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ABSTRACT 
Phytopharmacology depends on heterogeneous and frequently fragmented evidence spanning botanical 
identity, phytochemical composition, chemical structures, bioactivity measurements, molecular targets, 
biological pathways, safety findings, and expert interpretation. Although retrieval-augmented approaches may 
improve access to this evidence, retrieval alone cannot establish molecular identity, biological mechanism, 
therapeutic relevance, safety, or candidate validity. This article proposes a conceptual retrieval-augmented 
phytopharmacology framework for evidence-grounded drug discovery reasoning. The framework begins with 
explicit research-question formulation and retrieves relevant peer-reviewed literature, natural-product and 
phytochemical records, molecular structures, bioactivity observations, target annotations, pathway knowledge, 
and ADMET or toxicity evidence. Retrieved information is then subjected to source grounding, citation 
traceability, database-provenance assessment, identity resolution, duplicate detection, conflict identification, 
and evidence-level classification. Pathway mappings and knowledge relationships are interpreted as contextual 
support for mechanistic hypotheses rather than proof of mechanism. Natural-product chemists, 
pharmacologists, toxicologists, and other relevant experts remain responsible for evaluating plausibility, 
resolving conflicts, identifying evidence gaps, and defining appropriate validation studies. Drug discovery 
decision logic is therefore limited to transparent hypothesis prioritisation, uncertainty communication, 
validation planning, and auditable research support. The principal contribution is an integrated framework that 
connects retrieval, molecular database integration, pathway interpretation, expert review, and decision 
boundaries while explicitly controlling hallucination, provenance loss, evidence overstatement, and 
unsupported clinical or candidate-level claims.  
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INTRODUCTION 

Phytopharmacology is an evidence-intensive field in which 

conclusions may depend on the alignment of botanical 

taxonomy, plant-part provenance, extraction conditions, 

phytochemical identity, structural characterization, assay 

design, molecular targets, biological pathways, exposure 

conditions, toxicity findings, and disease context. These 

evidence types are distributed across primary studies, 

reviews, molecular resources, pathway databases, 
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toxicology collections, and expert-curated knowledge 

sources, making comprehensive retrieval and 

interpretation difficult. Retrieval-augmented methods may 

improve access to external biomedical evidence and reduce 

dependence on information encoded only within a 

language model, but their reliability remains contingent on 

retrieval design, corpus quality, evaluation procedures, and 

safeguards against unsupported generation [1]. A 

phytopharmacology workflow must therefore treat 

retrieval as an evidence-access mechanism rather than as 

independent verification of chemical or biological truth. 

Retrieval-augmented generation commonly combines 

source indexing, query-based retrieval, optional ranking or 

reranking, context augmentation, and response generation. 

In a phytopharmacological setting, each stage introduces 

domain-specific requirements: queries must distinguish 

compounds from extracts, synonyms must be reconciled, 

botanical sources must be normalized, database versions 

must be recorded, and retrieved passages must remain 

linked to their original sources. Healthcare-oriented 

retrieval-augmented systems illustrate how external 

knowledge can improve grounding while leaving 

unresolved risks involving inaccurate retrieval, biased 

corpora, incomplete context, privacy, transparency, and 

inappropriate downstream use [2]. Consequently, a 

retrieval-augmented phytopharmacology framework must 

evaluate not only whether an answer appears plausible, but 

also whether its supporting records are relevant, traceable, 

current, internally consistent, and appropriately 

interpreted. 

The drug-discovery implications of retrieval augmentation 

require particular caution. Artificial intelligence can 

organize chemical and biological information, identify 

patterns, and assist hypothesis generation, yet apparent 

computational performance may have limited translational 

value when tasks are poorly defined, datasets are 

unrepresentative, labels are unreliable, or biological 

validation is absent [3]. In phytopharmacology, these risks 

are compounded by mixtures, stereochemical ambiguity, 

taxonomic inconsistencies, heterogeneous assay systems, 

concentration-dependent effects, uncertain bioavailability, 

and the frequent reuse of database records derived from the 

same underlying publication. A retrieved association 

between a phytochemical and a target, pathway, 

phenotype, or disease therefore cannot be converted 

automatically into a mechanistic conclusion or candidate 

recommendation. 

Natural products remain important sources of chemical 

diversity and pharmacological hypotheses, but their 

contribution to drug discovery depends on rigorous 

characterization, reproducible biological evaluation, safety 

assessment, and staged translational investigation [4]. 

