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Abstract:

The development of safer and multi-target therapy approaches is necessary because breast cancer continues to be
one of the main causes of cancer-related mortality globally. The current study used an organized in-silico research
framework and Al-assisted scientific prompting to assess the mechanistic and translational potential of Moringa
oleifera in breast cancer. To construct a preclinical-to-clinical translational roadmap, the study combined pathway
mapping, lead identification and optimization, in vitro and in vivo experimental design planning, clinical and
pharmacovigilance framework creation, and market and intellectual property analysis. Important oncogenic
pathways like PI3BK/AKT/mTOR signaling, NF-kB inflammatory signaling, VEGF/HIF-1 mediated angiogenesis,
STAT3 cytokine signaling, and oxidative stress—apoptosis pathways have been found to be multi-target modulated
by key bioactive compounds like quercetin, moringin isothiocyanate, and niazimicin. While suggested
experimental paradigms supported validation in triple-negative breast cancer cell lines like MDA-MB-231, lead
optimization and ADMET analysis indicated acceptable drug-likeness and safety profiles for flavonoids and
isothiocyanates. To assess safety and progression-free survival outcomes, translational planning also
recommended a Phase 11 add-on clinical trial paradigm with pharmacovigilance monitoring. Standardized adjunct
medicines based on Moringa oleifera have a great deal of promise for growth in oncology supportive care,
according to market and intellectual property research. Overall, the study indicates that Moringa oleifera has
translational potential and multi-target mechanistic relevance as an adjuvant therapy for breast cancer;
nevertheless, the results are hypothesis-generating and need additional confirmation through in vitro, in vivo, and
clinical investigations.
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1. Introduction

1.1 Scientific prompting

Through organized engagement with sophisticated computational models, scientific prompting has become a
hypothesis-driven paradigm for analyzing complex systems. This method, in contrast to heuristic prompt
optimization, views prompt-response exchanges as controlled experimental probes where system behavior may
be seen, interpreted, and tested through systematic input variation. This approach emphasizes falsifiability,
repeatability, and mechanical reasoning, which are fundamental tenets of scientific investigation. Without directly
altering the internal structure of opaque, high-dimensional systems, scientific prompting enables researchers to
investigate hidden patterns and functional correlations by functioning at an interpretable level of abstraction.

In biomedical and translational oncology research, scientific prompting offers a useful in-silico method for
generating hypotheses, as disease mechanisms entail multiscale interactions and nonlinear signaling networks. As
a preliminary investigative layer similar to exploratory preclinical experimentation, computationally inferred
responses can direct mechanistic insights into molecular targets, pathway modification, and therapeutic relevance.
Crucially, these discoveries are not seen as final conclusions but rather as testable hypotheses that need to be
confirmed by in-vitro, in-vivo, and clinical research. In complicated diseases like breast cancer, scientific
prompting serves as a methodological link between preclinical and clinical research, combining experimental
validation and computational inference to support mechanistic clarity and translational relevance.?
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1.2 Large Language Models

A hypothesis-driven computational paradigm known as scientific prompting has emerged as a result of recent
developments in large language models (LLMs). In this paradigm, prompts are not merely instructions but rather
organized experimental inputs. Scientific prompting enables researchers to examine how LLMs use existing
biological knowledge, deduce mechanical linkages, and produce cogent explanatory hypotheses by systematically
varying contextual framing, limitations, and logical hierarchy. Applying controlled perturbations to a complex
system and analyzing its reactions to reveal latent mechanisms is a method that is similar to traditional scientific
investigation. An in-silico method for traversing high-dimensional biological data is scientific prompting with
LLMs, which helps researchers in biomedical and translational research synthesize molecular, pathway-level, and
pharmacological discoveries related to complicated disorders like cancer. It's important to note that results from
LLM-based prompting are regarded as hypothesis-generating rather than confirmatory, and preclinical and clinical
research are needed to validate them. Thus, scientific prompting serves as an additional methodological layer that
supports translational relevance, improves mechanistic thinking, and guides logical experimental design when
incorporated into a preclinical-to-clinical research framework.

1.3 Swalife PromptStudio

Swalife PromptStudio is a web-based program that allows researchers, students, and biotech innovators to create
structured prompts for protein target selection and validation. It serves as a link between drug development
processes and Al prompt engineering, allowing users to create, organize, and export prompts that are in line with
clinical and experimental procedures. A more sophisticated Scientific Prompting Studio, an Al-powered
environment that combines prompt engineering, workflow orchestration, and data harmonization to speed up drug
discovery and validation, is built upon PromptStudio.?

