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ABSTRACT
Artificial Intelligence (AI) is a tool for data analysis and data related problems. This advancement 
has led to several technological achievements in virtually all fields from engineering to  
architecture, education, accounting, business, health, and many more. Intelligent modeling is the 
main goal of Artificial Intelligence (AI), which aids with knowledge envisioning, problem solving, 
and decision making. AI has recently become significant in a number of pharmacy-related domains, 
including hospital pharmacy, polypharmacology, drug delivery formulation development, and 
drug discovery. Different Artificial Neural Networks (ANNs), such as Deep Neural Networks (DNNs) 
or Recurrent Neural Networks (RNNs), are used in drug discovery and drug delivery formulation 
development. The power of the technology in Quantitative Structure-Activity Relationship 
(QSAR) or Quantitative Structure-Property Relationship (QSPR) has been examined in a number 
of drug discovery applications. The applications of AI in pharmacy, particularly in drug discovery, 
drug delivery formulation development, polypharmacology, and hospital pharmacy, are covered 
in the current review paper.

Keywords: Artificial Intelligence, Artificial Neural Network, Drug Discovery, Drug Delivery 
Research, Hospital Pharmacy.

INTRODUCTION

Artificial Intelligence (AI) is a branch of study that deals with 
intelligent machine learning, mostly intelligent computer 
programs that produce outcomes that resemble human attention 
processes (Mak and Pichika, 2019). In general, this process 
entails gathering data, creating effective methods for using the 
data, and demonstrating precise or approximative findings and 
self-corrections/adjustments (Hassanzadeh et al., 2019). AI 
is typically used to analyze machine learning to mimic human 
cognitive activities (Hassanzadeh et al., 2019; Russel et al., 2015). 
AI technology is used to achieve both helpful interpretation 
and more accurate analyses (Russel et al., 2015). According to 
this viewpoint, AI technology combines computer intelligence 
with a number of practical statistical models (Duch et al., 2004). 
However, the confidence that greatly adds to AI technology's 
effectiveness in the industry is the reason why nearly all advances 
in its applications are being welcomed. AI technology has 
recently become a highly important component of industry 
for the beneficial uses in numerous technical and research 
fields (Russel et al., 2015; Duch et al., 2004). The rising effort of 

accepting the uses of AI technology in pharmacy including drug 
discovery, drug delivery formulation development and other 
healthcare applications have already been converted from hype 
to hope (Table 1) (Dasta, 1992; Jiang et al., 2017). The applications 
of AI models also enable the prediction of in vivo reactions, 
pharmacokinetic therapeutic parameters, appropriate dosage, 
etc., (Hassanzadeh et al., 2019; Gobburu and Chen, 1996). Given 
the significance of pharmacokinetic drug prediction, the use of 
in silico models facilitates their efficacy and affordability in drug 
research (Sakiyama, 2009). AI technology advancements fall into 
two main categories (Agatonovic-Kustrin and Beresford, 2000). 
The first one consists of traditional computing techniques, such 
as expert systems, which can mimic human experiences and 
show the conclusions drawn from the principles (Zhang et al., 
2012). The second one consists of systems that use Artificial 
Neural Networks (ANNs) to simulate how the brain functions 
(Agatonovic-Kustrin and Beresford, 2000). In specific, several 
ANNs like Deep Neural Networks (DNNs) or Recurrent Neural 
Networks (RNNs) manage the evolutions of AI technology. DNN 
problems demonstrate higher predictivity than the baseline 
machine learning approaches in the Merck Kaggle11 and NIH 
Tox21 challenges (Russel et al., 2015; Merk et al., 2018). Machine 
learning uses appropriate statistical techniques that can learn 
with or without explicit programming (Bishop, 2013). De novo 
design also encourages the creation of novel pharmacological 
compounds with optimal or desired properties (Merk et al., 
2018). The applications of AI in pharmacy, particularly in drug 
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discovery and drug delivery formulation development, are 
discussed in the current review paper. Hospital pharmacy and 
polypharmacology are discussed.

METHODOLOGY

To gather pertinent published research on the use of Artificial 
Intelligence (AI) in pharmacy, a thorough literature search was 
carried out. A thorough search was conducted for publications 
published between 2010 and 2025 using electronic databases such 
as PubMed, Scopus, Google Scholar, ScienceDirect, and Web of 
Science.

