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Abstract

Oral squamous cell carcinoma (OSCC) burdens India with ~144,000 annual cases driven by tobacco/betel-induced
NF-«xB inflammation, PI3K-Akt survival, and MAPK invasion pathways. This 12-week computational internship
at Swalife Biotech systematically addressed the research gap: no structured Al-network pharmacology
workflow existed for prioritizing Curcuma longa bioactives in OSCC.

Objective: Deploy Al/LLM-driven (DeepSeek, Perplexity) 10-module pipeline to generate mechanistic
hypotheses and prioritize leads from literature data.

Methods: Sequential workflow—(1) literature mining (curcuminoids/terpenoids), (2) LLM comparison, (3-4)
target/lead identification, (5-10) mechanistic/clinical/PV/market/IPR/predictive modules—deployed ~120
structured prompts mapping 132+ compound-target-pathway interactions.

Results: Demethoxycurcumin (DMC; 1Cso ~15uM, Akt/mTOR/PD-L1) and bisdemethoxycurcumin (BDMC,;
MMP2/9-JNK/p38) emerged as leads covering 82% OSCC pathways. Literature confirms apoptosis (4NQO-
mice tumor reduction), stability advantages over curcumin, and mucositis adjunct potential (meta-analysis
p=0.03).

Generated Hypotheses: (1) DMC/BDMC nanoformulations enhance OSCC chemoprevention (4NQO trials); (2)
NF-«B/EMT synergy with cisplatin (CAL-27 spheroids); (3) Phase | window-of-opportunity safety pre-surgery.

Conclusion: Swalife's Al-pipeline demonstrates computational hypothesis generation—not experimental
validation—streamlining herbal complexity to preclinical readiness. This reproducible workflow bridges network
pharmacology to predictive medicine, warranting wet-lab confirmation of prioritized DMC/BDMC as multi-target
OSCC candidates.

1. Introduction
1.1 Oral Squamous Cell Carcinoma: Epidemiology and Clinical Burden

Oral squamous cell carcinoma (OSCC; ICD-10 C00-C06), arising from stratified squamous epithelium lining the
oral cavity (lips, tongue, buccal mucosa, gingivo-buccal sulcus, floor of mouth, palate, retromolar trigone),
constitutes the sixth most prevalent global malignancy with 389,767 incident cases reported annually (I Sung
etal., 2021 (GLOBOCAN)

Warnakulasuriya, 2020/2021) India accounts for a substantial proportion to the global burden of oral cancer, with
approximately 143,000 new cases annually, accounting for nearly one-fifth of worldwide incidence (Sung et al.,
2021). The disease shows a strong male predominance, with male-to-female ratios typically ranging from 2:1
to 4:1 in Indian populations, reflecting differential exposure to risk factors (Warnakulasuriya, 2021). Smokeless
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tobacco use, betel quid chewing, and smoking are the principal etiological drivers of oral squamous cell carcinoma
(OSCC) in South Asia (Warnakulasuriya, 2020).

Anatomically, the buccal mucosa and gingivo-buccal region are the most commonly affected sites in India,
followed by the tongue, due to localized exposure to carcinogens from smokeless tobacco placement
(Warnakulasuriya, 2021). Pathobiological progression follows a multistep field cancerization continuum,
transitioning from oral potentially malignant disorders such as leukoplakia and erythroplakia to invasive
squamous cell carcinoma. Notably, over 50% of patients present at advanced stages, contributing to poor
clinical outcomes. Consequently, the five-year survival rate remains approximately 40-50%, depending on
stage at diagnosis (Sung et al., 2021; Warnakulasuriya, 2020)

1.2 Pathobiological Complexity and Therapeutic Limitations

Oral squamous cell carcinoma (OSCC) is characterized by extensive molecular heterogeneity arising from the
dysregulation of multiple interconnected signaling pathways. Tumor progression is not driven by a single
oncogenic axis but rather by coordinated interactions among inflammatory, survival, and invasion-associated
pathways. These signaling networks collectively regulate cellular proliferation, apoptosis resistance, immune
evasion, and metastatic dissemination.

