply
of raw materials to make or treat products without

disruption while the production system is in operation.
So far, the pharmaceutical industry's transition from
batch to continuous manufacturing has been slow.
2,16

However, a problem concerning product quality arose
in the United States during the mid-1990s, when
defective batch-produced medications were
introduced onto the market, becoming a public
concern. Furthermore, batch manufacturing was
lacking for future production adjustment capability,
which has been noted as a negative, fueling the
movement more towards a continuous manufacturing
technology that allows for the creation of the
requisite volume whenever needed. In 2004, the
US(FDA) issued commercial guidance, including
suggestions for continuous pharmaceutical
production. The pharmaceuticals and fine chemical
industries' use of continuous manufacturing was
cited as an essential issue in its annual report in
2018.13

Future of continuous manufacturing

Continuous manufacturing will be an evolution rather
than a revolution. Some pharmaceutical companies
have already adopted continuous technologies. Still,
industry experts predict that it will be another five
to ten years before fully integrated continuous
biomanufacturing is commonly employed
commercially.16,17

Pharma Industry 4.0

The 4th industrial revolution, known as Industry 4.0,
combines fast-evolving technology such as the

Figure 3. The several steps of data processing and
the way to realizing Industry 4.0.18

Figure 4. A cyber-physical system (CPS) representation for futuristic pharmaceutical manufacturing 4.0.20
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internet of networks, artificial intelligence, robotic
systems, and powerful computing to disrupt the
manufacturing landscape significantly. In a nutshell,
automated, independent, and self-organizing
production systems define Industry 4.0. It may not
be simple to implement various new technologies to
allow Industry 4.0. It may be valuable because it
can boost output, improve production safety,
improve quality, provide better value characteristics,
offer flexibility, and decrease waste. Pharma industry
4.0 is a paradigm for tailoring digital solutions to the
specific needs of the pharmaceutical industry. In
practice, this translates to increased connectivity,
increased efficiency, easier compliance, and the
marshaling of production data to address problems
as they arise. Equipment, PAT instruments, and real-
time release testing (RTRt) make up a production
floor).3,18 Using the internet the local networking
and storage are connected to the unit operations.
In Industry 4.0, a cyber-physical system (CPS) for
drug industry includes three types of cloud
computing: cloud provider, cloud platform, and
manufacturing floor. External consumers can also
use application services in the public cloud. The
data for significantly greater elements like remote
surveillance systems and manufacturing, monitoring
and controlling, results from the laboratory, and
modeling as well as experiments are stored in the
cloud platform.19

The core idea is that CPS connects and regulates
all of the value chain processes. Gadgets may, for
example, forecast faults and initiate maintenance
operations on their own or self-organize operations
in response to changes in output.

Integrating internet, artificial intelligence, and

automation empower systems to function with little
or no personal participation. There are the
quintessential aspects of Industry 4.0. To maximize
manufacturing and corporation management, linked
automated and robotics combine manufacturing
systems with authentic online data and artificial
intelligence. Interconnecting external and internal
communication, multiple sources can be linked
simultaneously. Internal data, including control of
vitality and resources, outcomes of modelling and
simulations, and laboratory values for pharmaceutical
industries, could be integrated with data sources,
such as consumer satisfaction, consumer
expectations, vendor stocks, and outbreaks.

It is feasible to achieve exceptional real-time
response, monitoring, control, and forecasting by
combining multiple data sources. The result is a highly
digitalized ecosystem and pharmacy value chain for
producers.3

An Industry 4.0 smart factory's fundamental
techniques

Two critical technologies are employed to acquire
and store data from a manufacturing
process:Computer storage technology, like the
networking cloud, and information acquisition
technique including improved sensors utilized in
operations, are both available. Computer storage
technologies allow the long-term preservation of
digitized data collected. Multidisciplinary robotics
that is intelligent, precise, and real-time and
enhanced or virtual reality systems enable
intell igence, correctness, and real-time
manufacturing. The modern broadband access
network and proper encryption permit the factory.20

Figure 5. Enabling Technologies of Industry 4.0.18



CRIPS Vol. 16 No. 3 July-August 2022 48

Review Article
Cluster-based research

The emergence and growth of pharmaceutical
clusters are examples of radical reforms in the
pharmaceutical sector, which leads to increased
market concentration and competition for all market
participants.6

A critical feature of pharmaceutical clusters is that
the organizations increase both their competitive
advantage and the competitive advantage of the
cluster itself by complementing one another. Clusters
are most common in the United States of America
and Europe. Clusters are typically based on
universities and research institutes. Regional budgets
provide primary capital, with additional funding
provided by attracting investments. For the cluster
policy within the European Union, the European
Institute of Technology and Innovation contributes
to its development. The main direction of cluster
policy in European countries over the past five years
is the unification of innovations and support for
government procurement for product development.
Clusters tend to occur in under developed areas.
The development and growth of pharmaceutical
clusters as a territory's innovative activity revealed
that more than ten pharmaceutical clusters are
currently of interest to well-known members of the
global pharmaceutical industry. The Kaluga Pharma
Cluster, for example, is a research centre that
focuses on biomedicine. and biotechnology.6 The
Pharmaceutical Solid State Research Cluster (PSSRC)
was developed to stimulate solid-state research by
sharing facilities, working on specific projects, and
allowing research students to interact with other
academics in the field.

Synthesis and Solid-State Pharma Cluster (SSPC)is
a Science Foundation Ireland (SFI) and industry-
funded Global Hub of Pharmaceutical Process
Innovation and Advanced Manufacturing in Ireland.
It is one type of collaboration, with 24 industries,
nine research organizations, and 12 international
scientific collaborators. The SSPC's mission is to
bring together skilled scientists from academics and
the pharmaceutical sector to tackle pressing
research issues.21,22

The cluster's research activities are focused on two
key areas: the development of breakthrough
analytical technologies using Artificial Intelligence/
Machine learning and their application to advanced
process engineering of conventional pharmaceutical
unit operations.

As technology evolves, Advanced and futuristic
career options develop, dramatically increasing the
industrial production of medicines and bringing the
next generation of pharmaceuticals with new

research. Advanced and futuristic careers in
pharmaceuticals include Continuous manufacturing,
AI in pharma, Industry 4.0 in pharma, Cluster-based
research centers.4,23

Indian pharma company overview

As a leading producer of low-cost, high-quality
generic drugs, India supplies roughly 20% of global
pharmaceutical demand in terms of volume. The
entire industry is 45 billion US dollars with 24 billion
US dollars exports. Between 2020 and 2045, the
economy is expected to grow by 600%. Generic
drugs have traditionally been India's stronghold,
accounting for more than 70% of total market
revenue. Outside of North America, India has the
highest number of US FDA-approved generic drug
manufacturing plants. However, the recent
coronavirus (COVID-19) pandemic has revealed weak
links in the Indian pharmaceutical sector.24

