International Journal of Biology Sciences 2026; 8(2): 13-16

Inferna’rional Journal of Biology Sciences

ISSN Print: 2664-9926
ISSN Online: 2664-9934
NAAS Rating (2026): 4.82
1JBS 2026; 8(2): 13-16
www.biologyjournal.net
Received: 20-10-2025
Accepted: 30-11-2025

Veerpal Anuragi

Department of Veterinary
Pharmacology & Toxicology,
DUVASU, Mathura,

Uttar Pradesh, India

Piyush Kumar

Department of Veterinary
Medicine, DUVASU, Mathura,
Uttar Pradesh, India

Corresponding Author:

Piyush Kumar

Department of Veterinary
Medicine, DUVASU, Mathura,
Uttar Pradesh, India

Role of artificial intelligence in veterinary
pharmacology: From drug development to
personalized therapy

Veerpal Anuragi and Piyush Kumar

DOI: https://www.doi.org/10.33545/26649926.2026.v8.i2a.567

Abstract

Artificial intelligence (Al) is rapidly emerging as a transformative force in biomedical sciences, with
growing relevance to veterinary pharmacology and One Health oriented research. Advances in machine
learning, deep learning, natural language processing, and network-based modelling have enabled
efficient analysis of complex, multidimensional biological and pharmacological datasets that exceed the
capacity of traditional analytical approaches. In veterinary pharmacology, Al offers significant
potential to accelerate drug discovery and development, improve species-specific pharmacokinetic-
pharmacodynamic (PK-PD) modelling, enable precision dosing strategies, predict adverse drug
reactions, and strengthen antimicrobial stewardship efforts. Al driven models facilitate early prediction
of drug efficacy, toxicity, and pharmacokinetic behaviour, thereby reducing development costs and
experimental burden while enhancing therapeutic safety and effectiveness across diverse animal
species. Furthermore, integration of Al within a One Health framework supports cross-sectoral
surveillance, particularly for antimicrobial resistance, by linking human, animal, and environmental
health data. Despite these advances, challenges related to data quality, model interpretability, regulatory
acceptance, ethical governance, and infrastructure limitations remain significant barriers to widespread
adoption. This review synthesizes current concepts, tools, and applications of Al in veterinary
pharmacology, highlights emerging opportunities in precision therapeutics and regulatory science, and
discusses key challenges and future perspectives. Strategic interdisciplinary collaboration, standardized
data frameworks, and explainable Al approaches will be essential to realizing the full potential of Al in
advancing veterinary pharmacology and One Health objectives.
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Introduction

Artificial Intelligence (Al), a branch of computer science that enables machines to perform
tasks that traditionally require human intelligence, is rapidly transforming biomedical
sciences, including pharmacology and healthcare. In human pharmacology, Al has already
shown considerable promise in accelerating drug discovery, optimizing pharmacokinetic-
pharmacodynamic (PK-PD) modelling, predicting adverse drug reactions and guiding
precision medicine strategies by analysing complex biological and clinical datasets through
machine learning and deep learning algorithms [,

The application of Al in veterinary medicine is an emerging and rapidly expanding field.
Although much of the foundational work in veterinary Al has focused on clinical diagnosis,
imaging, disease surveillance, and health monitoring, the core technologies underpinning
these advances such as big data analytics, predictive modelling, and pattern recognition are
directly relevant to veterinary pharmacological research and practice 1.

In veterinary pharmacology, the integration of Al has the potential to revolutionize drug
discovery and development, address species-specific variations in pharmacokinetics and drug
responses, support personalized dosing regimens, and improve therapeutic outcomes. These
opportunities arise from the ability of Al systems to handle large, heterogeneous datasets
including genomic, clinical, and pharmacological data that are traditionally difficult to
analyse using classical statistical methods.
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Artificial Intelligence: Concepts and Tools Relevant to
Veterinary Pharmacology

Artificial intelligence (Al) comprises a range of
computational techniques that enable machines to mimic
human cognitive functions such as learning, pattern
recognition, reasoning, and prediction, making it highly
relevant to modern veterinary pharmacology.

Among Al methodologies, machine learning (ML) serves as
a foundational tool that allows algorithms to learn from
complex pharmacological datasets, including chemical
structures, biological responses and clinical outcomes, to
predict drug efficacy, safety, and pharmacokinetic behavior
[14]

Deep learning (DL), an advanced subset of ML based on
multilayered neural networks, further enhances these
capabilities by efficiently processing high-dimensional data
and has been widely applied in molecular property
prediction, drug target interaction modeling, and automated
feature extraction for drug discovery 1,

Natural language processing (NLP) enables systematic
mining of vast biomedical literature, electronic health
records, and regulatory documents to identify drug-gene
interactions, adverse drug reactions, and emerging
pharmacological trends, thereby accelerating evidence
synthesis and hypothesis generation 3],

In addition, knowledge graphs and graph neural networks
(GNNs) model complex biological relationships by
representing drugs, targets, and pathways as interconnected
networks, facilitating improved prediction of drug
interactions and identification of novel therapeutic targets
(13 Complementing these tools, in silico models and
computational simulations, including physiologically based
pharmacokinetic modelling and virtual screening, often
integrate Al algorithms to enhance predictive accuracy,
reduce experimental costs, and minimize animal use.
Collectively, these Al concepts and tools provide a robust
framework for advancing drug discovery, optimizing dosing
strategies, and supporting precision therapeutics in
veterinary pharmacology.