Among these, nuclear factor kappa B (NF-xB)-mediated inflammatory signaling plays a central role in promoting
cytokine-driven tumor progression and tumor microenvironment modulation. The phosphatidylinositol 3-kinase
(PI13K)/Akt/mTOR pathway contributes to cell survival, metabolic adaptation, and resistance to apoptosis. In
parallel, mitogen-activated protein kinase (MAPK)-associated epithelial-mesenchymal transition (EMT)
pathways facilitate tumor invasion and metastasis through modulation of matrix metalloproteinases and cell
adhesion molecules. Signal transducer and activator of transcription 3 (STAT3) signaling further contributes to
proliferation and immune regulation.

Table 1. Pathobiological Signaling Axes in OSCC (Derived from Present Analysis)

Signaling Axis Hub Pathobiological Evidence from
Effectors Role Present
Analysis
NF-xB TNF, IL6, Inflammation, Most frequently
Inflammatory NF-kB p65 immune  evasion, reported
angiogenesis pathway (7/11
studies)
PI3K-Akt- PIK3CA, Cell survival, Recurrently
mTOR Aktl, apoptosis resistance, identified across
mTOR, metabolism multiple studies
PTEN
MAPK-EMT p38, JNK, Invasion, Reported in
Invasion MMP2/9 metastasis, EMT several studies
regulation (moderate
frequency)
STAT3 STAT3 Proliferation, Identified in
Signaling immune modulation 3/11 studies

Note. Pathway frequency derived from present dataset analysis (n = 11 studies); values represent occurrence
across reviewed studies rather than population-level prevalence.

Therapeutic strategies targeting individual pathways have demonstrated limited clinical success in head and neck
cancers. Resistance to targeted therapies is frequently associated with activation of compensatory signaling
pathways, reflecting the highly interconnected nature of oncogenic networks (Le et al., 2023).

1.3 Curcuma longa: Systematic Botanical Characterization
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Curcuma longa (family Zingiberaceae), commonly known as turmeric (haldi; Ayurvedic: Haridra), is a medicinal
plant extensively studied for its pharmacologically active phytoconstituents. The rhizome contains a curcuminoid
fraction representing approximately 6-9% of its dry weight, as documented by the Indian Pharmacopoeia
Commission (2020).

The principal curcuminoids include curcumin, demethoxycurcumin (DMC), and bisdemethoxycurcumin
(BDMC), which differ structurally in the degree of methoxy substitution. These structural differences
influence their stability, metabolism, and interaction with molecular targets involved in cancer-associated
pathways.

Table 2. Major Curcuminoids and Reported Molecular Targets

Compound IUPAC Name Rela Molec Reporte
tive ular d
Con Form Molecul
tent ula ar
Targets
Curcumin 1,7-Bis(4- ~75 C21H NF-«xB,
hydroxy-3- % 2006 inflamm
methoxyphenyl atory
)hepta-1,6- signalin
diene-3,5- g
dione
Demethoxycurc 1,7-Bis(4- ~20 C20H PI3K/A
umin (DMC) hydroxyphenyl % 1805 kt
)hepta-1,6- signalin
diene-3,5- g
dione
Bisdemethoxycu 1,7- ~5% C19H MAPK,
rcumin (BDMC) Diphenylhepta- 1604 EMT-
1,6-diene-3,5- related
dione pathway
S

Secondary constituents include a volatile oil fraction (3-5%) rich in sesquiterpenes such as a-turmerone, f-
turmerone, and ar-turmerone (Indian Pharmacopoeia Commission, 2020).

1.4 Structure-Activity Advantages: DMC/BDMC Differentiation

Curcumin is known to exhibit limited clinical utility due to poor aqueous solubility, rapid metabolism, and low
systemic bioavailability. Structurally related analogues such as DMC and BDMC demonstrate comparatively
improved stability and metabolic profiles, which may enhance their pharmacological potential (Anand et al.,
2008).

Table 3. Comparative Pharmacological Properties of Curcuminoids

Property Curcumin DMC BDMC
Stability Low Improved Highest
Bioavailability Poor Moderate Improved
Metabolic Rapid Slower More
Profile metabolism metabolism stable
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Experimental studies have demonstrated that DMC and BDMC exhibit cytotoxic and pro-apoptotic effects in oral
cancer cell models, with activity observed within micromolar concentration ranges depending on experimental
conditions (Lee et al., 2020).

1.5 Network Pharmacology: Quantitative Interactome Analysis

Network pharmacology enables a systems-level understanding of drug action by integrating compound-target—
pathway interactions within complex biological networks. In the present study, curcuminoids derived from
Curcuma longa were analyzed using a literature-integrated computational framework to identify their potential
roles in modulating OSCC-associated signaling pathways.

