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Figure GA.1. Graphical abstract of the Cluster 3 network pharmacology workflow and corrected final findings
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Résumé

Cette étude vise a analyser le Cluster 3 — Neurotransmitter & Mitochondrial Dysfunction en
tant que groupe fonctionnel multi-maladies, et non comme une maladie unique ou une
classification clinique officielle. L’approche adoptée repose sur le network pharmacology afin
de construire un réseau multicouche reliant les plantes, les composés chimigues, les genes et
les maladies selon le modéle Plant-Compound-Gene—Disease. La méthodologie a inclus le
contréle des données brutes, le nettoyage des entrées, la construction d’un registre de
composés, la résolution des composés via ChEMBL, I'extraction des données de bioactivité,
le filtrage des relations, le mapping des cibles vers les génes, puis I'intégration du réseau et
l'analyse de la couverture.

Apres la correction finale réalisée lors du Stage 10E — Final Passiflora Harmonization, les
entrées non végétales ont été supprimées des tableaux de plantes, notamment les composés,
les extraits et les formules herbacées complexes. Les variantes associées a Passiflora incarnata
ont eégalement été harmonisées. Le reseau final corrige comprend 62 entités végétales
harmonisées, 299 composés, 388 geénes et 15 maladies. L’analyse a identifié 17 plantes
présentant une couverture génique élevée, 68 composés avec une forte couverture des
maladies, ainsi que 8 composés couvrant ’ensemble des maladies du Cluster 3.

Les résultats montrent que le réseau ne repose pas sur une seule plante, un seul composé ou
un seul géne, mais sur une structure distribuée et multicouche. Des plantes bien connues
comme Ginkgo biloba apparaissent parmi les entités les mieux classées, tandis que Passiflora
incarnata constitue une contribution interprétative importante en raison de son lien potentiel
avec la modulation des neurotransmetteurs, notamment I'axe GABAergique. La couche des
composés met également en évidence des composés largement représentés tels que quercetin,
tout en suggérant un intérét futur pour des composés associés a Passiflora, tels que vitexin,
isovitexin, apigenin et chrysin.

Cette étude souligne que la network coverage doit étre interprétée comme un indicateur de
priorit¢ de recherche et de génération d’hypothéses, et non comme une preuve directe
d’efficacité¢ thérapeutique. Des analyses futures sont nécessaires, notamment une analyse de
sensibilité¢ des pondérations, une analyse du chevauchement gene—maladie, un enrichissement
des voies biologiques, TADME/ADMET, le docking moléculaire, la dynamique moléculaire

et la validation expérimentale.

Mots-clés : Cluster 3 ; Network pharmacology ; ChEMBL ; composés végétaux ; dysfonction

mitochondriale ; neurotransmetteurs ; Passiflora incarnata ; couverture réseau.



Abstract

This study aimed to analyze Cluster 3 — Neurotransmitter & Mitochondrial Dysfunction as a
multi-disease functional group rather than a single disease or an official clinical classification.
A network pharmacology approach was applied to build a multilayer network linking plants,
chemical compounds, genes, and diseases according to a Plant—-Compound-Gene-Disease
framework. The workflow included raw data inspection, conservative data cleaning,
compound registry construction, ChEMBL compound resolution, bioactivity —extraction,
evidence filtering, target-to-gene mapping, network integration, and coverage-based analysis.
Following the final corrective step, Stage 10E — Final Passiflora Harmonization, non-plant
entries were removed from plant tables, including compounds, extracts, and multi-herbal
formulas. Different textual variants related to Passiflora incarnata were also harmonized. The
corrected final network included 62 harmonized plant entities, 299 compounds, 388 genes,
and 15 diseases. The analysis identified 17 plants with high gene coverage, 68 compounds
with high disease coverage, and 8 compounds with full disease coverage across all diseases
included in Cluster 3.

The results indicate that the network is not driven by a single plant, compound, or gene, but
rather by a distributed multilayer structure. Well-known entities such as Ginkgo biloba and
quercetin were captured by the network, supporting methodological consistency. However,
the emergence of Passiflora incarnata represents a particularly relevant interpretive finding
because of its potential association with neurotransmitter modulation, especially the
GABAergic axis. In addition, Passiflora-related compounds such as vitexin, isovitexin,
apigenin, and chrysin may represent more specific candidates for future investigation than
broadly studied compounds alone.

The study emphasizes that network coverage should be interpreted as a research-prioritization
and hypothesis-generating indicator, not as direct therapeutic evidence. Future work should
include weight sensitivity analysis, gene—disease overlap analysis, pathway enrichment,
ADME/ADMET evaluation, molecular docking, molecular dynamics simulations, and

experimental validation.

