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route for the treatment of neurological disorders.
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Avances recientes en sistemas de administracién de farmacos con
nanoparticulas para tratar trastornos neurolégicos por via nasal

RESUMEN

Palabras clave:

Nanoparticulas

Barrera hematoencefalica
Administracién de farmacos por
via nasal

Nanotecnologia

Los trastornos neuroldgicos presentan un importante desafio para la salud mundial, con
opciones de tratamiento efectivas limitadas debido a la naturaleza compleja y selectiva de
la barrera hematoencefalica (BHE). Los Gltimos afos han sido testigos de avances notables
en los sistemas de administracién de fidrmacos basados en nanoparticulas disenados
para superar estas barreras y mejorar los resultados terapéuticos de los tratamientos de
trastornos neuroldgicos. Entre estas innovaciones, la administracién nasal de farmacos ha
surgido como un enfoque no invasivo prometedor para evitar la BHE y apuntar directamente
al sistema nervioso central (SNC). Este articulo proporciona una visién general del origen
de la nanotecnologia y su interseccién con la biotecnologia, lo que llevé al surgimiento
de la nanobiotecnologia. Destaca el papel de la nanotecnologia en la administracién de
farmacos y su potencial para mejorar la eficacia de las estructuras a nanoescala en la
ciencia biomédica. El articulo enfatiza la importancia de la composicién quimica de las
nanoparticulas (NP) para determinar sus propiedades fisicoquimicas y su comportamiento
de liberacién de farmacos. Los desafios que plantea la BHE en la entrega de fairmacos al SNC
y la permeabilidad limitada de las macromoléculas a la barrera. El articulo enfatiza el papel
de la BBB como barrera de difusién y explica los mecanismos por los cuales las moléculas
pueden cruzar la barrera. Menciona la presencia de uniones interendoteliales y recep-
tores/transportadores en las células endoteliales que regulan la permeabilidad de la BHE.
En general, el articulo proporciona una visién general del papel de las nanoparticulas en la
administracién de farmacos por via nasal para el tratamiento de trastornos neurolégicos.
© 2025 Sociedad Neuroldgica Argentina. Publicado por Elsevier Espaiia, S.L.U. Se
reservan todos los derechos, incluidos los de mineria de texto y datos, entrenamiento de

IA y tecnologias similares.

Introduction

The origin of nanotechnology from 1959 when physicist
Richard Feynman has been identified the potential of manip-
ulating individual atoms and molecules at the nanometer
scale and planned that material at this scale possesses
novel physical properties.! Nanobiotechnology emerged as
the intersection between nanotechnology and biotechnology,
playing a critical role in drug delivery and enhancing the
effectiveness of nanoscale structures in biomedical science.?
This convergence has paved the way for the development of
numerous innovative carriers capable of facilitating controlled
release and targeted delivery of a wide array of therapeutic
molecules, including proteins, peptides, genes, interleukins,
growth factors, and various chemical drugs.® The chemical
composition of nanoparticles (NPs) can significantly influence
their physiochemical properties, including sizes, shapes, and
drug-release behavior.* In recent decades, there has been a
notable increase in the synthesis of novel metal nanopar-
ticles such as silver, gold, platinum, and palladium, driven
by the growing demand for environmentally friendly mate-
rial synthesis technologies.> NPs have attracted considerable
attention due to their small size and large surface-to-volume
ratio, which endow them with unique characteristics when
compared to larger particles in bulk materials.® Nanotechnol-
ogy offers exciting new approaches for disease targeting and
diagnostics.” The advantages of these nanomaterials, includ-
ing their structures, sizes, shapes, and surfaces, make them

easily functionalize for targeted applications. NP-based tar-
geting strategies have shown promising results in disease
targeting.® The shape, size, and surface properties of NPs play
a crucial role in achieving effective drug delivery.’ The pri-
mary objective of nanoparticle-based drug delivery systems
is to improve drug release kinetics while minimizing side
effects, avoiding nanocarrier degradation in the physiologi-
cal environment, and minimizing off-target effects. NPs have
demonstrated the potential to enhance pharmacokinetics and
cellular uptake.’® This review focuses on using nanoparticles
for drug delivery via the nasal route in treating neurological
disorders.! It thoroughly examines the role of nanoparticles,
exploring their nano formulation and delivery aspects while
emphasizing their application through the nasal route.?