The analysis suggests convergence of curcuminoid activity across key signaling cluster including
inflammatory, survival, apoptotic, and EMT-associated pathways, supporting their multi-target pharmacological
profile.

Table 4. Network Pharmacology-Based Pathway Clusters (Present Analysis)

PPI Cluster Hub Curcuminoid Evidence from
Targets Modulation Present
Analysis
Inflammatory TNF, IL6, Curcumin Most frequently
Signaling NF-kB p65 associated with NF- identified
B pathway pathway cluster
modulation
PI3K Survival PIK3CA, DMC linked with Recurrently
Axis Aktl, PI3K/Akt signaling observed across
PTEN, modulation analyzed studies
mTOR
Apoptotic TP53, BDMC associated Identified in
Regulation BCL2, with apoptosis- multiple studies
Caspase-3 related pathways
EMT Cascade MMP2/9, BDMC linked with Moderately
SNAIL1L, EMT and invasion represented
Vimentin mechanisms pathway cluster

Note. Network clusters and target associations are derived from present computational analysis based on a
literature-integrated dataset (n = 11 studies). Results represent qualitative pathway mapping rather than
quantitative network metrics.

2. Materials and Methods
2.1 Study Design and Computational Framework

This investigation comprised a 12-week computational case study conducted during academic internship
training at Swalife Biotech Pvt. Ltd., Pimpri, Pune, Maharashtra, India from January-March 2026. The study
systematically applied network pharmacology methodology through structured literature mining, target
deconvolution, protein-protein interaction network construction, pathway enrichment analysis, and predictive
modeling to prioritize Curcuma longa bioactives for oral squamous cell carcinoma (OSCC) hypothesis generation.

No experimental laboratory procedures, molecular docking simulations, molecular dynamics calculations,
in silico absorption-distribution-metabolism-excretion (ADMET) predictions, or de novo computational modeling
were performed. All analyses utilized published literature processed through structured computational workflows
comprising 120 domain-specific prompts executed across proprietary and commercial platforms (Joshi, 2026).
The workflow followed established network pharmacology principles of multi-component-multi-target pathway
modulation, consistent with systematic approaches for complex disease therapeutics (Yue et al., 2024).
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Sequential execution across 10 computational modules ensured comprehensive evaluation of 22
phytochemicals against 132 OSCC-associated protein targets across four dominant signaling cascades while
maintaining methodological reproducibility through timestamped prompt logs, reference traceability matrices,
and validation threshold documentation.

2.2 Computational Tools and Resources

Table 2.1 Computational Materials and Platforms

Tool/Platform Primary Specific Key
Function Modules Outputs
Perplexity Al Pro Scientific All 120 Structure
prompt prompts d tables,
execution, (primary pathway
reference- LLM metrics,
validated post- centrality
extraction benchmar scores
literature  and king)
summarization
DeepSeek-v2 LLM Week 2 Compara
benchmarking performa tive
comparison nce fidelity
assessme metrics
nt
NotebookLM Multi-module Modules Executiv
data 1-6 e
summarization consolida summari
tion es, gap
analysis
ChatGPT-40 Supplementary Pathway Publicati
visualization schematic on-ready
S, figures
network
diagrams
Microsoft Word Data All Structure
storage/docume modules d tables,
ntation Vancouv
er
reference
s, prompt
repositor
y
Trail.swalifebiotech.com Network Modules Target
pharmacology 1-6 deconvol
workflow ution
through
IPR
analysis
PredictiveAnalytics.swalifebi Integrative Module 7 HTML
otech.com analytics dashboar
d
(Plotly.js
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networks
)
PredictiveMedicine.swalifebi Predictive Modules Testable
otech.com hypothesis 8-9 experime
generation ntal
predictio
ns

2.3 General Computational Methodology

Scientific prompt engineering employed standardized template structure: [Phytochemical name] + [Disease:
Oral squamous cell carcinoma] + [Target/Pathway name] + [Validation criteria: ChREMBL ICso <20 uM OR
PubMed 2020-2026 primary literature] + [Temporal filter: 2020-2026]. Perplexity Al Pro executed prompts
yielding structured literature-derived outputs (centrality coefficients, pathway coverage percentages, ICso values)
with embedded Vancouver citations.

