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Abstract
Approved Alzheimer’s disease therapies fail to address the two drivers of cognitive decline: loss of
BDNF-TrkB signalling and accumulation of hyperphosphorylated tau protein. We designed and evaluated
an intranasal poly(lactic-co-glycolic acid) (PLGA) nanoparticle co-loading two small molecules − 7,8-
Dihydroxyflavone, a TrkB agonist, and EF24, a curcumin analog that binds to tau. The design was
evaluated across molecular docking, molecular dynamics, ADMET prediction, pharmacokinetic
simulation, and nanoparticle synthesis and characterisation. Among four compounds tested, 7,8-
Dihydroxyflavone showed the strongest predicted TrkB binding (ΔG = -9.079 kcal mol⁻¹), exceeding
donepezil and memantine, while EF24 showed the strongest predicted tau binding (-5.068 kcal mol⁻¹)
and comparable GSK-3β affinity to other compounds. Over 20 ns molecular dynamics simulations, both
candidates remained stably bound to their targets (ligand RMSD ≤ 3.1 Å), whereas both approved drugs
dissociated. Both compounds were predicted to be blood-brain-barrier permeant and drug-like, with
predicted median lethal doses exceeding those of the approved comparators. Intranasal delivery
increased predicted brain exposure over oral administration across all pharmacokinetic metrics.
Nanoparticles synthesised across three batches were consistent in size, dispersity and surface charge,
falling within published specifications for intranasal delivery (152 nm; polydispersity 0.21; zeta potential 
− 26 mV). These findings identify this approach as a mechanistically grounded candidate warranting
further in-vitro and in-vivo validation.

Introduction
Currently, Alzheimer’s disease (AD) affects over 55 million people worldwide, a number expected to
exceed 139 million by 2050 [1]. According to the World Health Organization, AD is the most common
cause of dementia and the seventh leading cause of death worldwide [2]. Current approved treatments
for AD do not change the overall trajectory of the disease [3]. Cholinesterase inhibitors (donepezil,
rivastigmine, and galantamine) raise acetylcholine transiently and offer modest, temporary cognitive
improvements that last roughly a year [3, 4]; memantine regulates excitotoxic calcium entry within NMDA
receptors, with similar limited effect4. Anti-amyloid antibodies (lecanemab and donanemab) slow decline
in early stages of AD but require intravenous infusion, repeated MRI surveillance for amyloid-relating
imaging abnormalities (ARIA), and careful patient selection [5–7]. No current treatments act on the two
key mechanisms driving neurodegeneration in AD: the loss of BDNF-TrkB signalling and the aggregation
of toxic tau protein [8]. BDNF supports neurons and synapses by binding TrkB and activating the PI3K-
Akt, MAPK/ERK and PLC-γ pathways. In AD, this signalling is weakened in various ways. Amyloid-β
disrupts calcium signalling in neurons, blocking the transcription factor CREB and shutting down BDNF
production [10]. Tau tangles disrupt microtubules, blocking the transport of BDNF to synapses [11].
Amyloid also triggers epigenetic changes that silence the BDNF gene [10]. As BDNF signalling declines,
synapses weaken and neurons become more vulnerable to damage [12, 13]. Tau breaks down through a
similar process. The same calcium disruption that suppresses BDNF activates kinases that
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hyperphosphorylate tau (GSK-3β, CaMKII and CDK5), causing it to detach from microtubules and
aggregate into clumps [11]. This impairs neuronal transport and allows tau to spread between cells.

Additionally, the delivery of therapeutics to the brain is impeded by the blood brain barrier, blocking
roughly 98% of small molecules administered systemically [14]. However, nasal administration bypasses
this barrier, carrying the drug along the olfactory and trigeminal nerves directly into the central nervous
system. Furthermore, encapsulation within PLGA nanoparticles protects against nasal enzymes and
allows for both tunable uptake and controlled release within the brain [15].

Two molecules are plausible candidates for both criteria - with suitability for intranasal delivery and
reported activity at AD protein targets. 7,8-Dihydroxyflavone is a synthetic flavone that acts as a TrkB
agonist, reproducing much of BDNF’s downstream signalling in cell and animal models [16, 17]. EF24, a
curcumin analogue with superior bioavailability than curcumin [18], has been proposed to interfere with
tau aggregation and GSK-3β activity, though less established in literature than 7,8-Dihydroxyflavone.

