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Abstract 

Agada Tantra, the toxicology branch of Ayurveda, addresses animate and inanimate poisons and includes preventive, 

diagnostic, and therapeutic approaches for toxic exposures.[cite:30] Contemporary toxicology increasingly relies on 

bioinformatic methods that integrate omics datasets, biological networks, and computational modeling to improve 

mechanistic understanding and safety prediction.[cite:28][cite:32] This article examines how omics, network 

pharmacology, and computational toxicology can be adapted to Agada Tantra for precision poison management, 

antidote discovery, and translational evidence building.[cite:24][cite:32] A narrative integrative methodology is 

proposed that combines classical Ayurvedic toxicology concepts with toxicogenomics, metabolomics, QSAR, PBPK 

modeling, and network-based target analysis.[cite:30][cite:28][cite:32] The resulting framework supports earlier hazard 

identification, better characterization of toxin–host interactions, rational evaluation of multi-component antidotal 

formulations, and improved prioritization for laboratory and clinical validation.[cite:24][cite:32] 
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Introduction 

Agada Tantra is one of the eight classical branches of Ayurveda and is concerned with the study and management of 

toxic substances, including plant, animal, mineral, and artificial poisons.[cite:30][cite:38] In modern practice, poison 

management extends beyond emergency neutralization to risk stratification, mechanistic assessment, biomarker 

discovery, and long-term monitoring of toxic injury.[cite:33][cite:28] Bioinformatics offers tools to organize and 

interpret high-dimensional data generated from toxic exposures, including gene expression, protein abundance, 

metabolic perturbations, and structure-based toxicity signals.[cite:28][cite:32] These approaches are especially relevant 

mailto:poo88sonu@gmail.com
https://doi.org/10.5281/zenodo.21371582


                      BIOPRESS JOURNAL OF COMPUTATIONAL LIFE SCIENCES, VOL. 2, ISSUE. 6 (2026) 

9 
 

for Agada Tantra because many Ayurvedic antidotal formulations are polyherbal or multimodal, making single-target 

explanations inadequate.[cite:24][cite:31] 

Background 

High-throughput omics approaches provide a comprehensive view of biological responses to toxicants by profiling 

genes, proteins, and metabolites altered after exposure.[cite:28][cite:32] Toxicogenomics has been particularly valuable 

for uncovering potential mechanisms of toxicity and for identifying pathway-level responses rather than isolated 

biomarkers.[cite:32] Network toxicology extends this logic by constructing toxicity–gene–target–drug networks to 

characterize harmful components, toxicity mechanisms, and system-level interactions.[cite:24] In parallel, network 

pharmacology has become a useful methodology for studying complex herbal medicines because it can map multi-

compound, multi-target, and multi-pathway relationships that are difficult to capture with reductionist 

models.[cite:31][cite:36] 

For poison management, computational toxicology adds predictive tools such as quantitative structure–activity 

relationship models, high-throughput screening analytics, and physiologically based pharmacokinetic 

modeling.[cite:32][cite:35] QSAR methods use chemical structure and related descriptors to estimate toxicologic 

activity, while PBPK models translate external exposure into internal tissue dose and improve in vitro to in vivo 

extrapolation.[cite:32][cite:37] Together, these methods are suitable for an Agada Tantra research program that seeks 

to evaluate toxins, identify susceptible pathways, prioritize antidotes, and support safer clinical 

translation.[cite:33][cite:24][cite:32] 

Methodology 

This article follows a narrative integrative review model based on published literature on Agada Tantra, omics-based 

toxicology, network toxicology, network pharmacology, and computational toxicology.[cite:30][cite:24][cite:32] A 

translational framework is proposed in six sequential stages: 

1. Classical toxicological classification of the poison according to Agada Tantra, including source, route, time 

course, and dominant clinical presentation.[cite:30][cite:33] 

2. Omics acquisition from exposed systems, including transcriptomics, proteomics, and metabolomics, to identify 

toxicity signatures and perturbed pathways.[cite:28][cite:32] 

3. Network construction linking toxin molecules, altered genes, proteins, pathways, and candidate antidotal 

phytoconstituents.[cite:24][cite:31] 

4. Computational toxicity prediction using QSAR, read-across, and database-supported structural alerts to screen 

risk and prioritize compounds.[cite:32][cite:35] 

