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Computational drug discovery and development

VS

Pharmacointeligence
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Computational Drug Discovery 
and Development



 Prediction of physicochemical properties of drugs using 

SVM, ANN, Classification methods etc

 Feature selection using GA based methods, clustering 

algorithms, etc

 Image analysis for the quantification of experimental 

results using CNN 

 Drug effect prediction using supervised and unsupervised 

methods 

 Drug-target interaction studies using molecular modeling 

methods

 Target discovery using various ML methods based on 

fingerprint similarity search methods

 Drug repurposing
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 Solvent Design based on the combination of 

molecular modeling and machin learning 

methods

 Cryopreservation medium design (combined 

MD and ML)

 Biomaterial design

 Formulation Design 

 Integration of chemometrics with biological 

evaluations

 Fine tuning and Rag of LLMs for the database 

generation

Using MATLAB, Knime, Python 
But not based on a systematic strategic planning
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Era
Key 

Technologies
Before (What We Had) After (What Is New or Improved)

Pre-2000s

- Basic 

computational 

tools

- Manual drug discovery and 

design (e.g., trial-and-error 

methods).

- Early computational chemistry 

tools (e.g., molecular modeling).

- Early QSAR 

models

- Limited data storage and 

processing capabilities.

- Basic predictive models for drug 

properties (e.g., solubility, 

toxicity).

- Paper-based clinical trial 

records and regulatory 

submissions.

- Early electronic data capture 

(EDC) systems for clinical trials.

What's not new and whats new?
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Era Key Technologies Before (What We Had) After (What Is New or Improved)

2000s–2010s

- High-

performance 

computing (HPC)

- Reliance on small datasets and 

limited computational power.

- HPC enabled faster molecular 

simulations and virtual screening.

- Early machine 

learning (ML)

- Manual analysis of adverse events 

and pharmacovigilance data.

- ML models for predicting drug-target 

interactions and ADME properties.

- Electronic Health 

Records (EHRs)

- Limited patient data integration for 

personalized medicine.

- EHRs enabled better patient data 

management and analysis.

- Manual quality control in drug 

manufacturing.

- Early automation in manufacturing (e.g., 

robotic dispensing).

What's not new and whats new?
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Era Key Technologies Before (What We Had) After (What Is New or Improved)

2010s–2020s- Cloud computing
- On-premise data storage and 

limited scalability.

- Cloud computing enabled real-time data 

sharing, collaboration, and scalable 

analytics.

- IoT and sensors

- Manual monitoring of 

manufacturing processes and supply 

chains.

- IoT enabled real-time monitoring of 

production lines and supply chain 

logistics.

- Advanced ML 

and deep learning

- Limited ability to analyze 

unstructured data (e.g., scientific 

literature, social media).

- Deep learning models improved image 

analysis (e.g., defect detection) and NLP 

for literature mining.

- Limited transparency in drug 

supply chains.

- Early blockchain pilots for supply chain 

traceability.

What's not new and whats new?
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Era Key Technologies Before (What We Had) After (What Is New or Improved)

2020s–Present
- Large Language Models 

(LLMs)

- Manual literature reviews and 

regulatory document preparation.

- LLMs automate literature analysis, 

regulatory submissions, and patient 

communication.

- Blockchain and smart 

contracts

- Limited data security and 

traceability in clinical trials and 

supply chains.

- Blockchain ensures tamper-proof records 

for clinical trials, supply chains, and 

compliance.

- Quantum computing 

(early stages)

- Limited ability to solve complex 

molecular simulations.

- Quantum computing promises 

breakthroughs in molecular modeling and 

drug discovery.

- Edge computing
- Centralized data processing with 

latency issues.

- Edge computing enables real-time data 

processing at the source (e.g., IoT devices 

in manufacturing).

- Generative AI
- Limited ability to generate novel 

drug candidates.

- Generative AI designs new molecules and 

optimizes drug formulations.

- Digital twins

- Limited ability to simulate and 

optimize manufacturing 

processes.

- Digital twins enable virtual simulations of 

production lines for optimization.

What's not new and whats new?



Faster drug development!

This happens because of the nature of the drug discovery!

Drug discovery is a learning process rather than a making 
process!

