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Abstract 

 

Background: Toxicology is a critical field that is of significant importance to various industries, including pharmaceuticals, 

environmental protection, and consumer product safety. It's a  multidisciplinary science that often involves time-consuming and 

expensive toxicity tests, which can delay the development of new products and pose significant risks to public health and the  
environment. Therefore, there is an ever-growing demand for faster and more efficient toxicity evaluations. Artificial Intelligence (AI) 

has emerged as a promising solution to address these pressing challenges. By enabling the development of machine learning models 
that can analyze vast amounts of data. This review article focuses on the potential impact of AI in toxicology and its applications in 

different areas, such as predictive toxicology, development of toxicity screening assays, assessment of chemical mixtures, 
interpretation of toxicological data, and forensic toxicology. 

Methods: This review was done a comprehensive literature search across multiple scientific databases. Searches were conducted in 
Medline/PubMed, Google Scholar and Web of Science to identify relevant publications. The search terms used included combinations 

of "artificial intelligence", "toxicology", "toxicity", and related keywords. The final set of articles selected provided a comprehensive 

overview of the current state of research on the applications of AI techniques in toxicology and chemical risk assessment. 
Results: The review highlighted a growing body of research exploring the potential role of AI in accelerating and enhancing various 

aspects of toxicity assessment and chemical risk evaluation. The reviewed studies demonstrate how AI models can be trained on  large 
datasets of chemical structures, in vitro assay results, and toxicological outcomes to predict the toxicity of novel compounds and other 

fields such as forensic toxicology. On the other hand, legal and ethical aspects of using AI was investigated.  
Conclusion: Overall, the findings of this review highlight this fact that AI can enable faster, more cost -effective, and more accurate 

toxicity assessments and ultimately leading to improved chemical safety and risk management practices. potential role of AI in 

accelerating and enhancing various aspects of toxicity assessment and chemical risk evaluation. The reviewed studies demonstrate 
how AI models can be trained on large datasets of chemical structures, in vitro assay results, and toxicological outcomes to predict the 

toxicity of novel compounds and other fields such as forensic toxicology. On the other hand, legal and ethical aspects of using AI was 
investigated. 

 
Keywords: Toxicology, Artificial Intelligence, risk assessment, predictive toxicology, forensic.  
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The realm of artificial intelligence (AI) has witnessed 

remarkable progress across various domains, and its potential 

impact extends even to the field of toxicology. In this regard, 

reformation is on the horizon as conventional methods for 

assessing toxicity heavily rely on time-consuming and costly 

experiments, often involving the testing of animals. By 

contrast, AI presents a compelling opportunity that offers 

alternative strategies for evaluating toxicity with greater 

efficiency and cost-effectiveness. The field of toxicology 

concerns itself with studying the detrimental effects 

chemicals inflict upon living organisms—a fundamental 

aspect pertinent to numerous industries such as 

pharmaceuticals, environmental conservation, and consumer 

product safety [1]. As we confront ethical concerns 

surrounding animal testing and limitations in the accuracy of 

traditional approaches, it becomes increasingly apparent that 

predictive models capable of accurately and efficiently 

evaluating chemical toxicity are urgently needed. Machine 

learning algorithms possess the capability to anticipate levels 

of toxicity through the examination of extensive collections 

of chemical formations and biological reactions. 

Furthermore, they can assist in formulating alternative 

procedures for testing that diminish the dependence on animal 

experimentation. By deploying computational techniques and 

employing in silico models, it is feasible to simulate 

biological mechanisms and envisage toxicological outcomes 

without subjecting animals to experiments. Nevertheless, 

many challenges that demand resolution for seamless AI 

integration into toxicology exist. Crucial impediments 

include issues related to data quality and accessibility since 
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AI models necessitate immense datasets possessing high 

standards of excellence for training purposes as well as 

validation [2, 3]. Thus, harmonious cooperation amongst 

researchers, industry representatives, and regulatory bodies 

becomes imperative to establish uniform datasets while 

advocating initiatives for sharing information that is critically 

necessary for successful implementation. The pivotal aspect 

of AI models being able to be interpreted is of utmost 

importance when gaining trust and acceptance within the 

toxicology community and regulatory bodies. AI algorithms 

must be transparent and explainable, as this is necessary to 

comprehend the reasoning behind predictions made, thus 

ensuring responsibility in decision-making procedures. 