5. Toxicokinetic modeling using PBPK or related approaches to estimate internal exposure, target-organ burden, 

and dose-response relevance.[cite:32][cite:37] 

6. Experimental and clinical validation through in vitro assays, animal models where justified, and carefully 

designed clinical studies or observational poison registries.[cite:32][cite:33] 
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This methodology is intended as a research architecture rather than a fixed protocol, allowing adaptation for snake 

envenomation, plant poisoning, metal toxicity, pesticide exposure, or chronic environmental toxic 

burden.[cite:30][cite:33] 

Main Body 

Omics applications in poison management 

Omics technologies can reveal the biological footprint of poisoning at multiple levels, enabling mechanistic 

classification beyond symptom-based diagnosis alone.[cite:28][cite:32] Transcriptomics can identify exposure-

responsive genes and toxicity pathways, proteomics can detect disrupted signaling proteins and inflammatory mediators, 

and metabolomics can capture early shifts in oxidative stress, energy metabolism, and detoxification 

intermediates.[cite:28][cite:32] In an Agada Tantra context, these datasets can help correlate classical toxic syndromes 

with modern molecular phenotypes, making traditional categories more testable in laboratory and clinical 

settings.[cite:30][cite:33] 

These methods are also useful for biomarker discovery and prognosis.[cite:28] Dose- and time-dependent omics 

signatures can support hazard identification, indicate the severity of organ injury, and assist in differentiating adaptive 

responses from progression toward irreversible toxicity.[cite:32] For example, a suspected hepatotoxic or neurotoxic 

exposure could be mapped to pathway signatures that guide both antidotal choice and monitoring 

strategy.[cite:28][cite:32] 

Network pharmacology and network toxicology 

Network pharmacology is particularly well suited to Ayurvedic antidotal formulations because such medicines often act 

through multiple constituents on multiple targets and pathways.[cite:31][cite:36] A network model can connect 

phytochemicals in an Agada formulation with genes, proteins, receptors, enzymes, and biological processes involved in 

venom response, oxidative injury, inflammation, coagulation, or organ damage.[cite:31][cite:24] This systems-level 

mapping is more aligned with Ayurvedic polyherbal logic than a one-drug–one-target model.[cite:36][cite:31] 

Network toxicology complements this by focusing on harmful components and toxicity mechanisms.[cite:24] The 

published review on traditional Chinese medicine safety assessment notes that network toxicology can predict harmful 

constituents, analyze toxic mechanisms, and integrate with omics technologies to build a comprehensive safety 

evaluation system.[cite:24] The same principles can be extended to Agada Tantra to compare the toxic signatures of 

poisons against the restorative networks of antidotal formulations.[cite:24][cite:30] 

Computational toxicology in Agada Tantra 

Computational toxicology applies mathematical, statistical, and computer science tools to understand how chemicals 

induce harm and to predict adverse outcomes.[cite:32] The field draws on high-information-content data streams, high-

throughput screens, and modeling methods to support hazard identification and risk assessment.[cite:32] For Agada 

Tantra, this means that compounds from poisons as well as candidate antidotal ingredients can be computationally 

screened before resource-intensive laboratory work.[cite:32][cite:35] 
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QSAR and structure-based read-across are relevant when experimental toxicology data are sparse, which is common for 

many natural toxins and herbal constituents.[cite:32][cite:35] PBPK models are equally important because they relate 

administered or environmental dose to internal tissue concentrations and can improve extrapolation from in vitro assays 

to clinically meaningful exposure scenarios.[cite:32][cite:37] This becomes valuable in pesticide poisoning, metal 

exposure, or chronic low-dose toxic burden, where symptom severity depends not only on exposure but also on 

absorption, distribution, metabolism, and excretion.[cite:32][cite:35] 

Translational model for poison management 

A practical Agada Tantra bioinformatics pipeline may begin with toxin identification and clinical phenotyping, followed 

by database mining of known toxin targets, pathways, and organ toxicities.[cite:32][cite:24] Omics profiling of exposed 

samples can then generate molecular signatures, which are overlaid on interaction networks to identify key nodes for 

intervention.[cite:28][cite:24] Candidate Agada drugs or formulations may be evaluated by network pharmacology, 

docking, and toxicity prediction, then refined using PBPK-informed dose selection and experimental 

validation.[cite:31][cite:32] 

Such a framework can strengthen three areas of poison management. First, it can improve diagnosis by connecting 

symptoms with pathway-level biomarkers.[cite:28][cite:32] Second, it can help prioritize antidotes by identifying 

compounds most likely to modulate core toxic mechanisms.[cite:24][cite:31] Third, it can improve safety by flagging 

herb–toxin, herb–drug, or metabolite-related liabilities before clinical use.[cite:24][cite:32] 

Table 1: Bioinformatics tools example use in Poison Management. 