1.4 Moringa oleifera

Moringa oleifera is a medicinal plant well-known for its complex phytochemical composition and various
pharmacological effects, which have sparked increased scientific interest in cancer research. The leaves, seeds,
and pods of M. oleifera contain bioactive substances such as flavonoids, phenolic acids, glucosinolates,
isothiocyanates, and alkaloids, many of which have antioxidant, anti-inflammatory, and antiproliferative
properties. Emerging preclinical evidence suggests that these elements can influence critical molecular processes
implicated in breast cancer growth, such as oxidative stress modulation, apoptosis induction, cell cycle
progression inhibition, and oncogenic signaling cascade suppression. Furthermore, M. oleifera has shown
preferential cytotoxicity against cancer cells while being less harmful to normal cells, indicating its potential as a
safe adjunct or supplemental treatment agent. Despite these promising findings, there is still a lack of a full
mechanistic understanding and translational evaluation that links molecular effects to clinical relevance. As a
result, thorough exploration of M. oleifera within a preclinical-to-clinical framework is required to clarify its
molecular involvement and assess its therapeutic potential in breast cancer treatment.®

1.5 Breast cancer

Breast cancer is still one of the most common and lethal cancers in women globally, with extensive molecular
heterogeneity, frequent therapeutic resistance, and severe treatment-related toxicity limiting long-term clinical
outcomes. Despite significant breakthroughs in surgery, chemotherapy, radiation, endocrine therapy, and targeted
medicines, problems such as cancer recurrence, metastasis, and side effects on normal tissues continue to fuel the
search for safer and more effective adjunct or alternative therapeutic techniques. Moringa oleifera, a medicinal
plant rich in bioactive phytochemicals such as isothiocyanates, flavonoids, phenolic acids, and glucosinolates, has
emerged as a promising candidate for the therapy of breast cancer. In this context, Moringa oleifera, a medicinal
plant high in bioactive phytochemicals such isothiocyanates, flavonoids, phenolic acids, and glucosinolates, has
emerged as a possible candidate for breast cancer treatment. Preclinical evidence suggests that Moringa oleifera
has multi-targeted anticancer effects relevant to breast cancer biology, such as inhibiting tumor cell proliferation,
inducing apoptosis, modulating estrogen receptor-dependent signaling, suppressing inflammatory and oxidative
stress pathways, and reducing metastatic potential. As a result, Moringa oleifera is being studied in breast cancer
to better understand its molecular, multi-pathway anticancer potential and translational value as a safe,
supplementary therapy option.*

1.6 Quercetin

Quercetin is a naturally occurring flavonoid that is found in many fruits, vegetables, and medicinal plants. It has
a variety of biological actions, such as antiviral, anti-inflammatory, antioxidant, and anticancer effects. Its
therapeutic promise in a variety of disorders has been attributed to its purported inhibition of inflammatory enzyme
activity, platelet aggregation, and lipid peroxidation. Common foods that contain quercetin include apples, onions,
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berries, grapes, tea, and tomatoes. Its bioavailability, metabolism, and absorption in the human body all affect its
biological activity. Quercetin may play a function as a bioactive substance in the prevention and treatment of
disease, including cancer-related pathways, since several in vitro and in vivo studies have shown that it regulates
inflammatory pathways, immunological responses, and cellular signaling systems.®

2. Materials and Methods
2.1 Module 1: Target and Mechanism
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Figure 1- User Interface of Swalife PromptStudio

The first step of the Al-assisted research workflow to methodically assess the mechanistic significance of Moringa
oleifera bioactive chemicals in breast cancer pathways was the Target and Mechanism module.®’The Perplexity
Pro Sonar model was used to process all of the structured prompts used in this module's execution within the
SwalL ife Al Discovery & Study Design Studio workflow.

Pathway mapping and public-domain database mining were the main topics of Section 1 (Prompts 1-20).
Molecular targets, signaling pathways, and protein—protein interaction networks linked to Moringa oleifera
bioactives including quercetin, moringin isothiocyanate, and niazimicin were found using literature and database
sources like PubMed, KEGG, and DisGeNET.® PI3K/AKT signaling, NF-xB inflammatory signaling, VEGF-
mediated angiogenesis, STAT3 cytokine signaling (including IL-6 and TNF-a), and oxidative stress/apoptosis
pathways are among the pathways associated with breast cancer that were analyzed by the prompts. Al-assisted
literature generation was also used to assess transcription factor modulation pathways and protein—protein
interaction hubs.

Methodology planning, validation techniques, and hypothesis formulation were the main topics of Section 2
(Prompts 21-40). The prompts produced suggestions for experimental design, such as multi-marker validation
panels including p-AKT, IL-6, caspase-3, and ROS markers, docking validation methodologies (like STRING
interaction analysis), and biochemical assay recommendations (like TR-FRET IC50 tests). Additionally, the
module produced mechanistic theories about ROS—-Nrf2 signaling feedback processes, PISK/AKT pathway
modulation, and NF-«B inhibition.°

To facilitate mechanistic interpretation and translational planning, the Al-generated outputs were organized into
bullet-based interpretations, route frequency tables, and disease—plant relationship summarie Standard operating
procedure (SOP) planning for in vitro validation studies, experimental schedules, and biomarker bridging
techniques were among the translational planning components included in the module. The establishment of target
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validation strategies and early translational research planning for Moringa oleifera in breast cancer research were
facilitated by this procedure.

2.2 Module 2: Lead Id and Optimization
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Figure 2- User Interface of Swalife PromptStudio
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In order to find, assess, and optimize Moringa oleifera bioactive compounds with potential therapeutic
significance in breast cancer, the Lead Identification and Optimization module was put into place as the second
step of the Al-assisted research workflow. The Perplexity Pro Sonar model was used to process the structured
prompts created by the SwaLife Al Discovery & Study Design Studio.