Conclusion

To conclude, the potential of AI and machine learning
in the pharma industry appears to be quite promising.
As more and more pharmaceutical industries use AI
and ML, these modern technologies will become
increasingly democratized, making themmuch more
readily available to small and moderate enterprises.
Advanced pharmaceutical occupations may be able
to address the growing need for pharmaceuticals.
The pharmaceutical industry's use of technology can
revolutionize the country's economy. AI isn't just
changing the way the pharmaceutical industry
operates; it's also giving drug companies new ways
to increase brand value. Continuous manufacturing,
for example, is one of the job alternatives that can
assist in fulfilling the world's expanding demand for
pharmaceuticals. Artificial intelligence (AI) can help
to improve the research and development process.
Industry 4.0 advancements will promote the
computerization of manufacturing and boost the
competitiveness of the regions where clusters
operate.Cluster-based research can alsohelp to
improve the country's economy. Overall, advanced
pharmaceutical careers have the potential to
transform pharmaceutical research and production.
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Drug-induced inhibition of the cardiac rapidly delayed rectifier potassium channel I
Kr

 encoded by human
ether-a-go-go-related gene (hERG) is considering the main concern in drug-induced arrhythmias. The in
vitro screening method for an identification of the potential cardiac hERG liabilities is electrophysiology
techniques; which are most reliable and gold standard technique. Recent developments in automated
electrode-based voltage clamp promises sufficient throughput to support the needs of today's drug
discovery programs. The new technology will allow significantly higher throughput and more scrupulous
testing of new chemical entities (NCEs). Regulatory authorities from all over the world require data on the
hERG assay of new drugs, as part of the cardiac safety evaluation process. The pre-clinical studies are
generally conducted to evaluate the safety and efficacy of NCE, which will help in predicting the drug's
likely risk/benefit assessment in new drug application process. The hERG assays became an integral
component of regulatory requirements. In this review, we have summarized the brief highlights of the
drug-induced QT prolongation and their withdrawal as well as regulatory aspects i.e. International
Conference on Harmonization (ICH) S7B and ICH E14 guidelines in the process of drug discovery and
development.

Current Research & Information on Pharmaceutical Sciences (CRIPS)
@NIPER, SAS Nagar, India

Introduction

Delayed ventricular repolarization normally measured
by prolongation of the electrocardiographic QT
interval which is associated with an increased risk
of ventricular arrhythmia, including torsades de
pointes (TdP), resulting in fatal arrhythmias.1,2 The
delayed ventricular repolarization caused by a
potential drug when given to patients for a long
period is the major concern for the clinicians as well
as pharmaceutical companies.3-5 When QT interval
is prolonged/ delayed by a potential drug and if it
combined with other risk factors includes
hypocalcaemia, hypokalaemia, myocardial ischaemia,
diabetes, hypothyroidism, structural heart disease
and congenital long QT interval syndrome and
bradyarrhythmia may leads to ventricular
tachyarrhythmia and torsades de pointes.3-5

The sudden death due to the human ether-a-go-
go-related gene (hERG) channel blockade, as a side
effect of non-antiarrhythmic drugs has been
receiving increased regulatory attention.6-8 Perhaps
owing to the unique shape of the ligand-binding
site and its hydrophobic character, the hERG channel
has shown to interact with drugs with varying
structure.8 hERG channel is also classified as  Kv11.1
channel, also has a toxic effects on the heart's
rhythm.8 Several in silico approaches have been
attempted to predict hERG channel blockade. Some

of these approaches aimed primarily at filtering out
the potential hERG blockers in the context of virtual
libraries; others involve understanding structure-
activity relationships (SAR) governing hERG-drug
interactions.

Drug Discovery Paradigm Shift

QT prolongation and sudden cardiac death has been
observed with several drugs, due to this limitations
during the last 20 years, large number of molecules
have been withdrawn (Table 1). A manufacturer of
a drug with a known or suspected QT prolongation
potential will have an uphill battle to convince the
regulators. Famotidine a highly selective histamine
H

2
 receptor antagonist9,10 is indicated for the

treatment of duodenal ulcer, gastric ulcer,
gastroesophageal reflux disease, and Zollinger -Ellison
syndrome.9,10 It was estimated that about 18.8
million patients worldwide got satisfactory cure by
famotidine.9,10 It showed excellent tolerability profile
during investigational trial and post marketing.9,10

However, a patient with long QT syndrome caused
by famotidine was reported in 1998.11 The Ministry
of Health, Labour and Welfare in Japan announced
an official warning on the proarrhythmic potential
of famotidine in September 2001, whereas there is
still no evidence showing a causal link between
famotidine administration, QT prolongation and onset
of TdP in either human or animals. In 1966, Francois
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Dessertenne has described a specific
electrocardiographic form of polymorphic ventricular
tachycardia, which he termed as "torsades de
pointes”.12 The word "torsades" refers to an
ornamental motif imitating twisted hairs or threads
as seen on classical architectural columns, and
"pointes" referred to points or peaks.12

The inability of the food and drugs administration,
(FDA) USA to effectively warn health care providers

and patients about the drug interactions as well as
our inability to translate the existing knowledge into
changes in prescribing the right drug have resulted
in huge economic consequences for the
pharmaceutical industry and the loss from the market
place of effective drugs, including terfenadine,
mibefradil, astemizole, and cisapride. These four
drugs were removed from the market or restricted
in their use because it became clear that they

Table.1. Drugs withdrawal from the market due to its cardiac arrhythmia effect

Drugs Chemical Formula Structure Year of -(approval)
withdrawal

Sertindole C
24

H
26

ClFN
4
O (1998)

(Antidepressant) 1998

Terfenadine C
32

H
41

NO
2

(1985)
(Antihistamine) 1998

Astemizole C
28

H
31

FN
4
O (1988)

(Antihistamine) 1999

Grepafloxacin C
19

H
22

FN
3
O

3
(1997)

(Antibiotic) 1999

Cisapride C
23

H
29

ClFN
3
O

4
(1993)

(Prokinetic) 2000

Levacetylmethadol C
23

H
31

NO
2

(1993)
(Analgesic) 2003

Thioridazine C
21

H
26

N
2
S

2
(1988)

(Antipsychotic) 2005

Dextropropoxyphene C
21

H
29

NO
2

(1957)
(Analgesic) 2010
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continue to be prescribed in an unsafe manner, even
after multiple warning letters were disseminated by
the manufacturer and the FDA to health care
professionals concerning their proper use. Each of
these drugs has value in the pharmaceutical
marketplace, and each has value to patients.
However, because the manufacturer and the FDA
could not prevent co-prescription of these drugs
with interacting drugs resulting in fatal interactions,
the risk associated with continued widespread
availability could not be justified.

Drugs withdrawn due to QT prolongation and
TdP

Sertindole: It is a non-sedating a typical
antipsychotic drug with its activity at dopamine and
serotonin receptors in the brain. Chemically, it is
classified as a phenylindole derivative and used for
the treatment of schizophrenia.13 Sertindole was
developed by the Danish pharmaceutical company,
Denmark and marketed under license by Abbott Labs,
Abbott Park, Illinois, USA. In February, 1998, FDA
withdrew this drug due to the increased risk of
sudden death from prolongation of QT interval. In a
trial of 2000 patients on taking this drug, 27 patients
died unexpectedly, including 13 sudden deaths.
Further, it was found to be associated with 19 ms
QTc prolongation.14

Terfenadine: It was marketed by Sanofi-Aventis,
France as an antihistamine drug, in 1985. It also
blocks the Kv

11.1
 channel. Due to its effect on Kv

11.1
channel it also has toxic effects on the heart's
rhythm (e.g.ventricular tachycardia and TdP).15,16

FDA removed it from the United States of America
market in 1997. Terfenadine was a great
breakthrough in the allergy arena, in that it treated
the symptoms of allergic rhinitis without causing
the drowsiness and fatigue like other antihistamines.
Soon, it turned out that terfenadine, particularly
when taken together with antibiotics or antifungal
drugs could cause heart rhythm abnormalities.16

Throughout its years on the market, the FDA has
received about 40 reports of the abnormalities, linked
to 8 deaths.17 However, because it was the only
antihistamine available without the side effect of
drowsiness and fatigue, the FDA deemed that the
benefits outweighed the risks of the drug. However,
in 1996 the FDA approved another Hoechst Marion
Roussel antihistamine, fexofenadine, which did not
cause abnormal heart rhythms. That put terfenadine
out of the category of benefits outweighing risks.18

The FDA asked the company to withdraw the drug
from the market because of its negative effects.
Ultimately the FDA banned terfenadine in Jaunary
1997, leading to a recall.19 Fexofenadine (the active
metabolite of terfenadine), was approved in July

1996, after an unusually rapid development
programme. Its introduction sets a new standard of
safety that led the FDA to request the withdrawal
of terfenadine because a safer version of an
equivalent drug is now available.