Al in Veterinary Drug Discovery and Development

The integration of artificial intelligence (Al) into the
veterinary drug discovery and development pipeline is
reshaping how new therapeutics are identified, optimized,
and translated into clinical use. Traditional drug discovery
has often been time-consuming, expensive, and dependent
on extensive in vivo testing M. Al driven methods, including
machine learning and deep learning algorithms, have the
capacity to analyse large and complex biomedical datasets
such as genomic, proteomic, and chemical structure
information to identify novel drug targets more rapidly and
cost effectively than conventional approaches. These
algorithms can predict drug efficacy, toxicity, and
pharmacokinetic profiles early in the discovery phase,
thereby streamlining candidate selection and reducing
experimental burden. Al also supports drug repurposing
strategies by assessing existing veterinary or human drugs
for potential new indications in animal species, which is
particularly valuable given the limited commercial incentive
for novel veterinary drugs compared to human
pharmaceuticals. To facilitate this, comprehensive data
systems like the Veterinary Drug Bank have been developed
to integrate multisource drug, target, and disease
information, thereby enhancing Al based discovery efforts
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in veterinary contexts. These innovations promise to reduce
reliance on traditional animal testing, accelerate discovery
timelines, and improve species-specific pharmacological
insights, ultimately enhancing therapeutic development for
diverse animal populations - 12,

Al Applications in Pharmacokinetics and
Pharmacodynamics

Artificial intelligence is increasingly being used to enhance
pharmacokinetic (PK) and pharmacodynamic (PD) analyses
by handling large, multidimensional datasets to model drug
behaviour and effects more precisely. Machine learning
(ML) and hybrid Al models can predict individualized drug
exposure and absorption, distribution, metabolism, and
excretion (ADME), addressing limitations of traditional
compartmental models and accommodating sparse or
irregular data through advanced architectures. In PD, Al
facilitates development of response models that consider
interindividual variability and supports adaptive dosing
regimens tailored to biological and clinical constraints.
These technologies are transforming drug effect modelling,
enabling more personalized and precise outcomes in
pharmacological studies. However, they also face challenges
in data quality and model interpretability, requiring robust
validation and domain expertise for clinical integration. The
expanding role of Al in PK/PD illustrates its potential to
improve predictive accuracy and tailor therapeutic regimens
across species 1.
Precision Dosing and Personalized
Pharmacology

Precision dosing refers to optimizing drug dosage for
individual patients by integrating physiologic, genetic, and
clinical variables. In human medicine, model-informed
precision dosing (MIPD) using pharmacometrics models
and Al tools is gaining traction for individualized treatment,
balancing efficacy with minimal toxicity. Al based PK/PD
models that incorporate demographic and clinical profiles
can refine dose selection where standard dosing fails to
account for interspecies and individual variability, a crucial
need in veterinary practice. By leveraging large datasets and
ML algorithms, Al can predict optimal dosing regimens,
monitor therapeutic levels in real time, and adjust for
species-specific metabolic differences. These approaches
promise safer, more effective treatment for diverse animals
while reducing adverse outcomes and therapeutic failures.

Veterinary

Prediction of Adverse Drug Reactions and Toxicity

Al is transforming pharmacovigilance by enhancing the
prediction and detection of adverse drug reactions (ADRS)
through automated analysis of large datasets, including
clinical records and safety reports. Machine learning models
can identify safety signals, uncover patterns linked to ADRs,
and flag high risk drug interactions more efficiently than
manual methods. Systematic reviews of Al in
pharmacovigilance highlight its ability to identify adverse
events, extract drug-drug interactions, and pinpoint patient
populations at increased risk of toxicity. However,
challenges remain in model generalization and data
heterogeneity, underscoring the need for further research to
improve clinical applicability. In veterinary settings, similar
Al approaches could support early detection of treatment-
related toxicities, improve drug safety monitoring, and

support evidence-based adjustments in therapeutic protocols
[10]
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Al in Antimicrobial
Management
Antimicrobial resistance (AMR) is a critical One Health
challenge that affects both human and animal health. Al and
machine learning tools are being explored to enhance
antimicrobial stewardship programs (ASPs) by improving
antibiotic prescribing accuracy, predicting resistance trends,
and optimizing therapeutic interventions. Systematic
reviews on Al-driven ASPs show that ML models such as
boosted trees and logistic regression can enhance empirical
antibiotic selection, predict resistance patterns, and support
more appropriate therapy decisions, potentially reducing
inappropriate antimicrobial use. Broader analyses also
demonstrate strong predictive performance of Al models in
AMS, indicating improved accuracy and specificity in
resistance forecasting. In veterinary contexts, Al can
similarly assist in surveillance of resistance phenotypes,
guide evidence-based antibiotic use, and help design
strategies to slow the emergence of AMR in animal
populations [ 91,