Here we present a systematic, multi-stage evaluation of a dual-action intranasal PLGA nanoparticle co-
loading 7,8-Dihydroxyflavone and EF24. Both candidates and two approved therapeutics were docked
against TrkB, tau and GSK-3β; 20 ns molecular dynamics simulations were run on all twelve complexes;
ADMET properties were predicted; pharmacokinetics of oral and intranasal delivery were simulated; and
the co-loaded particle was synthesized and characterised. Across these five in-silico and in-vitro
experiments, 7,8-Dihydroxyflavone and EF24 were predicted to engage their targets more strongly than
the approved comparators and to carry a more favourable predicted toxicity profile, intranasal delivery
was predicted to increase brain exposure substantially, and the formulation fell within published
specifications for nanoparticle size, uniformity and surface charge.

Results
7,8-Dihydroxyflavone and EF24 bind to their intended targets more strongly than approved drugs

7,8-Dihydroxyflavone, EF24, donepezil and memantine were docked against TrkB, tau, and GSK-3β in
SwissDock using the AutoDock Vina scoring function, with three docking runs per pair [19,20]. Mean
binding free energies are given in Fig. 1 and Table 1.

Table 1. Molecular docking ΔG values (kcal mol⁻¹) for all compound–protein pairs.

Compound TrkB receptor ΔG Tau protein ΔG GSK-3β ΔG

7,8-Dihydroxyflavone −9.079 −4.681 −7.345

EF24 −7.920 −5.068 −7.796

Donepezil −7.796 −4.617 −7.794

Memantine −6.036 −3.519 −6.914
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ΔG, predicted free energy of binding; more negative values indicate stronger predicted affinity. Values are
the mean of three docking runs per pair. Differences below ~1 kcal mol⁻¹ are within the scoring
function’s uncertainty.

7,8-Dihydroxyflavone showed the strongest predicted binding to TrkB of the four compounds, at -9.079
kcal mol⁻¹, 1.3 kcal mol⁻¹ ahead of donepezil and 3.0 kcal mol⁻¹ ahead of memantine, a margin that
exceeds the approximately 1 kcal mol⁻¹ uncertainty of this scoring method. EF24 showed the strongest
predicted tau binding of the four compounds (−5.068 kcal mol⁻¹). At GSK-3β, EF24, donepezil and 7,8-
Dihydroxyflavone fell within 0.5 kcal mol⁻¹ of one another, a margin below the scoring function's
resolution; these three should be considered comparable rather than differentiable at this target.
Memantine was the weakest binder across all three targets, which is consistent with its NMDA receptor
pharmacology. Docking evaluates a single static pose, and therefore, subsequent to the completion of
molecular docking experiments, dynamics simulations were conducted. 

Both candidate compounds remain stably bound in molecular dynamics simulations whereas approved
drugs dissociate 

20 ns of molecular dynamics were run on all twelve protein–ligand complexes in GROMACS, prepared in
CHARMM-GUI with the CHARMM36m force field, TIP3P water and 0.15 M KCl. Stability was quantified by
ligand RMSD, protein backbone RMSD and mean hydrogen-bond count (Fig. 2; full per-complex values for
all twelve pairs are provided in Table S1).

The folded targets remained structurally intact throughout the simulations, with TrkB and GSK-3β
backbone RMSD stabilizing within 2.0–2.4 Å. Tau's higher backbone RMSD (3.0-3.8 Å) reflects its
intrinsically disordered nature rather than trajectory instability, consistent with the absence of a defined
native fold for this protein (Fig. 2a). 7,8-Dihydroxyflavone remained stably bound within the TrkB pocket
throughout the trajectory (ligand RMSD 2.2 Å) and exhibited the highest mean hydrogen-bond count of
all complexes examined (3.2), with a well-anchored binding pose (Fig. 2b,c). EF24 also maintained stable
engagement at both of its targets, tau (RMSD 2.6 Å) and GSK-3β (RMSD 3.1 Å), remaining within the
respective binding pockets for the duration of the simulation. The FDA-approved comparators did not
sustain stable complexes: donepezil sat at the 3.8 Å threshold of trajectory stability at TrkB and
dissociated from tau (4.6 Å) and GSK-3β (4.8 Å), while memantine dissociated from all three targets
(RMSD range 4.2–5.8 Å). Notably, donepezil's docking score was competitive with that of investigational
compounds. Its trajectory was not stable - underscoring that a favorable static pose is not sufficient
evidence of a stable complex, and that temporal stability can only be resolved through molecular
dynamics. As these represent three 20-ns trajectories per complex, they are best interpreted as
distinguishing stable from unstable binding modes rather than resolving fine-grained affinity differences
among the stable complexes.