Retrieval augmentation may assist this process by 

connecting literature evidence, molecular records, pathway 

knowledge, and expert review within a traceable reasoning 

workflow. The purpose of this article is to propose a 

retrieval-augmented phytopharmacology framework that 

integrates source-grounded evidence retrieval, molecular 

database provenance, identity resolution, pathway-context 

mapping, evidence triangulation, multidisciplinary review, 

uncertainty management, decision boundaries, and 

validation planning. The proposed framework is 

conceptual and is intended to support research reasoning 

and hypothesis prioritisation rather than autonomous 

candidate selection, mechanistic confirmation, clinical 

decision-making, or replacement of professional expertise. 

Retrieval-augmented phytopharmacology 

Retrieval-augmented phytopharmacology can be defined 

as a source-grounded research approach in which 

phytochemical, pharmacological, molecular, pathway, 

safety, and contextual evidence is retrieved from explicitly 

defined sources and organized to support expert-led drug 

discovery reasoning. It differs from generic retrieval-

augmented generation because the retrieval target is not 

merely textually relevant information; it is evidence that 

must be chemically, biologically, and methodologically 

compatible with the question. It also differs from 

unsourced chatbot reasoning, which may produce fluent 

explanations without traceable support, and from static 

database querying, which retrieves records without 

necessarily reconciling their meanings or evidentiary 

status. Retrieval-and-reflection approaches indicate that 

selective use of external information and subsequent 

checking may improve evidence-oriented reasoning, 

although success remains dependent on retrieval relevance, 

task design, and generalizability [5]. Within the proposed 

framework, retrieval-augmented reasoning therefore 

involves query refinement, evidence categorization, 

contradiction detection, and explicit acknowledgement of 

unresolved questions. 

Source-corpus definition is central to this distinction. A 

phytopharmacology corpus may include peer-reviewed 

primary studies, review literature where methodologically 

appropriate, curated natural-product resources, 

phytochemical collections, bioactivity and target 

databases, pathway resources, ADMET and toxicity 

sources, supported pharmacovigilance records, and 

knowledge graphs. Inclusion in the corpus does not imply 

equal evidentiary value. Each source must be classified 

according to its purpose, curation process, version, 

coverage, update history, underlying evidence, and 

limitations. Guideline-grounded retrieval studies 

demonstrate the importance of restricting retrieval to an 

identifiable evidence corpus and evaluating outputs with 

domain experts rather than assuming that retrieved context 
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guarantees accurate interpretation [6]. The same principle 

applies to phytopharmacology: a response should remain 

bounded by the evidence actually retrieved, and any 

extrapolation should be labelled as interpretation or 

hypothesis. 

Retrieval quality also depends on how domain entities are 

represented. Queries based only on surface text may fail 

when a phytochemical has multiple synonyms, when a 

botanical species has historical taxonomic names, when a 

target has several identifiers or isoforms, or when a 

database record describes an extract while another 

describes an isolated constituent. Entity-aware retrieval 

methods show that structured recognition of clinically 

meaningful concepts can improve context selection 

compared with undifferentiated retrieval strategies [7]. In 

the proposed framework, this principle is extended to 

phytochemical names, molecular identifiers, botanical 

taxa, plant parts, target accessions, disease terms, pathway 

identifiers, assay types, toxicity endpoints, and evidence 

categories. This adaptation is a proposed design element 

and requires specialized vocabularies, synonym mapping, 

structure-based matching, and review of unresolved entity 

conflicts. 

Retrieval-augmented phytopharmacology must ultimately 

remain a human-supervised research process. Source-

grounded generation may organize evidence into a 

coherent answer, but it cannot independently determine 

whether a compound was correctly identified, whether a 

measured concentration is pharmacologically relevant, 

whether a pathway interpretation is causal, or whether a 

safety signal is clinically meaningful. Professional 

decision-support frameworks based on retrieval have been 

designed to supplement specialist workflows rather than 

replace the responsible expert [8]. Accordingly, the 

proposed framework places citation traceability, 

uncertainty communication, expert correction, and no-

clinical-claim boundaries alongside retrieval and 

generation. Its intended outputs are evidence maps, 

qualified hypotheses, conflict summaries, research 

priorities, and validation plans—not validated 

mechanisms, confirmed safety conclusions, autonomous 

candidate rankings, or therapeutic recommendations. 

Literature evidence and molecular databases 

Peer-reviewed literature provides the principal context for 

determining what was investigated, how an experiment 

was conducted, which material was tested, what outcome 

was measured, and which limitations were reported. 