Cisapride: It was discovered as prokinetic agent.
It increases themotility in the upper GIT. The drug
was withdrawn by FDA from the U.S. market on July
14, 2000 due to its arrhythmogenic potential.20 In
Sept.1993, to April 1996, the FDA's Med Watch
reporting program received reports of 34 patients in
whom TdP developed and 23 in whom prolonged QT
intervals developed while using this drug. Four
patients were reported to have died, and sixteen
responded to resuscitation after cardio-pulmonary
arrest.21 Arrhythmia often preceded by the episodic
syncope. Seven of the patients were children, and
one was an adolescent. Cisapride shares Class III
antiarrhythmic properties by blockade of distinct
voltage-dependent potassium channels, thus
prolongs the cardiac action potential duration, which
delays the cardiac repolarization and prolong the
QT interval. The incidence of adverse reactions
which was found to be 1 per 12,000 to 1 per 120,000
patients causing drug-induced TdP in cohort
pharmaco-epidemiological studies.22 Cisapride can
dose-dependently prolongs cardiac action potential
duration of Purkinje fibres and ventricular muscle by
blocking hERG potassium channel hence, reducing
the rapid component of the cardiac delayed rectifier
K+ current (I

Kr
).23

Astemizole:  In 1977 astemizole, a second-
generation antihistamine was discovered by Janssen
Pharmaceutica, Belgium and marketed in 1988. It is
metabolized to desmethylastemizole (DEA), similar
to non-sedating second-generation anti-histamine
(H

1
-antagonist) drug which has been withdrawn from

the market because of potentially fatal side effects
(arrhythmias due to hERG channel blockade).24 In
June 1999, the FDA has determined that astemizole
(10 mg tablets) should be withdrawn due to safety
reasons. Although it has been removed from the
market for inducing QT interval prolongation, now it
has been reemerging as a potential anti-cancer and
anti-malarial agent.25 In patients receiving
astemizole, doses exceeding or concomitant therapy
with ketoconazole or macrolide antibiotics have been
implicated in the increased risk of QT prolongation.

Grepafloxacin: Glaxo Wellcome, UK marketed
Grepafloxacin in the name of Raxar in 1997. It is a
fluoroquinolone anti-bacterial agent used to treat
bacterial infections. It was withdrawn worldwide from
markets in 1999, owing to its side effect causing
prolongation of QT interval on the electrocardiogram,
leads to sudden death. The rate for grepafloxacin
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causing TdP is 3.8 per million and is associated with
a mean QTc prolongation of 11 ms.26

Thioridazine: Thioridazine hydrochloride was
approved in 1988 by Mutual Pharm, Philadelphia,
USA. It was previously used in the treatment of
schizophrenia and psychosis but now, it has been
withdrawn worldwide in 2005 because of severe
cardiac arrhythmias. Among the study of 154 person,
about 29% of subjects were found to have  60 ms
increase from the normal QTc interval.27

Levacetylmethadol: It was approved in 1993 by
the FDA. It is a synthetic opioidas a second-line
treatment for the treatment of opioid dependence,
with a long duration of action. It has a similar
structure like methadone. In 2001, it was removed
from the European market due to reports of life-
threatening ventricular rhythm disorders. Later in
2003, Roxane Laboratories, Inc. USA discontinued
this drug in USA.28

Dextropropoxyphene: This drug was first approved
by the FDA in 1957, propoxyphene is sold by
prescription under various names both alone or in
combination with acetaminophen. It is an analgesic
in the opioid category. It was patented in 1955 and
manufactured by Eli Lilly and Company, USA. It is
an analgesic in the opioid category; which is used
to treat mild pain, anti-tussive effect and local
anaesthetic effects. It has been taken off the market
from the USA on November 19, 2010 by the FDA
due the fatal overdoses and heart arrhythmias.29

Mechanism of drug-induced QT prolongation

In the generation of the cardiac action potential in
the cellular level, depolarization phase is driven by
the sodium and repolarization phase is driven by
potassium. Many types of the K+ channels exist in
the myocytes. In the repolarization of action
potential the delayed rectifier K+ currents current,
I
Kr

 (rapid) and I
Ks

 (slow) are involved. Blockade of
either of these delayed rectifier K+ currents may
prolong the action potential. I

Kr
 is the most

susceptible to pharmacological influence.30,31

Drug-induced blockade of I
Kr

 current is responsible
for the pro-arrhythmic effect. Blockade of the I

Kr
current noticeable clinically as a prolonged QT
interval and on the surface ECG by showing the
abnormalities in T or U wave. The prolongation of
repolarization of action potential may lead in
subsequent activation of an inward depolarization
current, known as an early after-depolarization
(EAD), which may support triggered activity and
after increased dispersion of repolarization, this may
induce re-entry and provoke TdP, which is then
sustained by further re-entry or spiral wave activity.

Long QT Syndrome (LQTS) is a cardiac disorder in
which otherwise healthy patients are susceptible
to a cardiac arrhythmia (TdP) that manifests as
fainting spells and sudden cardiac death. The
molecular mechanism for drug-induced LQTS is now
thought to be pharmacological blockade of the 'rapid'
delayed rectifier potassium (K+) current (I

Kr
) in

ventricular cardiomyocytes; at the molecular level
this current is mediated by hERG, which is the α
subunit of this channel.32-34 However, there are a
number of controversial issues as to how this
works.32-34

Genesis of ICH S7B Guidelines

Need of Guideline ICH S7B for safety pharmacology
studies were announced in 2002 based upon
currently available information to assess the
potential for delayed ventricular repolarization (QT
interval prolongation) by human pharmaceuticals.35

The health care professional, pharmaceutical
manufacturer and regulator all shares a common
interest in the development and use of drugs that
optimize the risk/benefit ratio, in other words are
effective, and have an acceptable level of undesirable
effects. The detailed ICH S7B guidelines were
published in October 2005 on appropriate levels and
methods of pre-clinical testing (Fig. 1).35,36

In order to further understand the potential for a
pharmacologically active drug to influence QT
prolongation; initially predictions are made of a drug's
likely pharmaceutical effects in man based on its
chemistry and similarity to other known products.
These predictions were further evaluated using ex-
vivo, in vivo, in vitro and in silico models. After
sufficient information from animal results has
established and carefully evaluated the projections
are made on the likely response in human. Once
risk/benefit profile of candidate drugs is established.
The safety study can be conducted on man by using
relatively small single doses several logarithms lower
than those used in animals, and they are carefully
monitored across a range of physiological parameters
than larger dose and duration treatments can be
conducted in appropriate man studies. The dosing
is gradually altered in amount and/or duration to
assess for physiological responses (both beneficial
and harmful), but any modification is always well
within experience previously gained from animal
models. Both the safety and efficacy of a candidate
drug are assessed and depending on the nature of
the drug and intended indication the scale of these
studies may scale up to over six months exposure
involving several thousand patients. To establish
safety profile the regulator reviews the safety and
efficacy data and may decide to approve the



CRIPS Vol. 16 No. 3 July-August 202254

Review Article

product for marketed use. The pharmaceutical
manufacturer is obliged to continuously monitor and
react to the safety of its medicines as post marketing
surveillance.

