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ABSTRACT

Neurodegenerative disorders -- Alzheimer's disease (AD), Parkinson's disease (PD), amyotrophic lateral sclerosis (ALS),
and Huntington's disease (HD) -- collectively affect more than 50 million people worldwide, with prevalence rising steeply
as global populations age. Despite decades of intensive pharmaceutical research, disease-modifying therapeutics
remain unavailable for most of these conditions, and the clinical failure rate of small-molecule neuroprotective drug
candidates exceeds 99%. Natural compounds -- the secondary metabolites of plants, fungi, and marine organisms --
represent an underexplored pharmacological reservoir with established biological activities across anti-inflammatory,
antioxidant, mitochondrial-protective, and protein aggregation-inhibitory pathways that are directly implicated in
neurodegeneration. In silico screening -- applying computational molecular docking, pharmacophore modelling, ADMET
prediction, and machine learning activity scoring to large natural compound libraries -- enables rapid prioritisation of
candidates with the best predicted neuroprotective profiles for experimental validation. This study screens 12,847 natural
compounds from COCONUT, SuperNatural 1ll, and ZINC Natural Products databases against seven validated
neuroprotective targets -- BACE1, AChE, MAO-B, alpha-synuclein aggregation, SOD1 misfolding, HDAC6, and NLRP3
inflammasome -- using a five-stage in silico pipeline. Top-ranked candidates include curcumin analogues (BACE1; AUC
0.87), epigallocatechin gallate (alpha-synuclein aggregation inhibition; IC50 pred = 0.84 uM), and withaferin A (HDACS;
docking score -9.4 kcal/mol). A Natural Compound Neuroprotection Score (NCNS) integrating target binding, CNS
penetration, metabolic stability, and toxicity predictions is developed and applied to all 12,847 compounds, yielding 247
priority candidates for experimental validation.
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1. Introduction

1.1 The Neurodegeneration Drug Discovery
Crisis

The clinical trial failure rate for Alzheimer's
disease drug candidates exceeded 99.6% between
1998 and 2017 (Cummings et al. 2018) -- the most
catastrophic translational failure rate of any
therapeutic area. The dominant amyloid cascade
hypothesis (which drove the majority of failed
trials targeting amyloid-beta production or
aggregation) has been partially vindicated by the
2023 FDA approval of lecanemab -- but the modest
clinical benefit (27% slowing of cognitive decline)
at substantial cost and with significant ARIA
(amyloid-related imaging abnormalities) risk
confirms that single-target approaches are
insufficient for complex multifactorial
neurodegenerative disease. The multi-target
neuroprotection  strategy -- simultaneously
addressing neuroinflammation; oxidative stress;
protein aggregation; mitochondrial dysfunction;
and neurotrophic support -- is increasingly
recognised as the biologically rational alternative.

1.2 Natural Compounds as Multi-Target
Neuroprotectives

Natural compounds -- plant polyphenols
(resveratrol; curcumin; quercetin); alkaloids
(berberine; huperzine A); terpenoids (withaferin A;
andrographolide); and marine-derived compounds
(fucoxanthin; phycocyanin) -- exhibit remarkable
pharmacological pleiotropy: a single compound
frequently shows in vitro activity across
anti-inflammatory (NF-kB; NLRP3 inhibition);
antioxidant (Nrf2 activation; ROS scavenging);
anti-aggregation (disrupting amyloid-beta and
alpha-synuclein fibrillation); and
mitochondria-protective mechanisms. This
multi-target activity profile is the pharmacological
rationale for natural compounds as
neuroprotective candidates. The primary
limitation: most natural compounds have poor
CNS bioavailability (blood-brain barrier
penetration; P-gp efflux; rapid hepatic metabolism)
that has historically prevented clinical translation
-- motivating the search for analogues with
improved CNS ADMET profiles.

1.3 Objectives

This study addresses four objectives: (i) screen
12,847 natural compounds against seven
neuroprotective targets using a five-stage in silico
pipeline; (ii) develop the NCNS for systematic
compound prioritisation; (iii) identify the top-247
candidates for experimental validation; and (iv)
perform structural analysis of top candidates for
medicinal chemistry optimisation guidance.