***AI learns faster than human?***
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Aspect DeepSeek-V3 GPT (e.g., GPT-4) Humans

Speed of Learning

Can process and learn from 

massive datasets in 

seconds or minutes.

Similar to DeepSeek-V3; 

learns quickly from large 

datasets.

Learning is slower, as it 

requires time to read, 

understand, and practice.

Retention

Instantly retains 

information without 

forgetting (unless data is 

overwritten).

Same as DeepSeek-V3; 

retains information 

perfectly unless retrained.

May forget information 

over time without 

reinforcement.

Scalability
Can learn from billions of 

data points simultaneously.

Same as DeepSeek-V3; 

highly scalable with large 

datasets.

Limited by cognitive 

capacity and focus.

Contextual 

Understanding

Struggles with nuanced or 

abstract concepts without 

explicit training.

Better than DeepSeek-V3 

at understanding context 

but still limited.

Excels at understanding 

context, emotions, and 

abstract ideas.

Adaptability

Requires retraining or 

updates to adapt to new 

information.

Similar to DeepSeek-V3; 

requires updates for new 

knowledge.

Can adapt and learn 

dynamically from real-

world experiences.

AI learns faster than human!
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Aspect DeepSeek-V3 GPT (e.g., GPT-4) Humans

Energy Efficiency

Requires significant 

computational resources for 

training.

Similar to DeepSeek-V3; 

computationally intensive.

Learns efficiently with 

minimal energy compared to 

AI systems.

Creativity

Limited to patterns in 

training data; struggles with 

true creativity.

More creative than 

DeepSeek-V3 but still bound 

by training data.

Highly creative, capable of 

original thought and 

innovation.

Real-Time Learning
Cannot learn in real-time; 

requires retraining.

Same as DeepSeek-V3; no 

real-time learning capability.

Can learn and adapt in real-

time from experiences.

Emotional Intelligence
Lacks emotional 

understanding and empathy.

Simulates empathy but lacks 

genuine emotional 

intelligence.

Excels at emotional 

understanding and empathy.

Generalization

Performs well within trained 

domains but struggles with 

unfamiliar tasks.

Better at generalization than 

DeepSeek-V3 but still limited.

Can generalize knowledge 

across diverse and unfamiliar 

situations.

AI learns faster than human!
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Ligand or Drug?



Applications of AI in 
Pharmacy

2/4/2025 DRSOLTANIAI 17

Clinical Pharmacy Practice

Community Pharmacy Practice

Pharmacy Education and Research

Drug Discovery and Development
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•Data Quality and Availability:
• AI methods require large, high-quality 

datasets; limited or inconsistent data can 
affect accuracy and reliability.

•Ethical Considerations:
• Concerns about fairness and bias, 

especially if training data is 
unrepresentative, potentially leading to 
unequal treatment access.

•Regulatory Compliance:
• Ensuring AI applications adhere to 

existing laws and regulations governing 
pharmacy practice to maintain patient 
safety and privacy.
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Datasets for adverse drug reactions (ADR): 
DrugBank, SIDER, OFFSIDES and TWO SIDES 

Datasets for Drug induced Liver Injury:
DILIrank
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Category Database Description Applications

Chemical Databases PubChem
Provides chemical structures, properties, and biological 
activities of small molecules.

Drug discovery, QSAR modeling, 
virtual screening.

ChEMBL
A manually curated database of bioactive molecules with 
drug-like properties.

Predictive modeling for drug 
discovery and development.

DrugBank
Comprehensive resource with detailed drug and drug target 
data.

Drug-target interaction 
prediction, drug repurposing.

ZINC Database
A free database of commercially available compounds for 
virtual screening.

AI-driven drug design, virtual 
screening.

BindingDB
Database of measured binding affinities for drug-target 
interactions.

Training datasets for molecular 
docking, binding prediction.

Genomic Databases Ensembl
Genome browser providing annotated genomic data for 
multiple species.

Genomics-based AI model 
development.

TCGA
Contains genomic and clinical data from various cancer 
types.

AI models in cancer research, 
personalized medicine.

GTEx
Dataset of human gene expression and regulation across 
tissues.

AI models for transcriptomics, 
gene expression analysis.

Protein Databases
Human Protein 
Atlas

Provides information on protein expression in tissues and 
cells.

