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ABSTRACT

The pharmaceutical industry is changing fast, and the list of Al applications being integrated is growing daily,
changing virtually every aspect of pharmaceutical processes from drug discovery to delivery. Artificial intelligence
in pharmaceuticals can be applied across many different operations, such as drug discovery, clinical trials, and
supply chain optimization, in addition to increasing speed and accuracy, it offers new avenues for individualized

treatment and innovative therapeutic solutions.
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INTRODUCTION

The goal of Artificial Intelligence (Al) is to imitate the intellectual activities of people. The subfield of machine
learning (ML) allows computers to better themselves through experience. The branch known as deep learning (DL) is
one form of ML that uses artificial neural networks (ANNS) to carry out the processing of large amounts of data using
multilayered nonlinear units. By imitating the structure of the brain, ANNs perform recognition, classification, and

learning.!

Computer and technological developments permeated every aspect of science. Artificial Intelligence (Al), the basic
field of computer science, has infiltrated different fields from engineering to medicine.r! Traditional methods of drug
design are increasingly being replaced by computer-aided approaches to drug design. Artificial intelligence is widely
used to improve design methods and shorten the development time of medicines. In addition, Al makes it easier to

identify target proteins, improving the success rate of new drugs.™™! Al offers considerable potential for identifying and
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developing new drugs. Recently, different machine learning methods have emerged, some of which can be classified as

domain-specific artificial intelligence, and are being used effectively in drug discovery and design.

Avrtificial Neuronal Network in Design of controlled release drug delivery systems

In recent years, Artificial Neural Networks (ANNS) have emerged as compelling models to imitate the human brain and
performing brain-like processes of information processing. Drug delivery represents many aspects, including the
interaction of drugs with cell membranes and molecules, toxicity, negative effects that can result from the drug intake,
as well as timing and dosage of medication release.™ Successful drug delivery relies on the existing knowledge
concerning the physicochemical properties of the medications being utilized. In this context, it is worth noting that
certain medical properties have a certain amount of influence over the medication effectiveness. Solubility,
permeability, transport-related argumentation as well as metabolic stability represent various parameters, which can
have a measurable impact on the success of the drug.” The lack of permeability of drugs can hinder the evaluation of
results obtained from both cell tests and quantitative structure-activity relationship (QSAR) models. Moreover, rapid
clearance has resulted in short half-lives, continuously decreasing exposure, and the drug efficacy problems Drug

development process.!

Management of networks using Al and ML

Machine learning (ML) and artificial intelligence (Al) are revolutionizing several sectors by allowing devices to gain
insight and perform work automatically without explicit direction. Al and ML can assist in data processing, predicting
potential drug interactions, and enhancing clinical trial designs while accelerating the time to introduce new drugs to
the market after the completion of clinical trials and decreasing expenses. Nevertheless, effectiveness of Al is still

limited in pharmaceutical industry due to strict regulations and necessity of having human oversight.[®

Al Application in the Pharmaceutical Industry

The importance of artificial intelligence in the analysis of omics data cannot be emphasized enough. Omics data refers
to the whole range of biological information available through genome, transcriptome, proteome, and metabolome
networks.! Al makes it possible to mix various omics calls, including those related to DNA variations, protein amount,
and metabolite concentration, into one coherent picture. Moreover, the Al that maps protein—protein interactions and

disease pathways makes it possible to find many targets and mechanisms of action at once.["®

Al in Manufacturing & Operations

When it comes to pharmaceutical production, Al plays an important role in optimizing processes, maintenance
activities and quality assurance. The whole manufacturing process including handling raw materials, formulating drugs
and packaging can be done through Al systems which can automate the tasks with extremely high accuracy and
consistency. Additionally, it is worth noting that machine-learning systems can analyze great amounts of data due to
collecting information from monitoring devices and thus timely reveal abnormalities and apply corrections. Overall,

Al-enabled automation improves efficiency of production and lowers defects.[!