Predicted ADMET profiles favour the candidate compounds
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SwissADME and admetSAR 2.0 predicted all four compounds to be blood brain barrier permeant and
have high drug-likeness scores (Table 2; full predicted physicochemical and toxicity profiles are given in
Table S2) [21,22]. 

Table 2. Predicted ADME and toxicity summary for all tested compounds.

Compound LogP LD50
(mg
kg⁻¹)

Ames Key notes

7,8-
Dihydroxyflavone

2.35 2,200 Negative BBB-permeant; drug-like; predicted oral
cardiac/hepatic signals reduced by
nanoparticle encapsulation

EF24 3.87 2,000 Positive
(mild)

BBB-permeant; drug-like; predicted ocular
irritation less relevant in encapsulated form

Donepezil 4.00 45 Positive High lipophilicity; lowest predicted LD50 of
the four

Memantine 2.85 370 Negative Skin, lung and ocular toxicity predicted at
repeated doses

LogP, consensus lipophilicity (SwissADME); LD50, predicted rat oral median lethal dose (admetSAR 2.0).
All values are computational predictions, not measured data.

7,8-Dihydroxyflavone was predicted to have appropriate lipophilicity for the CNS (LogP 2.35) and
returned a negative Ames prediction. EF24 was predicted to be more lipophilic (LogP 3.87) and returned
a weakly positive Ames prediction. These are predicted rather than measured values, no experimental
toxicology was performed, and whether encapsulation alters them was not tested in this study. Acute-
toxicity predictions for candidates differed drastically from donepezil, whose predicted rat oral LD50 (45
mg kg⁻¹) was 44- to 49-fold lower than those of 7,8-Dihydroxyflavone (2,200 mg kg⁻¹) and EF24 (2,000
mg kg⁻¹). 

Intranasal delivery increases predicted brain exposure

Oral and intranasal delivery simulations were conducted of both compounds in PK-Sim across a 100-
individual virtual adult population parameterised to Canadian demographics, at a 50 mg dose over 24 h
(Fig. 3, Table 3). 

Table 3. Simulated pharmacokinetics for oral versus intranasal delivery of 7,8-Dihydroxyflavone and
EF24.
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Compound and route Cmax (µmol L⁻¹) Tmax (h) AUC (µmol·min L⁻¹)

7,8-Dihydroxyflavone — Oral 0.18 2.75 182.04

7,8-Dihydroxyflavone — Intranasal 115.63 0.05 28,288.58

EF24 — Oral 0.00765 2.75 6.74

EF24 — Intranasal 8.53 0.05 662.12

Cmax, peak brain concentration; Tmax, time to peak; AUC, 24-hour brain area under the curve. Means of
three simulation runs. Absolute magnitudes depend on estimated parameters; the intranasal-over-oral
direction is the reliable result.

Intranasal delivery increased brain exposure for both compounds across every metric. Peak brain
concentration and 24-h brain AUC rose substantially, and predicted time to peak fell from 2.75 h to 0.05
h. In the model, the increases spanned two to three orders of magnitude - Cmax rose 642-fold for 7,8-
Dihydroxyflavone and 1115-fold for EF24. Because predicted improvements were based on absorption
and plasma protein binding values from published literature rather than direct measurements for these
compounds, exact numerical values were treated with caution. Rather, the key identified finding was the
consistent advantage of intranasal delivery as opposed to oral, which was observed for both compounds
across all three evaluation metrics. This outcome is biologically plausible because intranasal
administration allows drugs to reach the brain through the olfactory pathway, bypassing both hepatic
first-pass metabolism and the blood–brain barrier, thereby improving brain delivery.

The co-loaded nanoparticle is reproducible and meets olfactory-delivery specifications

Three independent batches of PLGA nanoparticles co-loading 7,8-Dihydroxyflavone and EF24, prepared
by oil-in-water emulsion with solvent evaporation, were characterised by dynamic and electrophoretic
light scattering on a Malvern Zetasizer Nano ZS (Table 4, Fig. 4; optical micrograph of synthesised
nanoparticle is provided in Figure S1).

Table 4. Physical characterisation of PLGA nanoparticle batches co-loading 7,8-Dihydroxyflavone and
EF24.