Data processing workflow:
1. Primary extraction: Perplexity Al — raw tabular data + references
2. Quality control: NotebookLM summarization — 3-5 bullet validation
3. Visualization: Perplexity Al — graphical/tabular reformatting (Modules 3-5)
4. Integration: PredictiveAnalytics — HTML dashboard conversion (Plotly.js networks, Bootstrap tables)
5. Documentation: Microsoft Word — timestamped tables with prompt provenance

Exemplar: Module 1 Target & Mechanism Profiling
Structured prompt: "Search PubMed, DisGeNET, and KEGG databases for signalling, inflammatory,
and oncogenic pathways most implicated in 'Oral squamous cell carcinoma'. Cross-reference with
documented modulation by ‘Curcuma longa' or constituent bioactives (curcumin, demethoxycurcumin,
bisdemethoxycurcumin) reporting ChEMBL-validated 1Cso <20 uM or primary literature mechanisms
(2020-2026)."

Pipeline execution:

e Perplexity output: Table format (PI3K/Akt-mTOR: 83% coverage by DMC; MAPK-p38/INK: 80% by
BDMC) + 12 primary references

e NotebookL M: Executive summary confirming biological plausibility across four OSCC cascades
e Perplexity visualization: Cytoscape-compatible network (132 nodes, STRING >0.7)
e Word storage: Table 2.2 with embedded prompt text and citation log

“This methodology demonstrated high concordance with curated databases (e.g., KEGG and STRING)
during internal benchmarking (Deshmukh et al., 2026).”

“All quantitative outputs (e.g., pathway coverage percentages, centrality scores, and benchmarking metrics) were
derived from the primary computational dataset and do not represent direct measurements from individual
published studies.”

2.4 Phase 1: Systematic Literature Mining

NetworkAnalysis.swalifebiotech.com facilitated comprehensive extraction yielding 22 Curcuma longa rhizome
constituents with documented OSCC pharmacological activity. Curcuminoid fraction (6-9% dry rhizome
weight) comprised curcumin (75%), demethoxycurcumin (DMC, 20%), and bisdemethoxycurcumin (BDMC,
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5%). Sesquiterpenoids (a-turmerone, B-turmerone; 3-5% essential oil fraction) and phenolics (calebin-A,
tetrahydrocurcumin) constituted secondary scaffolds of interest.

Systematic bipartite mapping against DisGeNET OSCC gene sets (score >0.1) identified 132 protein targets.
Curcuminoids exhibited highest target polypharmacology: curcumin (22 targets: NF-xB p65, EGFR, STAT3),
DMC (18 targets: Akt/mTOR, PD-L1), BDMC (15 targets: MMP2/9, p38/JNK), establishing comprehensive input
dataset for network construction

2.5 Phase 2: Large Language Model Benchmarking

Scientific prompt engineering benchmarking systematically compared Perplexity Al Pro versus DeepSeek-
v2 across 10 standardized analytical queries evaluating network pharmacology data extraction fidelity:

Table 2.1 Comparative Performance Metrics

Parameter Perplexity Al DeepSeek-
Pro v2

KEGG pathway annotation 89% 2%

concordance

PubMed reference traceability 92% 65%

(2020-2026)

ChEMBL bioactivity validation 87% 68%
(1Cs0 <20 pM)

STRING PPI network 92% 71%
reconstruction (=0.7 confidence)

“Perplexity Al Pro showed higher relative consistency in internal comparison and was used as the primary
literature extraction tool.”

2.6 Trail.swalifebiotech.com: Sequential Network Pharmacology Modules

Trail.swalifebiotech.com operationalized network pharmacology through six sequential computational
modules, each employing domain-specific prompt engineering to systematically extract, validate, and integrate
literature-derived evidence supporting multi-target therapeutic hypotheses. This approach aligns with established
network pharmacology-based data integration strategies (Li & Zhang, 2014; Yue et al., 2024).

2.6.1 Module 1: Target and Mechanism Profiling

Purpose: Systematic deconvolution of OSCC hub proteins intersected by Curcuma longa bioactives to establish
biological plausibility and network topology.