Stewardship and Resistance

Integration of Al with One Health and Regulatory
Pharmacology

Integrating Artificial Intelligence (Al) within a One Health
framework which recognizes the interconnectedness of
human, animal, and environmental health offers
transformative opportunities for veterinary pharmacology.
Al systems can leverage large, heterogeneous datasets
(clinical, genomic, environmental, and epidemiological) to
support cross-sectoral monitoring, early detection of
antimicrobial resistance (AMR), and coordinated risk
assessment across species. Al-driven platforms have shown
promise in integrating clinical data from human and animal
health sectors to enhance surveillance and guide evidence-
based policy decisions, especially in AMR management.
However, most current applications focus predominantly on
human health, and there remains a need for more studies
emphasizing animal and environmental health integration
within One Health initiatives. Furthermore, regulatory
pharmacology is adapting to the increasing role of Al and
machine learning (ML) by modernizing data management
and safety surveillance. Regulatory bodies such as the U.S.
FDA’s Centre for Veterinary Medicine are exploring AI/ML
tools to improve post-marketing safety surveillance,
resistance research, and genomic analyses, illustrating a
shift toward data-driven regulatory science. Such
collaborations between regulatory agencies, researchers, and
industry will be crucial to leverage Al in aligning innovative
therapeutic development with public and animal health
goals B,

Challenges and Limitations

Despite substantial promise, the adoption of Al in veterinary
pharmacology and One Health applications faces multiple
challenges. A major limitation is the quality and
standardization of data: veterinary datasets are often
fragmented, incomplete, and lack consistent formats,
undermining the development and reliability of Al models.
Model performance and generalizability are impeded by
data heterogeneity and limited representation across diverse
species and regions, which can lead to overfitting and
reduced external validity. The “black-box” nature of many
deep learning models further complicates interpretability
and stakeholder trust, posing barriers to clinical adoption
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and regulatory approval. Ethical, legal, and privacy concerns
also arise, especially in data sharing across human and
animal health systems, where clear governance and consent
frameworks are lacking. In addition, infrastructure gaps
including limited computational resources and shortages of
interdisciplinary expertise particularly in low- and middle-
income regions, restrict broad implementation. These
challenges highlight the need for robust data governance,
interdisciplinary training, and transparent Al methodologies

to ensure safe and equitable use in veterinary pharmacology
[2]

Future Perspectives

The future of Al in veterinary pharmacology lies in
strengthening interdisciplinary integration, enhancing data
standards, and fostering regulatory adaptation. Priority areas
include developing cross sectoral Al systems that integrate
human, animal, and environmental data for comprehensive
One Health surveillance; establishing standardized,
interoperable datasets; and implementing explainable Al
(XAIl) techniques to improve transparency and trust.
Regulatory frameworks must evolve to provide clear
guidelines for AI/ML validation, risk assessment, and
ethical use, enabling more seamless incorporation of Al
outputs into drug regulation and post-marketing
surveillance.  Capacity  building  through  training
veterinarians and pharmacologists in Al tools, as well as
investments in digital infrastructure, will be essential to
overcome implementation barriers. Emerging research also
emphasizes collaborative partnerships among academia,
industry, and regulatory bodies to harmonize data
governance, model validation, and ethical oversight. These
approaches promise to accelerate responsible Al adoption,
improving pharmacological discovery, safety monitoring,
and therapeutic decision-making across veterinary and One
Health domains.

Conclusion

Artificial intelligence is rapidly emerging as a
transformative force in veterinary pharmacology, offering
innovative solutions across drug discovery,
pharmacokinetic-pharmacodynamic  modelling, precision
dosing, pharmacovigilance, and antimicrobial stewardship.
By enabling the integration and analysis of complex, multi
dimensional datasets, Al supports more accurate predictions
of drug efficacy, safety, and resistance patterns while
reducing experimental costs and reliance on animal testing.
Despite challenges related to data quality, model
interpretability, and regulatory acceptance, continued
interdisciplinary collaboration, robust data governance, and
advances in explainable Al are expected to drive wider
adoption. Collectively, Al holds significant promise for

advancing evidence based, precise, and sustainable
veterinary  pharmacotherapy within a One Health
framework.
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