Effective literature retrieval should therefore operate 

below the article-title level and connect specific passages 

with normalized biomedical entities, study designs, 

experimental systems, interventions, assays, and 

outcomes. Automated biomedical concept annotation can 

link full-text passages to standardized chemical, gene, 

disease, species, and mutation concepts, thereby 

supporting entity-oriented search and evidence navigation 

[9]. Nevertheless, automated annotations must be verified 

because specialized natural-product terminology, 

uncommon compound names, ambiguous abbreviations, 

and plant-specific entities may be missed or incorrectly 

normalized. Review literature can assist orientation and 

source discovery, but compound-specific claims should be 

traced back to the most relevant primary evidence 

whenever possible. 

Semantic indexing can extend this process by identifying 

biomedical entities and relations that are not captured 

reliably through exact keyword matching. Domain-adapted 

language representations have demonstrated utility in 

biomedical named-entity recognition, relation extraction, 

and question-answering tasks [10]. In retrieval-augmented 

phytopharmacology, comparable text-mining functions 

may help identify compound–target statements, plant–

constituent relationships, assay outcomes, pathway 

references, safety observations, and disease-context 

associations. Such extraction should not be treated as 

evidence confirmation. Every extracted relationship must 

retain its source passage, DOI, study type, experimental 

model, evidence category, and interpretive status so that a 

reviewer can determine whether the statement represents a 

measured finding, a prediction, a review-level summary, a 

traditional-use report, or an author hypothesis. 

Molecular databases provide complementary structure and 

identity information, but they differ substantially in 

coverage, accessibility, curation, standardization, 

biological annotation, and provenance documentation [11]. 

Cross-database retrieval may reveal multiple records for 

the same natural product, inconsistent synonyms, 

unresolved stereochemistry, alternative structures, 

incompatible taxonomic sources, or biological annotations 

inherited from different evidence types. Aggregated 

natural-product resources illustrate the value of bringing 

distributed structures into a common collection while also 

demonstrating the need for normalization, duplicate 

handling, and preservation of source-database provenance 

[12]. The proposed framework therefore separates record 

retrieval from identity resolution. A database hit becomes 

a candidate identity record that must be reconciled using 

molecular structure, stereochemical information, 

identifiers, formula, mass, synonym history, botanical 

source, analytical characterization, and supporting 

literature. 

Bioactivity, target, pathway, ADMET, toxicity, 

pharmacovigilance, and knowledge-graph sources add 

further layers of interpretation. Natural-product activity 

databases can connect compounds with organism sources, 

measured biological activities, assays, and molecular 
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targets, but heterogeneity in endpoint definitions, units, 

experimental conditions, and evidence depth must be 

retained rather than collapsed into a single activity claim 

[13]. Curated phytochemical resources can connect 

medicinal plants, reported constituents, and therapeutic or 

traditional-use contexts, yet these categories must remain 

distinct because botanical occurrence or historical use does 

not establish pharmacological efficacy [14]. The proposed 

framework consequently requires source provenance, 

database versioning, evidence-type labels, measured-

versus-predicted status, duplicate-source detection, 

conflict preservation, and expert adjudication before 

information is used in downstream reasoning. Table 1 

summarises evidence sources and molecular database 

components required for retrieval-augmented 

phytopharmacology. 

 

Table 1. Literature Evidence and Molecular Database Components for Retrieval-Augmented Phytopharmacology: 

Source Grounding, Phytochemical Identity, Chemical Structure Records, Bioactivity Evidence, Target Annotations, 

Pathway Data, ADMET and Toxicity Evidence, Provenance, and Validation Needs 

Evidence 

source 

Core 

retrieval 

question 

Required 

metadata 

Potential 

retrieved 

output 

Quality or 

provenance 

concern 

Validation 

requiremen

t 

Failure 

risk 

Framework 

role 

Peer-reviewed 

primary 

literature 

What direct 

experimental 

evidence 

addresses the 

compound, 

extract, 

botanical 

material, 

target, 

phenotype, 

pathway, or 

safety 

question? 

DOI; full 

citation; 

article type; 

material 

identity; 

species; 

plant part; 

extraction or 

isolation 

method; 

experimental 

system; 

assay; 

comparator; 

outcome; 

limitations 

Source 

passages, 

study 

descriptors, 

measured 

findings, 

experiment

al 

conditions, 

and 

evidence-

level labels 

Abstract-only 

interpretation, 

citation 

mismatch, 

inadequate 

material 

characterizatio

n, corrected or 

retracted work, 

and loss of 

experimental 

context 

Verify the 

complete 

article, 

supporting 

passage, 

methods, 

study 

design, 

material 

identity, and 

distinction 

between 

results and 

interpretatio

n 

A generated 

answer may 

attribute a 

claim to a 

study that 

did not test 

the stated 

compound, 

mechanism, 

or outcome 

Primary 

evidence 

layer for 

claim-level 

grounding 

and citation 

traceability 

Review or 

synthesis 

literature 

where 

appropriate 

What broader 

conclusions, 

disagreement

s, and 

evidence gaps 

have been 

reported? 

