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Abstract: Drug discovery is one of the most challenging and resource-intensive processes in pharmaceutical research, often
hindered by high attrition rates, extended timelines, and escalating costs. The integration of pharmaceutical software has
revolutionized this field by enabling faster, more accurate, and cost-effective strategies across different stages of development.
This review provides an overview of the role of computational tools in drug discovery, highlighting their application in target
identification, molecular docking, QSAR-based lead optimization, and ADMET prediction. Widely used platforms such as
AutoDock, Schrddinger Glide, Discovery Studio, SwissADME, and pkCSM have become essential for modeling molecular
interactions, predicting pharmacokinetic properties, and prioritizing drug candidates. These in silico approaches significantly
reduce experimental workload and improve the probability of clinical success, thereby accelerating the overall process of drug
development. However, challenges remain in terms of software licensing costs, computational limitations, and the need for
skilled expertise. Future directions are focused on the integration of artificial intelligence and machine learning, which promise
to enhance prediction accuracy and open new horizons in personalized medicine. Overall, pharmaceutical software is reshaping
the landscape of modern drug discovery and development.

Keywords: Drug discovery; pharmaceutical software; molecular docking; ADMET prediction; artificial intelligence; virtual
screening

I. INTRODUCTION
In today’s world, technology—especially computers—plays a central role in almost every discipline, and pharmacy is no exception.
The fast-growing use of computer technologies has influenced all areas of pharmaceutical education and practice. To achieve better
results, professionals in the pharmaceutical sciences now require strong computer skills. Pharmacists use computers to carry out
numerous responsibilities, including essential patient-care activities. As both hardware and software tools continue to evolve, the
need for computer literacy has become even more evident, which is why pharmacy curricula worldwide emphasize these skills.
Many computer-based programs are also available to support the teaching of pharmacy courses, helping students enhance their
learning and overall academic performance
The pharmaceutical industry is rapidly changing with the growing use of advanced software systems that support almost every stage
of the drug development process. From the discovery of new molecules to manufacturing, quality control, clinical trials, and post-
marketing monitoring, software tools now play a vital role in ensuring accuracy, efficiency, and safety. These systems include
electronic data capture (EDC), clinical trial management systems (CTMS), laboratory information management systems (LIMS),
and pharmacovigilance software. They help pharmaceutical companies handle large amounts of data, reduce human error, and meet
global regulatory standards set by authorities such as the U.S. Food and Drug Administration (FDA) and the European Medicines
Agency (EMA).
The demand for such software has increased because modern drug development has become more complex and data-driven. Many
companies are now using technologies like artificial intelligence (Al), machine learning (ML), and automation to speed up research,
predict drug behavior, and make smarter decisions. For example, Al-powered software can analyze biological data to identify
potential drug candidates faster than traditional methods. Similarly, digital systems in manufacturing can monitor production quality
in real-time, reducing waste and improving consistency.
Despite these advantages, there are still several challenges in using pharmaceutical software effectively. Data security and patient
privacy are major concerns, especially when handling sensitive medical information. Another challenge is ensuring that different
systems used across research, production, and quality departments can communicate and share data smoothly.
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Furthermore, all software must go through a strict validation process to prove that it performs correctly and meets regulatory
requirements. Managing software updates and changes while maintaining compliance is also a significant task for companies.
Overall, pharmaceutical software has become an essential part of the industry’s progress. It supports faster drug development, better
quality control, and stronger regulatory compliance. This review aims to provide an overview of the main types of pharmaceutical
software, their benefits, the current trends in technology, and the major challenges faced by the industry. It also explores how digital
transformation and Al are shaping the future of pharmaceutical research, manufacturing, and healthcare delivery.
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Fig. 1: Software used in pharmaceutical field

Il. TYPES OF PHARMACEUTICAL SOFTWARE
Pharmaceutical software systems are specialized digital tools designed to enhance efficiency, accuracy, and regulatory compliance
across various stages of the drug life cycle — from discovery to post-marketing surveillance. These software applications can be
broadly classified based on their functional domains within the pharmaceutical industry.
1) Drug Discovery and Design Software
Drug discovery is the most research-intensive stage of pharmaceutical development. Traditionally, it involved extensive laboratory
experiments and molecular screening, which were both time-consuming and costly. Modern computational software has
revolutionized this phase by enabling in silico modeling, molecular docking, and virtual screening.
Examples:
AutoDock and Schrodinger Suite are used for ligand—receptor docking and structure-based drug design.
ChembDraw facilitates chemical structure drawing and molecular visualization.
Discovery Studio and MOE (Molecular Operating Environment) allow simulation of molecular interactions and QSAR
(Quantitative Structure—Activity Relationship) studies.
Applications: These tools predict binding affinities, optimize lead compounds, and reduce the number of molecules that need to be
synthesized experimentally — thus saving time and cost in the early drug discovery process.