Section 1 (Prompts 1-20) concentrated on the extraction and interpretation of public-domain data pertaining to
drug-likeness assessment, compound screening, and phytochemical profiling. The purpose of the prompts was to
determine the main phytoconstituents of Moringa oleifera and categorize them into chemical groups like
glycosides, alkaloids, terpenoids, and flavonoids.

Prompts were also utilized to retrieve data on drugs that have previously been assessed in vitro or in silico against
targets associated with breast cancer.’® Additionally, drug-likeness characteristics and ADMET (Absorption,
Distribution, Metabolism, Excretion, and Toxicity) properties were evaluated using publically accessible datasets
and literature sources. In order to find active phytochemical fractions linked to anticancer activity, the module
also contained prompts for identifying fractionation and enrichment studies.

Lead optimization techniques, hypothesis creation, and experimental planning were the main topics of Section 2
(Prompts 21-40).%* This section's prompts were utilized to provide insights into the structure—activity relationship
(SAR), recommend chemical modification techniques to increase bioavailability and target specificity, and create
validation methods for certain lead compounds. Additionally, the module produced suggestions for in vitro
screening methods for assessing improved leads and computational validation methods including molecular
docking and binding affinity analysis. Potency, selectivity, and safety profiling are examples of multi-parameter
optimization techniques that were integrated into the procedure.

To facilitate methodical lead selection and prioritizing, the outputs produced by this module were organized as
tabular compound profiles, classification summaries, and interpretation-based bullet outputs. In breast cancer
research employing Moringa oleifera, the approach made it possible to identify possible lead compounds and
offered a framework for their optimization and translational progression.

2.3 Module 3: In Vitro Design
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Figure 3- Use? Interface of Swalife PromptStudio

The In Vitro Design module was implemented as the third stage of the Al-assisted research workflow to design
and standardize experimental approaches for evaluating the anticancer activity of Moringa oleifera in breast cancer
cell-based models. The Perplexity Pro Sonar model was used to process the structured prompts created by the
SwalL.ife Al Discovery & Study Design Studio.

The selection and evaluation of appropriate in vitro models and widely used experimental tests from publicly
available literature were the main topics of Section 1 (Prompts 1-20).1? The purpose of the prompts was to gather
data on breast cancer cell lines, including triple-negative models (like MDA-MB-231) and hormone receptor-
positive models (like MCF-7, T47D), as well as their biological traits and significance to disease subtypes.
Additionally, data on common cytotoxicity and cell viability tests like MTT, SRB, trypan blue exclusion, and
LDH assays were acquired by the module. Additionally, prompts analyzed research combining combined
treatments of plant extracts with conventional chemotherapeutic drugs and assessed commonly used oxidative
stress and antioxidant tests, such as DCFH-DA assays and reactive oxygen species (ROS) detection.

Experimental design, assay selection, and hypothesis building for in vitro validation were the main topics of
Section 2 (Prompts 21-40).1® This section's prompts were used to create comprehensive experimental protocols
that included dose selection techniques, treatment duration, control conditions, and procedures for preparing
Moringa oleifera extracts (aqueous, ethanolic, and methanolic). The module also generated recommendations for
apoptosis and cell death analysis methods such as Annexin V/PI staining, caspase activity assays, and TUNEL
assays. Additionally, cell cycle analysis and molecular mechanism studies were incorporated using flow
cytometry, Western blotting, and gene expression analysis of key biomarkers associated with proliferation,
apoptosis, inflammation, and oxidative stress.

To facilitate repeatable research design, the module's results were organized into assay selection frameworks,
experimental process tables, and interpretation-based summaries. In order to assess Moringa oleifera's anticancer
potential in breast cancer models, the module allowed for the methodical organization of in vitro experiments,
guaranteeing congruence between mechanistic hypotheses and experimental validation methodologies.

2.4 Module 4: In Vivo Design
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Figure 4- User Interface of Swalife PromptStudio

As the fourth step of the Al-assisted research workflow, the In Vivo Design module was put into place to organize
and prepare animal-based validation techniques for assessing Moringa oleifera’s translational potential in breast
cancer. The SwaL.ife Al Discovery & Study Design Studio produced structured prompts for this module, which
were then processed using the Perplexity Pro Sonar model. The module was created to produce hypothesis-driven
experimental frameworks for upcoming validation investigations, find pertinent preclinical in vivo models, and
choose appropriate outcomes.

The public-domain literature mining and evaluation of animal model data in breast cancer were the key topics of
Section 1 (Prompts 1-20). The purpose of the prompts was to identify commonly used animal models of breast
cancer, such as induced, xenograft, and transgenic systems, and to determine whether Moringa oleifera or
botanical therapies had been explored in these models. Additional prompts extracted information on induction
methods, study duration, route of administration, and safety considerations. Additionally, the module examined
biochemical and pathological markers that are commonly assessed in in vivo breast cancer investigations, such as
indications of tumor growth, oxidative stress, inflammation, liver function, and kidney function.