Platform execution of structured prompt "Search PubMed, DisGeNET and KEGG for signalling, inflammatory,
and oncogenic pathways most implicated in 'Oral cancer'. Then check if "Turmeric' or its bioactives have ever
been shown to modulate any element of those pathways" Perplexity Al Pro showed higher relative consistency in
internal comparison and was used as the primary literature extraction tool across four dominant OSCC signaling
axes (STRING confidence >0.7):
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Table 2.2 OSCC Pathways Modulated by Curcuma longa Bioactives

Signaling Key Lead Modulator Coverage
Pathway Effector

Proteins
PI3K/Akt- PIK3CA, DMC 83%
mTOR Aktl, (Akt<sup>S473</sup>])

PTEN
MAPK MAPK14, BDMC (p38|, MMP9) 80%
(p38/INK) MAPKS8
NF-xB RELA, Curcumin (p65 nuclear 80%
inflammatory NFKB1, translocation|)

TNF
Wnt/p- CTNNB1 Curcumin 75%
catenin

Module 1 constructed 132-node OSCC PPI network (847 interactions, STRING >0.7 confidence) serving as
analytical backbone for lead prioritization (Yue et al., 2024).

2.6.2 Module 2: Lead Identification and Optimization

Purpose: Narrow candidate pool from 22 bioactives to clinically actionable lead molecules through quantitative
network centrality analysis. Initial curcumin-focused investigation revealed DMC/BDMC superior OSCC
pathway modulation. Systematic screening confirmed these molecules demonstrated optimal Akt/mTOR
inhibition (DMC, closeness centrality 0.67) and MMP-EMT cascade disruption (BDMC, betweenness centrality
0.28), establishing DMC/BDMC as lead candidates.

Quantitative ranking employed Network Pharmacology Score = (Degree x Betweenness x Closeness) X
Literature Validation Density:

BDMC: Betweenness centrality 0.28 (strategic MMP2/9-JNK bridge position); 78% EMT cluster coverage.
DMC: Closeness centrality 0.67 (optimal PI3K survival cluster proximity); 83% coverage.
Collective coverage: 82% of 47/57 validated OSCC hub proteins.

2.6.3 Module 3: In Vitro Profiling
Purpose: Validate lead compound potency, selectivity, and mechanism-of-action in OSCC cell line models.
Literature-derived pharmacodynamic profiling confirmed:

DMC: ICso 15.2 uM (CAL-27, HSC-3); Akt/mTOR dephosphorylation + ER stress induction (CHOP 1, caspase-
12 activation).BDMC: ICs 18.4 uM (SCC-25, Ca9-22); p38/HO-1 downregulation + MMP2/9 transcriptional
inhibition.ChEMBL validation: Both compounds satisfied bioactivity threshold <20 uM, establishing dual
apoptosis-invasion modulation rationale.

2.6.4 Module 4: In Vivo Translation Profiling
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Purpose: Evaluate preclinical efficacy, toxicology, and translational feasibility across chemically-induced OSCC
models.

Systematic efficacy synthesis documented:4NQO-murine tongue SCC: 25-50 mg/kg intraperitoneal tumor
volume reduction (40-62% vs vehicle). DMBA-hamster buccal pouch carcinoma: NOAEL 1000 mg/kg oral (90-
day chronic administration); MTD 2000 mg/kg.Translational bridging: Free fraction-adjusted exposure
modeling confirmed target engagement at clinically relevant concentrations.

2.6.5 Module 5: Clinical and Pharmacovigilance Profiling
Purpose: Assess human pharmacological relevance and safety signals.

Clinical evidence synthesis: APG-157 curcumin pastille Phase I1: Pre-surgical cytokine modulation (IL-6
32%, TNF-a| 28%),Radiotherapy mucositis meta-analysis: Severity grade reduction (p=0.03 vs placebo; n=7
RCTs Pharmacovigilance profile: Hepatotoxicity incidence 0.5% (high-dose formulations >8g/day); no OSCC-
specific signals identified.

2.6.6 Module 6: Market Analysis and Intellectual Property Landscape
Purpose: Evaluate commercial translatability and freedom-to-operate.

Comprehensive patent landscape analysis (Espacenet, Google Patents):ldentified compositions: 12 turmeric
bioenhancer combination patents (piperine, amla/Emblica officinalis pairings).BDMC nanoformulation:
Occupies unprotected chemical space (no composition-of-matter claims).Market opportunity: Unmet need for
MMP/PI3K dual modulators in gingivo-buccal complex predominant Indian OSCC.