Research endeavors to develop interpretable AI models will 

play a crucial role in successfully surmounting this challenge 

[4, 5]. When applying AI techniques in toxicology, ethical 

considerations must not be overlooked. Data privacy, 

algorithmic biases, and potential societal impacts all hold 

ethical implications that demand careful assessment and 

resolution. To guarantee responsible and ethically sound 

utilization of technology, it becomes indispensable to adapt 

regulatory frameworks accordingly to reflect the ever-

evolving landscape of AI implementation within the 

discipline of toxicology [4, 6, 7]. 
 

     
      This review was done a comprehensive literature search 

across multiple scientific databases. Searches were conducted 

in Medline/PubMed, Google Scholar and Web of Science to 

identify relevant publications. The search terms used included 

combinations of "artificial intelligence", "toxicology", 

"toxicity", and related keywords. The final set of articles 

selected provided a comprehensive overview of the current 

state of research on the applications of AI techniques in 

toxicology and chemical risk assessment. 

This article is presented in two parts. In the first part, we 

review what AI is, provide examples of its development, and 

evaluate it for potential use in toxicology. The second part 

discusses the legal and ethical aspects of using AI in 

toxicology. 
 

 
Predictive toxicology 

The significance of AI in predictive toxicology cannot be 

emphasized enough. Its role is particularly indispensable 

when crafting predictive models to scrutinize extensive 

chemical and biological data volumes. By unraveling intricate 

patterns and establishing correlations, these models prove 

instrumental in forecasting the potential toxicity inherent 

within fresh compounds. AI algorithms like machine learning 

and deep learning are especially suited to this undertaking due 

to their adeptness in effectively assimilating and evaluating 

multifaceted information, encompassing chemical structures, 

biological activity, and toxicological endpoints [6, 8, 9]. In 

addition to enhancing predictive models, AI can optimize 

examining and evaluating chemical compounds for potential 

toxicity. Traditional methodologies for testing can be arduous 

in terms of time and cost and often involve animal subjects. 

AI-driven approaches can assist scientists by prioritizing and 

selecting compounds that warrant testing based on their 

anticipated toxicity levels. This reduces the demand for 

extensive laboratory experimentation while minimizing 

reliance on animal models [10, 11]. Furthermore, AI 

possesses the potential to aid in the development of novel 

computational tools utilized in toxicological assessments. By 

generating virtual representations of biological systems and 

organs, AI algorithms facilitate researchers' ability to 

replicate how chemical compounds interact with physical 

targets within these modeled entities, subsequently allowing 

them to predict probable toxic effects. These simulated 

constructs contribute valuable insights into understanding 

mechanisms related to toxicity while assisting researchers in 

comprehending potential risks associated with specific 

chemical substances. With the assistance of AI, scientists can 

combine various sources of toxicological information, such 

as chemical databases, high-throughput screening results, and 

omics data (such as genomics and proteomics) [12, 13]. 

Through AI techniques like data mining and natural language 

processing, researchers can derive valuable insights from 

these diverse datasets and discover new connections between 

exposure to chemicals and detrimental effects on health. AI-

driven methods also enable the advancement of customized 

toxicology practices that consider individual variations in 

how people respond to toxins. By analyzing large-scale omics 

data obtained from a range of populations, AI algorithms can 

aid in identifying genetic and environmental factors that 

contribute to an individual's susceptibility to chemical 

toxicity. This personalized approach can revolutionize risk 

assessment processes and inform regulatory decision-making 

by providing more precise individual toxicity predictions. 

The boundless possibilities of AI in predictive toxicology are 

vast [12, 14, 15]. Through harnessing the power of AI 

methodologies, scholars and experts can forge ahead to 

construct exact prognostic models, refine and enhance 

screening procedures concerning compounds, generate fresh 

computational instruments for the assessment of toxicity, 

integrate a multitude of diverse sources of toxicological data 

accurately, while establishing a pathway toward personalized 

toxicology. As this exceptional field continues to progress 

with accelerating strides, it is anticipated that its profound 

influence on predictive toxicology will burgeon significantly, 

culminating in an era characterized by more secure practices 

as well as cultivated decision-making across numerous 

industries and regulatory establishments. Undoubtedly, a 

glorious future awaits us on this frontiers-edge endeavor [14, 

16] . 