Batch Z-average diameter (nm) PDI Zeta potential (mV)

1 154 0.21 −26

2 148 0.19 −25

3 155 0.21 −27

Mean ± SD 152 ± 4 0.21 ± 0.02 −26 ± 1
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PDI, polydispersity index (cumulant fit). Zeta potential measured in isotonic saline pH 6.5. Mean ± SD
across n = 3 independently prepared batches.

All three batches fell within published specifications for intranasal olfactory delivery and were closely
comparable. They had a mean diameter 152 ± 4 nm, within the 100–200 nm window for olfactory-neuron
uptake without rapid clearance15; polydispersity 0.21 ± 0.02, below the 0.3 monodispersity threshold; and
zeta potential −26 ± 1 mV, beyond the ±20 mV colloidal-stability threshold. Such consistency is
consistent with a reproducible preparation, although reproducibility beyond three batches, one operator
and one instrument was not assessed. 

Discussion
To our knowledge, this is the first report of a paper combining EF24 and 7,8-Dihydroxyflavone in a single
PLGA nanoparticle. The combination is directed at two mechanisms implicated in AD progression, the
loss of BDNF-TrkB signalling and the aggregation of tau, rather than at the cholinergic and glutamatergic
symptoms addressed by current therapy. Across the five analyses reported here, both compounds were
predicted to bind their intended targets more strongly than donepezil and memantine, held those poses
in simulation where the approved comparators did not, returned favourable predicted ADMET profiles,
and were formulated into a nanoparticle preparation consistent across three independent batches. The
result is a mechanistically coherent and physically preparable candidate.

The strongest and most mechanistically interpretable result is 7,8-Dihydroxyflavone’s binding affinity to
TrkB. Its docking preference, dynamic stability and dense hydrogen-bond network together describe a
well-anchored agonist interaction. Such an interaction would be a prerequisite for sustaining the PI3K–
Akt and MAPK/ERK signalling that BDNF drives, although no signalling was measured in this study [9,
16]. EF24’s predicted engagement of tau and GSK-3β is consistent with an anti-tau mechanism. EF24
acts on both the aggregation interface and the kinase that hyperphosphorylates tau. However, we
interpret these results more conservatively than TrkB. Tau is intrinsically disordered, therefore docking
and short simulations model it imperfectly, and EF24’s anti-tau activity is less established in the literature
than 7,8-Dihydroxyflavone’s TrkB agonism [18]. It is therefore in need of direct experimental confirmation.

The difference between docking and dynamics for the approved drugs is important to consider.
Donepezil achieved a strong TrkB docking score yet failed to hold its pose over 20 ns, demonstrating
how a combination of static and dynamic docking helps determine a stable interaction [23]. Combining
the two methods and considering only complexes that performed well in both provided a more reliable
filter and supported the strength of 7,8-Dihydroxyflavone–TrkB and EF24–tau/GSK-3β interactions.

The pharmacokinetic simulations consistently favoured intranasal over oral delivery for peak brain
concentration. This is in agreement with the established advantage of olfactory transport for CNS-active
compounds in literature [15]. The absolute changes in concentration through delivery methods are large
and are best read as estimates, since they depend on absorption and protein-binding parameters
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established from the literature rather than measured for these compounds. However, the reliable
conclusion is the consistent direction and effect, seen across both compounds and all three metrics.

The nanoparticle results indicate that the two-drug particle can be prepared to specification and was
reproducible across three independent batches. Encapsulation efficiency, drug loading and release
kinetics were not measured in-vitro and are future experimental priorities.

This work prepared nanoparticles loaded with 7,8-dihydroxyflavone and EF24 and used in silico
modelling to generate predictions about them. Several limitations are therefore present regarding how
far these results can be taken. The binding, safety and pharmacokinetic results are computational
modelling results, generated using tools known for modelling pharmaceutical drug development but
cannot be regarded with the same assurance as in vitro or in vivo biological results because there may
be various other factors at play which could cause results to be significantly different. The molecular
dynamics comprised three 20 ns runs per complex. Trajectories of this length can separate stable from
unstable binding modes but cannot resolve fine differences in affinity, and a 20 ns window samples only
a small fraction of the conformational space a ligand explores in vivo. The ADMET and pharmacokinetic
values are model predictions rather than measurements: SwissADME and admetSAR 2.0 are trained
largely on orally administered small molecules, and their estimates of blood-brain-barrier penetration and
clearance carry substantial and largely uncharacterised error when extrapolated to an intranasal route.
The PK-Sim profiles inherit that uncertainty, since the absorption parameters were themselves predicted
rather than fitted to measured plasma or brain concentrations. Encapsulation efficiency, drug loading
and release kinetics were not measured, so the characterisation data describe the particles themselves
and say nothing about how much of either compound they carry or how it is released; until those values
are determined the preparation cannot be described as a delivery system for these compounds. The
study contains no biological validation of any kind. TrkB activation, signalling, and tau-aggregation
inhibition remain to be demonstrated in cellular and animal systems.