In performing these investigations many elements
must be considered, for example the absorption,
distribution, metabolism, and elimination
characteristics of the candidate drug, single vs.
repeat dosing, screening for active metabolites, the
choice and number of appropriate animal models,
serial vs. continuous electrophysiological monitoring,
etc.35,37-39 Two leading cardiologists have provided
further guidance on the interpretation of abnormal
results.40 In these precautionary advices, it is
suggested that none of the available pre-clinical
models are superior to the other models in their
capacity to predict an adverse clinical outcome.
Further, if the candidate drug produces no
abnormality in pre-clinical screening, it is also unlikely
to produce a clinical QT prolongation effect. Even
the candidate drug molecule produces abnormalities
during pre-clinical screening may not, necessarily
to produce a clinical effect. In these precautionary
note it is also suggested that the false positives,
as well as false negative results must be carefully

considered and
calculations show the
inter- and intra-individual
variations in phase I/II
clinical trials.40 According
to Malik and Camm an ECG
screening is quite specific
and sensitive to determine
the QT prolongation during
early clinical studies.

These scientific advances
have led to revisions to
regulatory guidelines. For
example, the FDA have
issued a document
"Answers to Frequently
Asked Questions" (January
10, 2002) and are now
recommending, effective
for new trials from autumn
2002, that new drug
sponsors submit ECG raw
data that will allow the
FDA to make its own
judgements about ECG
interval determinations and
findings such as abnormal
ECG morphology. They
advise that such data
needs to be provided in
digital format with

annotation.

Assessment of QT interval is a weak surrogate for
TdP. QT prolongation is not the principle cause of
TdP arrhythmias. Precise estimation of the extent
of QT prolongation is now considered to be of poor
scientific value, and it should not be expected to
be of regulatory value for more than a few more
years. Meantime, the relationship between heart
rate and QT interval should be determined for each
of the trial subjects. From the regulatory perspective,
assessment of QT prolongation would continue to
be used in the evaluation of TdP in the absence of a
better clinical surrogate. Some regulators have
expressed a willingness to accept new methodologies
that are scientifically sound and adequately
validated. For drugs already on the market,
manufacturers need to continue to be vigilant.

6. ICH E14 guideline

There are some non-antiarrhythmic drugs which
delay cardiac repolarization favoring the
development of arrhythmias, which is marked by
prolongation of the QT interval and induces
potentially fatal ventricular tachyarrhythmias as a
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Fig.1. Schematic diagram of the drug discovery and development
in relation to non-clinical QT strategy as per ICH S7B guideline.
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result of which the vital milestone in the drug safety
was reached when the regulatory guidelines are being
adapted. The ICH issued E14 guidance -The Clinical
Evaluation Of QT/QTC Interval Prolongation And
Proarrhythmic Potential For Nonantiarrhythmic
Drugs, was adapted on 12 May 2005 and was quickly
implemented in Europe and in the United States.41

The idea behind ICH E14 guidelines was an
establishment of one single trial, the 'thorough QT/
QTc study' (typically conducted in healthy volunteers
if a patient is found to be proarrhythmic), for the
identification of the drugs that may cause QT
prolongation.42 Ideally, the major clinical studies
require the study of female and elderly patients, as
well as patients with co-morbidities and concomitant
medications mainly the target population.41,42 The
study also evaluates the effect of the drug on all
ECG parameters such as the T-wave morphology,
heart rate and other cardiac intervals, so it is better
termed as a 'thorough ECG trial' or TET, as first
widespread by Morganroth.43 The E14
recommendations are also applicable for the
approved drugs when a new dose, route of
administration or target population are explored.
Moreover, the guideline is invalid for the products
with highly localized distribution and those which
are used topically and are not absorbed. Thus, lack
of frequent correlation between the route of
administration and systemic bioavailability.41 In 2007,
Internal Review Team (IRT) formed by the USFDA,
which acts in an advisory function on QT assessment
in other clinical trials. In the study design, crossover
or parallel group study are being followed at high
and sub-therapeutic dose through which
concentration-response relationship for QT/QTc
prolongation have been characterized to judge the
pharmacokinetic and pharmacodynamic properties
of the drug.42

To interpret the results, drugs that prolong the mean
QT/QTc interval for more than the threshold value
5 ms are likely to cause TdP. Further, such patients
should be evaluated for the additional risk factors
(like hypokalemia, etc.) that may lead to these
events. Before interpretation, the QT interval is
analysed, which bears an inverse relationship to
heart rate and the measured QT intervals are
corrected for heart rate to judge the prolongation
of QT interval relative to baseline for which the
suggested correction formulae are mainly Bazett's
and Fridericia's formula. The timing of the TQT study
must be before crucial clinical trials, for these study
moxifloxacin (400 mg), a fluoroquinolone antibiotic
is employed as a positive control which prolongs QT
interval in a range of 8 to 15 ms with well established
assay sensitivity thus detects even a small effect
on the QT interval.43 The total number of TQT

studies, exceeds 100 at 'FDA ECG warehouse' to
which all electrocardiograms (ECGs) must be
submitted as annotated xml files, including few of
the results have been shared publicly.44

Test systems

In silico modeling

The in silico approach is also included in the
guidelines to eliminate the potential NCE's responsible
for the hERG blockade during the early drug discovery
process. There are three related models :
classification method, homology modeling and QSAR
models.45

Homology model- In this model, 3D structure of
protein is created, the understanding of the pore
structure of hERG channel is known through the
crystal structure of the bacterial K+ channel KcsA
(closed) and MthK (open).46,47

QSAR model- The model represents a computational
approach, to relate activity data of molecules to a
set of molecular descriptors thus explains the
absolute activity of compounds.45,48 Classification
model- This represents an approach to distribute
the molecules into categories of the same type
(active and inactive)45 by Generative Topographic
Maps (GTM, derives probability density functions
and prior probabilities) and Support Vector Machines
(SVM, estimate posterior probabilities) classification
models.49

In vitro assays

Most pharmaceuticals are associated with TdP owing
to the inhibition of the rapidly activating delayed
rectifier current, I

Kr
. Therefore, particular attention

assays for I
Kr

 is prudent for assessing the risk of QT
interval prolongation. Inhibition of other outward
(repolarizing) ionic currents (e.g., I

to
, I

K1
, and I

Ks
)

or increases in inward (depolarizing) ionic currents
(e.g., I

Na
) could also lead to QT interval prolongation

and, therefore, should be considered when
investigating the mechanism(s) for QT interval. Using
the voltage clamp technique, outward or inward ionic
currents can be measured from various single cell
preparations. Because of inherent difficulties
associated with the I

Kr
 recordings in native

myocytes, much of the available data for this
current can be obtained using recombinant cell lines
expressing hERG. Hazard identification and
mechanism of action studies (e.g., voltage-
dependence, state-dependence of block and
channel kinetics) are conveniently performed in
heterologous expression systems because there are
fewer types of endogenous currents present. The
relative potency of ionic current inhibition is most
often expressed as the 50% inhibitory concentration
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(IC

50
). The slow decrease in current that is often

observed during whole cell voltage clamp ("rundown")
can make it difficult to accurately measure IC

50
values. It should also be noted that some
pharmaceuticals show time, voltage or channel state
dependent interactions with channels that can
influence the determination of IC

50
 values.