Domain Core bioinformatic 

tool 

Main contribution to Agada Tantra Example use in poison 

management 

Omics Transcriptomics, 

proteomics, 

metabolomics 

Detects toxicity signatures and perturbed 

pathways.[cite:28][cite:32] 

Distinguishing inflammatory, 

neurotoxic, or hepatotoxic 

patterns after exposure.[cite:28] 

Network 

analysis 

Network 

pharmacology 

Maps multi-compound and multi-target 

actions of antidotal 

formulations.[cite:31][cite:36] 

Identifying phytoconstituents 

linked to oxidative stress, 

coagulation, or inflammatory 

targets.[cite:31] 

Network 

analysis 

Network toxicology Builds toxicity-gene-target-drug 

networks to characterize harmful 

components and mechanisms.[cite:24] 

Predicting toxic drivers in 

complex poisons or 

formulations.[cite:24] 

Predictive 

modeling 

QSAR and read-

across 

Estimates toxicity from chemical 

structure when experimental data are 

limited.[cite:32][cite:35] 

Early screening of plant toxins, 

pesticide analogues, or 

formulation 

constituents.[cite:35] 
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Toxicokinetics PBPK modeling Relates external dose to internal tissue 

exposure and supports in vitro to in vivo 

extrapolation.[cite:32][cite:37] 

Estimating organ burden and 

clinically relevant dose 

windows.[cite:32] 

Validation High-throughput 

and targeted assays 

Prioritizes compounds and confirms 

pathway-level effects.[cite:32] 

Screening candidate antidotes 

before animal or clinical 

studies.[cite:32] 

 

Poison identification and Agada Tantra classification 

                ↓ 

Clinical phenotyping and exposure history 

                ↓ 

Omics profiling (transcriptome / proteome / metabolome) 

                ↓ 

Differential feature selection and pathway enrichment 

                ↓ 

Toxin–gene–pathway network + antidote network pharmacology map 

                ↓ 

Computational toxicology layer 

(QSAR, read-across, structural alerts, PBPK) 

                ↓ 

Prioritization of biomarkers, targets, and antidotal candidates 

                ↓ 

Experimental validation and clinical translation 

 

                Figure 1. Proposed bioinformatic workflow for Agada Tantra-based poison management 

 

This workflow integrates classical poison assessment with systems toxicology so that diagnosis, prognosis, and antidote 

selection can be informed by molecular evidence rather than symptoms alone.[cite:30][cite:28][cite:24][cite:32] 

Discussion 

Bioinformatic approaches can expand Agada Tantra from a descriptive and therapeutic tradition into a data-rich 

translational discipline.[cite:30][cite:32] Omics data allow mechanistic resolution of poison-induced injury, while 

network pharmacology and network toxicology are better suited than single-target models for explaining both complex 

toxic mixtures and multi-component antidotal formulations.[cite:24][cite:28][cite:31] Computational toxicology adds 

an essential predictive layer that can reduce experimental burden and improve risk prioritization.[cite:32][cite:35] 

Several limitations remain. High-dimensional omics datasets require careful standardization, robust bioinformatic 

pipelines, and independent validation before biomarkers can be clinically trusted.[cite:28][cite:32] Network models 

depend heavily on database quality and may overstate associations if not experimentally confirmed.[cite:24][cite:31] 

PBPK, QSAR, and other in silico tools are most useful when they are embedded in a stepwise validation program rather 

than used as stand-alone proof.[cite:32][cite:37] 

For Ayurveda research, the main opportunity lies in building poison-specific databases, curated Agada formulation 

repositories, and integrative clinical registries linked to molecular and toxicokinetic data.[cite:24][cite:32] Such 
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infrastructure could support evidence-based antidote discovery, precision poison stratification, and safer integration of 

Ayurvedic toxicology with emergency and preventive medicine.[cite:33][cite:30] 
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