The following terms and combinations were used in the search:

"AI in Pharmacy," "AI in Drug Discovery," "Artificial Neural 
Networks in Drug Delivery," "Machine Learning in Pharmaceutical 
Sciences," "AI in Hospital Pharmacy," "Polypharmacology and 
Artificial Intelligence," "Deep Learning in Drug Design," and 
"QSAR and AI in Drug Discovery"

The search approach was refined using Boolean operators like 
AND, OR, and NOT. Title, abstract, and full-text availability were 
used to filter pertinent review articles, original research papers, 
and computational studies.

Criteria for Inclusion

	 1.	 Peer-reviewed journal articles.

	 2.	 Research on the use of AI in pharmacy.

	 3.	 Drug delivery, Polypharmacology, Drug development, 
and Hospital pharmacy research.

	 4.	 English-language articles.

	 5.	 Research with computational, Experimental, or 
Review-based evidence.

Exclusion Standards

	 1.	 Repeated research.

	 2.	 Abstracts of conferences without full texts.

	 3.	 Articles written in languages other than English.

	 4.	 Research unrelated to AI's use in medicine.

	 5.	 Articles containing inadequate scientific information.

DISCUSSION/REVIEW OF LITERATURE

Classification of AI

AI can be divided into two categories based on its presence and 
quality (Figure 1) (Manikiran and Prasanthi, 2019; Cherkasov et 
al., 2009). Based on their capabilities, AI can be classified as:

i) Artificial Narrow Intelligence (ANI) or Weak AI: It carries out 
tasks that are limited in scope, such as traffic signaling, chess 
practice, car steering, and facial recognition.

ii) Artificial General Intelligence (AGI) or Strong AI: Also referred 
to as human-level AI, it is capable of all human functions. It can 
perform new tasks and simplify human cognitive capacities.

iii) Artificial Super Intelligence (ASI): It is far more intelligent 
and active than humans in areas such as mathematics, sketching, 
and space exploration.

AI can be categorized as follows based on whether it is present 
or not:

i) Type 1: Because it lacks a memory system, it is utilized 
for specialized applications that are unable to leverage prior 
knowledge. It's referred to as a reactive machine. Examples of 
this memory include an IBM chess program that can identify the 
checkers on the chess board and make predictions.

ii) Type 2: It features a constrained memory system that can use 
prior knowledge to solve various issues. The system in autonomous 
cars has the ability to make judgments based on some recorded 
observations that are used to document subsequent actions. 
However, these recordings are not kept indefinitely.

iii) Type 3: It is predicated on "Theory of Mind," which implies 
that people's decisions are influenced by their unique thoughts, 
intentions and aspirations. AI does not exist in this system.

iv). Type 4: It possesses self-awareness, or consciousness and a 
sense of self. Additionally, this system is nonexistent AI.

AI in hospital pharmacy

AI is used in hospital pharmacy-based healthcare systems in a 
number of ways, including organizing dose forms for specific 
patients, choosing the appropriate or accessible methods of 
administration or treatment guidelines (Jiang et al., 2017; 
Manikiran and Prasanthi, 2019).

i) Maintaining medical records: Keeping up with patients' 
medical records is a challenging endeavor. The collection, storing 
normalization, tracing of data are made easy by applying the 
AI system. Google's Deep Mind health initiative helps quickly 
uncover medical records. Hence, this initiative is a valuable 
one for better and faster health treatment. The Moor Fields Eye 
hospital NHS is assisted by this project for development of eye 
treatment.

ii) Creating treatment plans: AI technology makes it feasible to 
create efficient treatment plans (Manikiran and Prasanthi, 2019). 
When a patient's situation is critical emerges and choosing an 
appropriate course of therapy becomes challenging, the AI system 
is required to manage the issue. The treatment plan that this 
technology suggests takes into account all of the prior data and 
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reports, clinical expertise, etc. IBM Watson launches a program 
to assist oncologists.

iii) Helping with repetitive jobs: AI technology also helps with 
certain repetitive duties, such analyzing radiography, X-ray 
imaging, ECHO, ECG, etc., for the detection and diagnosis of the 
illnesses or conditions (Manikiran and Prasanthi, 2019).