Overview of neurological disorders and their impact

Most researchers have been exploring the nasal route as an
alternative means to enhance drug targeting for the treatment
of CNS disorders.’® Compared to conventional routes like par-
enteral (injection) or oral administration, the nose-to-brain
route has emerged as a promising option.’ This approach
allows drugs to be delivered directly from the nose to the
brain, bypassing the need to traverse the BBB.'> The BBB is
a complex barrier composed of tightly connected endothe-
lial capillary cells, pericytes, astroglia, and perivascular mast
cells.’® Its main function is to protect the brain by preventing
t he entry of pathogens and unwanted particles, effectively
blocking about 98% of molecules from the bloodstream.'®
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Fig. 1 - Strategies based on drug delivery through the blood-brain barrier.

Only lipophilic and low molecular weight molecules, such
as glucose and ions, can easily cross the BBB endothelial
cells.” The CNS also possesses other barriers, including the
blood-cerebrospinal fluid (CSF) barrier, the blood-spinal cord
barrier, and the blood-retinal barrier.8

Need for effective drug delivery systems for neurological
disorders

The incidence rate of brain-related diseases, particularly neu-
rodegenerative disorders like Parkinson’s and Alzheimer’s, has
increased between 1990 and 2017 due to population aging.'®
The fatality rate remains high, with two-thirds of cancer
patients failing to survive within five years of diagnosis.?
The significant challenges in diagnosing and treating brain-
related diseases are primarily attributed to the blood-brain
barrier (BBB), which acts as a vital diffusion barrier, restrict-
ing the infiltration of macromolecules except for lipid-soluble
compounds with small molecular weights?® (Fig. 1). These
junctions facilitate the paracellular pathway, enabling the pas-
sage of small water-soluble substances through the BBB via
diffusion.?’ For high-molecular weight species like proteins
and peptides, delivery into the brain is regulated by recep-
tors and transporters present in endothelial cells, utilizing the
transcellular pathway.??

Significance of the nasal route for drug delivery to the
brain

Several strategies have been identified for drug delivery to
the brain.'’ Firstly, drugs can be delivered locally through
direct injection using a convection-enhanced delivery system.
Biodegradable polymer implants can also be utilized for sus-
tained drug release, although this method requires surgery
and is highly invasive, typically reserved for treating brain
diseases.'” Another alternative for bypassing the BBB is the
intranasal route, where drugs loaded into nan carriers can
be transported through the olfactory bulb (olfactory path-
way) and the trigeminal nerve (trigeminal pathway) directly to
the CNS.?? This innovative approach has gained considerable

attention in recent years and shows promise. However, the
intranasal route has limitations, such as variable drug deliv-
ery depending on the condition of the nasal mucosa. One of
the traditional methods to enhance drug penetration across
the BBB is to modify the molecular structure of the drugs or
use prodrugs.”* Nanoparticles offer several advantages over
conventional drug delivery approaches, primarily due to their
ability to directly cross the blood-brain barrier (BBB) and tar-
get the central nervous system (CNS). The nasal route provides
an additional advantage by bypassing the BBB through direct
nose-to-brain pathways, utilizing the olfactory and trigemi-
nal nerves for rapid CNS access. Nanotechnology and nasal
administration combination enables more efficient drug deliv-
ery with potentially enhanced therapeutic outcomes.

Types of nanoparticles for drug delivery

Nanoparticles are biocompatible, they are increasingly being
explored as nano-therapeutics for disease treatment, with
the potential to overcome drug resistance and achieve higher
intracellular drug accumulation.””> The advancements in
cancer nanotechnology in recent times present promising
prospects for targeted drug delivery.?®

Polymeric nanoparticles

Polymeric nanoparticles (PNPs) have significant interest in
recent years due to their unique properties and behaviours
resulting from their small size, as highlighted by various
authors.?’ These nanoparticulate materials exhibit potential
for a wide range of applications, including diagnostics and
drug delivery.”> The advantages of PNP nanoparticles include
controlled release behavior, their potential for use in therapy
and imaging, protection of drug molecules, and site-specific
targeting to improve the therapeutic index (TI).>* The com-
mon mechanism for controlling drug release behavior from
PNPs involves tuning the rates of polymer biodegradation
and drug diffusion out of the polymer matrix. Currently,
there is particular interest in exogenous and endogenous
stimuli-responsive drug release, as it allows selectivity within
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the microenvironment of specific diseases.”® Nanoparticles
have the potential to enhance existing disease therapies
by overcoming multiple biological barriers and delivering a
therapeutic load within the optimal dosage range.” Poly-
mer materials offer the best combination of stability and
high loading capacity for various agents.”® They enable con-
trolled drug release behavior, can be easily modified to
display different surface-attached ligands, and many poly-
mers have a long history of safe use in humans.”> Current
strategies to overcome this challenge include temporary
disruption of the blood-brain barrier (BBB), conjugation of
brain-permeable ligands to the desired drug, intranasal deliv-
ery, or direct delivery of molecules into the brain through
invasive techniques.®®* Among these strategies, nanocarri-
ers decorated with brain-targeting ligands are emerging as
a non-invasive approach.?? Polymeric nanoparticles (NPs)
composed of the FDA-approved polymer poly (p,L lactide-
co-glycolide) (PLGA) and surface-engineered with the g7
glycopeptide (Gly-L-Phe-D-Thr-Gly-L-Phe-1-Leu-L-Ser(O-beta-
D-glucose)-CONH2) have been reported to transport molecules
into the central nervous system (CNS) following systemic
administration in rodents.>?

