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ABSTRACT 
Artificial intelligence is increasingly used to identify, rank, and characterize natural-product candidates, yet AI-
originated predictions do not resolve the evidentiary challenges associated with complex phytopharmaceutical 
materials. This article proposes a regulatory science framework for AI-discovered phytopharmaceuticals that 
integrates two complementary accountability tracks: phytopharmaceutical evidence for identity, quality, 
composition, consistency, safety, efficacy, and clinical relevance, and AI evidence for data provenance, 
documentation, transparency, validation, reproducibility, bias control, and lifecycle governance. The 
framework approach organizes candidate identity and classification, botanical source authentication, 
phytochemical profiling, batch consistency, quality control, model records, evidence mapping, mechanistic 
assessment, safety planning, clinical evidence planning where relevant, regulatory translation, risk 
management, pharmacovigilance readiness, and model-update oversight. Particular emphasis is placed on 
distinguishing computational prioritization from experimentally supported mechanism, predictive safety from 
empirical safety evaluation, regulatory alignment from regulatory approval, and documentation readiness from 
submission readiness. Approval-pathway considerations are therefore treated as structured questions for 
product-specific scientific assessment rather than as legal recommendations or predetermined routes. The 
framework also identifies policy priorities for transparent reporting, interdisciplinary review, evidence 
traceability, terminology harmonization, and continuing monitoring. Its main contribution is a unified 
regulatory science architecture that connects AI model accountability with the established quality and safety 
demands of phytopharmaceutical development while preserving clear boundaries against approval claims, 
reduced-evidence assumptions, autonomous decision-making, and unsupported clinical or regulatory 
conclusions.  
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INTRODUCTION 

Natural products continue to provide chemically and 

biologically diverse starting points for therapeutic 

discovery, including isolated compounds, enriched 

fractions, standardized extracts, and complex preparations. 

Their development nevertheless presents challenges that 

differ from those associated with structurally defined 

single-molecule candidates. Biological source variation, 

environmental influences, extraction and processing 
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conditions, multi-constituent composition, uncertain active 

principles, and variable analytical characterization can 

affect the reproducibility and interpretation of 

pharmacological findings. Contemporary natural-product 

discovery therefore depends not only on identifying 

promising biological activity but also on connecting that 

activity to authenticated materials, chemically 

characterized preparations, experimentally supported 

mechanisms, feasible manufacturing controls, and 

evidence capable of supporting responsible translation [1]. 

Machine learning and related AI methods are now applied 

across target identification, molecular representation, 

virtual screening, activity prediction, de novo design, 

pharmacokinetic assessment, toxicity prediction, 

formulation research, clinical development, and 

manufacturing. These applications can expand the search 

space, integrate heterogeneous data, and support 

prioritization of experiments, but their reliability remains 

conditional on the provenance and fitness of the data, the 

appropriateness of the modelling task, and the quality of 

validation. A high-performing model within a 

development dataset may fail when confronted with new 

chemical classes, different assay conditions, 

underrepresented botanical sources, changed 

manufacturing materials, or clinical contexts that were 

absent from training. AI discovery should consequently be 

treated as an evidence-generating and decision-support 

process rather than as independent proof of biological 

mechanism, product quality, safety, therapeutic efficacy, 

or translational readiness [2]. 

The regulatory science challenge is broader than 

determining whether an algorithm has acceptable 

predictive accuracy. Pharmaceutical AI introduces 

questions concerning data lineage, model purpose, training 

and test separation, reproducibility, explainability, 

uncertainty, bias, human responsibility, version control, 

and continuing oversight. These questions must be 

connected to the pharmaceutical evidence generated for the 

candidate rather than assessed as an isolated software 

exercise. Regulatory-affairs scholarship has accordingly 

emphasized that AI-enabled pharmaceutical activities 

require transparent records, accountable review, controlled 

data practices, and integration with established 

development functions [3]. For AI-discovered 

phytopharmaceuticals, this integration is especially 

important because uncertainty can arise simultaneously 

from the model, the underlying bioactivity evidence, the 

botanical material, the composition of the preparation, and 

the relationship between experimental and intended-use 

exposures. 

AI discovery does not reduce the need to establish 

botanical identity, phytochemical composition, 

manufacturing consistency, quality controls, nonclinical 

safety, clinical evidence where relevant, and product-

specific regulatory assessment. Peer-reviewed botanical-

development literature demonstrates that coherent quality, 

nonclinical, and clinical evidence remains central when 

complex botanical products are evaluated [4]. The 

objective of this article is therefore to propose an original 

regulatory science framework that links 

phytopharmaceutical identity and quality evidence with AI 

model documentation, mechanistic and safety validation, 

clinical evidence planning, regulatory translation, 

pharmacovigilance readiness, lifecycle monitoring, expert 

oversight, and explicit claim boundaries. The framework is 

intended to support evidence organization and validation 

planning. It is not legal advice, an official regulatory 

guideline, a submission template, an approval pathway, or 

a determination that any candidate satisfies formal 

regulatory requirements. 

Regulatory science for AI-discovered 

phytopharmaceuticals 

For the purposes of this article, regulatory science for AI-

discovered phytopharmaceuticals refers to the systematic 

organization, evaluation, and communication of scientific 

evidence needed to understand the identity, quality, 

biological rationale, safety, clinical relevance, and 

development status of a phytopharmaceutical candidate 

whose discovery or prioritization involved AI. Modern 

natural-product development already combines chemical 

analysis, biological screening, computational methods, 

mechanistic investigation, and translational 

experimentation [5]. The addition of AI creates another 

evidentiary layer that must be assessed alongside, rather 

than substituted for, the product evidence. Regulatory 

science in this setting asks whether the material is 

adequately defined, whether the model and its data are 

documented, whether predictions generalize, whether 

experimental findings support the proposed claims, and 

whether uncertainties remain visible to responsible 

reviewers. 

This interpretation must be distinguished from regulatory 

policy, official guidance, legal classification, market 

authorization, and submission preparation. Regulatory 

science may identify evidence gaps, organize development 

questions, improve traceability, and support 

communication with relevant experts, but it cannot confer 

approval or determine the legally applicable pathway. 

Botanical preparations may differ in composition, 

manufacturing, intended claims, and degree of 

purification, while product categories and evidentiary 

conventions may vary between jurisdictions. International 

botanical-development literature illustrates that these 

differences complicate attempts to formulate a single 

universal pathway [6]. Product classification should 
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therefore be treated as a documented and revisable 

scientific-development question whose formal resolution 

requires product-specific assessment within the applicable 

system. 

