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Toxicological Science, especially in the last five decades, has witnessed rapid evolution of different tools and techniques 
developed to address diverse issues related to studies dealing with adverse health effects of a variety of poisons, drugs, chemicals,ever-
growing list of xenobiotics and human diseases.  Traditionally these studies are performed using suitable animal (in vivo) models.  There 
was a time when toxicologists/pharmacologists were searching models alternate to animal toxicity testing (Doke and Dhawale, 2015). 
Improved cell culture techniques, knowledge on stem cells and other microbiological systems led to the development of in vitro toxicology. 
It was soon followed by DNA chips, micro fluidics, in silico toxicology , toxicogenomics and computational toxicology.  Several platforms 
are now discussing machine learning (ML) and artificial intelligence (AI) together as future tools of computational toxicology. For 
decades, quantitative structure-activity relationship  (QSAR) methods have been employed to study the effects of drugs/chemicals (Cai 
et al., 2022).  However, AI methods for toxicity assessment ranging from ADMEtox to AI TOX provide evidence to the immense potential 4

of AI. Intriguingly, a few problems between theoretical developments and practice of AI by end users have been recognized. 

AI is now being employed in cancer care. According to WHO (2022), cancer is responsible for 9.3 million deaths per year. AI is 
being used for cancer grading,  classification, follow up services and diagnostic accuracy. However, certain limitations viz. testing, 
validation, certification and auditing need to be addressed (Cabral et al., (2023). Potential of AI in diabetic care and management has 
recently been recognized. The huge burden of diabetic patients in India can be managed through AI tools. Diabetic risk can be predicted 
using genomic data, to diagnose  diabetes using EHR data and to identify diabetes related complications i.e. retinopathy and 
nephropathy (Singhla et al., 2019). Application of AI in the management of cardiovascular diseases like myocardial infarction has been 
highlighted with special reference to Chinese medicine (Chen et al., 2022).  There exists experimental evidence that AI tools can be used 
to assess, monitor and manage Parkinsons' disease (Bounsall et al., 2023). Perspectives of the application of AI in complimentary and 
alternative medicine were reviewed by Chu et al. (2022). 

Several regulatory agencies are now adopting  the concept of 3R ie., replacement, reduction and refinement of animal testing 
(EU REACH/3R principles; Toxicology 21 of U.S. Government) ( Maestri, 2021).The application of AI in clinical toxicology through 
converging data resources, algorithms, real world information from sensors and health records has  also been discussed (Sinha et al. 2021). 
Plausibility of toxicity prediction using AI tools was recently reviewed by Santin et al. (2021). Application of AI in recently emerged science of 
nanotoxicology is also being sought. The need for nanotoxicity databases, powerful nano descriptors, new modeling approaches, molecular 
mechanism analyses and designing of next generation nanomaterials are being debated ( Jha et al., 2014; Yan et al., 2023). 

U.S. Food and Drug Administration (USFDA) has recently initiated and AI program in Toxicology known as AI4TOX. This 
program mainly consists of four initiatives-

AnimalGAN- to predict animal toxicology data for untested chemicals ( /about –fda/nctr-research-focus-areas/animalgan-initiative); 
SafetAI- to develop novel deep learning methods for toxicological endpoints (/about-fda/nctr-research-focus-areas/safetai-initiative); 
BERTox- to develop the most advanced AI powered Natural Language Processing (NPL) (/about-fda/nctr-research-focus-areas/bertox 
initiative) and  PathologAI- to develop an effective and accurate framework for analysis of histopathological data from animal studies (/ 
about-fda/nctr-research-focus-areas/pathologai-initiative).
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Recently, Society of Toxicology (SOT) annual meeting held at Nashville from March 19-23, focused on a question-“How could 
AI be used for risk assessment?” There exists some skepticism weather AI may be used in human health risk assessment? How AI could 
be applied -to prioritize pharmaceutical/environmental chemicals, to identify potential off targets and decipher the mechanisms of toxicity 
and detect pathological effects?  A Symposium session devoted to AI summarized international collaborative computational projects like 
CERaPP, COmPara and CATOMOS that have been designed to streamline the regulatory and safety assessments (Hartung, 2023).  
High throughput screening data (HTS) to predict drug induced liver injury (DILI) using AI is also being generated. AI can identify 
mechanisms for off target effects in drug development. AI can also  be plausibly  used to predict genotoxicity. Can AI tools automate the 
analysis of developmental or physiologically based assays?   These discussions held during the symposium indicate exciting potential of 
AI in health risk assessment.  It is speculated that, tools of nanotechnology hybridized with AI can metamorphose human health risk 
assessment to an extent that has never been achieved before. 