These limitations highlight important future steps. Future work should be aimed to quantify nanoparticle
encapsulation, loading and release; and to confirm 7,8-Dihydroxyflavone-driven TrkB phosphorylation and
downstream signalling in SH-SY5Y cells and hippocampal neurons. Success through these stages would
further justify nose-to-brain pharmacokinetics and efficacy.

Beyond molecular targets, this approach addresses a practical barrier to disease-modifying AD
treatment. A self-administered intranasal small-molecule particle would overcome the infusion, imaging
and monitoring limitations that current anti-amyloid antibodies require [6, 7] and would be expected to
cost substantially less to produce than antibody therapies, although a thorough cost analysis was not
carried out in this study. These advantages matter most where dementia’s burden is heaviest, in lower-
income and rural populations across the globe.

This work combines two AD target matched compounds, a delivery route suited to brain exposure, as
well as a preparable formulation into a testable therapeutic hypothesis. The computational and
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physicochemical evidence presented are sufficient to justify biological validation, but supporting the
claim of therapeutic effect requires further in vitro and in vivo testing.

Methods

Molecular docking
Structures for the TrkB receptor (PDB 4ASZ), tau protein (PDB 6GX5) and GSK-3β (PDB 1Q4L) were
obtained from the RCSB Protein Data Bank and prepared in UCSF ChimeraX (v1.6) [24] by removing
crystallographic solvent and adding hydrogen molecules. This was exported in PDB format. Three-
dimensional conformers for 7,8-Dihydroxyflavone (PubChem CID 1880), EF24 (CID 66571561), donepezil
(CID 3152) and memantine (CID 4054) were downloaded from PubChem, hydrogen molecules were
added in UCSF ChimeraX and the result was exported in a Mol2 format. Static docking was run on
SwissDock [19] using AutoDock Vina [20] with default parameters sampling the full protein surface. All
twelve of the protein-ligand pairs were docked three times; reported ΔG are mean values. Docked
complexes were inspected through UCSF ChimeraX to evaluate feasibility.

Molecular dynamics simulation
The twelve docked complexes were prepared in CHARMM-GUI Solution Builder [25], solvated in
rectangular TIP3P water boxes with 10 Å padding and 0.15 M KCl, and defined with the CHARMM36m
force field. Simulations ran in GROMACS (v2022) [26] with GPU acceleration: energy minimisation, NVT
equilibration at 300 K for 100 ps, NPT equilibration at 1 bar for 100 ps, and a 20 ns production run.
Protein backbone and ligand RMSD were recorded with ‘gmx rms’ and mean hydrogen-bond counts with
‘gmx hbond’ over the simulation. Each pair was simulated three times.

ADME and toxicity prediction
Ligand SMILES codes were obtained from PubChem. Blood-brain-barrier permeability, consensus LogP,
aqueous solubility and drug-likeness were predicted using SwissADME [21]; Ames mutagenicity, rat oral
LD50, and an overall toxicity screening with admetSAR 2.0 [22]. Each compound was submitted three
times to each tool to ensure accuracy.

Pharmacokinetic simulation
Oral and intranasal administration was simulated using PK-Sim (Open Systems Pharmacology Suite v11)
with SwissADME-derived parameters. 7,8-Dihydroxyflavone was assigned a molecular weight of 254.24 g
mol⁻¹, plasma protein binding of 80% and a 0.5 h half-life estimated from flavonoid literature; EF24 was
assigned plasma protein binding of 90% and a 0.8 h half-life. A 100-individual virtual adult population
was generated using age and sex distributions approximating Statistics Canada 2021 census data. Both
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routes were simulated at a 50 mg dose over 24 h. Cmax, Tmax and 24 hour brain AUC were recorded
from the output, with three runs per compound route combination.