2) Formulation Development Software

Once an active pharmaceutical ingredient (API) is identified, formulation scientists use computational tools to design and optimize
dosage forms. These software systems help simulate the effect of formulation variables on product quality and performance.
Examples:

Design Expert (DoE software) helps in designing experiments and optimizing formulation variables statistically.
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GastroPlus simulates oral absorption and predicts bioavailability.

WinNonlin and Simcyp Simulator are used for pharmacokinetic and pharmacodynamic modeling.

Applications: These software systems minimize the need for multiple trial-and-error experiments and help in developing stable and
effective formulations.

3) Manufacturing and Production Software

Pharmaceutical manufacturing demands precision, consistency, and compliance with Good Manufacturing Practices (GMP).
Manufacturing Execution Systems (MES) and Enterprise Resource Planning (ERP) tools integrate all production processes,
ensuring data integrity and efficiency.

Examples:PharmaSuite MES, Werum PAS-X, and Siemens Opcenter manage batch records and production workflows.

SAP ERP is used for inventory, supply chain, and production management.

Applications: These systems monitor critical process parameters, control production lines, and maintain electronic batch records
(EBR). They ensure traceability, process validation, and regulatory compliance.

4) Quality Control (QC) Software

Quality control software ensures that raw materials, intermediates, and finished products meet predefined specifications. Analytical
instruments are often integrated with these tools to automate data collection and analysis.

Examples:Empower (by Waters) and Chromeleon (by Thermo Fisher) manage chromatographic data.

LabWare LIMS stores, tracks, and analyzes laboratory samples and results.

Applications: These systems reduce manual data entry errors, enhance data security, and ensure compliance with regulatory
standards such as 21 CFR Part 11.

5) Quality Assurance (QA) Software

Quality assurance systems manage documentation, deviations, CAPA (Corrective and Preventive Actions), and audits to ensure
continuous compliance.

Examples: MasterControl and Veeva Vault QMS automate quality management processes.

TrackWise handles deviation tracking and audit management.

Applications: These tools help pharmaceutical companies maintain high-quality standards by integrating risk management,
document control, and regulatory audits.

6) Regulatory and Documentation Software

Pharmaceutical companies must comply with global regulatory authorities such as the FDA, EMA, and WHO. Specialized
regulatory software assists in preparing, managing, and submitting documents electronically.

Examples:

PharmaReady, eCTD Manager, and Veeva Vault RIM facilitate electronic Common Technical Document (eCTD) submissions.
Applications: These software systems streamline dossier preparation, maintain version control, and ensure that all submissions meet
regulatory format and content requirements.

7) Pharmacovigilance and Drug Safety Software

Pharmacovigilance software plays a vital role in post-marketing surveillance by identifying, evaluating, and preventing adverse drug
reactions (ADRS).

Examples: Oracle Argus Safety and ARISg manage ADR reporting and signal detection.

VigiBase collects global safety data for WHO monitoring programs

Applications: These systems enable real-time signal detection and help maintain public health by identifying potential safety risks
associated with marketed drugs.

8) Clinical Data Management Software

Clinical trials generate vast amounts of patient and study data that must be securely managed and analyzed. Clinical Data
Management Systems (CDMS) ensure data accuracy, integrity, and compliance with Good Clinical Practice (GCP).
Examples:Medidata Rave, Oracle Clinical, and REDCap are widely used for clinical data entry, validation, and reporting.
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Applications: These tools enhance data consistency, minimize human error, and simplify trial monitoring and reporting for
regulatory submissions.

9) Inventory and Supply Chain Management Software

Efficient supply chain management ensures the availability of raw materials and timely delivery of finished products.
Examples:SAP ERP, Oracle SCM Cloud, and TraceLink are used to manage procurement, production planning, and product
traceability.