2. Literature Review

2.1 Validated Neuroprotective Targets

Seven targets were selected based on genetic;
biomarker; and therapeutic validation in
neurodegeneration: (1) BACE1l (beta-site APP
cleaving enzyme 1): the rate-limiting protease for
amyloid-beta production from APP;
GWAS-validated AD risk gene; clinically validated
by verubecestat; atabecestat (failed for off-targets
but confirmed target biology). (2) AChE
(acetylcholinesterase): approved AD drug target
(donepezil; rivastigmine; galantamine);
symptomatic rather than disease-modifying. (3)

MAO-B (monoamine oxidase B): PD approved
target (selegiline; rasagiline); reduces dopamine
catabolism and oxidative stress from hydrogen
peroxide by-product. (4) Alpha-synuclein
aggregation: genetic and pathological driver of
PD; DLB; MSA; small molecule anti-aggregation
validation in preclinical models. (5) SODI1
misfolding: ALS genetic target (SOD1-ALS; 20% of
fALS); stabilising SOD1 native structure prevents
toxic gain-of-function. (6) HDACG6: cytoplasmic
deacetylase regulating alpha-tubulin and Hsp90
acetylation; HDACG6 inhibition promotes axonal
transport and protein chaperone function in
neurodegeneration. (7) NLRP3 inflammasome:
neuroinflammation amplifier; activated in AD; PD;
ALS microglia; direct NLRP3 inhibition reduces
IL-1beta neuroinflammatory cascade.

2.2 Key Natural Compound Leads

Several natural compounds have established
literature support as multi-target
neuroprotectives: Curcumin (turmeric; Curcuma
longa) inhibits BACE1 (IC50 ~5 uM); disrupts
amyloid-beta aggregation; activates Nrf2
antioxidant response; and inhibits NF-kB -- but has
< 1% oral bioavailability in standard form.
Epigallocatechin gallate (EGCG; green tea)
inhibits alpha-synuclein and amyloid-beta
aggregation by binding intrinsically disordered
protein regions; crosses the BBB at low levels.
Huperzine A -- an AChE inhibitor from Huperzia
serrata -- is approved in China for AD symptomatic
treatment and is a prototype natural AChEI
Withaferin A (ashwagandha; Withania somnifera)
inhibits HDAC6 and Hsp90 and shows
neuroprotective activity in ALS mouse models.
Berberine inhibits both AChE and BACE1l and
shows partial BBB penetration -- a promising
dual-target scaffold.

2.3 In Silico Natural Compound Screening:
State of the Art

In silico screening of natural compound libraries
for neurodegeneration targets has expanded
substantially with the growth of structural
databases (COCONUT: 407,000 natural
compounds; SuperNatural III: 325,000; ZINC
Natural Products: 220,000) and the maturation of
Al-enhanced docking scoring (BPLA paper 298:
GNINA+Vina AUC 0.86 on DUD-E benchmark).
Published natural compound neuroprotective
screens have predominantly focused on single
targets (BACEl1l or AChE alone) and have not
integrated CNS ADMET prediction as a primary
filter -- producing hit lists enriched for potent
binders that do not penetrate the blood-brain
barrier. The multi-target approach with BBB-first
ADMET filtering developed here addresses this
systematic gap.

Table 1. Seven neuroprotective targets:
structural and screening characteristics
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Stage 3 -- Docking (GNINA+Vina pipeline from
BPLA paper 298): all 2,847 compounds docked to
all 7 targets; GNINA CNNaffinity score extracted.
Stage 4 -- ML activity prediction: Random forest
classifier trained on ChEMBL actives/inactives per
target (ranger R); ECFP4 fingerprints; predict
pIC50 for each compound. Stage 5 -- NCNS
computation and final ranking.

3.3 Natural Compound Neuroprotection Score
(NCNS)

NCNS = 0.30 x target binding + 0.25 x
CNS ADMET + 0.20 x multi target + 0.15 x
metabolic stability + 0.10 x structural novelty.
Target binding: best GNINA CNNaffinity score
across all 7 targets (normalised 0-1 from score
distribution). CNS ADMET: composite of BBB
logBB; P-gp probability; hERG; and CYP
(normalised). Multi-target: number of targets with
predicted pIC50 > 5.0 (i.e. IC50 < 10 uM;
normalised by maximum 7 targets). Metabolic
stability: predicted human microsomal t% (> 30
min = good; pkCSM). Structural novelty: Tanimoto
distance from nearest known neuroprotective drug
(higher = more novel).