Review type; 

search scope; 

eligibility 

criteria; 

included 

evidence; 

synthesis 

approach; 

date of 

search; DOI; 

limitations 

Evidence 

overview, 

recurring 

findings, 

conflicting 

interpretatio

ns, research 

gaps, and 

candidate 

primary 

sources 

Selective 

coverage, 

outdated 

conclusions, 

heterogeneous 

included 

studies, and 

overgeneraliza

tion from 

review-level 

statements 

Examine 

review 

methods and 

retrieve 

decisive 

primary 

studies 

before 

making 

compound-

specific or 

mechanism-

specific 

claims 

A review 

conclusion 

may be 

presented as 

direct 

experiment

al 

confirmatio

n 

Orientation 

and 

evidence-

mapping 

layer rather 

than a 

substitute 

for primary 

verification 

Natural-

product 

databases 

Which 

records 

describe the 

natural 

product, its 

structure, 

synonyms, 

organism 

source, and 

related 

biological 

information? 

Stable record 

identifier; 

database 

name and 

version; 

structure 

representatio

n; 

stereochemis

try; 

synonyms; 

organism; 

Candidate 

identities, 

chemical 

structures, 

synonyms, 

source 

organisms, 

related 

records, and 

provenance 

links 

Duplicate 

records, 

inconsistent 

structures, 

missing 

stereochemistr

y, uncertain 

taxonomy, and 

incomplete 

original 

provenance 

Cross-check 

identity and 

structure 

across 

curated 

resources 

and 

supporting 

primary 

literature 

Different 

compounds 

may be 

merged, or 

one 

compound 

may be 

fragmented 

across 

multiple 

records 

Initial 

molecular-

record 

retrieval and 

identity-

resolution 

layer 
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source 

publication; 

update date 

Phytochemical 

databases 

Which plant–

compound 

relationships 

are reported, 

and what 

evidence 

supports the 

association? 

Accepted 

botanical 

name; 

taxonomic 

authority; 

synonym 

history; plant 

part; 

extraction 

context; 

analytical 

method; 

compound 

identifier; 

source 

reference 

Plant–

phytochemi

cal 

associations

, reported 

constituents

, plant-part 

records, 

chemical 

classes, and 

contextual 

annotations 

Taxonomic 

ambiguity, 

unverified 

constituent 

lists, regional 

naming 

variation, and 

confusion 

between 

detected 

constituents 

and assumed 

composition 

Resolve 

botanical 

taxonomy 

and inspect 

the 

analytical 

evidence 

supporting 

constituent 

identificatio

n 

A reported 

plant–

compound 

association 

may be 

presented as 

universally 

established 

or 

quantitative

ly 

characterize

d 

Botanical-

source and 

phytochemi

cal-identity 

layer 

Chemical 

structure 

collections 

Which 

structure 

record 

corresponds 

to the 

retrieved 

compound 

name or 

synonym? 

Canonical 

and isomeric 

structure 

strings; 

registry 

identifiers; 

formula; 

mass; 

stereochemis

try; charge 

state; salt 

form; 

tautomer 

status; 

provenance 

Standardize

d structure 

candidates, 

matched 

identifiers, 

synonym 

sets, and 

unresolved 

alternatives 

Name–

structure 

mismatch, 

missing 

stereochemistr

y, salt or 

tautomer 

inconsistency, 

and 

structurally 

duplicated 

records 

Compare 

structure 

representatio

ns, 

identifiers, 

source 

articles, and 

analytical 

characterizat

ion 

An 

incorrect 

structure 

may 

propagate 

into target, 

pathway, 

and 

ADMET 

retrieval 

Molecular 

identity 

normalizatio

n and 

structure-

matching 

layer 

Bioactivity 

databases 

What 

measured 

activity has 

been reported 

against a 

target, 

phenotype, 

organism, or 

assay 

endpoint? 