Applications: These systems enhance logistics efficiency, prevent stockouts, and maintain compliance with serialization and anti-
counterfeiting regulations.

10) Artificial Intelligence and Machine Learning—Based Software

Recently, Al and ML have been integrated into many pharmaceutical software platforms to enhance data analysis, predictive
modeling, and automation.

Examples:DeepChem, Atomwise, and IBM Watson Health apply deep learning algorithms for molecule prediction and patient data
analysis.

Applications: These systems accelerate drug discovery, improve pharmacovigilance, and support decision-making through
predictive analytics.

111. APPLICATIONS OF PHARMACEUTICAL SOFTWARE IN INDUSTRY::

Category/ domain Example of software Purpose/ industrial use
1. Drug Discovery & Design AutoDock, Schrodinger Suite, Used for molecular modeling,
ChemDraw, Discovery Studio virtual screening, QSAR studies,

and target identification.

2.Formulation Development Design Expert, GastroPlus, Assists in formulation

WinNonlin, Simcyp Simulator optimization, bioavailability
prediction, and
pharmacokinetic/pharmacodynamic

modeling.
3. Manufacturing & Production PharmaSuite MES, SAP, Siemens | Automates production, monitors
Opcenter, Werum PAS-X batch processes, ensures GMP

compliance, and manages
equipment performance.

4. Quality Control (QC) Empower, Chromeleon, LabWare | Used for chromatographic data
LIMS processing, analytical testing,
sample tracking, and data integrity
assurance.
5. Quality Assurance (QA) MasterControl, Veeva Vault Manages deviations, CAPA, audits,
QMS, TrackWise and documentation according to

regulatory guidelines.

6. Regulatory Affairs & eCTD Manager, PharmaReady;, Streamlines regulatory submissions

Documentation Veeva Vault RIM (eCTD), document control, and
compliance with FDA/EMA
standards.
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7. Pharmacovigilance & Drug Argus Safety, ARISg, VigiBase Monitors and reports adverse drug
Safety reactions, signal detection, and risk
management.

8. Clinical Data Management Medidata Rave, Oracle Clinical, Collects and manages clinical trial
REDCap data, ensuring accuracy,
traceability, and compliance with
GCP.

1) AutoDock :

AutoDock is a suite of automated docking tools. It is designed to predict how small molecules, such as substrates or drug
candidates, bind to a receptor of known 3D structure. Over the years, it has been modified and improved to add new functionalities,
and multiple engines have been developed. Before the official release of AutoDock-GPU and AutoDock Vina 1.2.x, the
distributions of AutoDock consisted of two generations of software: AutoDock 4 and AutoDock Vina. A designated
site: http://vina.scripps.edu/, was developed for the legacy version of AutoDock Vina, v1.1.2 (last revision: May 2011).
AutoDock 4 actually consists of two main programs: autodock performs the docking of the ligand to a set of grids describing the
target protein; autogrid pre-calculates these grids.

In addition to using them for docking, the atomic affinity grids can be visualised. This can help, for example, to guide organic
synthetic chemists design better binders.

AutoDock Vina does not require choosing atom types and pre-calculating grid maps for them. Instead, it calculates the grids
internally, for the atom types that are needed, and it does this virtually instantly.

We have also developed a graphical user interface called AutoDockTools, or ADT for short, which amongst other things helps to set
up which bonds will treated as rotatable in the ligand and to analyze dockings.

AutoDock has applications in:

e  X-ray crystallography;

e structure-based drug design;

o lead optimization;

e virtual screening (HTS);

e combinatorial library design;

e protein-protein docking;

e chemical mechanism studies
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Fig. 2: structure of a cell designed by autodock system
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2) GastroPlus software
GastroPlus is a mechanistically based simulation software platform that simulates intravenous, oral, oral cavity, ocular, inhalation,
dermal, subcutaneous, and intramuscular absorption, biopharmaceutics, pharmacokinetics, and pharmacodynamics in humans and
animals.With a user-friendly interface, an embedded assistant for assessing models, an Al-powered chatbot to answer real-time
questions, and REST API and R/Python scripts to streamline your most complex workflows, GastroPlus is designed to support new
and experienced modelers alike. By mimicking how systems actually work, simulation allows us to make predictions, test ideas and
improve performance without the risks of real-world experimentation. Simulation is used in many different fields, from engineering
and manufacturing to healthcare and education.

