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ABSTRACT

The pharmaceutical industry is undergoing a transformative shift driven by automation powered by
cutting-edge software solutions. This abstract provides an overview of the profound impact of
automation in pharmaceutical manufacturing and quality control processes, highlighting the
advantages of increased efficiency and regulatory compliance. In an era where precision and
consistency are paramount, pharmaceutical companies are increasingly turning to advanced software-
driven automation to enhance their operations. Automation in the pharmaceutical industry has led to
significant improvements in manufacturing, reducing human errors and improving product quality. By
automating tasks such as drug formulation, blending, filling, and packaging, manufacturers have seen
a remarkable increase in productivity while ensuring the highest standards of product integrity.
Moreover, compliance with stringent regulatory requirements is a top priority for pharmaceutical
companies. Software solutions enable real-time monitoring and data collection, facilitating adherence
to Good Manufacturing Practices (GMP) and ensuring transparency in the production process.
Automated systems also provide traceability and comprehensive documentation, simplifying audits
and reducing the risk of compliance breaches. This abstract underlines how the integration of
software-driven automation has revolutionized the pharmaceutical industry, fostering innovation,

improving quality, and bolstering compliance.
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INTRODUCTION

Challenges of developing and testing
various pharmaceuticals and treatment
products include the delicate chemistry and
involved.  These

precise  processing

processes can be asynchronous,
synchronous, continuous, or combinations
of all, so it takes experience to know which
the right is fit for a given application. Since
the 1990s, we have been successfully
helping pharmaceutical customers
integrate automation into pharmaceutical
manufacturing for drug discovery, process
development, treatment products, vaccine
development, drug processing systems, and
FDA-validated automation for the delivery
devices in aseptic/sterile conditions. Our
customers have been able to boost their
production throughput, improve safety and
quality, and improve overall efficiency in
their manufacturing facilities across the
globe. India pharmaceutical industry is
increasingly adopting automation
technologies despite the fact the sector has
traditionally been based largely on manual
operations. It is now adopting new
automated operational technology (OT) and
information technology (IT) to remain
competitive in a connected world. Only
through  continuous innovation and
judicious adoption of new technologies will
companies in this sector, domestic and
global, succeed in surmounting today’s
Global

challenges. = These  include:

regulatory compliance; Quality issues;
Inconsistent manual manufacturing
workflows; Human errors; Cost pressures;
and increasing global competition [1].
Considering India’s continuing strength in
the IT services space, pharmaceutical
companies should leverage this local
expertise to modernize operations and
implement new Industrial Internet of
Things (IoT)-related technologies and
approaches such as smart sensors, Big Data,
predictive analytics, and cloud computing.
In addition to helping improve the patient
experience through connected healthcare,
these could enhance R&D, manufacturing,
and regulatory compliance. Significantly,
the successful implementation of these
technologies requires the convergence of
multiple skillets, industries, and domains.
To leapfrog to the next level, the
pharmaceutical industry must aim for end-
to-end systems from the plant floor to the
boardroom, across the supply chain, and —
ultimately — out to the end consumers [2].
AUTOMATION IN
PHARMACEUTICAL PROCESS

Based on ARC research and analysis, we
recommend the following actions for
owner-operators and technology providers:
For owner-operators new technologies and
ways of doing business are reshaping the
business landscape. Adopt or lose the race

the initial investment in new technologies
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may seem high; but the long-term benefits
typically justify the investment Learn from
the strategies and best practices of your
competitors. If it has worked for them, it
could for you too Automation and
information technologies can work together
to help reduce costs, reduce errors, and
improve manufacturing and business
processes or technology providers create
awareness about the new technology and
how it will help streamline processes on-
site pilot demonstrations of the
product/process will be more effective in
convincing the prospective user Develop
and document case studies of successful
implementation Update existing customers
Provide prompt after-sales service to
nurture customer relationships Offer built-
in cyber security, where possible, and do
everything possible to simplify the
validation process for your customers.
Automation in packaging an increase in the
use of robots is particularly significant in
dispensing, sorting, kit assembly and light
machine-tending. The advantages include
greater speed and accuracy, more flexibility
and more reliability. As the use of the
robotics in the pharmaceutical industry
increases rapidly, it’s important to consider
the benefits of the latest technologies for
manufacturers, researchers and scientists
[3].

Filling, inspection and packaging: The

pharmaceutical industry produces millions

of tablets each week, all of which must be
carefully scrutinized before being packed
and shipped to distributors. During this
inspection, drug manufacturers must ensure
that the correct amount of medication, with
the exact chemical composition and weight
are precisely packed into the appropriate
containers. Most pharmaceutical packaging
systems use automation to manage bottle
orientation, capping, labeling and collation
systems. Automation of packaging also
requires a system that monitors the
operation on a supervisory level, checking
for low hopper levels, fallen bottles and
low-level supplies. Until recently, Raman
spectroscopy was not widely applied in the
pharmaceutical industry. However, in the
last few years, developments within the
industry coupled with improvements in
Raman instrumentation have generated
increasing interest in the technology.
Raman  spectroscopy  measures the
molecular vibration and rotational energy
changes of each tablet, ensuring their
chemical compounds are correct before
distribution [3].
Personalized  medicines: A despite
differences in genetics, age and gender,
most people receive identical medical
treatment when diagnosed with the same
condition. This is because even the world’s
best scientists and doctors don’t fully
individuals

understand  how develop

diseases and respond to treatments. This
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has resulted in a one-size-fits-all approach
to medicine that is based on broad
population averages.