A second distinction concerns the status of AI-derived 

evidence. AI can support molecular prioritization, identify 

patterns across high-dimensional datasets, propose targets, 

predict bioactivity, estimate ADMET properties, and help 

select experiments. It cannot, through prediction alone, 

authenticate a botanical source, demonstrate batch 

consistency, establish target engagement, verify a 

mechanism, characterize mixture effects, confirm safety, 

or establish clinical benefit. Reviews of pharmaceutical AI 

consistently position computational systems as tools that 

can accelerate and inform development while remaining 

dependent on reliable data, empirical confirmation, and 

expert interpretation [7]. The regulatory science task is thus 

to preserve the connection between each AI output, its 

intended use, its uncertainty, the experiment undertaken to 

test it, and the downstream decision influenced by the 

result. 

AI-discovered phytopharmaceuticals consequently require 

dual evidence accountability. The phytopharmaceutical 

track concerns botanical source authentication, chemical 

composition, phytochemical profiling, process definition, 

batch consistency, quality control, pharmacological 

evidence, safety, clinical evidence where relevant, and 

continuing product surveillance. The AI track concerns 

training-data provenance, model documentation, 

transparency, explainability, reproducibility, leakage 

control, bias assessment, internal and external validation, 

experimental confirmation, version control, and 

monitoring of model changes. Contemporary 

phytopharmaceutical scholarship similarly emphasizes that 

standardization, analytical characterization, quality 

evidence, safety evaluation, and clinical development 

remain central to translation [8]. The proposed framework 

connects the two tracks through evidence traceability, 

multidisciplinary review, risk management, lifecycle 

monitoring, and explicit boundaries separating scientific 

planning from regulatory approval. 

Evidence standards and model documentation 

Evidence standards for AI-discovered 

phytopharmaceuticals should begin with a claim-specific 

question: what conclusion is being proposed, and what 

evidence would be sufficient to support that conclusion at 

the relevant stage of development? A model that ranks 

compounds for laboratory testing requires a different 

evidentiary threshold from a model used to support dose 

selection, safety interpretation, manufacturing control, or 

clinical decision-making. Critical analyses of AI in drug 

discovery have shown that impressive retrospective results 

can be disconnected from practical impact when tasks, 

benchmarks, comparator methods, and intended uses are 

poorly specified [9]. Data quality is equally consequential. 

Chemical structures may be duplicated or incorrectly 

represented, assay labels may combine incompatible 

conditions, negative results may be selectively absent, 

botanical samples may be incompletely identified, and 

endpoint definitions may vary between sources. These 

limitations can propagate bias, uncertainty, leakage, and 

weak generalization into the model and its outputs [10]. A 

regulatory science record should therefore specify the 

proposed claim, the model’s decision context, the origin 

and meaning of each input and label, the applicability 

domain, and the evidence needed to test the output 

empirically. 

Model transparency and explainability serve related but 

non-equivalent functions. Transparency concerns whether 

reviewers can inspect the intended use, data 

transformations, architecture, feature construction, training 

procedure, model version, decision thresholds, uncertainty 

measures, and known limitations. Explainability concerns 

whether a model output can be interrogated in a manner 

that is stable, faithful to the model, and scientifically 

meaningful. Explainable AI can support hypothesis 

generation, highlight influential features, and help experts 

investigate potentially spurious relationships, but an 

explanation does not independently establish causal 

mechanism or prediction validity [11]. Structured model 

documentation provides the broader audit trail needed to 

understand how a system was developed, evaluated, and 

intended to be used. Documentation approaches in 

translational science can improve communication of 

provenance, intended use, performance conditions, 

limitations, and reproducibility requirements [12]. For 

phytopharmaceutical applications, this documentation 

should also identify how botanical, chemical, assay, omics, 

literature, and clinical data were linked and whether 

apparently identical records represent the same physical 

preparation or different products. 

Validation should be layered rather than reduced to a single 

performance result. Internal validation should use leakage-

resistant resampling, prespecified metrics, nested tuning 

where appropriate, calibration analysis, uncertainty 

characterization, and complete reporting of variability. 

External validation should use independently sourced data 

that represent the intended chemical, biological, botanical, 

or clinical context. The model should be locked before 

external evaluation, and differences between development 

and evaluation datasets should be described. Benchmark 

design is especially important in molecular modelling 

because random or structurally permissive splits can allow 

highly similar compounds or related assay records to 

appear across training and test sets. Empirical work has 
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demonstrated that some ligand-based benchmarks may 

reward memorization instead of transferable generalization 

[13]. Bias assessment should additionally examine 

performance across chemical scaffolds, botanical taxa, 

preparation types, laboratories, assay systems, 

demographic groups where relevant, and other strata that 

may reveal systematic failure. Experimental validation 

should then test model-prioritized claims using appropriate 

controls, replicates, exposure conditions, reference 

comparators, and orthogonal methods. 

Evidence traceability connects these requirements into a 

reviewable chain. Each conclusion should be traceable 

from source material and raw data through curation, model 

version, output, experimental test, expert interpretation, 

and development decision. Changes to botanical material, 

analytical procedures, labels, preprocessing, algorithms, or 

decision thresholds should be versioned and assessed for 

their effect on prior findings. Best-practice scholarship in 

chemical machine learning emphasizes transparent data 

preparation, representation choices, validation design, 

reproducibility, and limitations reporting [14]. Taken 

together, realistic model evaluation and fit-for-purpose 

chemical and biological data are inseparable conditions for 

credible pharmaceutical AI evidence [9, 10]. A 

documented model may still be invalid, and a valid model 

within one domain may still be unsuitable for another; 

documentation and validation must therefore be reviewed 

jointly. Table 1 summarises evidence standards and model 

documentation requirements for AI-discovered 

phytopharmaceuticals. 

 

Table 1. Evidence Standards and Model Documentation Requirements for AI-Discovered Phytopharmaceuticals: 

Botanical Identity, Phytochemical Profiling, Batch Consistency, Quality Control, Data Provenance, Model 

Transparency, Explainability, Reproducibility, Bias Assessment, Validation, and Evidence Traceability 

Evidence or 

documentation 

component 

Core 

regulatory 

science 

question 

Required 

evidence or 

record 

Documentatio

n function 
Failure risk 

Validation 

requirement 

Responsible 

review need 
Framework role 

Phytopharmaceuti

cal identity 

What 

precisely is 

the candidate 

to which the 

evidence 

applies? 

Product name; 

preparation 

type; plant part; 

processing or 

extraction 

method; 

composition 

boundary; 

intended use 

Defines the 

object of 

evaluation and 

prevents 

evidence 

transfer 

between non-

equivalent 

materials 

Pharmacologica

l, safety, or 

clinical findings 

may be 

assigned to a 

materially 

different 

product 

Identity 

confirmation 

using fit-for-

purpose 

botanical and 

chemical 

methods 

Pharmacognosy

, analytical 

chemistry, 

manufacturing, 

pharmacology, 

and clinical 

review 

Entry gate for 

classification and 

evidence mapping 

Botanical source 

authentication 

Is the declared 

biological 

source 

authentic and 

traceable? 