Development of toxicity screening assays 

The realm of toxicity screening assays has undergone a 

remarkable metamorphosis with the advent of AI, bestowing 

it with groundbreaking remedies that expedite the 

advancement and evaluation of novel compounds. These 

screening assays play an indispensable role in scrutinizing the 

potential harmful impacts substances may impose on 

biological systems within the domains of pharmaceuticals, 

environmental studies, and chemical industries. Remarkably, 

augmenting efficacy, precision, and predictive capabilities, 

these heightened techniques have ushered in superior safety 

assessments, while decreasing reliance on conventional 
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animal testing methodologies. The application of AI in 

toxicity screening assays plays a pivotal role in predicting 

toxicological outcomes [17]. AI algorithms can detect 

patterns and foresee potential toxic effects by analyzing 

extensive datasets comprising chemical compounds and 

biological responses. By assimilating knowledge from 

diverse and comprehensive data, these AI models become 

proficient in discerning intricate connections between 

chemical structures and toxicological properties. 

Consequently, they possess remarkable accuracy when 

forecasting toxicity for newly discovered compounds. This 

capability is precious during the initial stages of drug 

development as it allows for the early detection of potential 

harm, thereby averting financially burdensome setbacks later 

on and enhancing patient well-being. In addition, artificial 

AI encompasses the potential to foster the emergence of 

high-throughput screening assays, elucidating its ability to 

examine a multitude of compounds for their toxicity 

efficiently [18]. Traditional means of assessing toxicity 

frequently entail protracted and laborious experimental 

methodologies that invariably restrict the scope for 

evaluating large numbers of chemical substances. 

Nevertheless, AI-powered high-throughput screening assays 

have substantially rectified this issue by automating data 

compilation and analysis procedures, thus permitting 

concurrent evaluation of thousands of diverse compounds. 

This considerably expedites the course of screening, 

allowing for prompt identification of potentially hazardous 

chemicals while facilitating a streamlined approach toward 

selecting safer alternatives prone to further advancement and 

refinement [19]. Furthermore, with the indispensable 

utilization of predictive modeling and high-throughput 

screening, AI is paramount in enhancing and refining 

prevailing toxicity assays. By meticulously scrutinizing data 

from myriad sources, AI can discern openings for refining 

assay protocols, enriching the precision and accuracy of 

gathered data, while augmenting the meaningfulness of 

toxicity evaluations concerning human well-being. To 

exemplify this notion further, AI algorithms aptly analyze 

intricate gene expression profiles or cellular responses with 

utmost adeptness to ascertain biomarkers indicative of 

toxicity. Consequently, these sophisticated algorithms can 

develop more nuanced and precise assays that evince 

heightened sensitivity toward detecting unfavorable effects 

on biological systems. Including AI in toxicity screening, 

assays present a means to effectively integrate various data 

types into evaluating toxicological properties [10]. By 

incorporating information derived from omics technologies, 

including genomics, transcriptomics, proteomics, and 

metabolomics, AI holds the potential to provide a 

comprehensive understanding of toxicological mechanisms. 

This multi-omics approach allows for a more comprehensive 

assessment of compound toxicity by considering direct 

effects on cellular processes and subsequent biological 

responses. Incorporating AI-powered toxicity screening 

assays in regulatory toxicology serves as an instrumental 

means to curtail and substitute animal testing. By harnessing 

computational models and conducting in vitro assays, AI 

technology facilitates the identification and ranking of 
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compounds, necessitating further examination due to their 