In vivo assay

Conscious anesthetized non-rodents (dog, monkey,
swine, rabbit, ferret, and guinea pig) are increasingly
being studied for in vivo electrophysiology studies31.
The QT interval of the ECG is used as the endpoint
to test the effects of a test substance on ventricular
repolarization. The information regarding the
ventricular repolarization (e.g., monophasic action
potential duration and effective refractory period)
is obtained from in vivo models. Additional safety
parameters like blood pressure and heart rate is
also evaluated simultaneously. Ideally, QT interval
data obtained after administration of a test
substance  must be compared with control and
baseline data at similar heart rates. Usually,
corrected QT interval for heart rate (QTc) is
calculated using formulae such as Bazett or
Fridericia.35 Also, potential neuronal and hormonal
influences on the pharmacodynamic effect of the
pharmaceuticals are present in animals.50

Concluding remarks

Drug-induced QT prolongation is one of the major
setbacks for pharmaceutical industry. About eight
drugs have already been withdrawn from the market.
ICH guideline S7B and E14 had already laid down.
36,41 The goal of clinical electrophysiology trials must
be to determine the maximal possible QT prolongation
attributable of the drug can be study, and to define
the circumstances under which such prolongation
can be achieve. Pre-clinical electrophysiological
findings will not often be the proper basis of go/no-
go decisions.
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Yellow fever is prevalent in East Africa and South America. Every year thousands of travelers from India
travel to these regions. Travelers (except infant below 6 months) from yellow fever endemic regions to
India need to produce a yellow fever vaccine certificate according to International Health regulations. In
the absence of such certification, they are quarantined for a period of 6 days. The travelers are advised
to get themselves vaccinated for their own benefit.

No case of yellow fever has been reported in Indian travelers. The Yellow fever vaccine offers life-long
immunity according to World Health Organisation (WHO). Healthy travelers above 9 months of age can be
safely vaccinated with currently available yellow fever vaccine. Yellow fever vaccine supply-demand
ratio remains skewed most of the times in India. The only manufacturer of the yellow fever vaccine
(Government approved) in India is the Central Research Institute (CRI) in Kasauli, Himachal Pradesh.
Yellow fever vaccine is safe and tolerable in healthy Indians. Safety of yellow fever vaccine in
immunocompromised individuals needs to be studied. Yellow fever vaccine from private manufacturers is
five times costlier than the government approved vaccine. Most of the travelers vaccinated with yellow
fever vaccination are unaware about the yellow fever infection. ADR reporting for yellow fever vaccine
can help in building the evidence regarding the rarely occurring ADRs.

Current Research & Information on Pharmaceutical Sciences (CRIPS)
@NIPER, SAS Nagar, India

Introduction

According to World Health Organization, Yellow fever
was responsible for over 200,000 cases of infection
and 30,000 death annually.1 Many of the cases and
deaths remain unrecognized because of
underreporting from the remote places.2 Recently,
the number of such cases increased in men working
in forested area of South America.3 The number of
yellow fever cases varies from 1 to 5000 in African
Subcontinent.  This may be due to variation in natural
occurrence of disease, reporting and recognition of
cases.4 Till today, there has been no case of yellow
fever infection reported in India.

Yellow fever is caused and transmitted by the bite
of infected mosquito. The mosquito is endemic to
sub-Saharan Africa and tropical South America. Most
of the infections in humans are asymptomatic.
Clinically, infection's severity varies from febrile illness
and headache to hemorrhagic manifestations,
jaundice and multi-organ failure. The symptoms are
observed in infected cases after an incubation period
from 3-6 days.5 As there is no specific treatment
available, only a symptomatic treatment can be given
to the patient. Because of this risk, it is important
to prevent yellow fever.6 The yellow fever vaccine

has been found to be safe and tolerable in healthy
Indian travelers.7 Bhatia and coworkers, using a
sample of 300, have shown that higher education,
working occupation and history of previous
vaccination were significantly associated with
awareness of travel vaccinations.8

Travelers from yellow fever endemic regions need
to produce a vaccination certificate for entry in
India. International health regulations allow any
country to deny entry on the failure to produce
yellow fever vaccination certificate. Most of the
travelers from India are unaware about the yellow
fever; they only get vaccinated because of
certificate requirement. This review analyses various
dimensions of yellow fever vaccination in the Indian
perspective.

Risk of yellow fever for Indian travelers

There is no single risk factor for acquiring yellow
fever among travellers. The risk of yellow fever is
determined by multiple factors, including location of
travel, season, duration of exposure, activities while
traveling, local rate of virus transmission at the time
of travel and most important is vaccination status
of the travellers.9 Monath et al. estimated the risk
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Table 1: Contraindication and precautions to
yellow feaver vaccination

Precautions Contraindications

Age 6-8 months Allergy to vaccine
component

Age > 60 years Age less than 6 months

Asymptomatic HIV Symptomatic HIV infection
infection and CD4+
T-lymphocytes 200-
499/mm3

Pregnancy Thymus disorders
associated with  abnormal
immune function

Breast feeding Primary immunodeficiencies
Malignant neoplasm
Transplantation
Immunosuppressive and
immunomodulatory therapies

of acquiring yellow fever for a stay of two week
period, according to these estimates risk for
travelers to West Africa and South America is 50
and 5 cases per 100,000 population, respectively.10

Limited number of yellow fever imported cases in
travellers from non-endemic countries. There is no
report of imported cases of yellow fever in India till
now. This is due to the routine use of vaccination.
In order to ensure that yellow fever will not spread
in non-endemic countries, International health
regulations (IHR) are in place. These regulations
allow India and many other countries to have yellow
fever vaccination as a mandatory requirement for
entry into India from yellow fever endemic countries.
The decision regarding the vaccination of travelers
must take into account the overall risk for travel-
associated yellow fever, high mortality, vaccine
requirements as per IHR, contraindications or
precautions, and risk for serious adverse events
following vaccination.11

Need of yellow fever vaccine for Indian
travelers

Yellow fever vaccine requirements are established
to prevent the importation and transmission of yellow
fever vaccine. Yellow fever vaccine is recommended
under IHR.11 According to the list provided by WHO,
all the member countries have been divided into
three categories namely countries with risk of yellow
fever transmission, countries requiring yellow fever
vaccination for travellers arriving from countries with
risk of yellow fever transmission, countries requiring
yellow fever vaccination for travellers from all
countries. India falls into group of countries which
require yellow fever vaccination for travellers arriving
from countries with risk of yellow fever transmission.
Yellow fever vaccine certificate is required for any
person, foreigner or Indian, (excluding infants below
six months) arriving in India. Those who are arriving
by air or sea without the yellow fever vaccination
certificate will be kept in quarantine for a period up
to 6 days if anybody arrives in India within 6 days
of departure/transit from a yellow fever endemic
area. Travelers exempted from the yellow fever
vaccination include infants below 6 months, persons
suffering from chronic illness and if the health officer
is satisfied that during the transit of the passenger
from yellow fever endemic area they will remain in
airport premises during the period of stay (Table 1).

According to Advisory Committee on Immunization
Practices (ACIP), all persons aged greater/equal to
9 years and residing in or traveling to yellow fever
endemic areas requires yellow fever vaccine.9

As per guidelines of WHO, a single dose of yellow
fever offers lifelong immunity. Previously, a booster

dose of yellow fever was needed at interval of 10
years.5, 12

Cost of yellow fever vaccination for Indians

The government of India approved yellow fever
vaccine available at public health centers and airport
costs INR 300, and the Yellow fever vaccine
(Stamril™) from Aventis Pasteur in India currently
costs over INR 2200. There is a huge differential in
the cost of vaccine at private and public centers.
This difference in cost is best explained by the fact
that the yellow fever vaccine available in private

health centers is imported from the Aventis Pasteur
manufacturing unit in France. The other reason for
the difference could be the packaging philosophy of
the yellow fever vaccine; the vaccine available in
private health centers is available as a single dose
unit and the vaccine in public health centers is
available in multidose container.