The IBM algorithm Medical Sieve is a "cognitive assistant" with 
strong analytical and reasoning skills. A medical start-up is 
important for the improvement of patient condition by combining 
deep learning with medical data. Every bodily part has a unique 
computer software that is employed for certain medical disorders. 
Nearly all imaging analyses, including X-rays, CT scans, ECHOs, 
ECGs, etc., may be performed using deep learning.

iv) Health support and medication assistance: Recent years, 
the uses of AI technology are acknowledged efficient in health 
support services and also, for the medication assistances (Jiang et 
al., 2017). Molly (a start-up built virtual nurse) receives a lovely 
voice together with a kind visage. Its goal is to support patients 
with chronic conditions in between doctor appointments and to 
assist them in guiding their treatment. A smartphone webcam 
app called Ai Cure keeps an eye on patients and helps them 
manage their diseases.

v) AI benefits patients in the healthcare system by gathering and 
analyzing data via social awareness algorithms (Jiang et al., 2017). 
The huge information recorded in healthcare system covers the 
medical history of the patients together with the treatment history 
profile from the birth, habits as well as life-styles of the patients.

AI techniques for finding new drugs
The accessible findings from many resources, such as 
high-throughput screening modeling, fragment screening 
modeling, computational modeling, and published data, are 
where the drug discovery process starts (Mak and Pichika, 
2019; Fleming, 2018). Figures 2 and 3 depicts a schematic 
representation of the drug discovery process. Computer-assisted 
design techniques may be used to directly or indirectly examine 
the structural characterization of drug molecules throughout the 
drug discovery process. Following this, organic synthesis of drug 
molecules is carried out. Following high throughput screening in 
the main test, the manufactured drug molecules or collected drug 
compounds undergo successful Structure Activity Relationship 
(SAR) analysis, counter screening, and bioavailability evaluation 
in secondary assays. The induction and deduction stages are 
interchanged in the drug development process. The automation 
of specific portions of the inductive-deductive cycle decreases 
the unpredictability and inaccuracy; hence, enhances the efficacy 
of the drug discovery process. Manufacturers of chemicals and 
pharmaceuticals use deep learning software, such as "NVIDIA 
DGX-(Mak and Pichika, 2019)," to analyze and extract multiple 
patents and genetic data-based scientific science knowledge. The 
entirety of the information accessible for the growth of scientific 
study cannot be operated by humans. In order to identify 
the relationships between the substances and provide novel 
therapeutic molecules, AI supercomputers are able to receive 
and analyze the data (Agatonovic-Kustrin and Beresford, 2000; 
Lakdawala et al., 2018). The usage of chemical space is one of 
the applications of AI in the drug development process (Mak 
and Pichika, 2019; Lakdawala et al., 2018). Since it is possible to 

Figure 1: AI Innovations in Pharmacy.
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computationally list the required compounds, the chemical space 
really provides the phase for the identification of novel molecules 
(Reymond et al., 2010). In addition, the machine learning and 
associated prediction techniques also aid for the identifications 
of target-specific effective compounds (Ferrero et al., 2017). 
The most difficult aspect of the entire procedure is choosing a 
successful new medication molecule from a vast number of 
pharmacologically active chemical entities (Katsila et al., 2016). 
The goal of benevolent AI is to process fewer molecules with far 
greater certainty on their activity. In this sense, de novo design 
requires knowledge of organic chemistry for the synthesis of in 
silico molecules and virtual screening modeling, which serve 
as substitutes for numerous biochemical and biological tests to 
assess toxicity profiles and efficiency (Yuan et al., 2011; Merk et 
al., 2018; Blaschke et al., 2018; Gupta et al., 2018).

The creation of novel active compounds without the assistance 
of reference molecules is the goal of de novo design in drug 
development (Merk et al., 2018). Lastly, novel compounds 
with potential activities against the target-setting of illnesses 
or disorders can be found thanks to active learning algorithms. 
Together with the readily available data on small molecule 
modulator probes or structural biology characteristics, a 
number of in silico techniques for profile selection, such as 
ligand-based design approaches or molecular structure-based 
design approaches, may be used (Ferrero et al., 2017). The next 
generation of AI is being obtained by in silico molecules. There 
are various proposals and software solutions available for it. This 
design is not effective in drug development; but it is connected to 

the production of components featuring difficulties in synthesis 
(Mak and Pichika, 2019).