References

Bounsall, K., M. Milne-Ives, A. Hall, C. Carroll and E. Meinert: Artificial intelligence applications for assessment, monitoring and management of 
Parkinsons' disease symptoms: protocol for a systemic review. JMIR Res Protec., 12, e 46581 (2023).

Cabral, B.P., L.A.M. Braga, S.Syed-Abdul and  F. B. Motaet: Future of artificial intelligence applications in cancer care: A global cross sectional survey of 
researchers. Curr. Oncol., 30, 3432-3446 (2023).

Cai, Z., M. Zafferani, O.M. Akande and A. E. Hargrove: Quantitative structure –activity relationship (QSAR) study predicts small –molecule binding to 
RNA structure. J. Med. Chem., 65, 7262-7277 (2022).  

Chen, X., Y. A. Leung and J. Shen: Artificial intelligence and its application for cardiovascular diseases in Chinese medicine. Digital Chinese Med., 5, 
367-376 (2022). 

Chu, H., S. Moon, J. Park, S. Bak, Y. Ko and B. Youn: The use of artificial intelligence in complimentary and alternative medicine: a systematic scoping 
review. Front Pharmacol., 13, 826044 (2022). https://doi.org/10.3389/fphar.2022.826044

Doke, S. K. and S.C. Dhawale: Alternatives to animal testing: a review. Saudi Pharmaceut. J., 23, 223-229 (2015).

Hartung, T.:  Artificial intelligence as the new frontier in chemical risk assessment. Front Artif. Intell., 6, 1269932 (2023). doi. 10.3389/frai.2023.1269932

Jha, R., P.K. Jha, K. Chaudhary, S.V.S. Rana and S.K. Guha: An emerging interface between life sciences and nanotechnology, present status and 
prospects of reproductive health care aided by nanotechnology. Nano Reviews., 5, 1-19 (2014). 

Maestri, E.: The 3Rs principle for animal experimentation: legal review of the state of the artin Europe and the case in Italy. BioTEch (Basel), 10, 9 (2021).  

Santin, E.P., R.R. Solana, M.G. Garcia, M. D. M. García Suárez, G. D. B. Díaz, M. D. C. Cabal, J. M. M. Rojas and J. I. L. Sánchez: Toxicity prediction 
based on artificial intelligence: a multidisciplinary overview. WIREs Comput. Molecul. Sci., 11, e1516 (2021).

Sinha, M., G. Praveen, D.K. Sachan and R. Parthsarthi:  Artificial Intelligence in Clinical Toxicology. In: Artificial Intelligence in Medicine (Eds.: N. 
Lidströmer and H.  Ashrafian). Springer, Cham. (2021). https://doi.org/10.1007/978-3-030-58080-3_137-1.

Singhla, R., A. Singla, Y. Gupta and S. Kalra:  Artificial intelligence/machine learning in diabetic care. Ind. J. Endocri. Metab., 23, 495-497 (2019).

WHO: World Health Organization. https://www.who.int> newsroom> fact sheet (2022).

Yan, X., T. Yue, D.A. Winkler, Y. Yin, H. Zhu, G. Jiang and B. Yan: Coverting nanotoxicity data to information using artificial intelligence and simulation. 
Chem Rev., 123, 8575-8637 (2023).

Professor Em. S. V. S. Rana

Centre for Excellence in Toxicology, C. C. S. University, Meerut-250 004 (India)

Advisor, Journal of Environmental Biology, Lucknow-226 022 (India)

Email : sureshvs_rana@yahoo.com

 ORCID: https://orcid.org/0000-0003-3929-300X

viii Journal of Environmental Biology,  2024January

S. V. S. Rana: Metamorphosis of human health risk assessment with artificial intelligence


	Page 7
	Page 8