Compound 

and target 

identifiers; 

assay type; 

activity 

value; units; 

relation 

operator; 

experimental 

system; 

species; 

conditions; 

publication; 

evidence 

status 

Binding, 

inhibition, 

activation, 

phenotypic-

response, 

potency, 

and assay 

records 

Mixed 

endpoints, 

inconsistent 

units, censored 

values, assay 

interference, 

duplicated 

measurements, 

and absent 

experimental 

conditions 

Normalize 

units and 

endpoint 

types, 

inspect 

assay 

design, 

preserve 

conflicting 

values, and 

verify the 

primary 

source 

Incomparab

le 

measureme

nts may be 

combined 

into a false 

consensus 

or 

unsupporte

d potency 

claim 

Quantitative 

bioactivity 

evidence 

layer 

Target 

databases 

Which targets 

are 

experimentall

y associated 

with the 

compound, 

and which 

associations 

Target 

accession; 

organism; 

isoform; 

assay 

category; 

activity 

measurement

; mechanism 

Experiment

al target 

records, 

predicted 

associations

, binding 

measureme

nts, and 

Predicted and 

measured 

targets may be 

mixed; protein 

families, 

homologues, 

or isoforms 

may be 

conflated 

Separate 

experimenta

l from 

predicted 

evidence 

and verify 

target 

identity, 

assay 

A predicted 

association 

or textual 

co-

occurrence 

may be 

reported as 

confirmed 

Target-

annotation 

and 

downstream 

pathway-

query layer 
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are predicted 

or indirect? 

type; 

prediction 

status; 

source 

publication 

functional 

effects 

relevance, 

and species 

target 

engagement 

Pathway 

databases 

Which 

pathways 

contain the 

supported 

target or 

biological 

process, and 

in what 

organism or 

disease 

context? 

Pathway 

identifier and 

version; 

organism; 

constituent 

entities; 

relationship 

type; disease 

context; 

evidence 

source; 

update date 

Pathway 

membershi

p, reactions, 

molecular 

interactions

, disease 

pathways, 

and 

contextual 

maps 

Curated 

pathway 

boundaries are 

incomplete 

and version-

dependent; 

membership 

does not prove 

compound-

induced 

modulation 

Verify 

compound–

target 

evidence 

first and 

seek direct 

pathway 

measuremen

ts in relevant 

experimenta

l systems 

A target–

pathway 

relationship 

may be 

transformed 

into an 

unsupporte

d 

mechanism 

claim 

Biological-

context and 

mechanistic

-hypothesis 

layer 

ADMET or 

toxicity 

resources 

What 

measured or 

predicted 

pharmacokine

tic, 

physicochemi

cal, 

medicinal-

chemistry, or 

toxicity 

evidence is 

available? 

Endpoint; 

measured-

versus-

predicted 

status; model 

or assay; 

units; 

species; 

route; dose; 

exposure; 

applicability 

domain; 

confidence; 

source 

Property 

profiles, 

experiment

al 

measureme

nts, 

predicted 

endpoints, 

structural 

alerts, and 

evidence 

gaps 

Predictions 

may fall 

outside their 

applicability 

domain; 

measured and 

predicted 

values may be 

combined 

without 

distinction 

Label 

evidence 

status, 

inspect 

applicability

, compare 

orthogonal 

sources, and 

define 

experimenta

l follow-up 

A 

computatio

nal estimate 

may be 

presented as 

demonstrate

d safety, 

exposure, 

or 

developabil

ity 

Provisional 

developabili

ty and 

safety-

information 

layer 

Pharmacovigil

ance sources 

where 

supported 

Are adverse-

event or 

interaction 

signals 

associated 

with the 

compound, 

extract, 

product, or 

co-

administered 

medicine? 

Product 

composition; 

ingredient 

identity; 

event 

terminology; 

seriousness; 

timing; 

reporter 

type; co-

medications; 

duplicate 

status; 

source 

Reported 

safety 

signals, 

interaction 

patterns, 

event 

narratives, 

and 

uncertainty 

statements 

Underreportin

g, duplicate 

reports, 

uncertain 

product 

composition, 

confounding, 

stimulated 

reporting, and 

missing 

denominators 

Confirm 

exposure 

identity, 

remove 

duplicates, 

evaluate 

temporality 

and 

alternatives, 

and 

triangulate 

with 

toxicology 

and clinical 

evidence 

A 

spontaneou

s 

association 

may be 

reported as 

causal 

toxicity or 

incidence 

Conditional 

post-use 

safety-

signal layer 

Knowledge 

graphs where 

supported 

Which 

traceable 

relationships 

connect 

compounds, 

targets, 

genes, 

pathways, 

phenotypes, 

diseases, and 

safety 

outcomes? 