Accepted 

taxonomic 

designation; 

voucher 

information 

where relevant; 

origin; supplier; 

collection 

conditions; 

authentication 

methods; chain 

of custody 

Connects 

experimental 

material to a 

verifiable 

biological 

source 

Misidentificatio

n, substitution, 

adulteration, or 

irreproducible 

sourcing 

Orthogonal 

morphologica

l, 

microscopic, 

genetic, or 

chemical 

authenticatio

n as 

appropriate 

Botanical and 

quality 

specialists 

should assess 

method 

suitability and 

discrepancies 

Foundational 

identity and 

quality control 

Chemical 

composition 

What 

chemical 

material was 

studied or 

processed by 

the model? 

Constituent 

inventory; 

marker 

compounds; 

concentration 

ranges; 

impurities; 

degradants; 

analytical 

procedures 

Defines 

chemical 

exposure and 

supports 

comparison 

between 

studies and 

batches 

Mechanism, 

dose, or safety 

findings may be 

attributed to an 

undefined 

mixture 

Qualified or 

validated 

analytical 

procedures 

appropriate to 

development 

stage 

Analytical, 

pharmacologica

l, toxicological, 

and 

manufacturing 

review 

Links identity to 

biological and 

safety evidence 
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Phytochemical 

profiling 

Does the 

analytical 

profile 

characterize 

the complex 

preparation 

sufficiently? 

Chromatographi

c, 

spectrometric, 

spectroscopic, 

or other 

justified 

fingerprints; 

reference 

materials; 

acceptance 

logic 

Provides a 

reproducible 

compositional 

signature 

Compositional 

drift, 

substitution, 

degradation, or 

loss of relevant 

constituents 

may remain 

undetected 

Demonstratio

n of 

reproducibilit

y, specificity, 

sensitivity, 

and 

discriminator

y capacity 

Analytical 

experts should 

assess whether 

the profile 

represents the 

product 

adequately 

Chemical 

standardization 

layer 

Batch consistency 

Are discovery, 

nonclinical, 

clinical, and 

manufacturing 

batches 

comparable? 

Comparative 

profiles; marker 

ranges; process 

records; 

biological 

comparisons 

where justified; 

stability data 

Supports 

bridging of 

evidence 

across batches 

and 

development 

stages 

Safety or 

efficacy 

evidence may 

not transfer to 

later material 

Evaluation of 

multiple 

representative 

batches and 

stability-

aware 

comparability 

Joint quality, 

manufacturing, 

toxicology, and 

clinical review 

Batch-to-evidence 

traceability gate 

Quality control 

Are identity, 

composition, 

purity, 

contaminants, 

strength, and 

process 

variability 

controlled? 

Specifications; 

analytical 

procedures; 

release records; 

stability 

controls; 

deviation 

investigations 

Demonstrates 

controlled 

production 

rather than 

one-time 

characterizatio

n 

Variable 

exposure, 

contamination, 

adulteration, or 

irreproducible 

study material 

Stage-

appropriate 

qualification 

or validation 

and 

longitudinal 

trend review 

Independent 

quality 

oversight and 

escalation of 

material 

deviations 

Non-negotiable 

phytopharmaceuti

cal foundation 

Training-data 

provenance 

Where did 

every input, 

label, and 

derived 

feature 

originate? 

Data sources; 

acquisition 

dates; inclusion 

criteria; assay 

context; 

curation history; 

lineage; access 

conditions 

Enables 

reconstruction, 

fitness-for-

purpose 

assessment, 

and duplication 

detection 

Hidden 

duplication, 

incompatible 

assays, circular 

evidence, or 

untraceable 

labels 

Sample-level 

lineage audits 

and 

verification 

against 

source 

records 

Data-science, 

domain-science, 

quality, and 

governance 

review 

Starting point of 

the AI evidence 

dossier 

Model 

documentation 

Can an 

independent 

reviewer 

reconstruct the 

intended use 

and 

development 

process? 

Intended use; 

domain; 

architecture; 

features; 

preprocessing; 

training 

procedure; 

hyperparameter

s; versions; 

outputs; 

limitations 

Creates an 

auditable and 

version-

controlled 

model record 

Irreproducibilit

y, inappropriate 

reuse, 

undocumented 

assumptions, or 

unverifiable 

claims 

Independent 

reconstructio

n or 

reproducibilit

y testing 

proportionate 

to intended 

use 

Multidisciplinar

y technical and 

domain review 

Central AI 

accountability 

mechanism 

Model 

transparency 

Are design 

choices, 

transformation

s, 

assumptions, 

and output 

semantics 

visible? 

Model 

rationale; 

exclusions; 

transformations; 

thresholds; 

confidence 

estimates; 

decision rules 

Makes the 

basis of an 

output 

inspectable 

Reviewers may 

confuse 

implementation 

choices with 

biological 

evidence 

Consistency 

checks 

between 

documentatio

n, code, data 

lineage, and 

operational 

behaviour 

Technical 

reviewers and 

intended users 

should assess 

relevance and 

comprehensibili

ty 

Enables appraisal 

without implying 

complete 

interpretability 

Explainability 

Does the 

explanation 

support 

scientifically 

Explanation 

method; 

baseline; 

fidelity 

Supports 

hypothesis 

generation and 

Plausible 

explanations 

may obscure 

invalid 

Evaluation of 

explanation 

fidelity, 

robustness, 

Domain experts 

should 

determine 

whether 

Supportive 

evidence, not 

independent 

validation 
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meaningful 

interrogation? 

assessment; 

stability 

analysis; 

sensitivity 

testing; known 

limitations 

expert 

investigation 

predictions or 

spurious 

associations 

and domain 

relevance 

separately 

from 

accuracy 

explanations 

have scientific 

meaning 

Reproducibility 

Can 

authorized 

reviewers 

reproduce the 

model and 

reported 

results? 

Versioned code; 

environment; 

dependencies; 

data snapshot; 

random seeds; 

preprocessing; 

evaluation 

scripts 

Tests 

recoverability 

of reported 

analyses 

Selective 

reporting, 

implementation 

drift, or 

inaccessible 

analytic 

pathways 

Independent 

reruns with 

predefined 

discrepancy 

tolerances 

Technical 

replication and 

domain review 

of reproduced 

outputs 

Auditability and 

documentation-

readiness control 

Data leakage 

control 

Were 

evaluation 

data isolated 

from training 

and model 

selection? 