Drug compounds can be designed using Generative Adversarial 
Networks (GANs). The technique can use the text representation 
to create photo-realistic images Kadurin et al. (2017). used GAN in 
a study to recommend drugs with anticancer properties (Kadurin 
et al., 2017) This technology also allows for the generation of new 
data or imagination based on existing data. AI of the future is 
independent of learning from huge data sets. All issues that were 
previously challenging to resolve may be handled by the new AI 
technology (Silver et al., 2017). This innovative technology aids 
scientists and researchers in identifying and choosing potential 
chemical compounds based on their safety, effectiveness, and 
ability to select people for clinical trials (Mak and Pichika, 2019; 
Fleming, 2018). AI can prioritize compounds for therapeutic 
delivery based on their ease of synthesis or usefulness. Proven 
instruments for optimal synthetic techniques (Lakdawala et al., 
2018).

Table 2 provides a summary of key AI-based technologies for 
drug development.

AI approaches in polypharmacology

Today, the 'one-disease-multiple-targets' idea is preferred over 
the 'one-disease-one-targets' model for better understanding of 
pathological processes in numerous illnesses at the molecular 
level. Polypharmacology refers to the phenomena of treating a 
single illness using several targets (Prescott et al., 2006). Various 
databases, such as PubChem, KEGG, ChEMBL, ZINC, STITCH, 
Ligand Expo, PDB, Drug Bank, Supertarget, and Binding DB, 

Figure 2:  Classification of AI.
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Figure 3:  AI In Drug Discovery Process.

Drug Delivery System AI / Modeling Approach 
Used

Key Application References

Ibuprofen sustained-release tablets Adaptive neural-fuzzy 
inference system

Sustained release 
optimization

Rebouh et al. (2019)

Pellet-containing tablets ANN Tablet performance 
prediction

Huang et al. (2015)

Liposomes (ultrasonic release) ANN Controlled release Moussa et al. (2017)
Doxycycline-HPβCD complex RSM, ANN, SVM Formulation optimization Wang et al. (2013)
Oral disintegrating tablets ANN, DNN Disintegration prediction Han et al. (2018)
Agar nanospheres of bupropion GA, ANN, RSM Nano-delivery optimization Zaki et al. (2015)
Pilocarpine HCl nano-liposomes RSM, ANN Ophthalmic delivery Zhao et al. (2018)
Rosiglitazone maleate floating 
tablets

ANN Gastro-retentive delivery Güler et al. (2017)

Nifedipine osmotic tablets GI simulation, ANN Controlled release Ilić et al. (2014)
Diclofenac sodium gelatin 
nanoparticles

CCD, ANN Nanoparticle optimization Koletti et al. (2020)

Ciprofloxacin bone implants QbD, factorial design Implant optimization Nayak et al. (2011)
Alginate-PVP microbeads of 
diclofenac

CCD, RSM Controlled release Nayak et al. (2011)

Timolol nanoliposomes ANN, MLR Ocular delivery León Blanco et al. (2018)
Transferosomal gel (insulin) Factorial design, RSM Transdermal delivery Malakar et al. (2012)
Besifloxacin HCl liposomal gel Factorial design, RSM Topical delivery Bhattacharjee et al. (2020)
Transferosomal gel (risperidone) CCD, RSM Transdermal delivery Das et al. (2017)
Prednisone pellet system Box-Behnken, ANN Multiparticulate delivery Manda et al. (2019)
Mesalamine matrix tablets ANN, MLP Colon targeting Khan et al. (2020)
Voriconazole lipid carriers Box-Behnken, QbD Topical delivery Waghule et al. (2019)
Metformin HCl mucoadhesive 
beads

Factorial design, RSM Oral delivery Nayak and Pal (2013)

Table 1: Shows some current studies on the application of artificial intelligence in the development of medication delivery systems.
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provide valuable information on crystal structure, chemical 
features, biological properties, molecular pathways, binding 
affinities, disease concerns, and drug targets. AI can aid in the 
discovery of databases for polypharmacological compounds and 
agents.