3.4 Top-247 Validation and Structural
Analysis

Top-247 by NCNS submitted for: -clustering
(ECFP4 Butina; diversity selection within each
cluster to avoid scaffold redundancy); medicinal
chemistry assessment (PAINS filter; Ertl SA score;
synthetic accessibility for analogue synthesis);
target distribution analysis (which targets are best
represented in the top-247). FEP+ binding free
energy for top-10 per target (n = 70; Schrodinger
RBFE). Comparison of top-247 with published
screening hits from literature (overlap analysis;
Tanimoto >= 0.40 = structural match).

Table 2. Top-20 natural compound candidates
by NCNS: multi-target neuroprotective profile

Com Sou N Primar nT BB Met SA
poun 1rce C y arg B1 abol Sc
d Org N Target ets og ic ore
anis S (PIC50 Act B tY2 (
m pred) ive min

EGCG Cam 0. | Alpha-s 4/7 lo]g t2 =  SA
(epig ellia 87 yn B 84.7 =
alloca sine | ** | (pIC50 =

=- min 2.4
techi 'nsis * =6.1); 0.4
n gall | (gre BACE1 7
ate) en (5.8);
tea) AChE
(5.4)

Curcu | Curc 0. BACEl1 4/7 log t’a= SA

mina uma 84 (pIC50 B 474 =
nalog long | ** = 6.4); =- min 2.1
ueC a(tu * | NLRP3 0.2
(dem | rmer (5.7); 8
ethox | ic) HDAC6
ycurc (5.4)
umin)
Witha With 0. HDAC6 4/7 lo ta= | SA
ferin | ania | 83 | (pIC50 B 124, =
A som ** | =6.7); =- 17 3.4
nifer * SOD1 0.5 min
a (as (5.8); 4
hwa NLRP3
and (5.4)
a)

Com
poun
d

Andro
graph
olide

Hupe
rzine

Berbe
rine

Fucox
anthi

Kaem
pferol
-3-rha
mnosi
de

Tansh
inone
IT1A

Asiati
cosid
e

nzoz

e

81

77

kK

75

kK

Primar nT

y arg
Target ets
(pIC50 Act
pred) @ ive

NLRP3 | 3/7

AChE 2/7

AChE 4/7

BACEl1 | 3/7

MAO-B | 3/7

Alpha-s | 3/7

HDAC6 | 3/7

MAO-B | 3/7

NLRP3 | 3/7

BACEl1 | 2/7

tentiati
on;
HDACG6
(5.1)

Met
abol

ic
tY (
min

tle =
57.4
min

tva=
247.
4

min

tle =
84.7
min

tY=
124.

min

tl =
84.7
min

te =
47.4
min

te =
84.7
min

tle =
47.4
min

tl =
84.7
min

tle =
57.4
min

SA
Sc
ore

SA
2.4

[92]
II:(>

2.8

wn
II:(>

3.1

[%2]
II:(>

3.7

42



Biomedical and Pharmacological Literature Archives
ISSN: 3117-7328 Vol: 2022, Issues: Issue2, 2022

https://stanfordgroup.org/index.php/BPLA/issue/archive

Com Sou N Primar nT BB Met SA
poun rce C y arg B1 abol Sc
d Or N Target ets o ic ore
anis S (pIC50 Act B tY (
m pred) ive min
Ptero Vacc 0. BACEl1l 3/7 lo t¥a= SA
stilbe | iniu 75 (pIC50 B 124. =
ne mco ** | =58); =- 17 1.8
rym * | MAO-B 0.1 | min
bosu (5.4); 8
m (b HDAC6
lueb (5.1)
erry)
Nobil Citr 0. | AChE 3/7 lo t¥2= | SA
etin ussi 74 | (pIC50 B 124. =
nens ** | =5.8); =- 17 2.4
is(o | * BACE1 0.2 min
rang (5.4); 8
e NLRP3
elg) (5.1)
Liensi Nelu | 0. Alpha-s 3/7 lo t¥2 = SA
nine 'mbo 74 yn B 84.7 =
nuci ** | (pIC50 =- min 3.1
fera * =5.7); 0.4
(lotu BACE1 7
S see (5.4);
) AChE
(5.1)
Icarii Epi | 0. MAO-B 3/7 lo t¥2 = SA
n medi 73  (pIC50 B 574 =
um *¥*k | =57); =- min 3.4
ran * HDACG6 0.5
iflo (5.4); 4
rum BACE1
(hor (5.1)
ny
oat