Public & private vaccine providers

The yellow fever vaccine is available at public health
centers at a lower cost in comparison to private
centers.

Dkhar et al. in 2021 have shown that the wastage
of vaccine is within acceptable limits.13 The vaccine
available at the private centers is the WHO approved
Yellow fever vaccine i.e. Stamril™. This vaccine is
available as single dose, so individual traveller can
be vaccinated. Travellers can get vaccine on any
working day within working hours.

As per information available on the website of Central
International health division (accessed on August
2, 2022; ihpoe.mohfw.gov.in/yfvc.php), under
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Directorate General of Health Services, Ministry of
Health & Family Welfare, India, there are 50 notified
facilities distributed across the country for yellow
fever vaccination. The maximum number of yellow
fever vaccination centers are located in Delhi
followed by Mumbai, Kolkata and other states.14

Production of vaccine in India

Center Research Institute (CRI), Kasauli is the only
producer of the Indian government approved yellow
fever vaccine in India. WHO approved yellow fever
Vaccine from Aventis Pasteur is also available for
use in India; but this vaccine is not approved by
India government.15 CRI, as the sole manufacturer
of vaccine in India, has attracted controversies over
its manufacturing due to suspension of license or
due to faulty equipment.

In 2007, the two vaccination centers namely Port
Health Office and King Institute of Preventive
Medicine in Chennai stopped yellow fever vaccination
due to shortage of yellow fever vaccine; vaccination
was resumed after 45 days.

Some of the instances are as on January 15, 2008,
the union health minister had suspended the licenses
of many functional research and development centers
including CRI, on the grounds of non-compliance
with the GMP norms of WHO. Later, on union
government exercises its powers of the Drugs and
Cosmetics Rules, ordered revocation of suspension
of licenses of these institutes including the CRI,
Kasauli. On December 4, 2012 the manufacturing
unit has stopped production due to some fault in its
machine. CRI, Kasauli, had annual production of
approximately 60,000 vaccines which were being
supplied to all 17 international airports of our
country.16 Apart from India, yellow fever vaccines
are being manufactured in countries like China,
Europe and US.

Safety of yellow fever vaccine

According to recent study on yellow fever safety
during (2007-2010) vaccination campaigns in West
and Central African countries by WHO in partnership
with GAVI and UNICEF. From 38 million administered
doses of vaccine, AEFI were observed in 3116
vaccinated subjects (2952 not serious).17 According
to one of the studies in Brazilian population,
neurological adverse event (Guillain-Barré syndrome,
encephalitis, and autoimmune disease) reported in
0.83 per 100,0000 vaccinations. Highest rate of
these events reported in children range from 5-9
years.18

Multiple yellow fever vaccine ingredients like chicken
proteins, gelatin, and latex can act as allergens.

These ingredients can lead to hypersensitivity in
the vaccinated subjects. According to Kelso et al.,
yellow fever had affected 1 in 131,000 vaccinated
subjects.19 Yellow fever vaccine is contraindicated
in infants aged less than 6 months, subjects with
compromised immune system, older than 60 years,
and breast feeding mothers were found at higher
risk of developing ADR due to yellow fever vaccine.20,

21 The only study by Tiwari et al. found out that
yellow fever vaccine was safe and well tolerated in
healthy Indian travellers.7 There are some minor
side effects like headache, myalgia, low grade fever,
and discomfort at site of injection associated with
yellow fever vaccine.22-27

Yellow fever vaccine surveillance in India

There is a need to make improvement in the existing
PvPI programme to identify and characterize the
yellow fever vaccine associated adverse events.
According to the available guidelines from PvPI,
adverse event following immunization were reported
in MCI Approved Medical Colleges & Hospitals, Private
Hospitals, Public Health Programmes, Autonomous
Institutes (ICMR etc.). In case of yellow fever
vaccination, the travellers tend to leave the country
within 2-3 weeks of vaccination, so there is a need
of system in which vaccinated travelers can be
contacted after vaccination for occurrence of any
adverse event following immunization. There is also
a need to develop an education programme for the
travelers regarding the yellow fever vaccine and its
possible serious adverse events and why it is
important to report these side effects.

Surveillance system helps in building evidence
regarding the safety of the yellow fever vaccine in
Indians till date, no report is available. Surveillance
system will also be helpful in understanding the
demand of yellow fever vaccine so that appropriate
steps can be taken to fill the gap between supply
and demand of the vaccination.

Efficacy of Yellow fever vaccine

Yellow fever vaccine was found efficacious in
preventing yellow fever infection. Seven
observational studies (six in yellow fever endemic
and one in non-endemic regions) have reported the
yellow fever vaccine seroconversion rate from 75%
to 100%. However, four RCT reported the
seroconversion rate from 95% to 100%.28 According
to recent recommendations of ACIP, only one dose
of yellow fever is able to provide life-long immunity.29

Conclusions

The number of travelers from India to yellow fever
endemic regions is increasing rapidly. There is need
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to meet the increasing demand of yellow fever
vaccine and there is need to increase the awareness
about the yellow fever vaccine in Indian travelers.
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Development of Dual Inhibitors Targeting
Epidermal Growth Factor Receptor in Cancer
Therapy

Dual activator design is one of the important
strategies of drug discovery. Multi target drug
discovery is an extension of the same.  In this
process, a single chemical species which positively
influences more than one drug target needs to be
identified.  For example, dual activators of PPAR
and PPAR  produce the anti-obesity as well as anti-
diabtic effects.  In fact the dual activators often
provide synergic effect.  Pan PPAR agonistic activity
also has been reported.  Tan et al. reported the
development of dual inhibitors.  The macromolecular
target is the EGFR (Epidermal Growth Factor
Receptor) and the therapeutic area is cancer.  This
target is important in mediating the signaling
transduction (cell) and influences the behaviour of
the tumors.

Osimertinib is a lead molecule for the treatment of
EGFR-mutant non-small-cell lung cancer (NSCLC).
Lapatinib is also an approved drug for breast cancer.
Designing dual inhibitors for cancer is being done

with this pair of targets (i) EGFR/HER2, (ii) EGFR/
VEGFR-2, (iii) EGFR/FGFR (iv) EGFR/IGF-1R (v) l
EGFR/c-MET (vi) EGFR/ALK (vi) EGFR/NF-?B (vii)
EGFR/BRA (viii) EGFR/HDAC (ix) EGFR/Microtubule (x)
EGFR/PARP. Osimertinib and lapatinib are among many
other drugs which are being tried for dual activity
involving EGFR as one of the targets.  (J. Med.
Chem. 2022, :https://doi.org/10.1021/
acs.jmedchem.1c01714)

Triazole based steroid sulfatase (STS)
inhibitors for the treatment of breast cancer

Breast cancer is the most common type of cancer
found in females worldwide and occurs due to

overexpression of estrogens. Steroid sulfatase (STS)
is an enzyme which regulates the metabolism of
estrogens. Steroid sulfatase (STS) inhibition can
be considered as one of the important strategy for
the treatment of hormone dependent breast cancer
as it will block the production of estrogen. Coumate
is a lead molecule having IC

50
= 380 nM in placental

microsomes. The modification of coumate led to the
development of irosustat which also proved to be a
potent STS inhibitor having IC

50
 value of 8 nM and

this drug reached phase - II clinical trials. The
introduction of fluorine in molecules during drug
design is an approach for drug discovery people as
it makes the molecule a suitable drug candidate. A
series of triazole based compounds have been
synthesized and the most potent STS inhibitor was
found to be 4-(1-(3,5-difluorophenyl)-1H-1,2,3-
triazol-4-yl)phenyl sulfamate (Compound D1) with
an IC

50
 value of 36.78 nM. The inhibition rate of all

synthesized compounds was carried out using
radioisotope assay in MCF-7 cells. The structure-
activity relationship (SAR) studies suggest that the
introduction of fluorine atoms lead to the increase

in hydrophobicity which can provide
stability to the enzyme-inhibitor
complex due to hydrophobic
interactions. Molecular modelling studies
revealed that the triazole and phenyl
rings in the synthesized compounds
show van der Waals interactions with
Leu103, Leu167, Phe178, Phe182,
Phe237, Val486, Phe488, and Phe553.