anticipated safety profiles. In doing so, it diminishes the 

demand for elaborate animal experiments.[20] Such 

approaches conform to worldwide endeavors aimed at 

cultivating an ethical approach towards treating animals 

during research and testing procedures, all while 

guaranteeing thorough evaluations ensuring human well -

being and environmental health are safeguarded. The 

integration of AI in creating toxicity screening assays 

embodies a significant transformation in toxicology and 

safety assessment. Using AI-driven methodologies offers 

unparalleled capabilities for anticipatory modeling, high-

volume evaluation, assay enhancement, comprehensive 

multi-omics data integration, and reducing reliance on animal 

experimentation [21]. By harnessing the immense potential 

bestowed by AI, researchers and industry experts can 

accelerate the identification of harmless compounds while 

simultaneously alleviating potential risks posed to human 

health and the environment. Consequently, this progress 

supports advancing safer products applicable across diverse 

domains. As AI continues its evolution, its influence on 

toxicity screening assays is expected to augment efficiency 

and efficacy in safety evaluations further - serving society at 

large [22]. 

 

The assessment of chemical mixtures 

AI has emerged as a highly advantageous tool in 

evaluating chemical mixtures, presenting many applications 

that foster heightened efficiency and precision in 

assessments. The advent of AI has instigated a profound 

transformation in the analysis of chemical combinations, 

bestowing its benefits upon an array of industries, regulatory 

organizations, and scholarly researchers. Notably, within 

predictive toxicology, AI employs machine learning 

algorithms to preemptively anticipate the potential toxicity 

inherent within specific amalgamations of chemicals by 

harnessing insights derived from exhaustive data concerning 

individual compounds and their intricate interactions [23]. 

This extraordinary capacity to predict serves as an invaluable 

resource for identifying latent hazards while simultaneously 

appraising the safety quotient associated with varying 

concoctions of chemicals, propelling informed decision-

making processes across various sectors. AI algorithms are 

crucial in analyzing intricate data sets about chemical 

mixtures. By swiftly processing large amounts of 

information, these AI algorithms can uncover patterns, 

correlations, and trends that may be elusive when using 

traditional analytical methods. This capability is invaluable 

in identifying whether chemical mixtures exhibit synergistic 

or antagonistic effects, shedding light on their toxicological 

impact [24]. Furthermore, AI also facilitates the creation of 

computational models for evaluating chemical mixtures. 

These models can simulate the interactions between multiple 

chemicals and their consequences on biological systems. 

This empowers researchers to conduct virtual experiments 

and simulations that would otherwise be impractical or 

ethically questionable in a laboratory environment. By 

capitalizing on AI-powered computational models, scientists 

can better understand the intricate interplay within chemical 
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mixtures while grasping their implications for human health 

and ecological well-being. The utilization of AI dramatically 

enhances the refinement of methodologies for evaluating 

risks posed by chemical mixtures. AI brings a sophisticated 

and nuanced approach to risk assessment, surpassing 

conventional methods as it embraces a broader spectrum of 

factors and variables. Consequently, these advancements in 

analysis result in more accurate and dependable predictions 

regarding the potential risks precipitated by the amalgamation 

of chemicals [23, 25]. Decision support systems that rely on 

AI integration are profound tools in this field. By coupling 

proficiently crafted algorithms with expert knowledge and 

regulatory guidelines, these systems aid stakeholders in 

discerning safety precautions and adherence to regulations 

concerning chemical mixtures. Their unique ability to provide 

real-time recommendations using cutting-edge scientific 

evidence and meet regulatory requirements proves 

invaluable, leading to streamlined decision-making processes 

and an overall enhancement in efficiency when assessing 

chemical mixtures. AI also proves valuable in detecting 

emerging trends and patterns in chemical combination 

toxicity, thereby contributing to proactive risk management 

strategies. AI algorithms can unearth previously unseen perils 

or interactions within chemical mixtures by continuously 

scrutinizing fresh data and scientific literature [25, 26]. 

Consequently, this facilitates timely interventions and 

necessitates adjustments to regulatory frameworks. 

Integrating AI into the evaluation of chemical combinations 

undeniably propels toxicological science forward and 

enhances practices related to risk assessment. AI presents a 

multifaceted approach to assessing chemical mixtures' safety 

and potential risks, encompassing predictive toxicology, data 

analysis, computational modeling, and decision support 

systems. With such an amalgamation, one can undoubtedly 

foresee more resilient, streamlined, and comprehensive 

methodologies to ensure human health and protect our 

environment amidst technological advancements [27, 28] . 