Split rationale; 

duplicate 

checks; 

structural-

similarity 

analysis; 

temporal 

separation 

where relevant; 

contamination 

audit 

Protects 

estimates of 

generalization 

Artificially 

inflated 

performance 

and false 

translational 

confidence 

Leakage-

resistant 

splitting 

matched to 

the intended 

prediction 

problem 

Independent 

methodological 

review before 

accepting 

performance 

evidence 

Validation-

integrity gate 

Bias assessment 

Does 

performance 

differ across 

relevant 

chemical, 

botanical, 

experimental, 

or population 

groups? 

Dataset 

composition; 

missingness; 

subgroup 

performance; 

error analysis; 

mitigation 

rationale 

Identifies 

systematic 

weaknesses 

and 

underrepresent

ed domains 

Poor 

performance 

may remain 

hidden in 

groups not 

represented by 

aggregate 

metrics 

Prespecified 

stratified 

analyses and 

stress testing 

Statistical, 

scientific, 

safety, and 

governance 

review 

Representativenes

s and 

applicability-

domain safeguard 

Internal validation 

Is 

performance 

stable within 

the 

development 

data under 

controlled 

resampling? 

Cross-

validation 

design; nested 

tuning; repeated 

runs; 

calibration; 

uncertainty; all 

prespecified 

metrics 

Estimates 

development-

stage 

performance 

and variability 

Tuning bias and 

selective 

reporting may 

exaggerate 

reliability 

Nested, 

leakage-

controlled 

procedures 

appropriate to 

dataset 

structure 

Statistical and 

technical 

review 

Necessary but 

insufficient first 

validation layer 

External validation 

Does the 

locked model 

generalize to 

independently 

sourced data? 

Independent 

provenance; 

eligibility rules; 

distribution 

comparisons; 

prespecified 

analysis; error 

characterization 

Tests 

transportability 

beyond 

development 

conditions 

Internal 

performance 

may not 

transfer to new 

chemical, 

botanical, 

laboratory, or 

clinical 

contexts 

Independent 

and 

sufficiently 

characterized 

evaluation 

representative 

of intended 

use 

Independent 

scientific and 

statistical 

review 

Primary 

generalization gate 

Experimental 

validation 

Are AI-

prioritized 

claims 

confirmed 

through 

appropriate 

Prespecified 

protocols; 

controls; 

replicates; 

reference 

comparators; 

Converts 

computational 

hypotheses into 

product 

evidence 

Predictions may 

be mistaken for 

mechanism, 

safety, efficacy, 

or quality 

evidence 

Orthogonal 

assays, 

replication, 

and exposure-

relevant 

testing 

Experimental, 

mechanistic, 

toxicological, 

and quality 

review 

Boundary between 

prediction and 

empirical evidence 
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empirical 

testing? 

raw data; 

deviations; 

uncertainty 

proportionate 

to the claim 

Evidence 

traceability 

Can every 

conclusion be 

followed from 

source 

evidence to 

decision? 

Claim-to-data 

map; version 

identifiers; 

analytic lineage; 

decision 

records; 

contradictory 

findings; sign-

offs 

Maintains 

continuity 

across product 

and model 

evidence 

Unsupported 

claims, silent 

evidence 

substitution, or 

loss of version 

context 

Periodic 

traceability 

audits and 

reconciliation 

after material 

or model 

updates 

Independent 

quality and 

scientific 

oversight 

Cross-cutting 

ledger connecting 

both 

accountability 

tracks 

Safety evaluation requirements 

Safety evaluation must be anchored to the identity and 

composition of the actual phytopharmaceutical candidate. 

A safety study conducted with an inadequately 

authenticated plant, an uncharacterized extract, or a batch 

that is not comparable with the intended material may 

produce results that cannot be interpreted reliably. Best-

practice phytopharmacological research therefore requires 

authenticated source materials, chemically characterized 

preparations, appropriate controls, reproducible methods, 

and transparent reporting [15]. Chemical authentication is 

also necessary to identify substitution, adulteration, 

contamination, and compositional inconsistency that can 

alter exposure and produce misleading toxicity or efficacy 

findings [16]. These controls are not merely manufacturing 

concerns: they determine whether the observed safety 

profile belongs to the product under development. Safety 

assessment should consequently connect source 

authentication, phytochemical profiling, process 

information, batch comparability, contaminant testing, 

stability, and the materials used in computational, 

laboratory, animal, and clinical investigations. 

Natural origin cannot be treated as a presumption of safety. 

Herbal and dietary products have been associated with 

clinically significant adverse effects, including liver injury, 

while causality assessment is often complicated by 

incomplete product identification, multi-ingredient 

composition, variable exposure, concomitant medicines, 

and uncertain adulteration [17]. Safety planning should 

therefore address intrinsic toxicity, target-organ effects, 

safety pharmacology, dose–response relationships, route 

and duration of exposure, metabolites, susceptible 

populations, and the possibility that a mixture behaves 

differently from its isolated constituents. Herb–drug 

interaction assessment requires particular caution because 

claims may be based on isolated case reports or 

mechanistic predictions without adequate temporal, 

exposure, dechallenge, alternative-cause, or clinical-

pharmacology evidence. Critical evaluation of reported 

interactions demonstrates the importance of structured 

causality assessment and exposure-relevant mechanistic 

analysis [18]. AI-generated interaction alerts may help 

prioritize investigation, but they do not independently 

establish that a clinically meaningful interaction exists. 

ADMET and toxicology models can contribute to early 

hazard identification, prioritization, and experimental 

planning, provided that their intended use, applicability 

domain, training data, uncertainty, and validation are 

documented. Predictions should be linked to the chemical 

constituents or mixture representation used by the model 

and to exposures relevant to the intended product. 

Empirical evaluation may need to address whole-

preparation effects, major constituents, metabolites, 

impurities, contaminants, batch variability, and 

interactions among components. Nonclinical evidence 

should be selected according to the product, route, 

duration, dose, target population, prior knowledge, and 

unresolved risks rather than through a universal checklist. 

Clinical safety evidence, where relevant, should document 

the administered material, dose, exposure, adverse events, 

laboratory findings, concomitant products, 

discontinuations, and follow-up. Pharmacovigilance 

databases can provide additional evidence about herbal 

adverse events, although underreporting, inconsistent 

nomenclature, variable product composition, confounding, 

and heterogeneous case quality limit causal interpretation 

[19]. 

Safety governance should continue throughout 

development and, where applicable, after broader use. 