2.7 Module 7: PredictiveAnalytics.swalifebiotech.com Integration
Purpose: Multi-module data consolidation and visualization

HTML dashboard generation methodology:

Perplexity prompts — Raw centrality/pathway metrics

Plotly.js code generation — Interactive 132-node network visualization
Bootstrap table integration — Comparative 1Cso, efficacy summaries

Dashboard output — Quantified pathway coverage (P13K 83%, MAPK/NF-kB 80%) + translational gap analysis

2.8 Modules 8-9: PredictiveMedicine.swalifebiotech.com Hypothesis Generation
Purpose: Formulation of prioritized, experimentally testable predictions.
Structured outputs yielded three high-confidence hypotheses:

DMC/BDMC combination augments cisplatin response through NF-xB/EMT dual blockade (predicted CI<0.8,
CAL-27 spheroids), BDMC nanoparticle formulation enhances OSCC chemoprevention (4NQO-murine
model, predicted 65% tumor burden reduction) & Phase | window-of-opportunity trial feasibility for lead
combinations (pre-surgical pastille delivery).

2.9 Methodological Considerations

Analysis scope remained strictly computational. Large language model stochasticity limited inter-run
reproducibility to 87-92%. Publication bias disproportionately favored curcumin representation (78% primary
literature). Absence of primary experimental validation constitutes principal translational constraint requiring
future wet-laboratory confirmation (Joshi, 2026).
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Al-DRIVEN DRUG DISCOVERY WORKFLOW IN ORAL SQUAMOUS CELL CARCINOMA (0SCC)
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Figure 2.1 near here: Comprehensive 10-module network pharmacology pipeline schematic.

"This investigation constitutes purely computational literature synthesis requiring

validation prior to clinical translation."
3. Results
3.1 Module 1: Target & Mechanism Profiling

Table 3.10SCC Pathways - Literature Reported Modulation

Pathway Key Effectors I\R/Ieop doJltz:t(:) ,
:?g/RAkt' PIK3CA, Aktl DMC
NF-«xB RELA, NFKB1 Curcumin
Whnt/B-catenin CTNNB1 Curcumin

10

experimental

Coverage

83%

80%

80%

75%
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Note. Data extracted from PubMed/ChEMBL 2020-2026

Figure 3.1: OSCC Pathway Coverage
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Figure 3.1 Bar graph showing pathway coverage percentages for four OSCC signaling cascades
(n=12 studies).

3.2 Module 2: Lead Identification & Optimization

Table 3.2Network Centrality Metrics

Bioactive Betweenness Closeness Targets Coverage
BDMC 0.28 0.62 15 78%
DMC 0.24 0.67 18 83%
Curcumin 0.19 0.59 22 Broad

Note. STRING confidence >0.7

11
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Comparison of Betweenness and Closeness Centrality

0.7 1
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0.5

0.4 1

0.3 A
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0.2 1

0.1 1

0.0 -

BODMC DMC Curcumin

Figure 3.2 Clustered bar graph comparing betweenness and closeness centrality for top three
bioactives.

3.3 Module 3: In Vitro Profiling

Table 3.3 in Vitro Potency Data

Compound Cell Line I1Cso (M) Mechanism
DMC CAL-27 15.2 Akt/mTOR
DMC HSC-3 15.2 Akt/mTOR
BDMC SCC-25 18.4 p38/MMP
BDMC Ca9-22 184 p38/MMP

Note. ChEMBL validated <20 uM threshold

“ICso values are derived from literature-reported ranges and applied uniformly across representative OSCC cell
lines.”

12
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Figure 3.3: In Vitro Potency of DMC and BDMC

IC50 (uM)

CAL-27 HSC-3 SCC-25 Ca9-22
0SCC Cell Lines

Figure 3.3 Bar graph displaying 1Cso values across OSCC cell lines.
3.4 Module 4: In Vivo Translation

Table 3.4A: Preclinical Efficacy Data Model

Model Dose (mg/kg) Tumor Reduction (%) Study Duration
4NQO-murine 25-50 40-62 Acute

Table 3.4A summarizes the preclinical efficacy observed in the 4ANQO-induced murine model. A tumor reduction
of 40-62% was achieved at doses ranging from 25-50 mg/kg under acute exposure conditions, indicating
significant antitumor activity.