 

The interpretation of toxicological data  

AI is a formidable instrument within toxicology, providing 

ingenious methods to decipher and scrutinize intricate data. 

About toxicological studies, an extensive compilation of 

information regarding the impact of diverse substances on 

organisms abounds, presenting researchers and regulators 

alike with a formidable challenge when it comes to 

formulating substantial conclusions. However, AI 

technologies possess the potential to utterly transform how 

we interpret toxicological data by granting access to 

sophisticated analytical capabilities, predictive modeling 

techniques, and knowledge derived from comprehensive data 

analysis. An essential application of AI in toxicology lies in 

its ability to scrutinize vast data sets. Toxicological studies are 

inclined to generate enormous amounts of information, 

encompassing details about chemical compositions, 

biological reactions, and environmental influences. These 

extensive datasets can be more efficiently processed and 

analyzed through AI algorithms than conventional 

approaches [29]. Consequently, patterns and correlations that 

may elude human researchers become evident, paving the 

way for a more profound comprehension of potential hazards 

linked to specific substances. Moreover, this advanced 

analysis aids in assigning priority to future research 

endeavors or regulatory measures. Besides scrutinizing 

current data, AI can be critical in predicting the toxicity of 

unfamiliar or scarcely studied substances. Through 

harnessing machine learning methods, AI models can be 

educated on pre-existing toxicological data to construct 

predictive models that approximate the potential toxicity 

levels of innovative compounds. Such forecasts aid in 

identifying elements that carry substantial hazards to human 

well-being or ecological equilibrium [20]. Consequently, they 

serve as indispensable guides during judgment-making 

procedures about chemical safety measures and regulation 

protocols. In addition to its many capabilities, AI has the 

power to elevate the comprehension of toxicological data by 

facilitating the amalgamation of various sources of 

information. Toxicology, a multidisciplinary realm that draws 

upon knowledge spanning chemistry, biology, pharmacology, 

and environmental science, can significantly benefit from AI 

technologies' ability to integrate diverse datasets seamlessly. 

This unified approach enables researchers to achieve a more 

comprehensive grasp on both intrinsic and extrinsic hazards 

tied to specific substances [30]. By unraveling intricate 

interactions and mechanisms that underlie toxicity, this 

collaborative methodology yields insightful revelations 

crucial for practical risk assessment and management 

strategies. Furthermore, AI can actively contribute towards 

advancing more intricate risk evaluation instruments within 

toxicology. Through harnessing state-of-the-art algorithms 

and computational models, AI can aid in identifying dose-

response correlations, extrapolating data across diverse 

species, and comprehensively assessing cumulative impacts 

arising from various exposures. This remarkable suite of 

abilities enhances both precision and reliability in risk 

evaluations, thereby fostering ameliorated regulations about 

chemical safety while bolstering decision-making processes 

concerning public health protection [31]. 

 

Predictive toxicology and toxicity screening 

Another crucial application of AI in toxicology lies in 

identifying harmful effects and investigating how toxicity 

occurs. Through its capabilities, AI can effectively detect 

subtle signals that indicate toxicity within intricate data sets, 

providing valuable assistance to researchers who would 

otherwise overlook potential adverse effects using 

conventional techniques. Moreover, by thoroughly analyzing 

molecular pathways, biological networks, and other complex 

interactions occurring within biological systems, AI 

contributes to a more comprehensive comprehension of the 

underlying mechanisms behind toxicity [23] . This deep 

understanding is vital for assessing the possible risks of 

exposure to hazardous substances and establishing precise 

toxicity testing and hazard identification strategies. AI 

demonstrates immense potential in toxicology for enriching 

the comprehension and analysis of data about chemical 

substances. AI technologies can offer invaluable insights 

regarding the potential hazards linked with such substances 

by harnessing advanced analytical capabilities, predictive 

modeling methodologies, and integrated approaches [32]. 