Pharmacovigilance readiness requires product and batch 

traceability, standardized adverse-event terminology, 

accessible reporting channels, causality procedures, signal-

detection methods, escalation criteria, and clear 

responsibility for corrective action. Reviews of herbal 

pharmacovigilance identify persistent challenges related to 

product identification, reporting quality, surveillance 

capacity, and risk communication [20]. Risk management 

should maintain a living record of identified, potential, and 

uncertain risks, together with mitigation measures, 

evidence gaps, review triggers, and ownership. Safety 

interpretation is unreliable when botanical materials are 

inadequately authenticated, chemically characterized, or 
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controlled [15, 16]. Uncertainty should be communicated 

explicitly, and computational predictions, historical use, 

mechanistic plausibility, or absence of reported events 

should not be described as proof that a product is safe. 

Table 2 maps safety evaluation requirements for AI-

discovered phytopharmaceuticals. 

 

Table 2. Safety Evaluation Requirements for AI-Discovered Phytopharmaceuticals: ADMET Evidence, Toxicity 

Evidence, Safety Pharmacology, Herb–Drug Interaction Risk, Compound-Mixture Safety, Batch Variability, 

Contaminant and Adulteration Concerns, Nonclinical Safety, Clinical Safety, Pharmacovigilance Readiness, and Risk 

Management 

Safety domain 
Core safety 

question 

Required 

evidence 

Evaluation 

function 

Risk if 

missing 

Validation 

requiremen

t 

Regulatory 

science 

boundary 

Framewo

rk role 

ADMET 

evidence 

What 

absorption, 

distribution, 

metabolism, 

excretion, and 

interaction 

liabilities are 

plausible at 

relevant 

exposure? 

Experimental

ly grounded 

ADMET 

findings; 

justified 

computationa

l predictions; 

applicability 

domain; 

uncertainty; 

constituent 

and exposure 

context 

Prioritizes 

liabilities 

and informs 

study 

selection 

False 

reassurance, 

overlooked 

metabolites, 

or 

inappropriat

e dose 

assumptions 

Fit-for-

purpose 

benchmark 

evaluation 

and 

empirical 

confirmation 

proportionat

e to the 

claim 

ADMET 

prediction 

supports 

planning 

but does not 

establish 

clinical 

safety 

Early 

safety-

screening 

layer 

Toxicity 

evidence 

What intrinsic, 

target-organ, 

genetic, 

reproductive, 

immunological, 

developmental, 

or other 

toxicities 

require 

investigation? 

Appropriate 

in vitro, in 

vivo, 

alternative-

method, 

mechanistic, 

clinical, and 

exposure 

evidence 

Characterize

s hazards 

and 

contributes 

to risk 

assessment 

Significant 

toxicity may 

remain 

undetected 

or be 

attributed to 

the wrong 

constituent 

or product 

Appropriate 

controls, 

reproducibili

ty, exposure 

relevance, 

and product 

comparabilit

y 

AI 

classificatio

n or 

historical 

use cannot 

replace 

necessary 

empirical 

safety 

evaluation 

Core 

hazard-

evidence 

gate 

Safety 

pharmacology 

Could the 

candidate 

adversely affect 

vital 

physiological 

functions? 

Fit-for-

purpose 

cardiovascula

r, 

neurological, 

respiratory, 

and other 

justified 

functional 

evaluations 

Detects 

acute 

functional 

risks not 

necessarily 

identified by 

efficacy 

studies 

Serious 

functional 

effects may 

emerge late 

in 

developmen

t 

Sensitive, 

controlled, 

exposure-

relevant 

testing 

The 

required 

evaluation 

depends on 

product 

characteristi

cs and 

intended 

exposure 

Functional 

safety-

planning 

componen

t 

Herb–drug 

interaction risk 

Could 

constituents 

affect drug 

metabolism, 

transport, 

pharmacodyna

mics, or 

exposure? 

Composition-

aware 

experimental 

evidence; 

mechanistic 

data; 

exposure 

margins; 

clinical 

observations; 

concomitant-

use context; 

Identifies 

plausible 

interaction 

mechanisms 

and high-

risk 

combination

s 

Harmful 

interactions, 

therapeutic 

failure, or 

incorrect 

attribution 

of adverse 

effects 

Predictions 

require 

confirmator

y and 

exposure-

relevant 

assessment 

A database 

alert or 

model 

output does 

not 

independent

ly establish 

a clinical 

interaction 

Dedicated 

interaction

-risk 

module 
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causality 

assessment 

Dose or 

exposure 

relevance 

Were observed 

effects 

produced at 

exposures 

relevant to 

intended use? 

Dose–

response 

information; 

constituent 

and 

metabolite 

exposure; 

route; 

duration; 

bioavailabilit

y; uncertainty 

Connects 

hazard 

findings 

with 

plausible 

biological 

exposure 

Laboratory 

findings 

may be 

overinterpre

ted or 

dismissed 

incorrectly 

Validated or 

qualified 

exposure 

measuremen

t and 

justified 

bridging 

Mechanistic 

plausibility 

without 

exposure 

context 

does not 

establish 

clinical risk 

magnitude 

Exposure 

anchor for 

safety 

interpretati

on 

Compound–

mixture safety 

Does the whole 

preparation 

behave 

differently from 

isolated 

constituents? 

Whole-

product 

evidence; 

constituent-

level data 

where 

informative; 

mixture 

rationale; 

interaction 

and matrix-

effect 

assessment 

Evaluates 

additivity, 

synergy, 

antagonism, 

and matrix 

effects 

Safety may 

be inferred 

incorrectly 

from a 

single 

constituent 

Representati

ve-mixture 

testing and 

justified 

reduction 

strategies 

Evidence 

for one 

marker 

compound 

cannot 

automaticall

y substitute 

for whole-

product 

evidence 

Complex-

mixture 

assessmen

t boundary 

Contaminant 

and 

adulteration 

concern 

Could 

undeclared 

chemical, 

pharmaceutical, 

microbial, 

environmental, 

or processing 

contaminants 

alter safety? 

Risk-based 

specifications

; supplier 

controls; 

validated 

testing; 

investigation 

of 

unexpected 

analytical 

signals 

Separates 

intrinsic 

product risk 

from quality 

failure 

Toxicity or 

apparent 

efficacy 

may arise 

from 

undeclared 

materials 

Sensitive, 

specific, and 

appropriatel

y 

maintained 

analytical 

procedures 

Favourable 

AI 

predictions 

do not 

reduce 

contaminati

on-control 

requirement

s 

Quality–

safety 

interface 

Batch 

variability 

safety concern 

Could batch 

differences alter 

biological 

exposure or 

toxicity? 

Comparative 

chemical and 

biological 

profiles; 

process 

parameters; 

marker 

ranges; 

stability; 

representative 

safety-

relevant 

batches 

Determines 

whether 

safety 

findings can 

be bridged 

across 

batches 

A safe 

research 

batch may 

not 

represent 

clinical or 

later 

manufacturi

ng material 

Multi-batch 

and 

stability-

aware 

comparabilit

y 

assessment 

Batch 

consistency 

is necessary 

but does not 

independent

ly prove 

safety 

Batch-to-

safety 

traceabilit

y gate 

Nonclinical 

safety evidence 

Is the 

nonclinical 

evidence 

adequate for the 

product and 

development 

question? 