In this work, new triazole based steroid sulfatase
(STS) inhibitors were designed and synthesized. (J.
Med. Chem. 2022, 65, 6, 5044-5056).

Fasting attenuated inflammasome activation:
a novel target for the treatment of
inflammatory disorders

Inflammasome can be defined as the protein
complexes that mediate the activation of cytokines
by caspase-1 dependent pathway. It plays a
malicious role in initiating pyroptosis and
pathogenesis of type-2 diabetes, Muckle-Wills
Syndrome, familial cold auto inflammatory syndrome,

a t h e r o s c l e r o s i s ,
multiple sclerosis,
Alzheimer disease,
age related functional
decline, bone loss,
gout and liver fibrosis.
An inflammasome
consists of a sensor
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molecule connected to caspase-1 by an adaptor
protein known as ASC (apoptosis-associated speck-
like protein containing CARD). ASC has two domains:
a pyrin domain and caspase activation and
recruitment domain (CARD). Interaction of ASC with
inflammasome sensor molecule results into assembly
of ASC into dimers. By utilising CARD, ASC brings
monomers of procapase-1 to proximity and activates
by cleavage, which further activates various proteins
such as IL-1 β and IL-18. These proteins are
responsible for genesis of inflammation.

Inflammasomes are formed by the proteins of two
families: NLR (NOD like receptors) and PYHIN (pyrin
and HIN domain-containing protein). NLR proteins
are made up of three domains:

a) C- terminal leucine rich repeat (LRR) domain that
interacts with putative ligands and essential for
autoregulation,

b) Intermediate nucleotide binding and
oligomerization domain (NOD, also called NACHT
domain) that binds to ribonucleotides and
regulates self-olgiomerisation and inflammasome
assembly,

c) N-terminal pyrin (PYD), caspase activation and
recruitment domain (CARD) responsible for
mediating protein-protein interactions and
downstream signalling.

Three NLR proteins are known to form
inflammasomes. These are: NLRP 1, and 3 (NOD-,
LRR- and pyrin domain containing 1, and 3,
respectively) as well as NLRPC4 (NOD-, LRR- and
CARD domain containing 4). NLRP1 is activated by
muramyl dipeptide (MDP), a bacterial peptidoglycan
and can also sense toxins of Bacillus anthracis. NLRP4
inflammasome senses flagellin, bacterial flagellar
protein. While the NLRP3 inflammasome can be
triggered by various agents like microbial stimuli
(virus, bacteria, protozoans and fungi), crystalline
or aggregated substances (amyloids, cholesterol
crystals, asbestos, silica, uric acid), pore forming
toxins, excess glucose, extracellular ATP, and
necrotic cell components. PYHIN (pyrin and HIN
domain-containing) protein also assembles an
inflammasome called as AIM2 (absent in melanoma
2), which is responsible for sensing of foreign double
stranded DNA.   NLRP3 is most studied and its role
in various diseases is well characterised. Prolonged
fasting is known for reducing inflammation and
produces various ketone bodies such as
betahydroxybutyrate and acetoacetate in liver to
meet energy requirements by serving as alternative
source of ATP. Betahydroxybutyrate (BHB)
suppresses NLRP3 activation and inhibits IL-1β
processing due to activation of Toll like receptor 4.

BHB maintains intracellular K+ levels. As K+ efflux
activates NLRP3, its inhibition has a beneficial effect
in inflammation. BHB also prevents ATP induced ASC
oligomerisation and speck formation. Above
mechanisms plays crucial role in NLRP3 activation.
BHB is highly specific for NLRP3 as it does not inhibit
any other inflammasomes. Its mechanism of action
is independent of chirality of molecule, reactive
oxygen species, AMPK, autophagy and glycolytic
inhibition.

As BHB has inhibitory effect on NLRP3, it can be
utilised as a tool for preventing activation of NLRP3
and can aid in the treatment of type-2 diabetes,
Alzheimer disease, l iver fibrosis and other
inflammatory diseases. So NLRP3 can be a attractive
drug target, opening new avenues for application
of dietary or pharmacological approaches, which
elevates the BHB without starvation for treatment
of inflammatory diseases (Curr. Opin. Immunol.  2010,
22, 28-33; Hepatology 2014, 59, 898-910; Nat. Med.
2015, 21, 263-269; Nat. Rev. Immunol. 2013, 13,
397-411).

Peptidomics: Field branching from
proteomics

The methods used for measuring cellular molecules
such as RNA, proteins, metabolites are termed as
'Omics'. Proteomics attempts to identify all proteins
in organisms by two step approach including
separation and then sequencing using mass
spectrometric methods. The major limitation of this
method is that high molecular weight protein are
not trapped in gel. Also, the proteins lower than 10
kDa are generally not retained and overlook in
proteomics study. Nevertheless, this mass region
contains very important group of peptides.

Peptides are known to exert potent biological effects
on vital system of an organism (respiratory,
cardiovascular, endocrine, inflammatory, and nervous
system). Examples includes insulin C-peptide,
calcitonin, substance-P, collagen fragments, amyloid
and angiotensin II. Predicting peptide function is
challenging because the peptides with similar
functions might have very different sequence and
structure. "Peptidomics" is the field that deals with
the comprehensive, qualitative and quantitative
analysis of peptides in biological samples. These
peptides are either intact small molecules, such as
hormones, cytokines, and growth factors, peptides
that are released form larger protein precursors
during protein processing or   may represent
degradation products of proteolytic activity.

The human peptidome (< 10000) and metabolome
are relatively small compared to the transcriptome
(> 100000) or the proteome (> 1000000) therefore
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can be used with great advantage for high-
throughput screening of proteins in a microarray
format. Two approach for peptidomics are (1) Affinity
peptidomics: composition of a protein mixture is
determined by directly assaying the peptides from
crude tryptic digestion using antibody. (2)
Combinatorial peptidomics: includes assaying of
peptides directly from crude tryptic digestion without
using antibody or affinity selection, depletion of
peptide pool done through chemical crosslinking of
subset of peptides to solid support.

Similarly, as peptides are much more stable and
robust than proteins they can be detected by mass
spectrometric techniques. In biological fluids,
peptides represent protein synthesis, processing,
and degradation. Peptidomics methodology enabled
us to detect and identify more than 550 endogenous
neuropeptides in 1 mg of hypothalamic extracts from
rats and mice.