Keywords: Cluster 3; Network pharmacology; ChEMBL; plant compounds;

mitochondrial dysfunction; neurotransmitters; Passiflora incarnata; network coverage.
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Figure 2.1. Interconnection between biological mechanisms involved in Cluster 3.

Interconnected biological axes in Cluster 3
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Network interpretation: shared axes support hypothesis generation, not therapeutic proof.
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Table 2.2. Difference between network coverage and therapeutic efficacy.
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Table 6.1. Final synthesis of study conclusions and future directions
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Figure 6.1. Recommended future validation pathway
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Figure 6.1. Proposed validation pathway for Cluster 3 candidates after network pharmacology analysis.

42



QMU c&b—fm c‘.i\b\.«aﬂi\!‘ Aaild




QM\J c@\),d\ cQ\JLAS'A\Y\ 4

Cluster 3 — Neurotransmitter & Mitochondrial Dysfunction

Stage 10E — Final Passiflora Harmonization » 4 44l 43

Gl Hlaiayl 408

O Agalall e LAt Cada 5 3 SA) b Alexiunall AplisY) A dpalell < Lata¥) Al o34 iyl
Aongiall duad 8 il <l sl e W S8 o LESYI 5 (WSL e cdaildl) o3

iyl
AD

ADME

ADMET

BBB
CADD
ChEMBL
CNS
DNA
EC50
GABA
GBIF
GO
1C50
Ki

Kd
KEGG
MD

MM/GBSA
MM/PBSA

pChEMBL

POWO
QC
RMSD
RMSF
ROS
WFO

network
Ginkgo

Full term

Alzheimer’s Disease

Absorption, Distribution, Metabolism,
Excretion
Absorption, Distribution, Metabolism,

Excretion, Toxicity

Blood-Brain Barrier

Computer-Aided Drug Design

Chemical database of bioactive molecules
Central Nervous System
Deoxyribonucleic Acid

Half-maximal Effective Concentration
Gamma-Aminobutyric Acid

Global Biodiversity Information Facility
Gene Ontology

Half-maximal Inhibitory Concentration
Inhibition Constant

Dissociation Constant

Kyoto Encyclopedia of Genes and Genomes
Molecular Dynamics

Molecular Mechanics Generalized Born
Surface Area

Molecular Mechanics Poisson—Boltzmann
Surface Area

Negative logarithmic bioactivity value in
ChEMBL

Plants of the World Online

Quality Control

Root Mean Square Deviation

Root Mean Square Fluctuation

Reactive Oxygen Species

World Flora Online

Dl 3l (5

CIBY) DY) ¢ sl ¢ paliaial)

Lol ez Y1 cELY) ¢ 5l ¢ alisiial)

e leall (5 adll alall

o sualall dae Lusay ) gall apaustl

U s ddadinll LS Hdl il 3ac 18
S5 anll gad

S s (555 M (5550 pman
sl Llaiu¥) Caail Jladl 38 il
8 s el Lale (man

Al 5 paal g 5l il sl 50
il L o)l

6 sl Ala i) Gl Lnfiall 3
SISal) el

Slegiaadly Glaall 55 oS de gus 50

L el Sl

Ll Y Ak 0 44k
L ) Ak s 44 )l

ChEMBL (s 4y & 5lll (5 spal) Ll da

i iy e allall @il saels
33 gall avn

Lo gidl o _aall il ey

o il (50l il

e i) sy 1530
Y e Apalall |5

gl el dails

A G Ly dahall BllY) s lagdedls Gseidl gadl aaldl dE i
«Passiflora incarnata «guasl cleil¥l (b x Sl Jia @y sall Sl 2l 8 <pharmacology

Adiindl CADD 4la 55 <quercetin <biloba
[11 A. L. Hopkins, “Network pharmacology,” Nature Biotechnology, vol. 25, no. 10, pp. 1110-1111, 2007, doi:

44

10.1038/nbt1007-1110.



QM\J c@\‘}d\ c&bl.aaﬂi‘)’\ 4

[2] A. L. Hopkins, “Network pharmacology: the next paradigm in drug discovery,” Nature Chemical Biology, vol. 4, no. 11,
pp. 682-690, 2008, doi: 10.1038/nchembio.118.

[3] A.-L. Barabasi, N. Gulbahce, and J. Loscalzo, “Network medicine: a network-based ap proach to human disease,” Nature
Reviews Genetics, vol. 12, no. 1, pp. 56-68, 2011, doi: 10.1038/nrg2918.

[4] J. Gertsch, “Botanical drugs, synergy, and network pharmacology: forth and back to intelligent mixtures,” Planta M edica,
vol. 77, no. 11, pp. 1086-1098, 2011, doi: 10.1055/5-0030-1270904.

[5] S. Berger and R. Iyengar, “Network analyses in systems pharmacology,” Bioinformatics, vol. 25, no. 19, pp. 24662472,
2009, doi: 10.1093/bioinformatics/btp465.