Lipid-based nanoparticles

Lipid-based nanoparticle (LBNP) systems are considered one
of the most promising colloidal carriers for bioactive organic
molecules.>? LBNPs offer several advantages, including high
temporal and thermal stability, a high loading capacity, ease
of preparation, low production costs, and the ability for large-
scale industrial production using natural sources.> LBNPs
have been extensively studied in both in vitro and in vivo
cancer therapy, showing promising results in certain clin-
ical trials.**3> This review provides a summary of recent
developments in LBNPs and their application in cancer treat-
ment, including essential assays conducted in patients.?%3!
LBNPs have gained significant attention as nanoscale deliv-
ery systems to enhance the oral bioavailability of poorly
absorbed bioactive compounds for health promotion and dis-
ease prevention.”’ However, they are absorbed through the
intestinal lumen into the circulation remains unclear.>® This
paper aims to provide an overview of the biological fate of
orally administered LBNPs by reviewing recent studies con-
ducted on cell and animal models.*” In general, the biological
fate of ingested LBNPs in the gastrointestinal tract is primar-
ily determined by their initial physicochemical characteristics,
such as particle size, surface properties, composition, and
structure.®® LBNPs can be either digestible or indigestible,
resulting in two distinct biological fates for each type of
LBNP.>° The review discusses the detailed absorption mech-
anisms and uptake pathways at the molecular, cellular, and
whole-body levels for each type of LBNP. Additionally, it
addresses the limitations of current research and provides
insights into future directions for studying the biological fate
of ingested LBNPs.3%3°

Inorganic nanoparticles

The field of nanotechnology offers significant potential for
cancer imaging and therapy, with innovative nanoplatforms

being developed for biomedical applications.*’ In the pro-
cess of translating these platforms to clinical use, inorganic
nanoplatforms encounter greater challenges compared to
organic systems.*"%? The development of applications in this
field is progressing rapidly, and various inorganic platforms
have demonstrated potential in both preclinical and clinical
trials.*> In comparison to quantum dots (QDs) that contain
heavy metals, iron-based nanoparticles are considered less
toxic, as the degradation byproduct of IONPs, iron ions, are
essential as trace elements and the mechanisms of iron trans-
port and regulation are well understood.**

Hybrid nanoparticles

Polymer-lipid hybrid systems (PLHNPs) emerged to overcome
the shortcomings of polymeric and lipid-based formulations
such as the slow degradation rate, lack of loading capac-
ity, stability, and leaking capacity. The polymer controls the
release, and lipids enhance the loading efficiency as well as
permeation.>! Additionally, PLHNPs exhibit complementary
characteristics to polymeric nanoparticles by comprising poly-
meric cores and lipid/lipid-PEG shells, which create core-shell
nanoparticles with high structural integrity*® (Table 1). The
aim of this studies to explore the production of hybrid
nanoparticles composed by CHL and PLGA modified with g7
ligand has been cross BBB (Fig. 2). The effect of ratio between
components (Chol and PLGA) and formulation process (nano-
precipitation or single emulsion process) on physico-chemical
and structural characteristics, we tested MIX-NPs in vitro
using primary hippocampal cell cultures evaluating possi-
ble toxicity, uptake, and the ability to influence excitatory
synaptic receptors.** The formulation approach impacted the
construction and reorganization of components leading to
some differences in CHL availability between the two types
of g7 MIX-NPs. Our data hint that formulations of MIX-
NPiscapably taken up by neurons, able to escape lysosomes
and release CHL into the cells resulting in an efficient mod-
ification in expression of synaptic receptors that could be
beneficial in HD.#°

Mechanisms of drug transport across the nasal
mucosa and applications

Drug absorption through the nasal mucosa and
subsequent transport to the CNS

Olfactory and trigeminal pathways

These pathways allow nanoparticles to bypass systemic circu-
lation and directly access the brain. The discussion explains
how particle size, surface charge, and surface modifications,
such as PEGylation, can influence nanoparticles’ ability to pen-
etrate these pathways.?