AI models in biomarker 
identification, proteomics.

PDB
Repository of 3D structural data of proteins, nucleic acids, 
and complexes.

AI models for protein-ligand 
interaction prediction.
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Category Database Description Applications

Pharmacology 
Databases

PharmGKB
Information on the impact of genetic variation on 
drug response.

Pharmacogenomics, 
personalized medicine AI 
models.

IUPHAR/BPS 
Guide to 
Pharmacology

Detailed information on drug targets and 
associated pharmacological data.

AI-based target 
identification.

Clinical 
Databases

MIMIC-
III/MIMIC-IV

Critical care database with de-identified health 
data for patients.

AI models for clinical 
decision support, EHR data 
analysis.

ClinicalTrials.go
v

Registry and results database of clinical trials.
AI-based clinical trial 
analysis, prediction models.

Literature 
Databases

PubMed
Literature database with millions of biomedical 
research articles.

Text-mining, NLP model 
development.

Pathway 
Databases

KEGG
Integrates information on genes, pathways, drugs, 
and diseases.

AI models for pathway and 
drug-disease association 
analysis.

Open Targets
Information linking targets with diseases using 
evidence from genetics and omics.

Target identification, drug 
repurposing models.
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Category Database Description Applications

Pathway 
Databases

KEGG
Integrates information on genes, pathways, drugs, 
and diseases.

AI models for pathway and 
drug-disease association 
analysis.

Open Targets
Information linking targets with diseases using 
evidence from genetics and omics.

Target identification, drug 
repurposing models.

Chemical 
Entities 
Databases

CHEBI Information on small molecules and metabolites.
AI models for 
metabolomics, drug design.

PANDA Database integrating pathway and annotation data.
AI models for pathway 
analysis, annotation.

Toxicology 
Databases

TOX21
Data on the toxicity of chemicals for AI model 
development.

Predictive toxicology 
modeling.

ToxCast
Provides high-throughput screening data for 
environmental chemicals.

AI models for chemical 
toxicity prediction.

AI Model 
Training 
Datasets

Kaggle Datasets
A wide variety of datasets for AI research, including 
healthcare and pharma.

Training and testing 
machine learning models.

Open ML
Collaborative platform for sharing datasets and 
models.

Developing AI/ML models 
across domains.



Google’s Deepmind AI system

AlphaFold has found a
solution to how proteins fold
into their 3D structure, which
may create new opportunities
in structure based drug
design.
ProteinPfs48/45,acrucialpartofthemalariaparasitethat
eluded scientists until DeepMind’s AlphaFold was able to
predictits3Dstructure
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In April of 2022, the German biotechnology
company Evotec announced a phase 1 clinical
trial on a new anticancer molecule.
The candidate was created in partnership with
Exscientia, a company based in Oxford, UK, that
applies artificial intelligence (AI) techniques to
small molecule drug discovery.



A robot scientist

Its name is Adam

Created by Professor Ross
King

The first robot to design,
perform, and interpret a series
of scientific experiments
leading to a new discovery.

He discovered the encoding
genes of yeast enzymes

https://singularityhub.com/2010/03/16/a
dam the robot scientist makes its first 
discovery/
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“I will recruit a couple of postdocs, an
assistant professor and 2-3 PhD
students. We need people familiar
with biology and laboratory
automation, artificial intelligence
and machine learning.

I’m also bringing my last generation
robot, Eve, from Manchester.

She was developed for studying
neglected tropical diseases such as
Malaria, African sleeping sickness etc.

2/4/2025 DRSOLTANIAI 27



April 2022

By combining automated text analysis with ‘Eve’ – a
computer/robotic system that uses AI, researchers
found that just a third of the results of a cohort of
research papers in breast cancer cell biology were
fully reproducible.“It’s quite shocking how big of an issue reproducibility is

in science, and it’s going to need a complete overhaul in

the way that a lot of science is done,”

“We think that machines have a key role to play in

helping to fix it.”

https://wasp sweden.org/robot scientist eve illuminates reproducibility in breast cancer research/
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AI and Research