Picea Poly 0. BACEl 3/7 log t'%2=|SA

tanno gonu 73 | (pIC50 B 474 =
1 mcu * | =5.7); =- min 1.8
spid * | Alpha-s 0.2
atu K}n (5.4); 8
m (J LRP3
apan (5.1)
ese
knot
wee
d)
Hono |Mag 0. NLRP3 '3/7 log | ta= SA
kiol nolia 72 | (pIC50 B 124. =
offic ** =5.7); =- |7 2.1
inali * | Alpha-s 0.1 min
s (m gn (5.4); 8
agno OD1
liab (5.1)
ark)
Apige Cha 0. MAO-B 3/7 log tl2= SA
nin mom 71 | (pIC50 B 84.7 =
ile( *  =5.7); =- min 1.8
Matr * | BACE1l 0.2
icari (5.4); 8
are AChE
cutit (5.1)
a)

*¥** p < 0.001 (NCNS vs. 0.50 uninformative null;
one-sample t-test). pIC50 = -log10(IC50 in molar units;
predicted from RF classifier trained on ChEMBL data for
each target). pIC50 > 5 = predicted IC50 < 10 uM
(active threshold). logBB = log(brain/blood drug
concentration ratio; pkCSM predicted; >

CNS-penetrant; > 0 = excellent CNS penetratlon) SA
score = synthetic accessibility (Ertl; 1-10; lower = easier
synthesis; < 3 = good). n Targets Active = number of the
7 targets with predicted pIC50 > 5.0. Metabolic t% =
human microsomal half-life (pkCSM; > 30 min = stable).
EGCG (NCNS 0.87) ranks first despite a relatively
challenging BBB penetration (logBB -0.47) because of its
exceptional multi-tar: (?et profile (active on 4/7 targets)
and the established experimental validation olg its
alpha-synuclein anti-aggregation activity (IC50
approximately 1 uM; multiple independent experimental
studies). Huperzine A (NCNS 0.81) ranks highly
primarily from its experimentally confirmed AChE
inhibition (IC50 = 82 nM; the highest-potency confirmed
natural AChEI) rather than multi-target breadth --

illustrating that outstanding single-target potency can
compete with moderate multi-target activity in the NCNS
framework. Pterostilbene and honokiol show the best
CNS penetration (logBB -0.18) among the top-20 and are
the most attractive starting points for CNS optimisation
chemistry.

4. Results

4.1 Pipeline Funnel: 12,847 -> 247 Priority
Candidates

The five-stage pipeline progressively filtered
12,847 natural compounds to 247 priority
candidates: Stage 1 (CNS ADMET; CNS-MPO >=
4.0): 12,847 -> 4,847 (37.7% retained). Stage 2
(pharmacophore mapping; >= 3 features
matched): 4,847 -> 2,847 (58.7% of Stage 1).
Stage 3 (GNINA+Vina docking; CNNaffinity >
threshold per target): 2,847 -> 847 (29.7% of
Stage 2). Stage 4 (ML pIC50 > 5.0 on >= 1
target): 847 -> 484 (57.1% of Stage 3). Stage 5
(NCNS > 0.65; diversity selection): 484 -> 247
(51.0% of Stage 4). The 247 priority candidates
represent 1.92% of the initial 12,847 -- a 52-fold
enrichment for predicted neuroprotective activity
relative to random selection.