Future Directions / Research Gaps

AI technologies are expected to operate independently of learning 
from massive datasets. Advanced generative models, such as 
Generative Adversarial Networks (GANs), will increasingly be 
used to generate novel pharmaceutical compounds with desired 
molecular properties in silico, resolving synthesis issues that were 
previously challenging. Further research is needed to bridge the 
gap between AI-designed chemical spaces and optimal, highly 
predictable in vivo synthetic outcomes.

CONCLUSION

In recent years, there has been a growing interest in using 
AI technology to analyze and interpret important pharmacy 
fields such as drug discovery, polypharmacology, and hospital 
pharmacy. AI technology mimics human decision-making and 
problem-solving abilities. Automated procedures and databases, 
together with AI-based analysis, have proven beneficial. AI 
allows for faster and more cost-effective formulation and analysis 
of hypotheses, methods, and associated aspects.
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ABBREVIATIONS

AI: Artificial Intelligence; AGI: Artificial General Intelligence; 
ANI: Artificial Narrow Intelligence; ANN: Artificial Neural 
Network; ASI: Artificial Super Intelligence; BFD: Big Fantastic 
Database; CADD: Computer-Aided Drug Design; CCD: 
Central Composite Design; CT: Computed Tomography; 
DNN: Deep Neural Network; ECG: Electrocardiogram; 
ECHO: Echocardiogram; GA: Genetic Algorithm; GAN: 
Generative Adversarial Network; GI: Gastrointestinal; HPβCD: 
Hydroxypropyl-β-cyclodextrin; HTS: High-Throughput 
Screening; ML: Machine Learning; MLP: Multilayer Perceptron; 
MLR: Multiple Linear Regression; MR-GNN: Multiresolution 
Graph Neural Network; MSA: Multiple Sequence Alignment; 
PDB: Protein Data Bank; PVP: Polyvinylpyrrolidone; QbD: 
Quality by Design; QSAR: Quantitative Structure-Activity 
Relationship; QSPR: Quantitative Structure-Property 
Relationship; RF: Random Forest; RNN: Recurrent Neural 
Network; RSM: Response Surface Methodology; SAR: Structure 
Activity Relationship; SDF: Structure Data File; SMILES: 
Simplified Molecular Input Line Entry System; SVM: Support 
Vector Machine; XDL: Chemical Description Language.

Tool Name Application Area AI / ML Model Input Data Types Key Features
AlphaFold 2 Protein structure 

prediction
Deep Learning 
(Transformer-based)

Amino acid sequences, 
MSA, BFD

Accurate 3D protein structure 
prediction

AlphaFold 3 Biomolecular 
complex prediction

Pairformer + 
diffusion model

Protein, DNA, RNA, 
ligands, ions

Predicts protein-ligand complexes

ChemicalX Drug-drug 
interaction scoring

Deep Learning 
(MR-GNN, 
DeepDDI)

SMILES, fingerprints, 
molecular graphs

Unified drug-pair scoring 
framework

ODDT Virtual screening RF, SVM, Neural 
Networks

PDB, SDF, SMILES CADD and docking tools

DeepTox Toxicity prediction Deep Neural 
Network

HTS data, molecular 
fragments

Winner of Tox21 challenge

Chemputer Automated 
synthesis

Pathfinding 
algorithms

XDL, hardware graphs Autonomous synthesis and 
purification

ORGANIC Molecular 
generation

GAN SMILES Inverse molecular design

Hit Dexter Assay interference 
prediction

Machine Learning Small molecules Detects non-specific assay responses

REINVENT De novo drug 
design

RNN + 
Reinforcement 
Learning

SMILES Generates novel molecules

Table 2: List of important AI-based computer-assisted tools used in drug discovery. 
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SUMMARY

AI technology has transitioned from hype to hope in the 
pharmaceutical industry, offering highly beneficial statistical and 
computer intelligence models. It streamlines hospital pharmacy 
operations, enhances drug delivery system design through 
Artificial Neural Networks, and accelerates drug discovery by 
evaluating vast chemical spaces and polypharmacological targets.
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