Pharmacolog

y; toxicology; 

toxicokinetics

; local 

tolerance; 

interaction 

studies; other 

Supports 

hazard 

characterizat

ion and 

clinical 

planning 

Human 

investigatio

n may begin 

with 

unresolved 

or poorly 

characterize

d risks 

Review of 

study 

quality, 

exposure 

coverage, 

product 

comparabilit

y, and 

The 

framework 

organizes 

planning 

and does 

not 

prescribe 

one 

Nonclinica

l safety 

checkpoint 
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risk-driven 

assessments 

reproducibili

ty 

universal 

test package 

Clinical safety 

evidence where 

relevant 

What adverse 

effects, dose 

relationships, 

interactions, 

and vulnerable 

groups emerge 

in humans? 

Prespecified 

safety 

outcomes; 

exposure; 

adverse-event 

records; 

laboratory 

findings; 

concomitant 

medicines; 

discontinuati

ons; follow-

up 

Evaluates 

human 

tolerability 

and 

clinically 

relevant risk 

Predicted or 

nonclinical 

safety may 

be mistaken 

for human 

safety 

Appropriate 

study 

design, 

monitoring, 

data 

integrity, 

and 

independent 

analysis 

Clinical 

evidence 

needs 

require 

formal 

product-

specific 

assessment 

Human 

safety-

evidence 

layer 

Pharmacovigil

ance readiness 

Can adverse 

events be 

detected, 

attributed, 

evaluated, and 

communicated 

during broader 

use? 

Product 

nomenclature

; lot and 

batch 

identifiers; 

reporting 

channels; 

coding rules; 

signal 

procedures; 

causality 

methods; 

escalation 

plan 

Enables 

continuing 

surveillance 

and 

investigation 

Signals may 

be missed, 

pooled 

across non-

equivalent 

products, or 

become 

untraceable 

Testing of 

surveillance 

processes 

and 

continuing 

data-quality 

review 

Readiness 

does not 

imply 

authorizatio

n and 

cannot 

replace pre-

use safety 

evidence 

Lifecycle 

surveillanc

e layer 

Risk 

management 

How will 

known, 

potential, and 

uncertain risks 

be monitored 

and mitigated? 

Risk register; 

mitigation 

measures; 

evidence 

gaps; 

responsibiliti

es; triggers; 

review 

intervals 

Converts 

safety 

evidence 

into 

controlled 

actions 

Known 

limitations 

may not 

influence 

developmen

t or 

communicat

ion 

Periodic 

assessment 

of 

mitigation 

effectivenes

s and trigger 

performance 

A risk-

managemen

t plan does 

not 

establish 

that residual 

risk is 

acceptable 

Cross-

stage 

control 

and 

escalation 

mechanis

m 

Uncertainty 

communication 

What remains 

unknown, 

model-

dependent, 

weakly 

supported, or 

population-

limited? 

Confidence 

intervals; 

applicability 

domains; 

missing-data 

assessment; 

assumptions; 

contradictory 

evidence; 

unresolved 

questions 

Prevents 

certainty 

inflation and 

supports 

proportionat

e decisions 

Preliminary 

predictions 

may be 

communicat

ed as 

established 

safety 

conclusions 

Consistency 

review 

between 

uncertainty 

statements 

and 

underlying 

evidence 

Disclosure 

cannot 

compensate 

for missing 

essential 

safety 

evidence 

Mandatory 

output at 

every 

safety gate 

No safety-claim 

boundary 

Has any 

computational, 

historical, 

mechanistic, or 

preliminary 

result been 

overstated as 

proof of safety? 

Claim audit 

distinguishin

g prediction, 

hypothesis, 

hazard 

evidence, risk 

characterizati

on, clinical 

evidence, and 

Enforces 

responsible 

evidentiary 

language 

Unsupporte

d claims that 

the 

candidate is 

safe, non-

toxic, or 

interaction-

free 

Independent 

scientific 

and safety 

review of 

external 

claims 

Neither 

natural 

origin nor 

AI 

discovery 

establishes 

safety 

Final 

safety-

claim 

control 
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surveillance 

findings 

Approval pathways and regulatory translation 

Approval-pathway consideration should begin with 

product definition and evidence status rather than with the 

assumption that an AI-discovered candidate belongs to a 

predetermined regulatory category. Entry into clinical 

development by an AI-originated candidate does not 

establish efficacy, safety, or approval readiness, because 

clinical progression remains dependent on the quality of 

the product, the relevance of the target and mechanism, the 

adequacy of nonclinical evidence, and the results of 

appropriately designed human studies [21]. For 

phytopharmaceuticals, the distinction between a complex 

botanical preparation, an enriched fraction, a purified 

constituent, and a structurally defined molecule can alter 

the scientific questions associated with composition, 

manufacturing control, dosing, consistency, and clinical 

evaluation. Comparisons between botanical and single-

molecule development approaches illustrate why product 

identity must precede pathway planning [22]. The 

proposed approach therefore treats classification as a 

documented and revisable regulatory science question 

rather than as a legal determination. 

Regulatory translation also requires caution when evidence 

from one product class or jurisdiction is used to inform 

another. Comparative analyses of AI-enabled medical 

technologies show that authorization categories, evaluation 

practices, and evidence disclosure can differ materially 

between regulatory systems [23]. These observations 

cannot be transferred directly to phytopharmaceutical 

products, but they demonstrate the risk of assuming that 

technical performance has a uniform regulatory meaning. 

Authorization may also coexist with limitations in external, 

prospective, or population-representative validation, as 

analyses of regulated medical AI have shown [24]. For AI-

discovered phytopharmaceuticals, regulatory alignment 

should consequently mean that evidence is organized 

transparently, methods are fit for purpose, limitations are 

disclosed, and product-specific questions are prepared for 

formal assessment. It should not be interpreted as evidence 

of likely authorization, regulatory acceptance, legal 

compliance, or submission sufficiency. 

The translation process must extend beyond the initial 

model and candidate-selection event. Adaptive or retrained 

AI systems can change when new data, labels, features, 

thresholds, or deployment conditions are introduced. 

System-level governance is therefore needed to connect 

the model, its users, the development environment, update 

procedures, monitoring activities, and human decisions 

[25]. Pharmaceutical AI may also influence formulation, 

manufacturing, quality control, clinical development, and 

post-market surveillance, making lifecycle documentation 

necessary across several development functions [26]. 