[6] B. Zdrazil et al., “The ChEM BL Database in 2023: a drug discovery platformspanning multiple bioactivity data types and
time periods,” Nucleic Acids Research, vol. 52, no. D1, pp. D1180-D1192, 2024, doi: 10.1093/nar/gkad1004.

[7] The UniProt Consortium, “UniProt: the Universal Protein Knowledgebase in 2025,” Nucleic Acids Research, vol. 53, no.
D1, pp. D609-D617, 2025, doi: 10.1093/nar/gkae1010.

[8] D. Ochoa et al., “The next-generation Open Targets Platform: reimagined, redesigned, rebuilt,” Nucleic Acids Research,
vol. 51, no. D1, pp. D1353-D1359, 2023, doi: 10.1093/nar/gkac1046.

[9] S. Kim et al., “PubChem 2023 update,” Nucleic Acids Research, vol. 51, no. D1, pp. D1373-D1380, 2023, doi:
10.1093/nar/gkac956.

[10] D. Gfeller et al., “SwissTargetPrediction: a web server for target prediction of bioactive small molecules,” Nucleic Acids
Research, vol. 42, no. W1, pp. W32-W38, 2014, doi: 10.1093/nar/gku293.

[11] A. Daina, O. Michielin, and V. Zoete, “SwissSADME: a free web tool to evaluate pharmacokinetics, drug-likeness and
medicinal chemistry friendliness of small molecules,” Scientific Reports, vol. 7, Art. no. 42717, 2017, doi:
10.1038/srep42717.

[12] C. A. Lipinski, F. Lombardo, B. W. Dominy, and P. J. Feeney, “Experimental and computational approaches to estimate
solubility and permeability in drug discovery and development settings,” Advanced Drug Delivery Reviews, vol. 46, no. 1-3,
pp. 3-26, 2001, doi: 10.1016/S0169-409X(00)00129-0.

[13] O. Trott and A. J. Olson, “AutoDock Vina: improving the speed and accuracy of docking with a new scoring function,
efficient optimization, and multithreading,” Journal of Computational Chemistry, vol. 31, no. 2, pp. 455461, 2010, doi:
10.1002/jcc.21334.

[14] M. J. Abraham et al., “GROMACS: high performance molecular simulations through multi-level parallelism from
laptops to supercomputers,” SoftwareX, vol. 1-2, pp. 19-25, 2015, doi: 10.1016/j.s0ftx.2015.06.001.

[15] J. D. Durrant and J. A. M cCammon, “M olecular dynamics simulations and drug discovery,” BM C Biology, vol. 9, Art.
no. 71, 2011, doi: 10.1186/1741-7007-9-71.

[16] J. Nunnari and A. Suomalainen, “M itochondria: in sickness and in health,” Cell, vol. 148, no. 6, pp. 1145-1159, 2012,
doi: 10.1016/j.cell.2012.02.035.

[17] B. Halliwell, “Oxidative stress and neurodegeneration: where are we now?,” Journal of Neurochemistry, vol. 97, no. 6,
pp. 1634-1658, 2006, doi: 10.1111/j.1471-4159.2006.03907.X.

[18] H. Sies, “Oxidative stress: a concept in redox biology and medicine,” Redox Biology, vol. 4, pp. 180-183, 2015, doi:
10.1016/j.redox.2015.01.002.

[19] M. T. Heneka et al., “Neuroinflammation in Alzheimer’s disease,” The Lancet Neurology, vol. 14, no. 4, pp. 388—405,
2015, doi: 10.1016/S1474-4422(15)70016-5.

[20] P. H. Reddy and M. F. Beal, “Amyloid beta, mitochondrial dysfunction and synaptic damage: implications for cognitive
decline in aging and Alzheimer’s disease,” Trends in Molecular Medicine, vol. 14, no. 2, pp. 45-53, 2008, doi:
10.1016/j.molmed.2007.12.002.

[21] K. Janda et al., “Passiflora incarnata in neuropsy chiatric disorders: a systematic review,” Nutrients, vol. 12, no. 12, Art.
no. 3894, 2020, doi: 10.3390/nu12123894.

[22] S. M. Elsas et al., “Passiflora incarnata L. extracts elicit GABA currents in hippocampal neurons in vitro, and show
anxiogenic and anticonvulsant effects in vivo, varying with extraction method,” Phytomedicine, vol. 17, no. 12, pp. 940-949,
2010, doi: 10.1016/j.phy med.2010.03.002.

45



QM\J c@\‘}d\ c&bl.aaﬂi‘)’\ 4

[23] M. K. Harit et al., “Randomized, double-blind, placebo-controlled clinical study of Passiflora incarnata in participants
with stress and sleep problems,” Nutrients, vol. 16, no. 7, Art. no. 1054, 2024, doi: 10.3390/nu16071054.