Factors influencing absorption efficiency

Parameters such as the residence time of nanoparticles
in the nasal cavity, mucociliary clearance, and the pres-
ence of absorption enhancers are critical determinants of
drug delivery efficiency. Mucoadhesive nanoparticles or those



NEUROL ARG.2025;17(3):143-152

147

Table 1 - Targeting ligand for brain drug delivery.

Ligand Drug Disease References
Azido-PEG-4-amine and Sinomenine Traumatic brain injury =
azido-PEG-6-acid
Sialic acid (S), glucosamine (G) Paclitaxel Treatment of cancer Y
and concanavalin
N-acetyl-D-glucosamine- Camptothecin Cancer drug delivery =
labelled
Polyethylene glycol (PEG) and 5-Fluorouracil Diagnosis, and treatment 2
folic acid (FA)
Poly (ethylene glycol) (PEG) PEG-SOD (PEGylated Superoxide Brain ischemia disease =2
Dismutase)
N-acetyl-L-cysteine (NAC) N-acetyl-L-cysteine (NAC) it self Treatment of neurological disorders =e
Albumin Doxorubicin Glioblastoma 32
Transferrin plasmid DNA Gene delivery to brain =2
Lactoferrin Paeoniflorin Brain targeting 2
Hyaluronic acid temozolomide Brain tumor 0
Borneol (BO) and polyethylene Itraconazole Brain targeted ®
glycol (PEG)
Polysorbate 80 Carboplatin Malignant brain tumor &
®e
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Fig. 2 - Schematic illustration of various nanoparticles-based theragnostic-related NDs for mitochondrial dysfunction.

Reproduced with permission.

incorporating permeation enhancers may improve retention
and absorption.*?

Impact of nanoparticle surface functionalization

Surface modifications can be used to target specific receptors
on the nasal mucosa or brain cells, enhancing cellular uptake
and drug delivery to the CNS. Ligand-conjugated nanoparti-
cles, for example, can improve targeted delivery to neuronal
receptors.>>

Therapeutic applications

Theragnostic nanoparticles for diagnosis and treatment
Nanoparticles (NPs) have garnered significant attention as a
promising tool for both diagnosis and therapeutics.’ A wide

range of nanoparticles has been designed with adjustable
functional surfaces and bioactive cores, enabling them to
exhibit numerous advantageous therapeutic and diagnostic
properties. In age-related neurodegenerative disorders like
Parkinson’s disease (PD), a progressive loss of dopamine-
producing cells is a hallmark feature. However, dopamine
cannot naturally cross the blood-brain barrier (BBB) (Table 2).
To overcome this limitation, novel approaches involving DA-
nanoencapsulation therapies are actively being pursued to
enable the delivery of dopamine to the brain.?*

Alzheimer’s disease
Directly delivering neuroprotective agents or anti-amyloid
drugs via nanoparticles has demonstrated potential in
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Table 2 - Lactoferrin as a targeting ligand for brain drug delivery.

Ligand Drug Targeted organ Outcome Reference
LF-MDCs DOX/CUR Brain Enhanced antitumor effect in BALB/c &l
female nude micebearingRG2 cells.
LF-MIONSs PFH-PTX Brain Improved in vivo antitumor effect in solid 53
brain tumor.
LF-PDNCs CUR Brain Improved in vivo anti-tumor efficiency in S2
brain tumor bearing rats.
LF-GO@Fe304 DOX Brain Increased anticancer activity Against C6 Y
glioma cells.
LF-PAMAM-PGG DNA Brain Higher in vivo brain accumulation and %L

transfection activity

LF-PAMAM-PEG hGDNF Brain Enhanced in vivo neuroprotective effect ®
in PD rat model.

LF-PAMAM RIV Brain Enhanced learning ability in AD animal 2l
model.

LF-PEG-PLA UCN Brain Attenuated striatum lesions in AD 2
bearing rats.

LF-PEG-PLA PTX Brain Enhanced anti-glioma effect in nude &2
mice.

LF-PEG-PLGA Rotigotine Brain Decreased nigrostriatal dopaminergic @
neurodegeneration in PD animal model.

LF-B-mPEG-PLGA Dopamine Brain Improved dopamine accumulation in the o
lesioned striatum in PD animal model

LF-PEG-co-PCL NAP Brain Enhanced brain accumulation with &£
improved memory in AD-induced rats.