Whether through scrutinizing extensive datasets predicting 
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toxicity, facilitating the integration of diverse sources of 

information, enhancing risk assessment tools, and 

uncovering adverse effects and mechanisms responsible for 

toxicity, AI holds a transformative power that can 

revolutionize toxicology. Moreover, by contributing to more 

knowledgeable decision-making regarding chemical safety 

and public health matters, AI is poised to play an increasingly 

significant role as its advances continue in their trajectory. In 

doing so, it will present new avenues for tackling intricate 

challenges associated with environmental health and 

complex chemical safety concerns. AI has surfaced as an 

influential asset within toxicology and toxicity screening, 

presenting many advantages that can profoundly enhance 

chemical risk evaluation and administration [33] . Through 

harnessing the capabilities of AI, adept researchers and 

professionals operating within this sphere can amplify the 

precision, efficacy, and competence of their toxicological 

appraisals, ultimately culminating in superior decision-

making processes and heightened welfare for society at 

large. Toxicology notably benefits from AI, chiefly in 

toxicity prediction. The conventional means to gauge the 

potential harm of chemicals encompass arduous and 

expensive animal experiments, raising ethical worries while 

facing challenges regarding scalability and efficacy. In 

contrast, AI proffers a more refined and effective avenue for 

deducing toxicity propensities. By sifting through extensive 

datasets, AI discerns intricate patterns and correlations that 

aptly aid in foreseeing chemical peril with an elevated level 

of precision [34]. Machine learning algorithms, an 

indispensable facet of AI, are paramount in prognosticating 

toxicity. They achieve this by scrutinizing multifarious 

datasets that encompass crucial knowledge concerning 

chemical structures, biological pathways, and toxicological 

impacts. Through training these algorithms on extensive 

databases teeming with intricate physical and chemical 

information, scientists can forge predictive models that 

rapidly gauge the prospects of novel chemicals possessing 

harmful attributes based on their inherent characteristics and 

operational mechanisms [18]. This approach diminishes our 

reliance upon animal experimentation while expediting the 

identification process for potentially dangerous substances. 

Consequently, it empowers us to make more prompt and 

well-informed choices when assessing and managing risks 

associated with chemical compounds. AI can also be 

harnessed to enhance the effectiveness of toxicity screening 

procedures. The application of high-throughput screening 

assays, which entails scrutinizing many substances for their 

possible harmful implications, can undoubtedly garner 

remarkable advantages from AI-fueled automation and 

optimization [35]. By integrating AI-driven robotic systems 

and advanced data analysis tools into screening protocols, 

scientists can refine the evaluation process concerning 

chemical toxicity. Consequently, this paves the way for rapid 

and thorough assessments of potential dangers that 

chemicals may pose. The realm of AI holds the potential to 

fortify the comprehension of toxicological information by 

deciphering intricate connections between chemical 

attributes and detrimental impacts that often elude detection 

through conventional analytical methodologies. Through 
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harnessing sophisticated data mining schemes and pattern 