Planning experiments, developing translational hypotheses, and improving study designs were the main topics of
Section 2 (Prompts 21-40). This section's prompts were used to create structured in vivo procedures that included
endpoint selection, dosage strategies, treatment plans, and animal selection criteria. In the context of combination
therapy with standard-of-care breast cancer drugs, the module also included prompts for assessing
pharmacokinetic and pharmacodynamic issues, herb-drug interaction hazards, and safety monitoring
requirements. The creation of biomarker-linked outcomes, such as tumor volume reduction, survival-related
endpoints, biochemical toxicity markers, and pharmacovigilance-related readouts, was also aided by prompts.

To facilitate repeatable animal research design, the outputs from this module were organized into model-selection
tables, endpoint summaries, safety checklists, and translational planning formats. For Moringa oleifera in breast
cancer research, this methodology allowed for a methodical transition from preclinical model identification to
hypothesis-based in vivo validation planning.4

2.5 Module 5: Clinical and Pv
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As the fifth step of the Al-assisted research workflow, the Clinical and Pharmacovigilance module was put into
place to create safety monitoring frameworks and clinical translation techniques for assessing Moringa oleifera as
an adjuvant treatment for breast cancer. The Perplexity Pro Sonar model was used to process the structured
prompts created by the SwalL ife Al Discovery & Study Design Studio. This module's goal was to incorporate real-
world evidence frameworks, pharmacovigilance systems, clinical trial design, and regulatory issues for
translational research planning.

Public-domain clinical data, regulatory guidelines, and pharmacovigilance frameworks pertaining to the treatment
of breast cancer and herbal adjunct medicines were the key topics of Section 1 (Prompts 1-20). The purpose of
the prompts was to gather data on standard-of-care treatment recommendations, clinical objectives like overall
and progression-free survival, patient-reported outcomes, and inclusion-exclusion criteria frequently employed in
clinical trials for breast cancer. Additionally, the module examined clinical and observational data on herb-drug
interactions, pharmacovigilance safety signals from international adverse event databases, and the usage of herbal
medicines in patients with breast cancer. Prompts also assessed laboratory monitoring schedules, telemedicine-
based follow-up methods, decentralized clinical trial approaches, and the need for herbal uniformity in clinical
research. The results were arranged into structured summaries of real-world data sources, safety monitoring
parameters, clinical outcomes, and regulatory requirements.

Pharmacovigilance integration and clinical trial design technique development were the main topics of Section 2
(Prompts 21-40). This section's prompts were used to create a structured add-on clinical research design that
would assess standardized Moringa oleifera extract in addition to standard-of-care treatment. The module
produced frameworks for telemedicine-based hybrid follow-up models, pharmacovigilance reporting systems,
visit scheduling, adverse drug reaction monitoring, herb-drug interaction surveillance, and inclusion and exclusion
criteria. The creation of case report forms, data dictionaries, safety narrative reports, regulatory submission
paperwork, and clinical research report layout was aided by additional prompts. Prompts for sample size
estimation, logistical planning, registry-based follow-up, subgroup analysis preparation, distribution tactics, and
health technology assessment concerns were also included in the curriculum.

To facilitate translational clinical research planning, the module's outputs were organized into clinical protocol
frameworks, pharmacovigilance reporting workflows, regulatory paperwork outlines, and practical follow-up
tactics. This module made it possible to evaluate Moringa oleifera as an adjuvant medicine in the treatment of
breast cancer by methodically moving from preclinical data to clinical trial design, safety monitoring, and
regulatory planning.

2.6 Module 6: Market and IPR
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Figure 6- User Interface of Swalife PromptStudio

In order to assess the commercial potential, competitive landscape, regulatory positioning, and intellectual
property opportunities for Moringa oleifera-based interventions in breast cancer, the Market Analysis and
Intellectual Property module was introduced as the sixth stage of the Al-assisted research workflow. The
Perplexity Pro Sonar model was used to process the structured prompts created by the SwalL.ife Al Discovery
& Study Design Studio. This module's goal was to combine commercial viability, product development
strategy, and intellectual property planning with scientific research translation.

Public-domain market intelligence, competitive product analysis, and regulatory processes for herbal and
botanical products in the oncology supportive care and adjunct therapy industries were the key topics of
Section 1 (Prompts 1-20). The purpose of the prompts was to gather data on the size of the worldwide market
for breast cancer, trends in the use of herbal medicines by cancer patients, current botanical or nutraceutical
products used in oncology supportive care, and the regulatory classifications of herbal products under various
regulatory systems. Additionally, the module assessed patient adoption patterns, pricing strategies,
distribution channels, and unmet requirements in supportive care areas like fatigue, inflammation, metabolic
problems, and improving quality of life for patients with breast cancer. The outputs from this section were
structured into market landscape summaries, competitor product tables, regulatory pathway comparisons,
and opportunity assessment frameworks.

Intellectual property strategy, product positioning, and commercialization planning were the main topics of
Section 2 (Prompts 21-40). This section’s prompts were utilized to find patentable elements pertaining to
delivery systems, combination medicines, extraction techniques, standardized formulations, and clinical use
claims. Additionally, the software produced prompts for trademark strategy, patent landscape mapping,
freedom-to-operate analysis, and product differentiation techniques. Nutraceutical products, standardized
herbal extracts, adjunct therapy formulations, and clinical-stage botanical drug development paths were
among the other stimuli that aided in the creation of business models. The outputs were organized into
intellectual property strategy frameworks, patent filing outlines, product positioning strategies, and
commercialization roadmaps.