Clinical Research
The human clinical trials that are conducted in order to approve new drugs are complicated and long processes, which
begin with animal research and eventually include people. The trials are costly, costing billions of dollars and taking

anywhere from several years to more than ten years to conduct. Additionally, patients are likely to go through effects
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which they did not know they would experience during the trial. The new drug development process entails human
clinical trials, which is a long and complex process, starting with animal experiments and ending with people being
used as test subjects. The entire process is extremely costly, amounting to billions of dollars, taking as long as several
years up to more than a decade.!*”

Al in Drug Screening

In recent years, research studies have been conducted that consider combining various kinds of biomedical data such as
chemical compounds, protein sequences, expression patterns, and clinical trial results into a common artificial
intelligence model. It is assumed that the implementation of multimodal learning architectures will lead to predictions

being made on the basis of several sources of correlation.™"

Utilization of Quantum Computing:
[12]

Quantum algorithms are new but will have the potential to model molecular processes accurately.
Al in quality assurance at Pharmaceutical Industry

The pharmaceutical industry includes a large number of professionals for quality assurance purposes responsible for
protecting the safety, efficacy, and consistency of drugs.Al robotics makes equipment certification easier by reducing

human interference and therefore aiding productivity while abiding by strict regulation.[*>*4!

Artificial intelligence makes significant contributions towards this process with advanced modeling methodologies

including multivariate analysis as well as digital twins. These methodologies effectively enable simulations of different

scenarios associated with this process and thus eliminate the need for physical tests.!*Y) Furthermore, the algorithms

employed by the artificial intelligence may enhance the design of the test and minimize the number of test runs

required. Al allows pharmaceutical organizations to ensure shorter validation times with minimized costs and an

increase of confidence.™™

(1) Automation testing: Al-based tools for test automation improve feedback cycle time and increase software quality
by decreasing testing times.

(2) Identifying defects: Using Al technology, defects and/or defects in production process can be detected.

(3) Anticipative maintenance: Al-enabled anticipatory analytics allows for real-time monitoring of equipment, lower
downtime, and better maintenance strategies to be developed.

(4) Image and video recognition: Al technology can process visual information and detect defects in products and
production processes.

(5) Natural Language Processing for compliance: NLP technologies allow companies operating in regulated industries

to comply with regulations.™®

Al in Pharmaceutical marketing™”

The use of Al technology helps pharmaceutical marketers analyze large amounts of data, such as prescribing patterns,
demographics, and behavioral trends, and helps classify both healthcare professionals and clients.Al tools allow to
analyze the type of information that different clients consume: emails, webinars, social networks, or websites. Based on

that, Al generates customized messages that are suited to the preferences and needs of individual clients.*”
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Therefore, such personalization contributes to product promotion. Furthermore, Al technology allows pharmaceutical
marketers to track the performance of their campaigns in real time. Compliance is critical for pharmaceutical marketers
due to the high regulation of the industry. Al enables to analyze promo materials for compliance with both legal and

ethical requirements. It minimizes the chances of violating regulatory norms and helps marketers stay within the limits.

In general, we can conclude that Al improves the responsiveness and efficiency of pharmaceutical marketing and

makes the marketing process customer-oriented.™®!

CHALENGES OF Al

The application of Al technologies at different process stages will enable the transformation of the pharmaceutical
sector in a considerable way. Nevertheless, there are a number of challenges and considerations that accompany the
successful application of the processes. Let us explore the details.*!
a. Concerns on data privacy and security

b. Integration with current systems and workflows

c. Ethical implications in Al decision making

d. Regulatory and law compliance issues

e. Professional expertise

Skilled Personnel
To effectively implement and operate Al technology, a skilled workforce must be employed. Data scientists, Al experts
and other workers with Al and machine learning experiences will be involved in developing and managing these

technologies.™”!

CONCLUSION

The advancement of Al technologies has introduced a number of innovations to the process of drug discovery, drug
development, and the delivery of personalized medication in the Pharmaceutical Industry by facilitating data processing
and improving efficiency. Within the sector, Al is being used to reduce time spent on identifying medications and

improve clinical research and trials with advantages for the treatment of patients.

Al and ML are very useful but the implementation of these technologies in the pharmaceutical industry requires dealing
with a multitude of rules, ethical concerns, as well as facilitating human-Al cooperation. The present collaborations
between pharmaceutical firms and Al businesses will further enhance the advancement of drug discovery and patient

treatment.
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