PLGA nanoparticle synthesis
Nanoparticles containing both 7,8-Dihydroxyflavone and EF24 were synthesized through an oil-in-water
emulsion–solvent evaporation method across three independent batches. For each batch, polyvinyl
alcohol (PVA; Sigma-Aldrich 363138) was dissolved in Milli-Q water (10 mL; 1.0% w/v) at roughly 80–
90°C and filtered through 0.22 µm. Next, PLGA (10 mg; Sigma-Aldrich) was dissolved in dichloromethane
(0.2 mL) by vortexing the solution at 2,500 RPM for 3 minutes, and 7,8-Dihydroxyflavone (0.3 mg) (CAS:
38183-03-8) and EF24 (0.3 mg) (CAS: 342808-40-6) added and dissolved in the solution. The organic
phase was added dropwise to the PVA phase under magnetic stirring at 900 rpm in a fume hood with
directed airflow for 30–45 min to evaporate solvent and form nanoparticles (Nanoparticle formation
during oil-in-water emulsion–solvent evaporation is provided in Figure S2). The suspension was
centrifuged at 1.5 RCF for 1.5 minutes, and the nanoparticle pellet was resuspended in 3 mL isotonic
saline (pH 6.5).

Nanoparticle characterisation
Nanoparticle size and polydispersity were measured through dynamic light scattering on a Malvern
Zetasizer Nano ZS (Malvern Panalytical, Zetasizer Software v7.13). Each batch was diluted 1:100 in 0.22
µm-filtered Milli-Q water to filter out nanoparticles larger than 220 nm. The diluted suspension was then
passed through a fresh 0.22 µm syringe filter before loading into the DLS cuvette (material refractive
index 1.47, dispersant water, 25°C, 173° backscatter). Z-average diameter and PDI (cumulant fit) were
recorded for each batch. Zeta potential was measured by electrophoretic light scattering on a separate
aliquot diluted 1:50 in isotonic saline (pH 6.5). Data was processed in Zetasizer Software v7.13 and are
reported as mean ± standard deviation across three independently prepared batches.

Statistics and reproducibility
Docking ΔG values are reported as the mean of three docking runs per protein-ligand pair; ADMET
predictions as the result of three independent submissions per compound. Molecular dynamics
comprised three 20 ns simulations per complex. Nanoparticle measurements are reported as mean ± 
standard deviation across three independently synthesised batches. No inferential statistical tests were
applied, as the study reports predicted and descriptive quantities rather than group comparisons.
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Figures

Figure 1

Molecular docking binding energies for 7,8-Dihydroxyflavone, EF24, donepezil and memantine at three
Alzheimer’s disease-relevant protein targets. Predicted free energy of binding (ΔG, kcal mol⁻¹) at the TrkB
receptor (PDB 4ASZ), tau protein (PDB 6GX5) and GSK-3β (PDB 1Q4L); more negative values indicate
stronger predicted binding. Structures were prepared in UCSF ChimeraX and docked in SwissDock with
AutoDock Vina under default blind-docking parameters. Bars are the mean of three docking runs per
compound–protein pair.
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Figure 2

Molecular dynamics stability metrics for all twelve protein–ligand pairs over a 20-nanosecond trajectory. (a)
Protein backbone RMSD (Å) for the TrkB receptor, tau protein and GSK-3β with each compound. (b)
Ligand RMSD (Å); the dashed line at 4 Å marks the stability threshold. (c) Mean hydrogen-bond count
over the trajectory. Systems were built in CHARMM-GUI with the CHARMM36m force field, TIP3P water
and 0.15 M KCl and simulated in GROMACS. Each bar is the mean of three 20 ns runs.

Figure 3

Simulated brain pharmacokinetics for 7,8-Dihydroxyflavone and EF24 under oral and intranasal delivery over
24 hours. (a) Peak brain concentration (Cmax, µmol L⁻¹) and (b) 24-hour brain AUC (µmol·min L⁻¹) on a
logarithmic scale; blue arrows give the intranasal/oral fold ratio. Simulations were run in PK-Sim on a
virtual adult population (n = 100) parameterised to Canadian demographics at a 50 mg dose. Bars are
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the mean of three runs. Absolute magnitudes depend on estimated absorption and protein-binding
parameters and should be read as illustrative.

Figure 4

Physical characterisation of PLGA nanoparticles co-loading 7,8-Dihydroxyflavone and EF24 across three
independent batches. (a) Z-average diameter (nm) by dynamic  light scattering; shaded band, 100–200
nm target window; dotted line, batch  mean. (b) Polydispersity index from cumulant fit; dashed line, 0.3
upper  limit. (c) Zeta potential (mV) by electrophoretic light scattering; dashed  line, −20 mV stability
boundary. All measurements used a Malvern Zetasizer  Nano ZS; bars are individual batch values.
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