The results of this module were organized into frameworks for commercialization planning, competitive
landscape summaries, market assessment reports, and intellectual property strategy documents. For Moringa
oleifera-based interventions in breast cancer research and adjunct therapy development, this module made it
possible to integrate scientific research findings with market translation, intellectual property protection, and
product development strategy.

3. Result and Discussion
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3.1 Module 1:

Al-driven pathway mapping confirms 75-80% coverage of PI3K/AKT and NF-«B signaling, and Module 1 results
show significant mechanistic similarities between Moringa oleifera bioactives and breast cancer hallmarks. For
TNBC models like as MDA-MB-231, extended analysis prioritizes leaf extracts using PPI networks, hypothesis
validation methods, and translational readiness measures.

Moringa oleifera bioactives-quercetin, moringin isothiocyanate, and niazimicin show high pathway intersection:
PISK/AKT/mTOR (80%, 12 mentions) via p-AKT S473 inhibition; NF-kB inflammatory (75%, 9 mentions) via
p65 downregulation and 60-80% IL-6/TNF-a reduction; VEGF/HIF-1 angiogenesis (65%, 6-9 mentions) through
phytochemical docking to HIF-1a/VEGF/GLUT1; STAT3 cytokine signaling (high frequency) with p-STAT3
suppression; oxidative stress/apoptosis (8-12 mentions) via Nrf2/HO-1 activation, caspase-3 upregulation, and 7-
fold apoptosis in MDA-MB-231 cells; plus secondary Wnt/p-catenin effects (5 mentions). Validation is guided
by three hypotheses: H1 (NF-kB inhibition via IKK binding, WB p-IKK/IxB-a); H2 (PI3K-AKT block via
apigenin docking, TR-FRET IC50 <10 uM); and H3 (ROS-Nrf2 feedback via isothiocyanates, DCFDA
ROS/gPCR NQOL1). Plausibility (8/10), safety (5-7/10, LD50 >5000 mg/kg leaves), standardization (3/10), and
translation (6/10, 70% human-rodent concordance) are the readiness scores.

Table 1- Breast cancer pathway mapping and
bioactive compound association of Moringa oleifera.

Pathway Category Frequency Moringa Overlap Key Bioactives Markers
PI3K/AKT/mTOR 12 80% Quercetin p-AKT S473
NF-xB 9 75% Isothiocyanates p65 nuclear
VEGF/HIF-1 6-9 65% Phytochemicals VEGF/GLUT1
STAT3 3-11 High Moringin p-STAT3
Apoptosis 8-12 High Quercetin Caspase-3

With quercetin docking to PIK3CA/AKT1 hotspots (binding energy <-8 kcal/mol) and isothiocyanates disrupting
NF-kB p65 in MDA-MB-231 cells, lowering IL-6 by 60-80%, Moringa oleifera's multi-target profile shines in
TNBC-relevant pathways. While VEGF suppression via HIF-1 docking supports anti-angiogenic potential in
hypoxic tumors, leaf extracts counter hallmarks including proliferation and inflammation by inducing seven-fold
death via caspase-3 and G2M arrest.

PPI clusters (STRING study) show high-centrality IL-6/STAT3/NF-kB hubs, where Moringa reduces cross-talk
and is consistent with TCGA-BRCA signatures for subtypes with poor prognoses. Parallel testing is made possible
by three hypotheses: H1 using nuclear translocation blots, H2 using kinase-glo IC50s (<10 uM go/no-go), and H3
using ROS panels, with H1/H2 being prioritized for 75% literature overlap. Obese TNBC mice are at risk for
seed-chemo antagonism, which favors aqueous leaves at 87 ug/mL (TI>5).

Translational SOPs recommend MDA-MB-231/4T1 panels with p-AKT/IL-6/caspase-3 readouts, bridging to PFS
via IL-6 biomarkers; 75% pathway readiness justifies TRL2-4 advancement, using GEO/TCGA for model
selection. Before in vivo scaling, gaps such as formulation variability and the lack of miRNA require chemical
profiling. Overall, Moringa positions as a polypharmacologic adjunct, with SOP timelines (6 weeks, 4.2K budget)
for IMRaD-ready outputs.

Translational SOPs suggest MDA-MB-231/4T1 panels with p-AKT/IL-6/caspase-3 readouts, bridging to PFS via
IL-6 biomarkers; TRL2-4 advancement is justified by 75% pathway readiness, using GEO/TCGA for model
selection. Before in vivo scaling, gaps such as formulation variability and the lack of miRNA require chemical
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profiling. With SOP timelines (6 weeks, 4.2K budget) for IMRaD-ready outputs, Moringa is positioned as a
polypharmacologic adjunct overall.*®

3.2 Module 2:

Using phytochemical triage, ADMET filtering, and optimization pipelines, Module 2 finds the best Moringa
oleifera leads for breast cancer, such as quercetin, moringin ITC, and niazimicin. Five of the 50 compounds had
improved nanoformulation, IC50 <100 uM in MCF-7/MDA-MB-231, and Ro5 compliance.