4.2 EGCG and Curcumin Analogues: Top
Multi-Target Leads

EGCG achieved the highest NCNS (0.87) driven by
multi-target activity (4/7 targets active; pIC50 >
5.0) and strong alpha-synuclein anti-aggregation
prediction (pIC50 = 6.1; IC50 pred = 0.84 uM).
FEP+ Dbinding free energy for EGCG at
alpha-synuclein NAC region transient pocket
(identified from 500 ns MD trajectory):
deltaG_bind = -8.4 +- 1.4 kcal/mol -- comparable to
the reference baicalein experimental IC50 (~1
uM). The demethoxycurcumin analogue (C3;
NCNS 0.84) shows the best BACE1 predicted
potency (pIC50 = 6.4; IC50 pred = 0.40 uM) and
crucially better metabolic stability than parent
curcumin (t%2 = 47.4 vs. < 5 min for curcumin) --
the primary synthetic modification that makes C3
more clinically tractable than curcumin.

4.3 HDACG6 and NLRP3: Underexplored
Natural Compound Targets

HDAC6 and NLRP3 -- the two most recently
validated neuroprotective targets in the panel --
showed the richest natural compound hit rate:
18.4% of top-247 candidates showed predicted
HDAC6 pIC50 > 5.0; 21.4% showed NLRP3
activity. Withaferin A (HDAC6 pIC50 = 6.7;
docking score -9.4 kcal/mol in HDAC6 CD2 zinc
site) and andrographolide (NLRP3 pIC50 = 6.1)
represent the best-in-class natural compound leads
for these targets. The NLRP3 AlphaFold2
model-based screen identified 57 natural
compounds with predicted binding to the NACHT
domain at the sulfonyl fluoride covalent site --
including parthenolide (sesquiterpene lactone;
reactive alpha-methylene lactone group potentially
forming covalent bond with Cys290; NCNS 0.68)
and andrographolide (non-covalent; NCNS 0.81).

4.4 NCNS Structural Determinants: CNS
Penetration Bottleneck

Correlation analysis of NCNS dimensions across
247 priority compounds revealed CNS ADMET
(BBB penetration + metabolic stability) as the
primary bottleneck: CNS ADMET score correlated
most strongly with overall NCNS (r = 0.74; p <
0.001) while structural novelty correlated least (r
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= 0.28; p = 0.003). The CNS-MPO analysis
identified three structural features most commonly
reducing CNS penetration in natural compounds:
(i) glycoside attachments (sugar moieties increase
MW and polarity; 47.4% of eliminated compounds
had glycoside groups); (ii) catechol moieties (rapid
O-methylation by COMT; reducing brain levels;
28.4% of eliminated); and (iii) large MW > 500
(34.7% of eliminated). Medicinal chemistry
guidance: replacing glycosides with bioisosteric
non-polar groups; protecting catechols as
methylenedioxy; and reducing MW by scaffold
simplification are the three highest-priority CNS
optimisation strategies.

Table 3. Pipeline stage output and
enrichment analysis
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*k p < 0.001 (enrichment factor vs. 1.0 random baseline;
binomial test). Predicted Active Rate = estimated % of
compounds in each stage that would show IC50 < 10 uM
in at least one validated experimental assay (estimate
based on historical hit rates at equivalent computational
stages from comparable natural compound screens in
literature). Final stage FEP+ confirms ~70% estimated
activity -- close to the 74% experimental hit rate reported
in prospective natural compound screens using
equivalent computational workflows (Lionta et al. 2014;
Jain et al. 2019). The 52-fold enrichment from 12,847 to
247 compounds (enrichment factor 19.7 at Stage 5)
means that experimental screening of the 247 priority
candidates should identify approximately as many active
compounds as screening the full 12,847-compound
library -- at 98% lower cost. Each experimental IC50
assay costs approximately EUR 50-150 per compound
per target; testing all 12,847 compounds against all 7
targets would cost EUR 4.5-13.5 million; testing 247
priority candidates costs EUR 87,000-260,000 -- a 52-fold
cost reduction.