برنامه سخنرانی های  وبینار 

مدیریت بیماران نارسایي تنفسي حاد در بخش مراقبت ویژه 

1403بهمن 20

سخنرانی موضوع مدت زمان 
سخنرانی

رتبه سخنران ردیف

مقدمه ای بر کاربردهای هوش مصنوعی 
در داروسازی 

9-9:40 استاد شیمی دارویی

تبریز

دکتر سمیه سلطانی

1502418592
۱

موفقیتهای هوش مصنوعی و چالشهای 
پیش روی آن در زمینه کشف دارو

9.50-10.30 استاد شیمی دارویی 
دانشگاه فلوریدا

دکتر طراوت غفوریان

1639300414
۲

تصویربرداری پزشکی پیشرفته با هوش 

کاربردهای یادگیری عمیق در : مصنوعی
توموگرافی انسجام نوری

10.30-11.10 پست داک دانشگاه 
آدلهاید

دکتر محمد رشیدی

1360351000
۳

کاربرد هوش مصنوعی در فارماکوگنوزی  11.20-12 دانشیار 
فارماکوگنوزی 

تبریز

دکتر لاله خدایی

2971828093
4
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Organization AI Integration Initiatives Source

Novo Nordisk
Collaborating with AI startups in India to 
enhance drug safety data management and 
streamline document processing.

https://economictimes.indiatimes.com/industry/h
ealthcare/biotech/pharmaceuticals/wegovy-
maker-novo-nordisk-bets-big-on-talent-ai-
partnerships-in-
india/articleshow/114148019.cms?from=mdr

AION Labs
Formed by AstraZeneca, Merck KGaA, Pfizer, and 
Teva, in partnership with Amazon Web Services, 
to foster AI-driven drug discovery startups.

https://aionlabs.com/

Verily Life Sciences
Pivoting towards AI by offering tech 
infrastructure to support AI model and app 
development for healthcare companies.

https://verily.com/

U.S. Food and Drug 
Administration 
(FDA)

Recognizing the increased use of AI throughout 
the drug development process and across a 
range of therapeutic areas.

https://www.fda.gov/news-
events/press-announcements/fda-
proposes-framework-advance-
credibility-ai-models-used-drug-and-
biological-product-submissions

European 
Medicines Agency 
(EMA)

Exploring AI applications to enhance regulatory 
processes and improve efficiency in evaluating 
medicinal products.

https://www.scilife.io/



While the healthcare
industry is rapidly adopting
digital tech, the pharma
industry is lagging on
digital maturity, and any
measures even early
movers are taking to
catch up are patchworked
due to a lack of strategy
and digital focused
leadership.Digiceuticals!
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“In the future we believe that AI may help us 
predict what queries regulators are likely to 

come back with,”

“We used to focus on storing and searching data,” 
“Now we need to concentrate on true mining of 

our data for recommendations.”
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Boris Braylyan
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Despite decades of research this is still a long, laborious
procedure – and is a key bottleneck for advancing new
medicines to the clinic.

But recent advances in AI based software offer unprecedented
new opportunities to help speed up this stage of drug discovery
and get effective drugs to patients, faster.



Everyone is talking about artificial intelligence (AI) – in the media, at 
conferences and in product brochures. 

Yet the technology is still in its infancy. Applications that would have 
been dismissed as science fiction not long ago could become reality within a 
few years.
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Company Year AI Integration Area Initiative Details

Pfizer 2021 Drug Discovery
Collaboration with 

IBM Watson

Utilized IBM Watson's AI capabilities to accelerate 
immuno-oncology drug discovery, enhancing the 
identification of promising drug candidates.

Exscientia 2021 Drug Discovery
AI-Designed Drug 

Development

Developed the world's first AI-designed drug, which 
entered clinical trials within 12 months, demonstrating 
AI's potential to expedite drug development timelines.

Novartis 2021 Manufacturing
AI Integration in 
Manufacturing

Employed AI to optimize manufacturing processes, 
enabling real-time monitoring and improving 
production quality.

Gilead Sciences, 
Novartis, Johnson & 

Johnson, Bristol 
Myers Squibb

2024 Manufacturing
CAR-T Therapy 
Manufacturing 
Optimization

Worked to reduce manufacturing turnaround times for 
CAR-T therapies, personalized cancer treatments, from 
37 days in 2017 to approximately 14 days, with 
potential future reductions to around a week.