In addition, several novel post-translational
modifications of the neuropeptides are being
identified. Post-translational modifications (PTM's)
are covalent processing events that change the
properties of a protein, or peptide, by cleavage or
by addition of a modifying group to one or more
amino acids. PTMs can also act as protector of the
peptide against proteolytic degradation for example,
at N-terminus neuropeptides carry a pyroglutamic
acid or C-terminal amide-formation. These
modifications can be determined using MS by
comparison of experimental data to a known amino
acid sequence. In this case, the peptide can be
sequenced and identified and the mass increment
between the obtained sequence and the measured
parent mass will be that of the PTM.

Since the amount of peptides in the circulation
changes dynamically according to the physiological
or pathological state of an individual, it is possible
that comprehensive peptide analysis (exploitation
of the "peptidome") may lead to discovery of novel
biomarkers or to new diagnostic approach. For
example,Peptidomics can be used as diagnostic tool
for cancer. The novel aspect of these is that the
biomarkers are not present in serum at the time of
blood collection but they generate after coagulation
and complement system gets activated. It is
postulated that tumour specific exoproteases
generate series of peptides with diagnostic potential.
The diagnostic sensitivity of this method for prostate
cancer was claimed to be 100%. Similarly, increased
in carboxypeptidase N activity in myocardial

infarction have also been published.

Conventional food processing releases peptides from
food proteins, and these peptides can be examined
with peptidomics. For example, in cheese production,
casein is often curdled through the use of exogenous
enzyme. Peptidomics can be applied to identify which
peptides have been released during production. Once
the released fragments are identified, they can be
also be examined for potential functional activity.

There are variety of issues in peptidomic analysis
which are yet to be addressed. It is the need of the
hour to search for faster means for facilitating faster
isolation, fragmentation, and detection of more
peptides in less time, as well as to have more
sensitive detectors that will allow the detection of
less abundant peptides. Improved software for
identification of peptides with complex modifications
is necessary. Even if a peptide occurs for only a
short time before further degradation, it may still
transmit a signal. With peptidomics we can now
monitor peptide release across time and physiological
or sub-cellular location to reveal their roles in complex
biological interaction networks. This information can
open new avenues for detection of new classes of
biomarkers and aid in faster detection of diseases.
(J. Proteome Res. 2006, 5, 2079; J. Chromatogr. B.
Analyt. Technol. Biomed. Life Sci. 2005, 815, 11-
24; Proteomics 2006, 6, 744-747; J. Proteome Res.
2003, 2, 213-219).

Stem Cells Therapy for the Treatment of
Type-1 Diabetes Mellitus

Type-1 diabetes mellitus (T1DM) is chronic
autoimmune disorder characterized by chronic
hyperglycemia due to permanent destruction of the
β-cells and lack of insulin. Hyperglycemia causes
life threatening diabetic complications like
neuropathy, retinopathy and nephropathy.
Exogenous insulin administration is the primary and
standard therapy to control the hyperglycemia in
T1DM patients. Currently available genetically
synthesized exogenous insulin regimens like short-
acting and long-acting failed to match the
endogenous insulin and not able to completely
overcome the diabetic complications. Another gold
standard therapy for T1DM is whole pancreas
transplantation. Drawbacks of this therapy are limited
donor availability, requires lifelong
immunosuppressant, cardiac morbidity. Hence, the
attractive alternative for definitive cure of T1DM is
differentiation of stem-cells into functional β-cells



CRIPS Vol. 16 No. 3 July-August 2022 64

CRIPS Digest
using stem cells.

Stem-cells are unspecialized cells that are capable
of renewing themselves through cell division but can
differentiate into tissue- and organ-specific
specialized cells under certain physiologic or
experimental conditions. Stem cells include
embryonic stem cells (ESC), induced pluripotent stem
cells (iPS), tissue derived stem cells such as
mesenchymal stem cells, hepatic stem cells etc.
ESCs are isolated from blastocysts and differentiated
into definitive endoderm, which can be further
differentiated into insulin producing beta-cells.
Current research and clinical studies focusing on
permanent cure for T1DM by stem cell based therapy
reduced the autoimmune destruction of β cells in
T1DM, while tissue-derived stem cells like MSCs
reduce the T-cell-mediated immune response against
newly formed β-cells. Together, stem cell research
and therapy are viable and novel approach for the
treatment of the T1DM (Diabet Med 2012: 29, 14-
23; Frontiers in Cell and Developm Biol 2014: 2; 9,
Nat Rev Endocrinol 2010: 6; 139-148 and QJM 2014:
107; 253-259).

Design and synthesis of 2-(2-
isonicotinoylhydrazineylidene) propanamides
as InhA inhibitors with high antitubercular
activity

Tuberculosis is one of the top infectious killers in
the world. Every year 10 million people fall ill with
TB and 1.5 million people die from it. About one-
quarter of the world's population is estimated to be
infected by TB bacteria, according to WHO. In the
discovery of novel antituberculosis medications, one
of the design strategies is to change old
pharmaceuticals or current compounds with proven
bioactivity to obtain optimally improved antiTB
potency, effectiveness against drug-resistant
strains, and short treatment duration. Isoniazid (INH)
is a major anti-TB medicine with a multitarget mode
of action, although it has been linked to substantial
hepatotoxicity and increased drug resistance. Its
primary mode of action against Mycobacterium
tuberculosis (Mtb.) is the suppression of enoyl-acyl-

carrier protein reductase (called InhA), which
disrupts the formation of mycolic acids and hence
the bacterial cell wall. Anti-TB drugs have been
shown to work on InhA. INH is a prodrug that needs
the mycobacterial enzyme catalase-peroxidase to
make it work (KatG). Most cases of INH resistance
are caused by changes in a gene called katG.To
improve the pharmaco-toxicological profile of INH,
the Author designed new INH analogues linked via a
pyruvic acid-based bridge with halogenated anilines
to obtain structures with higher antitubercular
activity against sensitive strain Mtb and some other
drug-resistant strains, such as multidrug-resistant
and extensively drug-resistant TB strains (MDR-TB
and XDR-TB, respectively), as well as nontuberculous
(atypical) mycobacteria (NTM).

The compounds demonstrated outstanding
antimycobacterial action against MtbH37Rv (2 and
3;MIC< 0.03 µM), and their activity against NTM
(MIC =2 µM)  was considerable and in some cases
superior to INH. Eight of the most efficient
derivatives were evaluated further against six MDR-
TB strains and one XDR-TB strain of that 4-iodo
aniline substituted molecule 4 exhibited potent anti-
TB activity. (MIC=8µM). As previously stated, the
findings suggest a possible cross-resistance to
parent INH. The mechanism of action analysis
employed two of the most efficient derivatives (three
against sensitive strains and four against resistant
strains), which demonstrated lower production of
all forms of mycolic acids while not affecting the
synthesis of shorter fatty acids. The activity of
InhA-overproducing strains was likewise decreased,
but KatG overproduction increased their
antimycobacterial characteristics. The novel series,
when combined, suppresses the formation of mycolic
acids in Mtb H37Ra cells via InhA inhibition.
Antitubercular drugs are among the most common
forms of hepatotoxic medications. Therefore, the
cytotoxic properties of the HepG2 human
hepatocellular carcinoma cell line were examined in
vitro (IC

50
~50 µM). The MTT SI results indicate

little toxicity to liver cells, suggesting low cytotoxic
action. Therefore, (E)-2-(2-isonicotinoylhydra
zineylidene) propanamides may serve as a basis for
the development of innovative antitubercular
medicines with a much superior
pharmacotoxicological profile than the original
isoniazid. (Eur.  J. Med. Chem., 2021, 223, 113668).
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