LF-NLC- CUR Brain In vivo higher drug accumulation in the %
brain with regression in AD progression

LF-SLNs- DTX Brain IncreasedinvitroanticancereffectonU- &
87MG cells with enhanced in vivo
biodistribution.

LF/Hyaluronic acid-SLNs LF/Hyaluronic acid-SLNs Brain LF/Hyaluronic acid-SLNs =2

reducing amyloid-beta accumulation and mitigating their reduced concentration in the brain due to the exis-

neuroinflammation.??

Parkinson’s disease
Dopaminergic therapies delivered through nanoparticles
could bypass peripheral metabolism, reduce side effects, and
provide targeted brain delivery to affected regions such as the
substantia nigra.>*

Epilepsy and acute CNS conditions

The rapid onset of action achievable via nasal delivery is
beneficial for managing conditions like seizures, where fast
therapeutic intervention is essential.*®

Multiple sclerosis (MS)

Nanoparticles carrying immunomodulatory agents can help
regulate the immune response and potentially reduce the
frequency of relapses by delivering drugs directly to the
CNS.*8

Challenges in nasal drug delivery for
neurological disorders and clinical translation

Blood-brain barrier (BBB) limitations

Alzheimer’s disease (AD) is the sixth leading cause of death
in the USA, affecting nearly 5.5 million people. The ther-
apeutic efficacy of these drugs is hindered not only by

tence of the blood-brain barrier (BBB) but also their low
brain permeability.*° This approach increases the bioavailabil-
ity of the drug in the brain by targeting the olfactory bulb
and reduces drug degradation and wastage through systemic
clearance.”

Variability in nasal drug absorption

Anatomical differences among patients, mucosal condi-
tions (e.g., nasal congestion), and individual variability
in mucociliary clearance can affect absorption efficiency.
Addressing these factors is necessary for consistent therapeu-
tic outcomes.>3

Safety concerns and long-term effects

The long-term safety of nanoparticles, especially those
with non-biodegradable components, must be evaluated
comprehensively. Potential toxicity arising from nanoparti-
cles’ composition, surface charge, and size warrants careful
consideration.>®

Scalability and manufacturing complexities

The large-scale production of nanoparticles with uniform
quality and reproducibility poses significant challenges. The
discussion highlights the need for standardized manufactur-
ing protocols and quality control measures.>®
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Regulatory barriers

Gaining regulatory approval for new nanoparticle formula-
tions can be challenging due to stringent safety, efficacy,
and quality requirements. The regulatory landscape for
nanomedicine needs to evolve to accommodate novel drug
delivery technologies.”’

Strategies to overcome limitations

Use of mucoadhesive agents and absorption enhancers

Incorporating mucoadhesive polymers or penetration
enhancers in nanoparticle formulations can improve drug
residence time and uptake in the nasal cavity.*’

Stimuli-responsive nanoparticles

Developing nanoparticles that respond to specific stimuli (e.g.,
pH, temperature) in the CNS could enhance targeted drug
release and minimize systemic exposure.*’

Hybrid nanoparticle systems

Combining different types of materials, such as polymers
and lipids, could offer the benefits of both systems, such
as improved stability, drug loading capacity, and controlled
release.””

Collaborative research and development

Encouraging collaboration between academia, industry, and
regulatory bodies could accelerate the development and
approval of novel nanoparticle-based therapies.>*

Nanoparticle safety and toxicity evaluation

Several factors contribute to the cytotoxicity of nanoparticles,
as reported by some authors. Some of the author reported that
nanomaterials inducing cytotoxicity and because of the sub-
stance itself, and some nanoparticles show toxicity without
clear mechanism. While some nanomaterials induce cytotox-
icity due to their intrinsic properties, others exhibit toxicity
without a clear mechanism.”” The CAM assay, widely used
for assessing acute toxicity and inflammatory reactions, has
proven to be a valuable alternative to the harsh Draize test for
evaluating the safety of cosmetics and ocular formulations.**
Notably, certain nanoparticles composed of specific sub-
stances are believed to carry a higher risk of toxicity compared
to larger particles of the same substance.’® The evaluation of
silver nanoparticles (NPs) in terms of toxicology is urgently
needed, requiring assessments at both in vitro and in vivo
levels. In this study, we aimed to investigate the uptake and
intracellular transport of SiNPs with an approximate diame-
ter of 4 nm. Utilizing the strong and stable fluorescent signals
emitted by SiNPs, we discovered that these small-sized par-
ticles initially accumulate at the plasma membrane before
being internalized.”® The internalization process primarily

occurs through clathrin-mediated and caveolae-dependent
endocytosis.” Interestingly, a smaller proportion of SiNPs are
also sorted to the Golgi apparatus. Importantly, our study
demonstrates that SiNPs do not exhibit any toxic effects on cell
metabolic activity or plasma membrane integrity.®® Overall,
Fig. 3 emphasizes the potential of nanomedicine-based nasal
drug delivery for efficient, personalized, and minimally inva-
sive treatment options for neurodegenerative diseases and
other brain disorders (Fig. 3).