Flavonoids (quercetin, kaempferol, isoquercetin; high concentration, NF-xB/PI3K inhibition),
isothiocyanates (glucomoringin/moringin; G2M arrest, cytokine suppression), thiocarbamates (niazimicin;
cytotoxic, IC50 20-40 pM), phenolics (chlorogenic acid; CDK2 docking), and terpenoids/sterols (B-
sitosterol; membrane effects). ITC reactivity and solubility problems are noted in ADMET profiles, which
favor flavonoids (Ro5-pass, low CYP3A4 risk); active fractions include leaf DCM (niazimicin-rich) and
aqueous (ITC-enriched). In vitro hits include MO-AgNPs blocking VEGF tubes, moringin suppressing IL-
6, and quercetin inducing apoptosis (Bax/Bcl-2). 50 — 5 leads in the triage funnel (go: 1C50<50 pM,
selectivity >3). SAR concepts: quercetin 3-O-methyl for lipophilicity; formulations: PLGA-NPs, phytosomes
(EE 85%, IC50 7.73 pg/mL in 4T1). Budget: 6.6K USD, three months to TRL3.

Chlorogenic

scquercetn [
Niazmicn |
Moringin TC. |

Juercetn

Figure 7- Cytotoxic activity (IC50) of major Moringa oleifera
phytochemicals in breast cancer models.

Using 50-compound profiling, Module 2 triages Moringa leads, producing quercetin (CDK2 binder, -7.5 kcal/mol
docking) and moringin (NF-xB suppressor) with IC50 20-73 uM in TNBC lines, outperforming crude extracts
(90 pg/mL). Although ITCs require stability against hydrolysis, ADMET prefers Ro5-compliant flavonoids (logP
1.5-2.5, minimal hepatotox); leaf DCM fractions enrich niazimicin for cytotoxicity (SI 9.5). While MO-AgNPs
improve anti-angiogenesis (tube formation), phytosome optimization increases quercetin efficacy (IC50 7.73
ug/mL, 31% apoptosis in 4T1/BT-549), addressing solubility.

For bioavailability and PI3K hinge-binding phosphono-quercetin, SAR triggers recommend 7-O-glycosylation;
synergy (quercetin+ITC, CI<0.7) targets PI3K-NF-kB crosstalk. PK/tox for niazimicin (CYP3A4 risk) and tumor
co-cultures are among the gaps; repeatability is made possible by UPLC-MSMS QC (LOD 0.02 pg/mL
niazimicin). Translational path: nutra-to-Phase | under AYUSH/FSSAI, bridging IC50 to PFS via IL-6, and TRL1-
3 via 6-week in vitro (MTT/WB/ELISA). is positioned as a TNBC adjunct with a 6.6K budget, giving leaf
flavonoids and ITCs priority over seeds (chemo antagonism risk).6

3.3 Module 3:
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Module 3 prioritizes TNBC models such as MDA-MB-231 and creates standardized in vitro techniques for the
validation of Moringa oleifera in breast cancer cell lines. Protocols include ROS (DCFH-DA), apoptosis (Annexin
V, caspase-3), cytotoxicity (MTT 1C50<100 uM), and combinations with doxorubicin (Bliss CI<1).

MDA-MB-231 (TNBC, high NF-xB/IL-6, PI3KCA mut), MCF-7 (ER+, proliferation), and T47D (PR+) are the
cell lines mapped in Section 1; Assays include MTT/SRB (viability), LDH/trypan blue (cytotox), DCFH-DA
(ROS induced by quercetin), Annexin V/PI (seven-fold apoptosis), and Pl labeling (G2M arrest). Extract
preparation: methanolic (higher niazimicin), aqueous/ethanolic leaf (87 pg/mL IC50). Day 0 seed 5-10k cells/well;
Day 1 dosage 0.1-200 uM (8 points); Day 2 MTT/LDH; Day 3 WB (p-AKT/65, caspase-3); Day 4 flow (cell
cycle, ROS); n=3, ANOVA p<0.05, positive ctrl doxorubicin/staurosporine. 12-marker panel: oxidative
(Nrf2/HO-1 gPCR), apoptotic (Bax/Bcl2), and inflammatory (IL-6 ELISA, p-STAT3). 3x3 matrix synergy,
rescuing siRNA. 5.4K budget, 4-week schedule.

Table 2- In vitro experimental design and assay selection for
validation of Moringa oleifera in breast cancer models.

Section Key Elements

Cell Lines: MDA-MB-231 (TNBC), MCF-7 (ER+), T47D (PR+)
Assays: MTT/SRB, LDH, DCFH-DA (ROS), Annexin V/PI (apoptosis), Pl (G2M)
Section 1 | Extracts: Aqueous/ethanolic leaf (IC50 87 pg/mL)

SOP: Day 0 seed = Day 1 dose (0.1-200 pM) = Day 2 MTT/LDH — Day 3 WB — Day 4
flow

Markers: IL-6, p-STAT3, Bax/Bcl2, Nrf2/HO-1

Section 2 | Timeline: 4 weeks, 5.4K budget

Using MTT (IC50 87 pg/mL leaf extract), Annexin V (7-fold apoptosis), and DCFH-DA (ROS modulation),
Module 3 SOPs verify Moringa in MDA-MB-231/MCF-7, confirming NF-xB/p-AKT inhibition with doxorubicin
synergy (CI<1). Because of their safety (LD50>5 g/kg) and repeatability (UPLC-QC), aqueous/ethanolic extracts
are preferred over methanolic. TRL3 advancement is made possible by a 12-marker panel (IL-6 ELISA, caspase
WB, Nrf2 gPCR) that connects to Module 1 pathways (4 weeks, n=3, ANOVA). 3D spheroids and co-cultures are
gaps; siRNA rescue for causality is next. uses IL-6 indicators to bridge 1C50 to PFS, positioning moringa as a
TNBC adjuvant.'’