Model-update governance should specify which changes 

require renewed validation, whether previous evidence 

remains applicable, how version changes are 

communicated, and when outputs must be restricted or 

withdrawn from decision processes. Parallel product 

governance should monitor batch consistency, stability, 

emerging toxicity, clinical observations, adverse-event 

reports, and changes in intended use. 

Regulatory translation is thus best understood as an 

evidence-organization process that links candidate 

classification, phytopharmaceutical quality, AI 

documentation, mechanistic evidence, safety evaluation, 

clinical planning, risk management, pharmacovigilance 

readiness, and lifecycle oversight. Potential pathways may 

be mapped conditionally to identify evidence dependencies 

and questions for expert discussion, but the resulting map 

cannot determine which formal route applies or whether 

the evidence is sufficient. Submission-readiness language 

should likewise be restricted to documented gap 

assessment and organizational preparedness rather than 

used as a certification claim. Figure 1 illustrates how 

evidence standards, model documentation, safety 

evaluation, quality control, clinical evidence, and lifecycle 

governance connect to regulatory translation for AI-

discovered phytopharmaceuticals. 
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Figure 1. Regulatory Translation Logic for AI-Discovered Phytopharmaceuticals 

 

Alt-text description 

A conceptual regulatory translation diagram showing AI-

discovered phytopharmaceutical evidence flowing through 

identity, quality control, model documentation, mechanism 

evidence, safety evaluation, clinical evidence, 

pharmacovigilance readiness, lifecycle monitoring, and 

approval-pathway consideration boundaries. 

Proposed regulatory science framework 

The proposed framework is a staged, iterative architecture 

rather than a linear approval algorithm. Its initial stage 

defines candidate identity and provisional classification by 

documenting the botanical source, plant part, preparation 

type, extraction or processing method, chemical 

composition, intended use, and the precise role played by 

AI in candidate discovery. This stage is followed by a 

phytopharmaceutical quality foundation comprising 

authentication, phytochemical profiling, marker selection, 

contaminant control, batch consistency, process 

documentation, and stability-aware comparability. 

Translational AI scholarship indicates that reliable impact 

requires clinically or scientifically relevant validation, 

integration with expert workflows, and continuing 

evaluation rather than isolated model performance [27]. 

Accordingly, progression through the framework depends 

on multidisciplinary review of both product and model 

evidence. 

The AI model-documentation stage records the intended 

use, training-data provenance, data curation, 

representations, architecture, preprocessing, model 

version, hyperparameters, evaluation methods, 

uncertainty, limitations, and human interventions. 

Explainability may be included when it supports scientific 

interrogation, but it is not accepted as a replacement for 

empirical validation. Critical analysis of explainable AI in 

healthcare cautions that plausible post hoc explanations 

can create unwarranted confidence when the underlying 

model, data, or causal interpretation is weak [28]. The 

framework therefore separates transparency, 

explainability, reproducibility, and validity into distinct 

review questions. Evidence-standard mapping then links 

each proposed claim—such as candidate prioritization, 

target association, mechanism, bioactivity, ADMET 

behaviour, toxicity, quality, or clinical relevance—to the 

type and strength of evidence needed to support it. 

Mechanistic and safety evaluation operate as connected but 

independent assessment stages. Mechanistic evidence 

should establish whether predicted targets or pathways are 

supported by orthogonal experiments, exposure-relevant 

effects, appropriate controls, reproducibility, and evidence 

relating to the actual preparation rather than only to an 

isolated constituent. Safety planning should integrate 

ADMET information, toxicology, safety pharmacology, 

herb–drug interaction risk, mixture effects, contaminants, 

batch variability, nonclinical evidence, and clinical safety 

evidence where relevant. Human expert oversight is 

essential because machine-learning systems can produce 

automation bias, workflow disruption, accountability gaps, 

and other unintended consequences even when technical 

performance appears favourable [29]. The framework 

therefore requires a documented expert-review record, 

including disagreements, residual uncertainties, rejected 

claims, and reasons for progression, restriction, or 

additional evidence generation. 

Clinical evidence planning and regulatory translation 

mapping are conditional stages. The framework does not 
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assume that every candidate requires an identical clinical 

programme or that one regulatory category applies across 

products and jurisdictions. Instead, it records the proposed 

indication, population, route, formulation, dose rationale, 

comparability of study material, unresolved risks, and the 

clinical questions that would require formal product-

specific assessment. Lifecycle monitoring begins before 

any broader deployment or authorization claim and 

continues through model and product development. 

Dataset shift can reduce performance when the chemical, 

biological, laboratory, population, or operational 

environment differs from development conditions, making 

predefined monitoring and revalidation triggers necessary 

[30]. Predictive toxicology evidence likewise requires 

transparent assumptions, an appropriate applicability 

domain, uncertainty characterization, and fit-for-purpose 

empirical validation before it can influence higher-stakes 

safety conclusions [31]. 

The final architecture connects risk management, model-

update governance, product surveillance, 

pharmacovigilance readiness, policy feedback, and a no-

approval-claim boundary. Pharmaceutical AI must be 

governed across discovery, development, clinical testing, 

manufacturing, quality control, and lifecycle use rather 

than treated as a one-time candidate-generation tool [32]. 

Expert review remains a cross-cutting requirement because 

translational integration failures, explanation-related 

overconfidence, and unintended consequences can persist 

despite apparently strong technical outputs [27–29]. The 

framework may generate an identity record, quality 

dossier, model dossier, claim–evidence map, mechanistic 

confidence profile, safety plan, conditional clinical 

evidence roadmap, translation map, risk register, and 

monitoring plan. These are proposed regulatory science 

outputs and do not constitute legal classifications, official 

requirements, regulator-approved procedures, submission 

certifications, or approval determinations. Table 3 presents 

the proposed regulatory science framework for AI-

discovered phytopharmaceuticals. 