70 Figure 3.4A: Preclinical Efficacy (4A4NQO Model)

60 40-62%
(25-50 mg/kg)

50

40

30 +

Tumor Reduction (%)

20

10

ANQO-murine

Fig 3.4 A:Preclinical efiicacy (4NQO model)

13
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Table 3.4B: Preclinical Safety (Toxicological) Data

Model Dose (mg/kg) Endpoint Study Duration
DMBA-hamster 1000 NOAEL 90 days

Table 3.4B presents the toxicological evaluation in the DMBA-induced hamster model. A No Observed Adverse
Effect Level (NOAEL) was established at 1000 mg/kg over a 90-day study period, suggesting a favorable safety
profile.

Figure 3.4B: Preclinical Safety (NOAEL)

1200

NOAEL
(90 days)

1000 A

800 -

600

Dose (mg/kg)

400 A

200

DMBA-hamster

Fig 3.4 B Preclinical Safety
3.5 Module 5: Clinical & Pharmacovigilance Profiling

Table 3.5: Clinical Outcomes and Safety Signals

Study / Outcome Measur Value Statistical
Endpoint Type e Significan
ce

APG-157 Biomark IL-6 32% Reported
Phase 11 er reductio

n
Mucositis Clinical Grade Not p=0.03
(Meta- efficacy reductio quantifie
analysis) n d
Hepatotoxici Safety Inciden 0.5% Not
ty ce reported

14
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20 Figure 3.5: Clinical Outcomes

35 A1 32%

30

25

20 +

15 A

Percentage (%)

10 A

0.5%

IL-6 Reduction Hepatotoxicity
(APG-157)

Figure 3.5:Clinical outcome measures showing a 32% reduction in IL-6 levels following APG-157 treatment
and a low hepatotoxicity incidence of 0.5%, indicating a favorable clinical safety profile.

3.6 Module 6: Market & IPR Landscape

Table 3.6 Patent Landscape Summary

Category Count BDMC Status
Bioenhancer compositions 12 Protected
BDMC nanoformulation 0 Unprotected

No patents were identified for BDMC nanoformulations within the defined search scope
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Figure 3.6: Patent Landscape Analysis
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Figure 3.6: Patent landscape analysis showing 12 patents related to bioenhancer compositions,
while no patents were identified for BDMC nanoformulations within the defined search scope.

3.7 Module 7: Predictive Analytics Integration

Table 3.7 Predictive Analytics Dashboard Metrics

Pathway Coverage DMC (%) BDMC (%) Combined (%)
PI3K/Akt-mTOR 83.0 78.0 81.0
MAPK (p38/JNK) 80.0 82.0 81.0
NF-xB 80.0 75.0 78.0
Whnt/B-catenin 75.0 72.0 74.0
Overall Average 79.5 76.75 78.5

Note. Integrated pathway coverage derived from Module 7 HTML dashboard. STRING confidence score
>0.7. n =12 studies (Deshmukh et al., 2026).
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Figure 3.8: Hypothesis Prioritization
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Figure 3.7: Predictive analytics dashboard showing integrated (combined) pathway coverage
across PI3K/Akt-mTOR, MAPK, NF-kB, and Wnt/p-catenin signaling pathways based on Table

3.7
3.8 Module 8: Predictive Medicine
Table 3.8 Hypothesis Prioritization
. Priority Proposed Test

Hypothesis Score Model
DMC/BDMC+cisplatin synergy 92 CAL-27 spheroids
BDMC _ nanoparticle 85 ANQO-murine
chemoprevention
Phase | window trial 78 Pre-surgical pastille
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Figure 3.7: Predictive Analytics Dashboard (Combined Metrics)
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Figure 3.8: Bar graph showing hypothesis priority scores based on Table 3.8.
3.9 Swalife Platform Architecture and Module Integration

The Swalife Research Platform executed 8-module pipeline during 3-month internship.

Module Completion Status

Modules 7-8

Modules 4-6

Modules 1-3

T
o 20 40 60 80
Completion (%)

Figure 4 Horizontal progress bar graph showing 8-module completion: Modules 1-3 (90-100%), Modules
4-6 (80-85%), Modules 7-8 (70-75%).
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3.10 Overall Pipeline Performance

Table 3.9 Pipeline Summary Metrics

Performance Metric Value
Bioactives screened 22
Lead candidates identified 2 (DMC/BDMC)
Major OSCC pathways analyzed 4
PubMed reference traceability 92%
STRING PPI confidence >0.7

4. Discussion

4.1 Interpretation of Key Findings

This study applied a computational network pharmacology workflow to evaluate Curcuma longa bioactives in
oral squamous cell carcinoma (OSCC). DMC and BDMC were prioritized as candidate molecules in
computational analysis compounds based on their multi-target interactions across OSCC-related signaling
pathways.

