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ABSTRACT: -

The pharmaceutical industry has traditionally been reluctant to adopt new technologies, but the latest
pharmaceutical health trends represent a major paradigm shift in the industry. Emerging technologies
such as AR/VR, artificial intelligence (AI), and additive manufacturing are helping pharmaceutical
companies accelerate their R&D processes, create personalized products, and conduct trials in innovative
ways. I'm here. Ultimately, these technologies will make healthcare more effective and efficient,
transforming the patient and provider experience. Pharma health technology is growing all over the
world. The pharmaceutical industry, along with the healthcare industry, has recently undergone a
massive digital transformation. Advances in artificial intelligence (AI), blockchain, IOT, Digital
Healthcare And Smart Gadgets , Deep Learning, Quantum Computers Artificial Intelligence(Al),
Machine Learning(ML), Robotics , Augmented Reality, Software, 3d Printing have fundamentally
changed how the pharmaceutical industry works. The use of Al in the pharmaceutical industry is expected
to play a variety of roles, including: B. Accelerating drug discovery and development. Areas that benefit
from artificial intelligence include clinical trials, fraud detection, and overall drug improvement. IoT is
creating an innovative and disruptive pharmaceutical industry by providing manufacturers with real-
time information at every step of the extended value chain system, reducing complexity and inefficiencies.
Separately, the use of SaaS and advanced technologies such as AI, ML, and IoT are helping the
pharmaceutical industry to move away from traditional supply chain practices and evolve with
technological change to gain a competitive edge.

KEYWORDS: 10T, Digital Healthcare and Smart Gadgets, Deep Learning, Quantum Computers
Artificial Intelligence (AI), Machine Learning (ML), Robotics, Augmented Reality, Virtual Reality,
Software,3d Printing Personalized Medicine and Technology in Changing Pharma and Healthcare Heal
care Monitoring Systems, Pharmaceutical Industry.

INTRODUCTION: -

The Expression Industry 4.0 is a collective term for rapidly evolving technologies such as the Internet of Things
(IoT), artificial intelligence (Al), robotics, and advanced computing that will lead to the Fourth Industrial
Revolution that will dramatically change the manufacturing environment. point. Industry 4.0 is characterized by
integrated, autonomous and self-organized production systems. Acquiring Industry 4.0 in pharma and
overcoming the inertia of current manufacturing infrastructure, operations and regulations requires a new way
of thinking. Implementing many of the advanced technologies and manufacturing approaches required by
Industry 4.0 may not be easy, but it will improve performance, improve manufacturing security, improve quality,
increase value, and increase agility., more Adjustability, slighter waste.! There are already three major
revolutions taking place in manufacturing. Industry 1.0 was introduced when mechanization and steam power
were used Industry 2.0 was introduced at once to advance the process manually Manufacturing and power will
greatly increase productivity levels in manufacturing systems, and Industry 3.0 will from automation, computers,
IT to manufacturing. fourth industry Revolution means Industry 4.0.° This 4.0 could change key issues in the
pharmaceutical industry Manufacturers, from controlling processes to helping humans understand what is going
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on. To facilitate visualization and human understanding of digitized manufacturing processes, each segment of
the value chain can be divided into digital architectures. The hardware and software infrastructure that supports
data collection, storage and analysis. Various types of architectures have been proposed to address this problem,
such as digital ecosystems and digital compasses. (i.c., different ways of organizing how data are collected,
stored and analysed'

1. ARTIFICIAL INTELLIGENCE IN THE LIFECYCLE OF PHARMACEUTICAL PRODUCTS:

Involvement of Al in drug development You can imagine products from benches to beds Ability to support
decision making that supports rational drug design. Determining appropriate treatment for the patient, including
personalized medicine. Manage the clinical data taken and use it for future drug development. E-VAI is an Al
analytics and decision-making platform developed by Eularis that uses ML algorithms and an easy-to-use user
interface to analyse based on competitors, key stakeholders and current market share. Create roadmaps and
forecast key drivers for medicines. Help marketing leaders allocate resources to maximize market share, reverse
sales slump, and predict where to invest.>**

1.1 Al in pharmaceutical manufacturing

The incorporation of Al in production can show to be a lift for the pharmaceutical industry. Tools, which include
CFD, makes use of Reynolds-Averaged Navier- Stokes solvers era that research the effect of agitation and strain
degrees in exceptional equipment (e.g., stirred tanks), utilizing the automation of many pharmaceutical
operations. Similar systems, which include direct numerical simulations and huge eddy simulations, contain
superior techniques to clear up complex glide troubles in production'® The novel Computer platform allows
virtual automation for the synthesis and production of molecules, incorporating numerous chemical codes and
running with the aid of using the usage of a scripting language referred to as Chemical Assembly'* DEM has
been broadly applied withinside the pharmaceutical industry, which include in analysing the segregation of
powders in a binary mixture, the results of various blade pace and shape, predicting the feasible course of the
capsules withinside the coating process, together with evaluation of time spent with the aid of using capsules
beneath Neath the spray zone. ANNs, together with fuzzy models, studied the correlation among gadget settings
and the trouble of capping to lessen pill capping on the producing line®

1.2 Al in quality control and quality assurance

ANN-based monitoring of the freeze-drying process is used, applying a combination of self-adaptive evolution
and local search and backpropagation algorithms. This can be used to predict temperature and dry cake thickness
at future points in time for a given set of operating conditions, ultimately helping to control the quality of the
final product. Automated data entry platforms such as electronic lab notebooks and advanced intelligent

technology can ensure product quality assurance.”'”