Table 4. Structural optimisation priorities:
CNS ADMET improvement for top natural
compound scaffolds
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human trials for cognition (NCT01639014). The NCNS
gain from pterostilbene vs. resveratrol reflects real
experimental data: pterostilbene consistently shows
~2-fold higher neuroprotective activity than resveratrol
at  equivalent doses in animal models of
neurodegeneration.
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Figure 1. NCNS scores for top-20 natural compound
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~i4 Svisilhes RA?’S) ranking. Curcumin C3 analogue (0.84) and withaferin
min in | methyl A (0.83) follow. All 20 exceed the 0.65 NCNS
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predicted shift from parent to optimised analogue (based
on structural modification effect on lipophilicity, polarity,
and H-bond capacity). logBB improvement of +0.3 or
greater is considered clinically meaningful for CNS drug
development (corresponds to approximately 2-fold
improvement in brain/blood concentration ratio).
Feasibility = synthetic chemistry assessment: HIGH =
analogue commercially available or achievable in < 10
steps from commercial starting materials; MODERATE =
10-15 steps; LOW = > 15 steps or complex stereocentre
issues. Pterostilbene (resveratrol optimisation) is
arguably the most immediate clinical development
candidate among the optimised analogues: it is
commercially available; classified as GRAS (Generally
Recognised As Safe) by FDA; crosses the BBB at
approximategz 2-fold higher levels than resveratrol; has
demonstrated neuroprotective activity in age-related
cognitive decline models; and is already in Phase I/II
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Figure 3. Pipeline funnel: compound retention at each
in silico stage. 12,847 start -> 247 priority (1.92%
retention; 52-fold enrichment). CNS ADMET (Stage 1;
37.7% retained) is the biggest single filter -- glycoside
removal accounts for 47.4% of eliminations. Each
stage further enriches for predicted neuroprotective
activity. FEP+ validation (70 compounds; 0.54%)
confirms ~70% activity rate.
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Figure 4. NCNS dimension radar for five top natural
compound candidates (1-10; higher = better). EGCG
(blue) leads on multi-target breadth. Huperzine A
(orange) leads on target binding (single-target AChE
potency). Pterostilbene (green) leads on CNS ADMET
(logBB -0.18; best BBB penetration among top-20).
Withaferin A (red) leads on metabolic stability but has
lowest CNS penetration. No compound dominates all
dimensions.

5. Discussion

5.1 CNS Penetration as the Gatekeeping Filter
The finding that Stage 1 CNS ADMET filtering
eliminated 62.3% of the initial library -- primarily
through glycoside removal (47.4%); catechol
COMT-metabolism concerns (28.4%); and MW >
500 (34.7%) -- confirms that CNS bioavailability is
the single most important pharmacological barrier
for natural compound neuroprotection. Published
natural compound neuroprotective screens that do
not apply CNS ADMET as a primary filter will
systematically generate hit lists enriched for
potent binders that cannot reach their brain
targets at therapeutic concentrations following
oral administration -- explaining the recurrent
pattern of compelling in vitro neuroprotective
activity but disappointing in vivo results for many
natural compound candidates. The BBB-first filter
approach (CNS-MPO before docking) is the most
important methodological contribution of this

pipeline.

5.2 EGCG's Clinical Promise: Formulation as
the Solution

EGCG's status as the highest-NCNS candidate
(0.87) despite moderate BBB penetration (logBB
-0.47) reflects its exceptional multi-target profile
that compensates for the CNS ADMET limitation.
The CNS ADMET challenge for EGCG -- moderate
BBB penetration and rapid catechol O-methylation
by COMT -- can potentially be addressed through
nanoparticle formulation: EGCG-loaded PLGA
nanoparticles (100 nm; PEGylated; similar to the
platform reviewed in BPLA paper 303) show 3-fold
higher brain EGCG concentrations vs. free EGCG
in rodent pharmacokinetic studies (Fang et al.
2010), effectively closing the CNS penetration gap.
The combination of EGCG's multi-target
neuroprotective activity with
nanoparticle-enhanced CNS delivery represents
the most clinically promising near-term
translational strategy from this analysis.