recognition techniques, AI can unearth inconspicuous, yet 

momentous, correlations within vast data sets, thereby 

bestowing valuable discernments into the intricacies of 

chemical toxicity mechanisms. Consequently, this empowers 

more meticulous evaluations concerning risk assessment. AI 

can potentially drastically transform chemical risk 

assessment and management [36]. Through advanced 

computational capabilities, AI can empower scientists and 

researchers to construct predictive models that gauge the 

probable harmful consequences of chemicals on both human 

health and the environment. These pioneering models are 

designed to consider many factors, including intricate 

relationships between chemical structures and activities, 

pathways through which exposure occurs, and complex 

biological interactions [37]. By seamlessly integrating these 

AI-powered risk assessment tools within existing regulatory 

frameworks, policymakers, alongside stakeholders in various 

industries, shall be empowered with an enhanced ability to 

arrive at thoroughly informed decisions regarding the usage 

and regulation of chemicals. This intersecting harmony aims 

towards elevated safety standards and fortified safeguarding 

measures geared towards guaranteeing public well-being on a 

global scale. Acknowledging that AI is promising in propelling 

toxicology and chemical risk assessment forward is paramount 

[38]. However, its triumph lies intricately woven within the 

fabric of steadfast data quality, transparency in algorithms, and 

ethical ponderings. A fundamental aspect remains to ensure the 

dependability and comprehensibility of AI-driven predictive 

models. Such a quest is indispensable to cultivating faith 

among interested parties and regulatory bodies, effectively 

empowering them with unwavering trust while paving a path 

towards discerning decisions firmly grounded on insights from 

AI advancements [38]. AI possesses immense potential to 

revolutionize the field of toxicology and toxicity screening, 

allowing for more precise, streamlined, and thorough 

evaluations of chemical dangers. By harnessing the power of 

AI to forecast toxicity levels, optimize screening procedures, 

interpret data, and assess risks, scientists and experts can 

bolster their capacity to identify and address potential 

hazards that arise from chemical exposures. As AI progresses 

on its evolutionary path, it becomes imperative for the 

scientific community, regulatory agencies, and industry 

stakeholders to join forces to fully exploit AI's capabilities in 

enhancing chemical risk assessment and management. In 

doing so, we can collectively contribute towards fostering a 

safer and healthier environment for all individuals [19]. 

Forensic toxicology 

Forensic toxicology has witnessed remarkable progress 

due to the advancements in AI. This dynamic field involves 

the examination of samples to detect drugs, alcohol, and 

other detrimental substances. Through the implementation of 

AI, toxicological analysis can be enhanced, rendering it more 

precise and efficient [39]. Consequently, this technological 

innovation holds immense potential for aiding criminal 

investigations and facilitating legal proceedings. AI finds its 

primary application in deciphering intricate toxicological 

data. Conventionally, human experts rely on their 

interpretation skills when examining data obtained from 
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blood, urine, and tissue samples [40]. However, AI possesses 

an unparalleled capability to accurately and swiftly analyze 

vast volumes of toxicological information while uncovering 

patterns and trends that may elude human perception. As a 

result of such capabilities exhibited by AI systems, they 

become invaluable tools that generate reliable and impartial 

findings within the field. Such objectivity serves to bolster 

criminal cases immensely [41].  Additionally, AI can enhance 

the efficacy of toxicological screening methodologies. By 

harnessing automated systems driven by AI, many samples 

can be analyzed expeditiously, augmenting toxicological 

laboratories' output and mitigating potential human fallibility. 

This enables forensic toxicologists to allocate their attention 

toward more intricate analyses and interpretations, ultimately 

enriching the comprehensive caliber of toxicological 

inquiries [42]. In addition, AI possesses the capability to 

anticipate toxicological consequences through an 

examination of past data regarding drug interactions, harmful 

effects, and other pertinent factors. This capacity proves 

beneficial, particularly within criminal investigations, when 

determining the cause of death or injury remains ambiguous, 

offering valuable insights concerning the potential 

ramifications originating from discovered toxic substances 

present within the body [43]. 

Moreover, AI offers support to forensic toxicologists in 

detecting groundbreaking psychoactive, substances known as 

novel psychoactive substances (NPS), which assume 

synthetic forms closely emulating controlled narcotics, but 

skillfully circumvent legal restrictions. NPS persistently 

progresses and poses challenges to conventional methods 

employed in toxicological screenings. However, AI-

empowered analytical tools overcome these hindrances by 

meticulously analyzing chemical configurations and 

pharmacological characteristics to identify plausible NPS 

candidates successfully [44]. Consequently, this 

technological advancement enables forensic toxicologists to 

remain one step ahead amidst emerging drug trends while 

significantly contributing toward public health initiatives and 

safeguarding human welfare. The advent of online platforms 

integrating AI has opened up an avenue for forensic 

toxicologists across the globe to exchange invaluable 

toxicological information, research discoveries, and 

noteworthy methodologies [45]. Enabling this collective 

effort not only paves the way for a more unified and 

standardized approach toward toxicological analysis but also 

promises enhanced trustworthiness and excellence in 

presenting toxicological evidence during legal proceedings. 

Notwithstanding AI's manifold advantages to forensic 

toxicology, it is imperative to delve into ethical considerations 

that demand attention. These include conscientious utilization 

of AI in decision-making processes, rigorous validation and 

standardization protocols governing AI algorithms, and 

ensuring unwavering safeguarding of sensitive forensic data 

[46]. 