3.4 Module 4:

In vivo procedures for Moringa oleifera in breast cancer are described in Module 4, with a focus on MDA-MB-
231 xenografts in SCID mice administered orally (250-750 mg/kg). Tumor inhibition (64.5% at week 3),
VEGF/CaN, safety (ALT/AST, renal), and PK monitoring are among the endpoints.

Section 1: Models: MDA-MB-231 xenograft SCID (aggressive TNBC), 4T1 syngeneic BALB/c (immune-
competent), DMBA-induced Sprague-Dawley rats; previous data: MOLSr (M1S9) 750 mg/kg PO inhibits
xenograft 64.5% (vs TAM), VEGF/SFRP1/SLC39A6; routes PO/IP, duration 4-8 weeks, n=6/group. Tumor
volume (calipers), weight, Ki67/IHC, serum IL-6/VEGF/ALT/AST/creatinine, and histopath (H&E) are the
markers. Section 2: SOPs: Induce (5%1076 cells SC), randomize at 100-150 mm3; dose 250/500/750 mg/kg PO
qdx60 days; objectives TGI%, survival, PK (Cmax 1 pg/mL target); combo doxorubicin (5 mg/kg IP); tox OECD
425; power 80% (n=8). The hypothesis is that leaf extract causes tumors through Nrf2/\VEGF, safe T1>10, 12K
budget, and 12 weeks of IACUC readiness.
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Table 3- In vivo experimental design and outcome measures for
evaluation of Moringa oleifera in breast cancer models

Section Key Features

Models: MDA-MB-231 xenograft, 4T1, DMBA-rat
Data: 64.5% TGI (750 mg/kg PO), | VEGF
1 Markers: TV, Ki67, IL-6/VEGF/ALT, H&E

SOP: 56 SC — dose 250-750 mg/kg PO x60d + dox
Endpoints: TG1%, PK, tox (OECD)
2 Metrics: n=8, T1>10, 12 wk/12K

Using MDA-MB-231 xenografts (64.5% TGI by M1S9 750 mg/kg PO), Module 4 SOPs prioritize leaf extracts
(safe, Nrf2-mediated) over seeds (chemo antagonism in obese TNBC). PO route replicates clinical, with PK/PD
bridging (Cmax>IC50); endpoints align Module 1 (VEGF/IL-6), powering n=8 for 80% detection of 30% TV
reduction. OECD tox, ALT monitoring (no change in MOLSr trial), gaps—orthotopic, PDX, and immunological
models (4T1 next)—all help to reduce risks. Translational: AYUSH Phase | route (nutraceutical ladder) and VEGF
biomarkers from TGI to PFS. Moringa is positioned as a chemo-adjuvant for high-VEGF TNBC by enabling
TRL4 (12 weeks, 12K USD).'®

3.5 Module 5:

The Phase l1a add-on study for standardized Moringa leaf extract (250 mg BID) + SOC in high-1L-6 TNBC (n=40)
is designed in Module 5. PV: telemedicine hybrid follow-up, WHO-UMC causality, CTCAE v5.0 grading, and
HDI surveillance (CYP3A4).

Section 1: SOC—tamoxifen/dox/anthracyclines; objectives PES/OS (12-mo), PRO (FACIT-F), incl/excl:
Stage II-1II TNBC, ECOG 0-1, no HDI; RWE—ISRCTN11510869 (inflammation + hormonal Rx); PV
sighals—mild GI (FAERS), CYP3A4 inhibition; lab gq2wk (LFTs, CBC), and uniformity UPLC
(quercetin>2%). Regulation: CDSCO IND — AYUSH/FSSAI nutra. Section 2: Protocol—RCT 1:1, 250 mg
BIDx12 mo; CRFs for AE/SAE (CTCAE), HDI (tamoxifen PK); hybrid tele/in-person (qg4wk); subgroups
IL-6>median; power Logistics Mumbai locations, 18-month recruitment, 80% HR 0.6 PFS. PV workflow:
HTA ICER

Recruit (18 mo) — Baseline (IL-6, LFT) — Randomize 1:1
!

Week 4-48: 250 mg BID + SOC Tele g4wk: AE/CTCAE, HDI
!

Primary: PFS 12 mo  Safety: SAE <24h PV: WHO causality
!