Node 

identifiers; 

relation 

types; 

directionality

; source 

database; 

source 

publication; 

evidence 

code; graph 

version; 

Multi-hop 

evidence 

paths, 

alternative 

hypotheses, 

relationship 

networks, 

conflicts, 

and missing 

links 

Graph 

topology may 

amplify 

popular 

entities, 

duplicated 

sources, 

inferred edges, 

or ontology-

mapping 

errors 

Preserve 

edge-level 

provenance, 

distinguish 

observed 

from 

inferred 

relations, 

and review 

biologically 

meaningful 

paths 

A short or 

highly 

connected 

graph path 

may be 

misrepresen

ted as 

causal 

evidence 

Evidence-

integration 

and 

hypothesis-

triangulatio

n layer 
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inferred-

versus-

observed 

status 

Expert-curated 

sources 

Which 

elements 

have 

undergone 

domain 

curation, and 

what aspect 

of each 

record was 

curated? 

Curating 

organization; 

curation 

scope; 

evidence 

code; source 

publication; 

update date; 

correction 

policy; 

database 

version 

Standardize

d entities, 

controlled 

terminology

, curated 

relationship

s, and 

confidence-

qualified 

records 

“Curated” may 

describe 

formatting or 

ontology 
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Pathway knowledge and expert review 

Pathway-context retrieval begins only after the relevant 

chemical and target entities have been sufficiently 

resolved. Curated pathway resources can connect genes, 

proteins, compounds, reactions, diseases, and cellular 

processes, thereby providing a structured context in which 

retrieved target evidence may be interpreted [15]. Such 

mappings can help identify whether a proposed 

compound–target relationship intersects with a disease-

relevant process, whether multiple targets converge on 

related biological functions, and whether alternative 

pathways may explain an observed phenotype. 

Heterogeneous biomedical knowledge graphs may extend 

this analysis by integrating drugs, genes, diseases, 

phenotypes, and other entities into traceable relationship 

networks that support hypothesis prioritisation [16]. 

Nevertheless, neither pathway membership nor a graph 

path establishes that a phytochemical modulates the 

pathway under biologically relevant conditions. 

Knowledge-graph integration should preserve the 

provenance and evidentiary status of every node and edge. 

A relationship derived from a measured binding assay is 

not equivalent to one inferred from textual co-occurrence, 

database mapping, structural similarity, or computational 

prediction. Biomedical knowledge resources demonstrate 

how multiple entity classes and relation types can be 

harmonized while retaining source information and 

standardized identifiers [17]. Within phytopharmacology, 

the proposed graph layer would connect botanical sources, 

phytochemicals, structures, targets, pathways, disease 

contexts, phenotypes, safety observations, and source 

publications. Structure-based pharmacokinetic and 

medicinal-chemistry estimates may be added as 

provisional context, but such predictions assist early triage 

rather than confirm exposure, developability, or biological 

relevance [18]. Graph integration must therefore preserve 

the distinction between observed, curated, predicted, 

inferred, and expert-proposed relationships. 

Safety interpretation requires comparable discipline. 

Structure-based models may estimate absorption, 

metabolism, transport, toxicity, or related properties, but 

performance can vary when compounds lie outside the 

chemical space represented in model-development data 

[19]. Natural products may create additional challenges 

because of complex stereochemistry, unusual scaffolds, 

reactive functionalities, metabolites, mixtures, and 

uncertain exposure. Predicted ADMET or toxicity outputs 

should therefore be tagged with their model source, 

endpoint definition, applicability information, and 

computational status. Experimental toxicology, 
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pharmacokinetic measurements, reported interactions, 

curated chemical–gene relationships, and 

pharmacovigilance signals should remain separate 

evidence categories. The absence of retrieved toxicity 

information must be interpreted as a data gap rather than 

evidence of safety, while an isolated predicted alert should 

not be represented as demonstrated toxicity. 

Expert review is the interpretive control that connects 

retrieved information with defensible research reasoning. 

Natural-product chemists are needed to examine botanical 

attribution, structural identity, stereochemistry, analytical 

characterization, purity, and mixture composition. 

Pharmacologists must evaluate potency, selectivity, 

exposure, dose–response relationships, assay relevance, 

target context, and alternative mechanisms. Toxicologists 

must distinguish predictive alerts, experimental findings, 

exposure-dependent hazards, and uncertain safety signals. 

Human-centred explanation should enable experts to 

interrogate why evidence was retrieved, how records were 

connected, which assumptions were made, and where 

uncertainty remains, rather than merely presenting 

technically interpretable model output [20]. Expert 

corrections should feed back into query refinement, 

synonym resolution, corpus curation, conflict annotation, 

and future retrieval while remaining documented in an 

auditable record. 