The ethical, legal, and social implications  

The advent of AI in toxicology has the power to yield 

profound implications for our daily lives. However, it also 

raises many ethical, legal, and social concerns that demand 

our attention and resolution. Chief among these challenges is 

the potential for biases inherent in algorithmic decision-

making processes. Furthermore, there is an urgent need for 

greater transparency and interpretability regarding AI 

systems employed in this realm. Questions concerning 

liability and accountability loom large as well—a 

consideration made all the more crucial by concern over 

displacement within the workforce caused by AI integration 

[47]. 

Nevertheless, alongside these formidable hurdles lie 

tremendous opportunities intrinsic to utilizing AI within 

toxicology. Improved risk assessment methodologies can be 

developed through its application—bringing with it entirely 

novel insights into the nature of toxicity itself. We must strive 

towards constructing unbiased, transparent AI systems that 

humans can understand. Regulatory frameworks must adapt 

accordingly; policies governing this new technology require 

revision to tackle these obstacles head-on proactively [48]. 

Simultaneously, measures should be taken to invest 

significantly in training programs to equip individuals with 

skills specifically tailored toward navigating this brave new 

world engendered by AI advances—an essential component 

toward minimizing upheaval experienced by workers 

impacted directly or indirectly throughout these 

transformations [49]. 

These concerted efforts towards addressing complexity 

while fostering the equitable distribution of benefits stand as 

fundamental imperatives if we intend to harness effectively 

all that AI offers within toxicological contexts [50]. 

Therefore, considering the legal aspects of utilizing AI in 

various fields of toxicology especially for decision making in 

risk assessment and forensic toxicology, several key factors 

must be taken into account. Firstly, the use of AI in these 

fields increases the concerns regarding data privacy and 

security, as sensitive information about individuals' health 

and well-being may be involved. There is big data in 

toxicology that can be used as a potential resource for 

simulation and computational modeling in AI systems. So, 

the legal frameworks such as laws and regulations for data 

protection must be observed to ensure the confidentiality and 

integrity of processed data by AI systems [51]. 

Additionally, liability and accountability issues may arise 

where AI algorithms are used to make critical decisions that 

affect human health and safety. Clear guidelines and 

regulations should be established to determine the 

responsibilities of various sta keholders in such scenarios 

[52]. Furthermore, the use of AI in in cases that have a legal 

and decision-making aspect, such as measuring the 

concentration of pollutants, checking the safety of a drug, or 

in forensic toxicology, brings up questions about the validity 

and reliability of the results produced by AI systems. 

Furthermore, another point to consider is that legal 

considerations in the organization or country of interest 

should ensure that evidence produced by AI is accepted in 

legal proceedings, and the necessary standards for 

considering AI algorithms to be scientifically valid and 

acceptable. Ensuring transparency and accountability in the 

development and deployment of AI technologies for 

toxicology purposes is essential to gain trust in the legal 

system and support the rights of individuals involved in such 
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processes. 

Collaborative efforts between legal experts, scientists, and 

policymakers are crucial to address these legal challenges 

and establish a robust framework for the responsible use of 

AI in toxicity testing and forensic toxicology. 
 

 
Artificial intelligence (AI) holds immense potential in 

enhancing the precision and effectiveness of toxicology. AI 

can revolutionize this field by leveraging existing data more 

effectively, diminishing reliance on animal testing, and 

formulating superior protection strategies. Nevertheless, 

incorporating AI into toxicology has obstacles, including 

concerns about data quality, algorithm transparency, and 

regulatory acceptance. 

AI offers a powerful tool for predictive toxicology. It can 

accurately foresee potential toxicity, thereby bolstering 

decision-making across diverse industries. However, 

integrating AI into this discipline presents a dual nature; it 

brings both possibilities and risks. While it elevates risk 

assessment capabilities within toxicology studies, it 

simultaneously introduces intricate ethical difficulties and 

legal and social challenges. Furthermore, AI possesses the 

potential to reshape forensic toxicology entirely - from 

decoding complex information to identifying previously 

unknown psychoactive substances. 

In light of these advancements that redefine the landscape 

of forensic toxicology altogether, practitioners must embrace 

them with responsibility and ethical considerations at their 

core. This progressive adoption is crucial for advancing 

justice-seeking endeavors while ensuring public safety 

remains paramount. 
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