From the beginning, a conscious decision has been made to carefully implement the best theories and develop novel approaches

within the GastroPlus physiologically-based pharmacokinetics (PBPK) & physiologically based biopharmaceutics modeling

(PBBM) models. This dedication to science is a major reason why our predictions are consistently ranked #1 in independent

comparisons. You provide the (limited) data, GastroPlus provides everything else:

e Simple, intuitive user interface

e  Model customization

e High-quality plots & figures for reporting purposes

e  Excellent customer support

e Incubator & Biotech Startup Program

e Thriving online GastroPlus User Group to connect users and provide an online forum for sharing best practices

o Flexible licensing models.

e Integration with our other tools. Seamlessly define inputs for your PBPK & PBBM models using the top-rated quantitative
structure-activity relationship (QSAR) models from ADMET Predictor®. Strengthen the in vitro-in vivo extrapolation of
dissolution & absorption inputs with DDDPlus™ and MembranePlus™. And, inform quantitative systems pharmacology (QSP)
& toxicology (QST) models to predict drug-induced liver injury (DILI) or non-alcoholic fatty liver disease (NAFLD) &
nonalcoholic steatohepatitis (NASH) — DILIsym® and NAFLDsym®

o Integrated Al/ML technologies to support model development and operational assistance

e Various learning journeys from which to choose

IV. INTEGRATION OF PHARMACEUTICAL SOFTWARES WITH ARTIFICIAL INTELLIGENCE(ALI)

The integration of advanced software applications and artificial intelligence (Al) within pharmaceutical sciences has ushered in a
new era of efficiency and precision. Modern pharmaceutical software—ranging from drug-discovery platforms to clinical-decision
support and manufacturing-automation systems—Ileverages Al algorithms such as machine learning, neural networks and natural-
language processing to analyse vast datasets, predict drug-target interactions, optimise formulation parameters and streamline
supply-chain logistics. For example, recent reviews note that Al-driven systems significantly reduce development timelines,
improve error detection and enhance the quality of therapeutic outcomes. However, the deployment of such tools is not without
challenges: issues of data integrity, algorithmic opacity, regulatory compliance and ethical considerations remain key hurdles for
widespread adoption. As pharmacy curricula and industry practices continue to evolve in this digital age, proficiency in
pharmaceutical software and Al methods is becoming a foundational competency for pharmacists and pharmaceutical scientists
alike.

Beyond drug discovery and clinical decision support, Al-enabled pharmaceutical software is increasingly transforming
manufacturing, regulatory workflows and pharmacovigilance. In pharmaceutical production, machine-learning-based process-
analytical technologies (PAT) allow real-time monitoring of critical quality attributes, enabling predictive maintenance and
minimizing batch failures. Such approaches support the transition from traditional batch processing to continuous manufacturing,
which improves efficiency and reduces production variability. In regulatory science, natural-language-processing tools are being
used to automate dossier preparation, classify quality documents and accelerate review processes, thereby reducing administrative
burdens for both industry and regulators. Al has also enhanced post-marketing surveillance: advanced signal-detection algorithms
now analyze global adverse-event databases to identify safety trends faster and more accurately than conventional methods. As
these technologies mature, integrating Al into pharmaceutical software is expected to improve reliability, reduce human error and
support evidence-based decision-making throughout the entire drug-development lifecycle.
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V. CONCLUSION

In summary, software has become a vital component of the pharmaceutical industry, fundamentally transforming its operations. The
integration of software solutions has enhanced productivity, efficiency, and accuracy across all stages of the pharmaceutical
process—from drug discovery and development to clinical trials and regulatory compliance. Key software systems, such as
Electronic Data Capture (EDC), Clinical Trial Management Systems (CTMS), Pharmacovigilance Systems, and Electronic
Document Management Systems (EDMS), enable companies to manage data effectively, streamline workflows, maintain
compliance, and support informed decision-making. As technology continues to advance and the demand for personalized medicine
increases, the role of software in the pharmaceutical sector is expected to expand further, driving continued innovation and
operational improvement.
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