[24] M. Ozarowski et al., “Extracts and flavonoids of Passiflora species as promising anti-inflammatory and antioxidant
substances,” Molecules, vol. 26, no. 2, Art. no. 321, 2021, doi: 10.3390/molecules26020321.

[25] G. H. Kim et al., “Improvement in neurogenesis and memory function by administration of Passiflora incarnata L.
extract applied to sleep disorder in rodent models,” Journal of Chemical Neuroanatomy, vol. 98, pp. 27-40, 2019, doi:
10.1016/j.jchemneu.2019.04.003.

[26] S. Weinmann, S. Roll, C. Schwarzbach, C. Vauth, and S. N. Willich, “Effects of Ginkgo biloba in dementia: systematic
review and meta-analysis,” BM C Geriatrics, vol. 10, Art. no. 14, 2010, doi: 10.1186/1471-2318-10-14.

[27] Y. Luo, “Alzheimer’s disease, the nematode Caenorhabditis elegans, and Ginkgo biloba leaf extract,” Life Sciences, vol.
78, no. 18, pp. 2066-2072, 2006, doi: 10.1016/j.Ifs.2005.12.004.

[28] F. Dajas, “Life or death: neuroprotective and anticancer effects of quercetin,” Journal of Ethnopharmacology, vol. 143,
no. 2, pp. 383-396, 2012, doi: 10.1016/j.jep.2012.07.005.

[29] S. Kumar and A. K. Pandey, “Chemistry and biological activities of flavonoids: an overview,” The Scientific World
Journal, vol. 2013, Art. no. 162750, 2013, doi: 10.1155/2013/162750.

[30] J. A. Ross and C. M. Kasum, “Dietary flavonoids: bioavailability, metabolic effects, and safety,” Annual Review of
Nutrition, vol. 22, pp. 19-34, 2002, doi: 10.1146/annurev.nutr.22.111401.144957.

[31] E. Nic Lughadha et al., “Counting counts: revised estimates of numbers of accepted species of flowering plants, seed
plants, vascular plants and land plants with a review of other recent estimates,” Phytotaxa, vol. 272, no. 1, pp. 82-88, 2016,
doi: 10.11646/phytotaxa.272.1.5.

[32] GBIF Secretariat, “GBIF Backbone Taxonomy,” Checklist dataset, Global Biodiversity Information Facility, 2023, doi:
10.15468/390mei.

calaaldl)

Appendix A. Summary of QC Reports

FIRGW] Caagll Gl 3l aal

) Gaal all g A gl o giuall el ) Sl cBrac ) masd

Stage 0 Y bl asd Ll
Stage 1 Ko gl e OV cclaldll cclaliingd) an J:;é:
Stage 1.5 Cauaiill (ppad dadaall e Cilia oW g dalall Ailia culidl) slagin
Stage 2 LS ) Jas priority tierss compound registry
Stage 3 ChEMBL resolution ChEMBL &l j2e pe LS jall 433Une
Stage 4 Bioactivity extraction gl Sl e ) Al
Stage 5 Bioactivity filtering il (g gaadl ol 3 4y ) MY J 58
Stage 6 Target-to-gene mapping Dias jsay M alall Jygas
Stage 7 Network integration Plant—Compound-Gene-Disease 4Sui ¢l
Stage 9B Coverage distribution Slipall 5 LS pall g caliball ddazil) cilia
Stage 10C Corrective QC <l sl ¢« non-plant entries <is
Stage 10D Taxonomic harmonization passionflower 4zl
Stage 10E Final Passiflora harmonization Aaaiadll ALl Al cuds

Appendix B. Stage 10E Final Correction Note

Al el ed ) Alayall 038 in a5l el il slaie] J Auiled st Ala ,eS Stage 10E 36 &
Al dasiad) dlgll daual) culii s Passiflora incarnata — das sl

passiflora_incarnat 1 — passiflora incarnata |

46



QM\J c@\‘}d\ cQ\JLAﬂ'AY\ 4

passionflower — passiflora_incarnata 1
rutin, hesperidin, bl Jgha e 48l e cVASY) @i ) Stage 10C e el &5 WS
red_onion_husk_extract, hangekobokuto.

sl Tl e

harmonization x <l 62

EARGN] 299

el 388

ual Y 15

gene coverage >50% <l cbilal) 17
disease coverage >60% <13 LS all 68
disease coverage =100% b LS ) 8

Appendix C. Final Harmonized Plant Table
Qo) Apaal JSY) @ i sall ) 32aeY) jlaial & Stage 10E 2xe calull dleil) Aaldl) Gald) 138 (i e
BSA Jalase) Ll

Hant Diseases Compounds Genes Disease cov. % Gene cov. % Integrated score
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valeriana_officinalis_| 1 47 228 6.667 58.763 0.349
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