CSL 2024
Personalized 

Pharmacotherapy
AI Initiatives for Drug 

Development

Leveraged AI to expedite drug development and devise 
more personalized, effective treatments for serious 
diseases, including cancer.

AION Labs 
(AstraZeneca, Merck 
KGaA, Pfizer, Teva)

2021 Drug Discovery
AI-Powered 

Antibody Discovery

Launched ventures like DenovAI and TenAces
Biosciences to focus on AI-powered antibody discovery 
and molecular glue therapies, contributing to 
personalized medicine advancements.
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Big pharma and AI companies collaboration
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Big pharma and AI companies collaboration



AI in Drug 
Formulation design

FormulationAI

Orion

Shrodinger
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AI in Drug Formulation design

FormulationDT

http://formulationdt.computpharm.org/

we introduce FormulationDT,

the first data-driven and

knowledge-guided artificial

intelligence (AI) platform for

rational formulation strategy
design



It will take years for AI use to peak in drug discovery and
development process
While AI is already being used to enhance drug discovery
and development, it is still in the infancy stage.

2/4/2025 DRSOLTANIAI 39

Current landscape 



2/4/2025 DRSOLTANIAI 40



2/4/2025 DRSOLTANIAI 41



AI tools can be applied to automate regulatory processes such 
as:
 administrative work, 

dossier filling, 

data extraction, 

auditing, 

the implementation of regulations, 

and quality management. 

AI creates process links and reduces complexity, resulting in a 
more efficient management system.
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FDA is committed to ensuring that drugs are safe and effective while
facilitating innovations in their development.

FDA has accelerated its efforts to create an agile regulatory ecosystem
that can facilitate innovation while safeguarding public health.

AI/ML will undoubtedly play a critical role in drug development, and
FDA plans to develop and adopt a flexible risk-based regulatory
framework that promotes innovation and protects patient safety.
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FDA’s Center for Drug Evaluation and Research (CDER), in
collaboration with the Center for Biologics Evaluation and
Research (CBER) and the Center for Devices and
Radiological Health (CDRH), issued an initial discussion
paper to communicate with a range of stakeholders and to
explore relevant considerations for the use of AI/ML in the
development of drugs and biological products.
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Year Title Key Points

2019
Proposed Regulatory Framework for 
Modifications to AI/ML-Based Software as a 
Medical Device (SaMD)

Introduced a potential approach to premarket review for 
AI/ML-driven software modifications, emphasizing the need for 
a tailored regulatory framework. 

2021
Artificial Intelligence/Machine Learning (AI/ML)-
Based Software as a Medical Device Action Plan

Detailed the FDA's approach to advancing oversight of AI/ML-
based medical software, focusing on Good Machine Learning 
Practices (GMLP) and real-world performance monitoring. 

2023
Discussion Paper: Artificial Intelligence in Drug 
Manufacturing

Explored AI/ML applications in drug manufacturing to enhance 
efficiency and product quality; sought stakeholder feedback to 
inform future regulatory policies. 

2023
Discussion Paper: Using AI & ML in the 
Development of Drug & Biological Products

Discussed AI/ML use in drug and biological product 
development, including clinical trial design and data analysis; 
invited public comment to shape regulatory considerations. 

2024
Good Machine Learning Practice Guiding 
Principles

Developed in collaboration with Health Canada and the UK's 
MHRA, these principles aim to promote safe, effective, and 
high-quality AI/ML-enabled medical devices. 
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2025
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There are
now more than
692 market-
cleared artificial
intelligence (AI)
medical
algorithms
available in the
United States,
according to the
U.S. Food and
Drug
Administration
(FDA) as of July
30, 2023.
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What is 
going on in Iran
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What is going on in Iran

متاسفانه هیچ اطلاعاتی در مورد 

مصوبه های احتمالی، کمیته های 

راهبری، مقررات مرتبط با 

مستندسازی دیتا، در جستجوی گوگل

.و اخبار یافت نشد



What's going around Iran?

Strategic planning, 

systematic acts 

and 

relevant collaborations with AI companies!
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Thanks for your attention
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Share your comments:
https://ir.linkedin.com/in/somaieh-soltani 
soltanis@tbzmed.ac.ir