Discussion

Recent advancements in nanoparticle-based drug delivery
systems for neurological disorders have focused on utilizing
the nasal route to bypass the blood-brain barrier (BBB).>> This
route offers a direct pathway to the brain through the olfac-
tory and trigeminal nerves, allowing faster and more targeted
drug delivery to the central nervous system (CNS) with fewer
systemic side effects.”! Significant progress has been made in
optimizing nanoparticle properties to improve drug retention,
targeting, and bioavailability within the brain. Functionalized
nanoparticles, such as chitosan-coated and PEGylated formu-
lations, enhance mucoadhesion and prolong nasal residence
time, increasing drug absorption through the nasal mucosa.
These functionalizations also facilitate the crossing of the
nasal epithelium and enhance drug delivery to targeted brain
regions. Additionally, biodegradable polymers like PLGA and
chitosan have been widely adopted for their biocompatibil-
ity and ability to control drug release, supporting sustained
therapeutic effects. Innovations in encapsulation techniques
have enabled the delivery of diverse therapeutics, including
small molecules, peptides, and even gene therapies, such as
siRNA for neurodegenerative diseases. Such advancements
not only improve therapeutic outcomes but also pave the way
for diagnostic applications, allowing for real-time monitoring
of CNS conditions. These innovations underscore the poten-
tial of nanoparticle-based nasal delivery systems as promising
solutions for treating neurological disorders.

Conclusion and future prospective

Nanoparticle-based drug delivery via the nasal route holds
great potential for overcoming the challenges of treating neu-
rological disorders by bypassing the blood-brain barrier (BBB)
and enabling targeted, efficient delivery of therapeutics to
the central nervous system (CNS). Advances in nanoparticle
design, including surface functionalization and biodegrad-
able polymers, have significantly improved drug retention,
bioavailability, and targeted delivery, providing new avenues
for effective treatment options for Alzheimer’s, Parkinson’s,
and brain cancers.

Looking to the future, continued research in this area is
essential to optimize nanoparticle formulations for enhanced
precision, sustained release, and biocompatibility. Develop-
ing multifunctional nanoparticles that combine therapeutic
and diagnostic capabilities could lead to real-time monitoring
of disease progression and treatment response. Further-
more, advancements in personalized nanomedicine, where
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nanoparticles are tailored to an individual’s genetic and
molecular profile, could offer breakthroughs in customized
therapies for complex neurological diseases. While preclinical
studies are promising, clinical translation remains challeng-
ing. Therefore, addressing regulatory, safety, and large-scale
manufacturing issues will be crucial in advancing these tech-
nologies from the lab to clinical settings. With continued
innovation, nanoparticle nasal delivery systems may soon
transform the landscape of neurological disorder treatment,
providing more effective, targeted, and minimally invasive
solutions.

Conflict of interest

The authors declare that they have no conflict of interest.

REFERENCES

1. Sandhir R, Yadav A, Sunkaria A, Singhal N.
Nano-antioxidants: an emerging strategy for intervention
against neurodegenerative conditions. Neurochem Int.
2015;89:209-26.

2. Jain A, Singh SK, Arya SK, Kundu SC, Kapoor S. Protein
nanoparticles: promising platforms for drug delivery
applications. ACS Biomater Sci Eng. 2018;4:3939-61.

3. MaY, GuoY, Liu S, Hu Y, Yang C, Cheng G, Xue C, Zuo YY, Sun
B. pH-mediated mucus penetration of zwitterionic
polydopamine-modified silica nanoparticles. Nano Lett.
2023;23:7552-60.

4. Tosi G, Duskey JT, Kreuter J. Nanoparticles as carriers for drug
delivery of macromolecules across the blood-brain barrier.
Expert Opin Drug Deliv. 2020;17:23-32.

5. Ding S, Khan Al, Cai X, Song Y, Lyu Z, Du D, Dutta P, Lin Y.
Overcoming blood-brain barrier transport: advances in
nanoparticle-based drug delivery strategies. Mater Today.
2020;37:112-25.

6. Chandrakala V, Aruna V, Angajala G. Review on metal
nanoparticles as nanocarriers: current challenges and
perspectives in drug delivery systems. Emerg Mater.
2022;5:1593-615.