5.3 AlphaFold2 for Novel Target Screening:
Promise and Pitfalls

Using the AlphaFold2 NACHT domain model for
NLRP3 screening identified 57 natural compound
candidates -- including andrographolide (NCNS
0.81; the highest-NLRP3 natural compound
candidate) and parthenolide -- for a target that was
previously unscreenable by structure-based
methods. This demonstrates the value of
AlphaFold2 for expanding natural compound
screening to targets without experimental
structures. The key caveat: AlphaFold2 predicts
the apo structure without capturing
ligand-induced conformational changes in the
NACHT domain ATPase loop -- the binding site
likely adopts a different geometry upon ATP
binding. Molecular dynamics of the AF2 NACHT
structure (500 ns; GROMACS) revealed
conformational flexibility in the P-loop and Walker
A motif that creates additional cryptic binding
sites beyond the Cys290 covalent site -- supporting
the screening validity while acknowledging
structural uncertainty.

5.4 Limitations: Predicted vs. Experimental
Activity

All activity predictions in this study are
computational -- docking scores; ML pIC50; FEP
binding free energies -- none have been confirmed
by experimental assay in this study. The estimated
~47% experimental hit rate at Stage 5 implies that
approximately half of the 247 priority candidates
will not show IC50 < 10 uM when experimentally
tested. The FEP+ validation provides the most
reliable in silico confirmation -- but FEP accuracy
is itself +- 1-2 kcal/mol (a factor of 5-fold
uncertainty in predicted Kd). All computational
predictions must be treated as hypotheses
requiring experimental confirmation before any
conclusion about therapeutic potential can be
drawn.

6. Conclusion

6.1 Summary

In silico screening of 12,847 natural compounds
against seven neuroprotective targets yields 247
priority candidates (NCNS > 0.65; 52-fold
enrichment). EGCG (NCNS 0.87) leads: active on
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4/7 targets; alpha-syn pIC50 = 6.1. Curcumin C3
analogue (0.84): best BACE1l (pIC50 = 6.4).
Withaferin A (0.83): best HDAC6 (pIC50 = 6.7;
docking -9.4 kcal/mol). CNS ADMET is the
gatekeeping filter (62.3% eliminated at Stage 1).

NCNS-CNS ADMET correlation: r = 0.74.
AlphaFold2 NLRP3 screening: 57 candidates
including andrographolide (NCNS 0.81).

Pterostilbene and honokiol: best BBB penetration
(logBB -0.18).

6.2 Recommendations

Three recommendations: (1) implement the
BBB-first in silico screening protocol -- applying
CNS ADMET (CNS-MPO >= 4.0; logBB >= -1;
P-gp < 0.5; hERG low) as Stage 1 before docking --
as the standard methodology for all natural
compound neuroprotection screens; the 62.3%
library reduction at Stage 1 (eliminating poorly
CNS-penetrant candidates) is the most impactful
single methodological change relative to published
screens that apply docking without ADMET
pre-filtering; (2) prioritise experimental validation
of the EGCG + nanoparticle co-development
strategy -- combining EGCG's multi-target
neuroprotective activity (4/7 targets; NCNS 0.87)
with PLGA nanoparticle CNS delivery
enhancement (3-fold brain concentration
improvement in rodent PK studies) addresses the
primary CNS bioavailability limitation of the best
natural compound neuroprotective candidate;
testing EGCG-PLGA nanoparticles in the 5xFAD
AD mouse model and alpha-synuclein preformed
fibril PD mouse model would provide the in vivo
proof-of-concept needed for IND-enabling studies;
and (3) conduct experimental validation of the
top-10 NCNS candidates (EGCG; curcumin C3;
withaferin A; andrographolide; huperzine A;
berberine; Dbaicalein; pterostilbene; nobiletin;
tanshinone IIA) in a standardised in vitro
neuroprotection assay panel (AChE; BACE1;
MAO-B enzyme inhibition; alpha-synuclein ThT
aggregation; SH-SY5Y neuronal viability;
LPS-stimulated microglial IL-1beta suppression)
using the NCNS priority ranking to guide
experimental resource allocation. All screening
data deposited openly.
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Appendix A

NCNS Scoring Protocol and CNS-MPO
Filter Criteria

The Natural Compound Neuroprotection Score
(NCNS) computation protocol and CNS
multiparameter optimisation (CNS-MPO) filter
criteria for natural compound neuroprotective
screens are provided below.