Drug discovery decision logic 

Retrieval-augmented drug discovery decision logic should 

begin with a narrowly framed question rather than an open-

ended request to identify a promising drug. The query 

should specify the botanical material or phytochemical, 

disease or phenotype context, evidence type, target or 

pathway hypothesis, safety concern, and intended research 

decision. Artificial intelligence may assist target 

identification, compound screening, molecular 

characterization, and other discovery stages, but 

advancement between stages continues to require fit-for-

purpose experimental and development validation [21]. 

The proposed logic therefore converts a broad discovery 

problem into a sequence of answerable evidence questions, 

each associated with source requirements, admissible 

interpretations, uncertainty labels, and explicit stopping 

conditions. 

The first decision gate concerns molecular and evidentiary 

identity. Candidate records should not proceed to 

comparative interpretation until botanical taxonomy, plant 

part, extraction or isolation context, compound name, 

structure, stereochemistry, and synonym relationships 

have been reconciled sufficiently for the intended question. 

The next gate evaluates whether retrieved bioactivity 

represents measured binding, functional modulation, 

phenotypic response, prediction, review-level 

interpretation, or textual association. Drug-discovery AI 

literature supports the integration of chemical, biological, 

target, pathway, and development information across 

iterative discovery stages [22]. Within the proposed 

framework, however, integration does not mean numerical 

aggregation by default. Each evidence type remains visible 

so that conflicting assays, incompatible units, different 

organisms, or shared source provenance cannot be 

concealed within a composite score. 

The third gate examines biological relevance and conflict. 

Target annotations should be evaluated for species, 

isoform, assay design, selectivity, experimental system, 

and relationship to achievable exposure. Pathway 

mappings should be interpreted in disease or phenotype 

context and checked for directionality, tissue relevance, 

alternative explanations, and evidence of actual pathway 

perturbation. Chemical and biological datasets can contain 

heterogeneous labels, assay conditions, measurement 

errors, inactive-value conventions, duplicate records, and 

context-dependent outcomes that materially alter the 

interpretation of computational results [23]. Consequently, 

conflicting evidence should be retained as a structured 

conflict set rather than removed automatically. Resolution 

may involve prioritising primary over derivative records, 

comparing methods, separating contexts, requesting expert 

adjudication, or marking the question as unresolved. 

The final decision gate determines whether the available 

evidence justifies further investigation and which 

validation activities are required. A candidate may be 

considered suitable for additional research when its 

identity is sufficiently resolved, relevant evidence is 

traceable, bioactivity is interpretable, mechanistic 

hypotheses are plausible, major conflicts are documented, 

and safety or developability uncertainties are explicit. 

Reliable machine-learning support in drug discovery 

requires well-defined questions, appropriate data, 

interpretability, repeatability, and prospective validation 

rather than dependence on retrospective performance alone 

[24]. Retrieval-augmented decision logic should therefore 

produce an auditable rationale, an uncertainty profile, a list 

of competing explanations, and a validation plan. It must 

not designate a validated drug candidate, infer clinical 

efficacy, recommend treatment, determine dosing, or cross 

the no-clinical-claim boundary. 

Proposed framework 

The proposed retrieval-augmented phytopharmacology 

framework begins with research-question definition and 

evidence-scope specification. The user or expert defines 

the compound, extract, botanical source, disease or 

phenotype context, target or pathway hypothesis, safety 

question, and intended drug discovery decision. The 

framework then converts this definition into structured 
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retrieval queries for literature, molecular databases, 

bioactivity resources, target records, pathway knowledge, 

and safety information. Multiparameter ADMET platforms 

may provide provisional physicochemical, 

pharmacokinetic, medicinal-chemistry, and toxicity 

predictions, but every retrieved result must be labelled as 

measured, curated, predicted, inferred, or unverified [25]. 

Query expansion may use synonyms, taxonomic names, 

molecular identifiers, and ontology terms, while query 

restriction prevents evidence from unrelated compounds, 

species, extracts, or disease contexts from entering the 

reasoning chain. 

The second stage integrates literature and molecular 

database records through identity resolution and 

provenance control. Retrieved compound names are 

mapped to standardized structures, stereochemical forms, 

salts, tautomers, identifiers, botanical sources, and 

supporting publications. Bioactivity evidence is organized 

by target identity, assay type, measurement endpoint, units, 

experimental system, species, conditions, and publication 

source. FAIR binding resources illustrate why protein–

small-molecule measurements should remain connected to 

target identifiers, measurement types, and source-level 

provenance [26]. Duplicate database records are traced to 

their originating evidence where possible, and 

contradictory structures, activities, or target claims are 

preserved rather than silently harmonized. Records that 

cannot be reconciled are labelled unresolved and excluded 

from high-confidence mechanistic interpretation. 