Robotics in laboratory: The pharmaceutical
industry is increasingly making use of
robotics to automate specific processes in
drug  development, including  drug
screening, anti-counterfeiting and
manufacturing tasks. Today, processes such
as nuclear magnetic resonance (NMR) and
high-performance liquid chromatography
(HPLC) can have sample preparation
carried out by robotic arms [4].
GUIDELINE AVAILABLE FOR
AUTOMATION IN
PHARMACEUTICAL INDRUSTERY
General Principles of Software Validation;
Final Guidance for Industry and FDA Staff
[5]

Good Manufacturing Practice Medicinal
Products for Human and Veterinary Use [6]
Good manufacturing practices: guidelines
on validation [7]

REGULATORY EXPECTATIONS ON
AUTOMATION IN THE
PHARMACEUTICAL INDUSTRY
Regulatory expectations on automation in
the pharmaceutical industry primarily
revolve around ensuring product quality,

with  Good
(GMP). Key

safety, and compliance
Manufacturing  Practices
points include:

Data integrity automation systems must

maintain data integrity to ensure accurate

record-keeping and traceability. Regulatory
agencies, such as the FDA, require
electronic records to be reliable and secure.
Validation automated systems need to be
thoroughly validated to demonstrate their
accuracy, reliability, and consistency in
manufacturing processes. This includes
software  validation and equipment
qualification.21 cfr part 11 compliance: in
the United States, compliance with 21 cfr
part 11 is essential for electronic records
and electronic signatures [8]. It outlines
requirements for the use of electronic
records and electronic signatures to ensure
their authenticity and integrity. process
control: automation systems should control
critical manufacturing processes, such as
mixing, filling, and packaging, to ensure
consistent product quality and adherence to
specifications. Audit trails automated
systems should maintain audit trails,
allowing for the tracking and reconstruction
of all critical activities related to production
and data changes. Security robust
cybersecurity measures are essential to
protect  automation  systems  from
unauthorized access or tampering. Change
control changes to automated systems,
including software updates, must follow
documented change control procedures to
prevent unintended consequences on
product quality. Operational qualification
(oq) verify that the software functions as

intended within your specific environment.

IFBPAS, December, 2024, 13(12)

6313



Sohni S et al

Review Article

This involves testing various functions and
features. Performance qualification (pq)
ensure that the software consistently
performs according to predetermined
specifications. This may involve running
the software with actual data to confirm its
reliability [9]. Validation documentation
detailed

maintain documentation

throughout  the  wvalidation  process,
including test protocols, test results, and
any deviations or issues encountered.
Change Control Implement a change
control  process to manage any
modifications or updates to the software.
Ensure that changes do not impact product
quality or patient safety [10]. Periodic
review regularly reviews and update the
validation status of the software to ensure it
remains in compliance with changing
regulations and industry standards. Data
Integrity and Security Implement measures
to ensure data integrity and cybersecurity,
especially for software handling sensitive
patient data or critical manufacturing
processes. Training Ensure that personnel
using the software are adequately trained
and that their training records are
maintained. Audit Trails maintain audit
trails and logs within the software to track

and record critical activities and changes

Automation in the pharmaceutical industry
relies on a variety of software applications
and systems to manage processes
efficiently, ensure data integrity, and meet
regulatory requirements. Here are some
common types of software used in
pharmaceutical automation:

1. SCADA (Supervisory Control and Data
Acquisition) Systems: SCADA systems
monitor and control industrial processes,
including pharmaceutical manufacturing.
They provide real-time data
visualization, control, and data logging
for critical processes.

2. PLC (Programmable Logic Controller)
Software: PLCs are used to control
machinery and processes. Their software
is essential for creating and modifying
control  logic, ensuring  precise
automation of tasks [12].

3. MES (Manufacturing Execution System):
MES software manages manufacturing
operations,

including scheduling,

tracking materials, and monitoring
production in real time. It helps optimize
production efficiency.

4. LIMS (Laboratory Information

Management System): LIMS software is

used to manage and track laboratory

samples, test results, and data. It ensures

[11]. data integrity and compliance with
SOFTWARE USED ON regulatory requirements.
AUTOMATION IN 5. ERP (Enterprise Resource Planning)
PHARMACEUTICAL INUSTRY Systems: ERP  software integrates
6314
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various aspects of pharmaceutical

manufacturing, such as inventory

management, procurement, finance, and

production planning. It streamlines
business processes.

6. DMS (Document Management System):
DMS software is used to manage
electronic documents, including

standard operating procedures (SOPs),

regulatory documents, and quality
control records.

Pharmaceutical

7. regulatory standards.

companies often integrate multiple
software systems to create a seamless
and compliant automation ecosystem
[13].
CONCLUSION
The integration of automation through
software in the pharmaceutical industry
marks a transformative leap forward in the
way medicines are manufactured, ensuring
both efficiency and compliance. This
technological evolution has not only
streamlined production processes but also
elevated the standards of quality and safety.
By automating critical tasks, such as drug
formulation, production, and quality control,
pharmaceutical companies have reduced
the margin for human error, resulting in
more consistent and reliable products.
Moreover, the real-time monitoring and
data collection capabilities of automation

software have played a pivotal role in

upholding stringent regulatory standards,

such as Good Manufacturing Practices
(GMP). This not only simplifies audits but
also strengthens the industry's commitment
to patient safety. The pharmaceutical
landscape is continuously shaped by
innovation, and software-driven automation
stands at the forefront of these
advancements. As the industry continues to
evolve, we can anticipate even more
sophisticated automation solutions that not
only enhance operational efficiency but
also expedite drug development and
research. The potential for discovery and
delivery of life-saving medications is
significantly improved through these
innovations. In essence, automation in the
pharmaceutical industry through software
has become an indispensable tool that
underlines the commitment to excellence,
safety, and compliance, ultimately
benefiting patients and society as a whole.
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