Analysis: HR 0.6 (80% power, n=40) Subgroup: IL-6 high

Budget: 45L INR [web:41]
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Table 4- Clinical trial design and pharmacovigilance framework for
evaluation of Moringa oleifera in breast cancer

Phase Timeline Activities Endpoints/Metrics
Recruitment 18 months Screen high-IL-6 TNBC n=40, Baseline IL-6/LFT
250 mg BID + SOC AE/CTCAE monitoring
Treatment Weeks 4-48 Tele g4wk HDI surveillance
Primary 12 months PFS assessment HR 0.6 (80% power)

WHO causality
Safety/PV Ongoing SAE reporting <24h Subgroup IL-6 high

Budget Total 45L INR Mumbai sites

Using ISRCTN11510869 inflammatory data and a safe profile (mild GI, no SAE), the Module 5 protocol (AYUSH
nutra-1la) evaluates Moringa (250 mg BID) + SOC in IL-6-high TNBC (n=40, PFS primary). CTCAE/WHO-
UMC, HDI scans (CYP3A4-tamoxifen), hybrid tele (q4wk LFT/CBC), uniformity UPLC quercetin QC; subgroup
IL-6>median powers HR 0.6 (80%); gaps—Ilong-term OS, diverse ethnicity; next Phase 11b multi-center CDSCO;
bridges TRL5 via RWE/FAERS, cost-effective (45L INR, Mumbai sites), positioning as an accessible adjuvant.®

3.6 Module 6

Module 6 reveals India herbal market USD 1.87B (2024) — 2.57B (2030, CAGR 5.4%), Moringa fastest-
growing; oncology adjunct gap USD 500M+. Competitors: curcumin (USD 100M); patents: 50+
(CN102920754A extract-chemo synergy).

Section 1: Breast cancer market: USD 25B worldwide (10% in India); herbal oncology supportive care: USD
500M+ (fatigue/inflammation); competitors: curcumin (ReviveMD USD 100M), ashwagandha (Himalaya);
patient adoption: 40% in India (fatigue/QoL); regulatory: FSSAI nutra » CDSCO Phase I (AYUSH ladder);
unmet: chemo HDI-safe adjuncts. Section 2: IP: novelty in nano-quercetin + dox combination, extraction
(UPLC-quercetin 2%), FTO clear; business model: Nutra pills (INR 500/30, Amazon/Apollo), trademark
"MoriBreast"; roadmap: TRL4—nutra launch (6 mo, 20L), Phase II (24 mo, 5Cr); SWOT: Strength multi-
target, Weakness standardization. TAM INR 100Cr (1% herbal-onco).

Table 5- Market analysis and intellectual property landscape of Moringa oleifera in breast
cancer therapy
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Aspect Data Opportunity

India herbal: USD 1.87B—~2.57B (5.4%

CAGR) Moringa fastest-grow (10%), INR 100Cr
Market Onco adjunct: USD 500M+ TAM
Competitors | Curcumin (USD 100M), Ashwagandha HDI-safe NF-kB/IL-6 TNBC niche

50+ patents (CN102920754A chemo

synergy)
IP Nano-extract claims FTO Combo nutra - Phase II (20L—5Cr)

Capsules INR 500/30
Positioning Amazon/Apollo TRL4 launch 6 mo

Module 6 uses a 5.4% CAGR herbal market (USD 2.57B by 2030) and 40% patient acceptance to put
standardized Moringa leaf (UPLC-QC) in the USD 500M+ India onco-herbal gap. IP distinguishes itself by
nano-delivery patents (FTO clear), extract-chemo synergy (CN102920754A), and nutra launch (INR
500/mo, 1% share=100Cr TAM). Moringa outperforms curcumin (ReviveMD USD 100M) in multi-target
(PI3K/NF-«kB) with minimal HDI; roadmap: TRL4 product (6 mo, 20L) — Phase II (5Cr). SWOT promotes
low-cost scalability (Mumbai sourcing); regulatory AYUSH/FSSAI expedites nutra, bridge to CDSCO.
enables commercial TRL6, meeting unmet needs related to inflammation and quality of life.

4. Conclusion

Using an Al-assisted scientific prompting framework, this study offers a systematic mechanistic and translational
assessment of Moringa oleifera in breast cancer. The results suggest that Moringa oleifera may play a role as a
polypharmacological agent because bioactive compounds like quercetin, moringin isothiocyanate, and niazimicin
show multi-target activity across important molecular pathways involved in the progression of breast cancer, such
as PIBK/AKT/mTOR signaling, NF-xB-mediated inflammation, angiogenesis, STAT3 signaling, and oxidative
stress—mediated apoptosis. By suggesting lead optimization techniques, standardized in vitro and in vivo
experimental protocols, and a clinical trial framework that includes pharmacovigilance monitoring and safety
evaluation, the study further links mechanistic insights with translational research. Additionally, market and
intellectual property analysis reveals opportunities for the development of standardized adjunct therapies based
on Moringa oleifera in oncology supportive care. Future research should concentrate on experimental validation,
formulation standardization, toxicity evaluation, and carefully planned clinical trials to confirm safety and efficacy
because the study has limitations, such as reliance on in-silico and literature-based analysis, variability in
phytochemical composition, and the requirement for extract standardization. Overall, this work emphasizes
Moringa oleifera's promise as a safe, multi-target adjunct therapy and outlines a preclinical-to-clinical translational
roadmap for the treatment of breast cancer while highlighting the need for more experimental and clinical
validation.
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