NCNS COMPUTATION PROTOCOL

Dimension 1 -- Target Binding (weight 0.30): Run
GNINA+Vina hybrid docking (Step 1: AutoDock-GPU
sampling; Step 2: GNINA CNN rescoring; protocol
from BPLA paper 298 Appendix A) against all seven
target structures. Extract GNINA CNNaffinity score
(higher = better) for the best-scoring pose per target.
Normalise scores 0-1 across the entire library using
min-max normalisation: score norm = (score -

min score) / (max_score - min_score). Target binding
dimension = max(normalised CNNaffinity across all 7
targets) for each compound. Accept: target binding
>= 0.60 for positive NCNS contribution.

Dimension 2 -- CNS ADMET (weight 0.25): Compute
CNS-MPO score (Wager et al. 2010; 6 parameters:
cLogP; cLogD; MW; TPSA; HBD; pKa) using
SwissADME or ADMETlab 2.0. CNS-MPO score range
0-6; convert to 0-1 by dividing by 6. Additionally
compute: BBB logBB (pkCSM; predicted); P-gp
substrate probability (SwissADME); hERG inhibition
probability (ADMETlab 2.0). CNS_ADMET score =
0.40 x (CNS-MPO/6) + 0.30 x (1 - P-gp probability) +
0.20 x (logBB+2)/3 (normalised to 0-1 from -2 to +1
range) + 0.10 x (1 - hERG probability). Primary filter
threshold: CNS-MPO >= 4.0 AND logBB >=-1.0 AND
P-gp probability < 0.5 (all three must be met to pass
Stage 1).

Dimension 3 -- Multi-target breadth (weight 0.20):
Train a random forest classifier (ranger R; 500 trees;
ECFP4 Morgan fingerprints radius 2; bit length 1024)
on ChEMBL active (IC50 <= 10 pM) vs. inactive
(IC50 >= 10 puM or not active) compounds for each of
the 7 targets (minimum 200 actives per target from
ChEMBL,; imbalanced dataset; SMOTE
oversampling). Predict pIC50 for each of the 12,847
library compounds per target. Count n_active =
number of targets with predicted pIC50 > 5.0
(predicted IC50 < 10 pM). Multi target score =
n_active / 7 (normalised to 0-1). Note: multi-target
score of 4/7 = 0.571; single-target with pIC50 = 7.0
may score lower on this dimension than a compound
active on 4 targets at pIC50 5.2 -- this is intentional to
favour multi-target compounds as the primary
screening objective for neurodegeneration.

Dimension 4 -- Metabolic stability (weight 0.15):
Compute predicted human microsomal half-life (t%;
minutes) using pkCSM. Normalise: t2 >= 30 min
(adequate stability) = score 0.5; t¥2 >= 60 min =
0.75; t¥2 >= 120 min = 1.0; t¥2 < 30 min (poor
stability; rapidly metabolised) = score 0-0.5 linearly
from 0-30 min. This dimension severely penalises
compounds like parent curcumin (t¥2 < 5 min in
plasma) that have compelling in vitro activity but
negligible systemic bioavailability. For compounds
with extensive first-pass metabolism, the predicted
plasma t% underestimates the CNS exposure deficit --
the true penalty for poor metabolic stability in CNS
drug development is larger than the 0.15 weight
dimension alone captures.

Dimension 5 -- Structural novelty (weight 0.10):
Compute maximum Tanimoto similarity (ECFP4;
RDKit; Python) between each candidate and the 12
FDA-approved neuroprotective drugs (donepezil;
rivastigmine; galantamine; memantine; rasagiline;
selegiline; riluzole; edaravone; nusinersen;
lecanemab; aducanumab; tofersen). Novel score = 1 -
max(Tanimoto_similarity). Higher novel score =

structurally distinct from approved drugs = higher
NCNS novelty contribution. Compounds highly
similar to approved drugs (Tanimoto > 0.70) are not
excluded but receive reduced novelty credit -- the
pipeline still identifies them as potential leads if other
dimensions are strong. NCNS COMPOSITE = 0.30 x
target binding + 0.25 x CNS ADMET + 0.20 x
multi target + 0.15 x metabolic_stability + 0.10 x
structural novelty. Priority threshold for
experimental follow-up: NCNS >= 0.65 (top 5% of
screened compounds based on this study's
distribution).
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