 

Table 3. Proposed Regulatory Science Framework for AI-Discovered Phytopharmaceuticals: Candidate Identity, 

Quality Foundation, AI Model Documentation, Evidence Mapping, Mechanistic Evidence, Safety Evaluation, Clinical 

Evidence Planning, Regulatory Translation, Approval-Pathway Consideration, Lifecycle Monitoring, Policy Feedback, 

and Claim Boundaries 

Framework 

stage 
Core purpose 

Required 

input 

Regulatory 

science 

function 

Potential 

output 

Validation 

need 
Failure risk 

Feedback 

mechanism 

Decision 

boundary 

Candidate 

identity and 

classification 

Define the 

candidate and 

the provisional 

development 

category 

Botanical 

source; plant 

part; 

preparation; 

processing 

method; 

chemical 

composition; 

intended use; 

AI discovery 

rationale 

Prevents 

evidence from 

being assigned 

to an 

undefined or 

non-equivalent 

product 

Candidate 

identity 

statement 

and 

provisional 

classificatio

n map 

Independent 

botanical, 

chemical, 

pharmaceutical, 

and regulatory 

science review 

Misclassificati

on or 

inappropriate 

borrowing of 

evidence from 

different 

products 

Revise the 

classification 

when 

composition, 

claims, or 

manufacturing 

change 

Classificatio

n remains 

provisional 

and 

nonbinding 

Phytopharma

ceutical 

quality 

foundation 

Establish 

authenticated 

and controlled 

material for 

evidence 

generation 

Source records; 

analytical 

profiles; 

specifications; 

process 

information; 

contaminants; 

stability; batch 

data 

Makes 

pharmacologic

al, safety, and 

clinical 

evidence 

interpretable 

Quality 

evidence 

dossier and 

batch-

comparabili

ty map 

Method 

qualification or 

validation and 

representative-

batch 

assessment 

Uncontrolled, 

contaminated, 

or non-

reproducible 

material 

progresses 

through 

development 

Batch trends, 

deviations, 

and stability 

findings 

update 

evidence 

status 

Progression 

should pause 

when 

identity or 

comparabilit

y is 

unresolved 

AI model 

documentatio

n 

Record the 

model, data, 

intended use, 

limitations, and 

versions 

Data lineage; 

curation 

history; model 

architecture; 

preprocessing; 

code 

environment; 

metrics; 

Enables 

reconstruction, 

review, and 

version-

specific 

interpretation 

Version-

controlled 

model 

dossier 

Reproducibility 

audit and 

consistency 

check against 

implementation 

Opaque, 

irreproducible, 

or incorrectly 

reused model 

evidence 

Every 

controlled 

model change 

updates the 

dossier 

Documentati

on does not 

establish 

validity by 

itself 
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uncertainty; 

human 

interventions 

Evidence 

standard 

mapping 

Match each 

proposed claim 

to an 

appropriate 

evidence 

requirement 

Intended claim; 

development 

stage; decision 

context; 

evidence 

inventory; 

uncertainty 

Prevents 

prediction, 

association, or 

tradition from 

being 

represented as 

proof 

Claim–

evidence 

matrix and 

evidence-

gap register 

Independent 

scientific and 

methodological 

review 

Weak 

evidence 

supports high-

level claims 

New evidence 

changes claim 

status and 

closes or 

reopens gaps 

Unsupported 

claims 

remain 

hypothesis-

level 

Mechanistic 

evidence 

assessment 

Evaluate target, 

pathway, and 
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Figure 2 presents the proposed regulatory science 

framework for AI-discovered phytopharmaceuticals, 

integrating evidence standards, model documentation, 

safety evaluation, regulatory translation, lifecycle 

monitoring, policy feedback, and claim boundaries. 
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Figure 2. Proposed Regulatory Science Framework for AI-Discovered Phytopharmaceuticals 

Alt-text description 

A conceptual regulatory science framework showing AI-

discovered phytopharmaceutical candidates moving 

through quality evidence, model documentation, evidence 

mapping, mechanism assessment, safety evaluation, 

clinical evidence planning, regulatory translation, lifecycle 

monitoring, expert oversight, policy feedback, and no-

approval-claim boundaries. 

Policy implications 

For researchers, AI developers, and phytopharmaceutical 

manufacturers, the framework implies that documentation 

should begin at candidate conception rather than being 

reconstructed after favourable results emerge. Botanical 

identity, material provenance, chemical composition, batch 

history, training-data lineage, model versions, validation 

designs, experimental outcomes, and decision records 

should be retained in interoperable evidence structures. 

Recent phytopharmaceutical regulatory scholarship 

highlights the continuing importance of product definition, 

standardization, quality, safety, efficacy evidence, and 

implementation capacity when developing distinct herbal-

medicine categories [33]. Funders and research institutions 

could therefore prioritize infrastructure for authenticated 

materials, reference-quality analytical data, negative and 

inconclusive findings, external validation resources, and 

multidisciplinary regulatory science expertise. 

Journals, ethics committees, quality teams, and 

pharmacovigilance systems also influence the reliability of 

the evidence ecosystem. Journals can require transparent 

descriptions of botanical materials, chemical profiles, 

dataset provenance, splitting strategies, applicability 

domains, uncertainty, model versions, and experimental 

confirmation. Ethics and governance review should 

examine whether AI outputs are being used within the 

evidentiary scope for which they were validated. Quality 

teams should connect manufacturing changes to prior 

pharmacological, toxicological, and clinical evidence, 

while pharmacovigilance systems should preserve 

product- and batch-level traceability. Analyses of botanical 

regulatory submissions can reveal recurring quality, 

nonclinical, clinical, and documentation issues, although 

those findings remain product-, indication-, and 

jurisdiction-specific [34]. Such analyses can inform 

research priorities without functioning as universal 

submission rules. 

Broader policy research should examine harmonized 

terminology for AI-discovered candidates, 

phytopharmaceutical preparations, model changes, 

evidence status, and regulatory alignment. Shared 

terminology could reduce ambiguity between a predicted 

association, an experimentally confirmed finding, an 

evidence gap, a development option, and a formal 

regulatory decision. International harmonization efforts 

should focus on transferable scientific records and 

transparent documentation while respecting differences in 

product classification and applicable requirements. These 

implications are proposed research, reporting, 
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infrastructure, and governance priorities for researchers, 

manufacturers, journals, funders, safety systems, and 

regulatory science communities. They are not legal advice, 

official guidance, mandatory standards, approval 

recommendations, or claims that one evidence package 

will be accepted across authorities. 

CONCLUSION 

This article proposes a regulatory science framework for 

AI-discovered phytopharmaceuticals that integrates 

candidate identity, botanical authentication, phytochemical 

characterization, quality control, AI model documentation, 

evidence standards, mechanistic assessment, safety 

evaluation, clinical evidence planning where relevant, 

regulatory translation, risk management, lifecycle 

monitoring, expert oversight, policy feedback, and explicit 

claim boundaries. Its central principle is dual evidence 

accountability: AI-derived prioritization must be supported 

by transparent data and validated models, while the 

candidate itself must satisfy the scientific demands 

associated with a defined, consistent, safe, and clinically 

interpretable phytopharmaceutical product. AI can 

strengthen candidate generation and evidence integration, 

but it cannot replace product characterization, empirical 

validation, safety investigation, human judgment, or 

formal regulatory assessment. The framework is therefore 

intended to improve evidence organization, traceability, 

validation planning, and interdisciplinary communication 

without functioning as an approval pathway, legal 

standard, submission template, or determination of 

regulatory readiness. 
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