1.3 Al in pharmaceutical product management

With the help of Ai technology as a platform and e-commerce, it has become easier for businesses to achieve
natural recognition of their brands among the general public. uses search engines as one of its technology
platforms to help attract attention in online marketing and position its products in the market. Businesses are
looking to increase brand awareness in a short period of time by having their websites rank higher than others. '8
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Other techniques such as statistical analysis methods, particle swarm optimization algorithms (proposed by
Eberhart and Kennedy in 1995) combined with NNs gave a better idea of the market. Helps determine product
marketing strategies based on precise consumer demand prediction'?

2. 3D PRINTING FOR DRUG MANUFACTURING

Interest in 3D-printed medicines has grown since the Food and Drug Administration (FDA) approved the first
3D-printed medicines in 2015.23 Inkjet printing enables high-resolution printing of viscous materials. Extrusion
printing is another alternative process for both viscous and solid materials. Additionally, pharmaceuticals can
be printed using hydrogel or polymer-based filaments. This includes the ability to create dosage forms with
complex shapes and architectures. This is directly related to increased complexity and controlled release
properties. The adaptability of 3D printing can also be used for precise and unique drug administration, printing
drug doses with digitally controlled security. Additionally, multiple doses or multiple drugs can be printed
together in a single dosage form. Finally, and most importantly, 3D printing enables the customization of
pharmaceuticals for on-demand, prescription-only production. Possibility of on-site drug manufacturing has
major implications for emergency medicine and drugs with limited expiry dates'?

Typical manufacturing processes are inflexible and require multiple steps that are too difficult to customize for
small batches. Conversely, 3D printing-based manufacturing of pharmaceuticals can change from prescription
to prescription and promises to change the composition of pharmacies. Here is a case study of 3D printing for
pharmaceutical manufacturing. We will first look at 3D printing processes and materials applicable to
pharmaceutical manufacturing. We then discuss the benefits of this drug development approach and why the

FDA has encouraged further development of 3D printed products.!*!¢

2.1 Smart Materials for Drug Delivery

SMPs are considered active polymers because they change from a temporary shape back to a permanent shape
when exposed to a stimulus. This controllable adaptive change can be used for drug delivery. Most often the
stimulus takes the form of a temperature change. That is, the internal temperature of the human body compared
to the external temperature. pH-sensitive materials are also very useful for SMP development. Because it
depends on the physiological environment of the drug, pH sensitivity may act as a reversible switch for drug
release as the drug form moves through the body or as the acidity of the environment. change acidity/alkalinity'*

2.2 Benefits of 3D printing for Drug Manufacturing

Once the appropriate 3D printing process has been determined and the most suitable materials for
pharmaceutical applications have been selected, the pharmaceuticals themselves will be developed to
demonstrate the printed benefits. One of the major considerations in drug delivery is release characteristics. 3D
printing adds geometrical and structural complexity, facilitates the fabrication of multilayer delivery systems,
and applies a variety of controlled-release mechanisms. Printing as a Drug Approach. '’

3. USE OF INFORMATION TECHNOLOGY

Information technology (IT) has become a key factor in enhancing the dynamic capabilities of organizations. IT
includes the management information systems (Computer, hardware, software networks) used to automate and
support business tasks and decision making in the organization. Pharmaceutical manufacturers must implement
a comprehensive IT infrastructure to ensure legally compliant operations, data integrity, drug quality, safety and
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efficacy. Manufacturers must invest time, resources, and effort to build and maintain adequate IT systems. IT
tools and software solutions has following roles to play in the pharmaceutical industry '’

3.1 Ease of work

Software solutions have replaced tedious manual work in most industries, including pharmaceuticals. Every
pharmaceutical company has various activities from receiving raw materials to shipping the final product. As
this is a highly regulated industry, all activities must be documented and the shelf life of each lot of products
must be extended or retained for the period specified by the organization's data policy. '

Manual documentation has the following drawbacks'’

* Manual and labour-intensive work

* Potential data integrity issues when real-time recording is not performed

* Potential for human error during recording. transmission error, calculation error, input error, etc.
* Requires significant disk space to store documents for the retention period set by company policy

« Difficult to analyse and verify all information together®
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