The third stage connects verified entities with pathway, 

disease, phenotype, ADMET, toxicity, and safety 

knowledge. Chemical–gene–disease resources can support 

the retrieval of curated relationships and inferential 

networks relevant to mechanistic or toxicological 

hypotheses, but such associations do not establish causality 

[27]. Pathway mappings are therefore generated only after 

the compound–target evidence category has been 

identified, and every path retains its source and relation 

type. Evidence triangulation evaluates whether apparently 

convergent findings arise from genuinely independent 

methods or from repeated imports of the same underlying 

record. Traditional-use context may be retrieved where 

supported, but it remains distinct from experimental 

pharmacology. Safety signals, predicted toxicity, 

experimental toxicity, interactions, and absence of data are 

likewise represented as separate categories. 

The fourth stage introduces multidisciplinary expert 

review and validation planning. Natural-product chemistry 

review addresses identity, analytical characterization, 

source material, stereochemistry, purity, stability, and 

extract composition. Pharmacology review examines assay 

suitability, potency, selectivity, exposure, target context, 

pathway plausibility, and alternative mechanisms. 

Toxicology review evaluates predicted hazards, measured 

toxicity, interactions, safety signals, dose, route, and 

relevance to the proposed research context. Evaluation of 

retrieval-supported systems should consider alternative 

models or configurations, different source corpora, 

consistency, safety, generalizability, and comparison with 

expert-derived answers rather than relying on a single 

performance measure [28]. In the proposed framework, 

experts can accept, revise, reject, or qualify retrieved 

relationships and specify experiments that would resolve 

the most consequential uncertainty. 

The fifth stage produces a bounded drug discovery 

decision output consisting of an evidence-grounded 

hypothesis, supporting and opposing evidence, unresolved 

conflicts, uncertainty categories, candidate-prioritisation 

rationale, validation plan, and audit trail. Retrieval does not 

eliminate unsupported generation and may introduce errors 

when irrelevant, incomplete, or source-misaligned 

information is incorporated into a response [29]. 

Hallucination control must therefore include claim-to-

source checking, passage verification, evidence-type 

labelling, contradiction detection, unsupported-claim 

rejection, and explicit acknowledgement of missing 

information. Expert corrections, newly available sources, 

experimental findings, and database updates may feed back 

into the corpus and query process, but generated 

summaries must never be recycled as primary evidence. 

Table 2 presents the proposed retrieval-augmented 

phytopharmacology framework for evidence-grounded 

drug discovery reasoning. Figure 1 illustrates the proposed 

retrieval-augmented phytopharmacology framework 

connecting literature evidence, molecular databases, 

pathway knowledge, expert review, decision logic, 

validation planning, and uncertainty communication. 

 

Table 2. Proposed Retrieval-Augmented Phytopharmacology Framework for Drug Discovery: Query Formulation, 

Literature Retrieval, Molecular Database Integration, Pathway Knowledge Mapping, Evidence Triangulation, Expert 

Review, Decision Logic, Validation Planning, and Uncertainty Boundaries 
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purpose 

Required 

input 

Retrieval or 

interpretive 
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Potential 

output 

Reliabilit
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Figure 1. Retrieval-Augmented Phytopharmacology Framework for Evidence-Grounded Drug Discovery 

Alt-text description 

A conceptual framework showing retrieval queries flowing 

into literature evidence, molecular databases, pathway 

knowledge, source grounding, evidence triangulation, 

expert review, decision logic, validation planning, 

uncertainty communication, and feedback loops. 

CONCLUSION 

This article proposes a retrieval-augmented 

phytopharmacology framework that connects literature 

evidence, molecular databases, phytochemical and 

botanical identity, chemical structures, bioactivity records, 

target annotations, pathway knowledge, ADMET and 

toxicity information, expert review, drug discovery 

decision logic, validation planning, and uncertainty 

communication. Its central contribution is the organization 

of these components into a traceable research workflow in 

which retrieval improves source access and evidence 

structuring without being treated as biological verification. 

The framework requires source and database provenance, 

claim-level citation traceability, duplicate and conflict 

detection, measured-versus-predicted evidence labels, 

multidisciplinary review, hallucination controls, and an 

auditable feedback process. Pathway knowledge and graph 

relationships are used to formulate mechanistic hypotheses 

rather than confirm mechanisms, while candidate 

prioritisation remains a bounded recommendation for 

additional research rather than recognition of a validated 

drug candidate. Retrieval augmentation may therefore 

strengthen hypothesis generation and evidence-grounded 

decision support only when uncertainty remains visible, 

expert interpretation remains central, experimental 

validation is planned explicitly, and clinical claims remain 

outside the permitted scope. 
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