7. Begines B, Ortiz T, Pérez-Aranda M, Martinez G, Merinero M,
Arglielles-Arias F, Alcudia A. Polymeric nanoparticles for drug
delivery: recent developments and future prospects.
Nanomaterials. 2020;10:1403.

8. Li], ZhaoJ, Tan T, Liu M, Zeng Z, Zeng Y, Zhang L, Fu C, Chen
D, Xie T. Nanoparticle drug delivery system for glioma and its
efficacy improvement strategies: a comprehensive review. Int
J Nanomed. 2020;15:2563-82.

9. Musumeci T, Bonaccorso A, Puglisi G. Epilepsy disease and
nose-to-brain delivery of polymeric nanoparticles: an
overview. Pharmaceutics. 2019;11:118.

10. Feigin VL, Vos T, Alahdab F, Amit AML, Barnighausen TW,
Beghi E, Beheshti M, Chavan PP, Criqui MH, Desai R. Burden of
neurological disorders across the US from 1990-2017: a global
burden of disease study. JAMA Neurol. 2021;78:165-76.

11. Erel-Akbaba G, Carvalho LA, Tian T, Zinter M, Akbaba H,
Obeid PJ, Chiocca EA, Weissleder R, Kantarci AG, Tannous BA.
Radiation-induced targeted nanoparticle-based gene delivery
for brain tumor therapy. ACS Nano. 2019;13:4028-40.

12. Brown TD, Habibi N, Wu D, Lahann J, Mitragotri S. Effect of
nanoparticle composition, size, shape, and stiffness on
penetration across the blood-brain barrier. ACS Biomater Sci
Eng. 2020;6:4916-28.

. Battaglia L, Panciani PP, Muntoni E, Capucchio MT, Biasibetti

E, De Bonis P, Mioletti S, Fontanella M, Swaminathan S. Lipid
nanoparticles for intranasal administration: application to
nose-to-brain delivery. Expert Opin Drug Deliv.
2018;15:369-78.

14. Jo S, Sun I-C, Ahn C-H, Lee S, Kim K. Recent trend of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

30.

ultrasound-mediated nanoparticle delivery for brain imaging
and treatment. ACS Appl Mater Interfaces. 2022;15:120-37.

. Miller KD, Ostrom QT, Kruchko C, Patil N, Tihan T, Cioffi G,

Fuchs HE, Waite KA, Jemal A, Siegel RL. Brain and other
central nervous system tumor statistics, 2021. CA: A Cancer J
Clin. 2021;71:381-406.

Azarmi M, Maleki H, Nikkam N, Malekinejad H. Transcellular
brain drug delivery: a review on recent advancements. Int J
Pharm. 2020;586:119582.

Teleanu DM, Chircov C, Grumezescu AM, Volceanov A,
Teleanu RI. Blood-brain delivery methods using
nanotechnology. Pharmaceutics. 2018;10:269.

Lombardo SM, Schneider M, Tiireli AE, Tiireli NG. Key for
crossing the BBB with nanoparticles: the rational design.
Beilstein ] Nanotechnol. 2020;11:866-83.

Zhang W, Mehta A, Tong Z, Esser L, Voelcker NH.
Development of polymeric nanoparticles for blood-brain
barrier transfer-strategies and challenges. Adv Sci (Weinh).
2021;8:2003937.

Correia AC, Monteiro AR, Silva R, Moreira JN, Sousa Lobo JM,
Silva AC. Lipid nanoparticles strategies to modify
pharmacokinetics of central nervous system targeting drugs:
crossing or circumventing the blood-brain barrier (BBB) to
manage neurological disorders. Adv Drug Deliv Rev.
2022;189:114485.

Sim TM, Tarini D, Dheen ST, Bay BH, Srinivasan DK.
Nanoparticle-based technology approaches to the
management of neurological disorders. Int ] Mol Sci.
2020;21:6070.

Crucho CI. Stimuli-responsive polymeric nanoparticles for
nanomedicine. ChemMedChem. 2015;10:24-38.

Liu H-J, Xu P. Strategies to overcome/penetrate the BBB for
systemic nanoparticle delivery to the brain/brain tumor. Adv
Drug Deliv Rev. 2022;191:114619.

Baghirov H, Snipstad S, Sulheim E, Berg S, Hansen R, Thorsen
F, Mgrch Y, Davies CL, Aslund AKO. Ultrasound-mediated
delivery and distribution of polymeric nanoparticles in the
normal brain parenchyma of a metastatic brain tumour
model. PLOS ONE. 2018;13, e0191102.