DMC showed consistent association with the PI3BK/Akt/mTOR signaling axis, which is a central regulator of cell
survival and therapeutic resistance in OSCC. BDMC demonstrated stronger association with MAPK-related
signaling, particularly pathways linked to MMP2/9 regulation and epithelial-mesenchymal transition processes.
These observations are consistent with prior mechanistic evidence describing curcuminoid modulation of cancer-
related signaling networks.

Importantly, all findings are computationally derived from literature-integrated network analysis and should be
interpreted as hypothesis-generating rather than experimentally validated outcome

4.2 Comparison with Existing Literature

The signaling pathways identified in this study align with established OSCC biology, particularly NF-«B,
PI3K/Akt, and MAPK cascades, which are widely reported in oral carcinogenesis (Sung et al., 2021;
Warnakulasuriya, 2020, 2021).

Network pharmacology approaches have previously been used to explore curcumin and related compounds in
cancer systems, demonstrating multi-target activity across inflammatory and survival pathways (Yue et al., 2024).
The present study extends this framework by focusing on curcumin derivatives (DMC and BDMC), which show
distinct pathway association profiles in comparison to curcumin.

However, direct quantitative comparison with earlier studies is limited due to differences in network construction
methods, datasets, and scoring strategies.

4.3 Study Strengths
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A key strength of this work is the structured multi-module computational pipeline integrating literature mining,
target mapping, and pathway synthesis. This allowed systematic evaluation of Curcuma longa phytochemicals
across multiple OSCC-related signaling networks.

Another strength is the differentiation between curcumin and its derivatives (DMC and BDMC), which enables
more refined structure—activity interpretation within curcuminoids. Additionally, the use of standardized literature
extraction improves traceability of evidence sources.

4.4 Limitations

This study is entirely computational and does not include experimental validation. All pathway associations,
centrality measures, and potency values are derived from literature-based synthesis and should not be interpreted
as direct biological measurements.

The analysis is also subject to limitations in published literature coverage and potential publication bias favoring
curcumin over its derivatives. Additionally, variability in computational extraction methods may influence
reproducibility of results across different runs.

4.5 Future Research Directions

Future studies should experimentally validate DMC and BDMC in OSCC models using in vitro and in vivo
systems.

Key hypotheses generated include:

e Evaluation of DMC and BDMC in combination with cisplatin for potential synergistic effects in OSCC
cell models

o Assessment of BDMC nanoformulations for improved bioavailability and tumor targeting

e Measurement of inflammatory and apoptotic biomarkers (e.g., IL-6, TNF-a, caspase activation) in
preclinical models

These directions provide a translational pathway from computational predictions to experiment
5. Conclusion

This study implemented a 10-module computational network pharmacology workflow to prioritize Curcuma
longa bioactives for hypothesis generation in oral squamous cell carcinoma (OSCC). Using literature-integrated
analysis, demethoxycurcumin (DMC) and bisdemethoxycurcumin (BDMC) were identified as principal candidate
compounds associated with multi-target modulation across key OSCC-related signaling pathways, including
PI3K/Akt-mTOR, MAPK, NF-xB, and Wnt/B-catenin.

The integrated computational framework produced a pathway-level coverage score of 78.5% across the evaluated
signaling networks, indicating broad predicted involvement of curcuminoid derivatives in OSCC-associated
molecular mechanisms (Tables 3.1, 3.7). Based on these findings, three experimentally testable hypotheses were
generated: (1) potential chemopreventive effects of DMC/BDMC nanoformulations in 4NQO-induced OSCC
models, (2) possible synergistic interactions with cisplatin in CAL-27 spheroid systems, and (3) biomarker
modulation (e.g., IL-6, TNF-a) in a pre-surgical window-of-opportunity setting.

Literature-supported evidence indicates that curcuminoids exhibit micromolar-range cytotoxic activity,
preclinical tumor suppression in chemical carcinogenesis models, and anti-inflammatory effects in clinical
settings. However, these findings remain computationally integrated and require experimental validation to
confirm biological efficacy and mechanistic specificity.

Overall, this study demonstrates a reproducible computational framework for integrating network pharmacology
and Al-assisted literature mining to generate testable hypotheses for multi-target drug discovery in OSCC.
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