Birolini G, Valenza M, Ottonelli I, Passoni A, Favagrossa M,
Duskey JT, Bombaci M, Vandelli MA, Colombo L, Bagnati R.
Insights into kinetics, release, and behavioral effects of
brain-targeted hybrid nanoparticles for cholesterol delivery in
Huntington’s disease. ] Control Release. 2021;330:587-98.
Sartaj A, Qamar Z, Md S, Alhakamy NA, Baboota S, AliJ. An
insight to brain targeting utilizing polymeric nanoparticles:
effective treatment modalities for neurological disorders and
brain tumor. Front Bioeng Biotechnol. 2022;10:788128.

Nabi B, Rehman S, Fazil M, Khan S, Baboota S, AliJ.
Riluzole-loaded nanoparticles to alleviate the symptoms of
neurological disorders by attenuating oxidative stress. Drug
Dev Ind Pharm. 2020;46:471-83.

. Garcia-Pinel B, Porras-Alcala C, Ortega-Rodriguez A, Sarabia F,

Prados ], Melguizo C, Lépez-Romero JM. Lipid-based
nanoparticles: application and recent advances in cancer
treatment. Nanomaterials. 2019;9:638.

. YangJ, Luly KM, Green JJ. Nonviral nanoparticle gene delivery

into the CNS for neurological disorders and brain cancer
applications. Wiley Interdiscipl Rev Nanomed
Nanobiotechnol. 2023;15:e1853.

Latronico T, Rizzi F, Panniello A, Laquintana V, Arduino I,
Denora N, Fanizza E, Milella S, Mastroianni CM, Striccoli M,


http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0305
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0310
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0315
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0320
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0325
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0330
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0335
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0340
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0345
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0350
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0355
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0360
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0365
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0370
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0375
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0380
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0385
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0390
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0395
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0400
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0405
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0410
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0415
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0420
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0425
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0430
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0435
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0440
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0445
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450

152

NEUROL ARG.2025;17(3):143-152

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Curri ML, Liuzzi GM, Depalo N. Luminescent PLGA
nanoparticles for delivery of darunavir to the brain and
inhibition of matrix metalloproteinase-9, a relevant
therapeutic target of HIV-associated neurological disorders.
ACS Chem Neurosci. 2021;12:4286-301.

Wang T, Luo Y. Biological fate of ingested lipid-based
nanoparticles: current understanding and future directions.
Nanoscale. 2019;11:11048-63.

Duan Y, Dhar A, Patel C, Khimani M, Neogi S, Sharma P,
Kumar NS, Vekariya RL. A brief review on solid lipid
nanoparticles: part and parcel of contemporary drug delivery
systems. RSC Adv. 2020;10:26777-91.

Yavarpour-Bali H, Ghasemi-Kasman M, Pirzadeh M.
Curcumin-loaded nanoparticles: a novel therapeutic strategy
in treatment of central nervous system disorders. Int J
Nanomed. 2019;14:4449-60.

Javed MN, Ashraf GM, Barreto GE, Naim M. Trends in
rationalized brain targeted nanoparticles in neurological
disorders (Part-III). Curr Drug Metab. 2021;22:250-250.

Moradi F, Dashti N. Targeting neuroinflammation by
intranasal delivery of nanoparticles in neurological diseases:
a comprehensive review. Naunyn-Schmiedeberg’s Arch
Pharmacol. 2022;395:133-48.

Alexander A, Agrawal M, Uddin A, Siddique S, Shehata AM,
Shaker MA, Ata Ur Rahman S, Abdul MIM, Shaker MA. Recent
expansions of novel strategies towards the drug targeting into
the brain. Int ] Nanomed. 2019;14:5895-9009.

Perez-Ruiz AG, Ganem A, Olivares-Corichi IM, Garcia-Sanchez
JR. Lecithin-chitosan-TPGS nanoparticles as nanocarriers of
(—)-epicatechin enhanced its anticancer activity in breast
cancer cells. RSC Adv. 2018;8:34773-82.

Wadhwa G, Krishna KV, Dubey SK, Taliyan R. PEGylated
polymer-lipid hybrid nanoparticles to enhance in vivo
exposure and uptake of repaglinide in brain cells to treat
diabetes-linked neurodegenerative disorders. ACS Appl Nano
Mater. 2023;6:3497-512.

Sharma R, Kambhampati SP, Zhang Z, Sharma A, Chen S, Duh
EIl, Kannan S, Tso MOM, Kannan RM. Dendrimer mediated
targeted delivery of sinomenine for the treatment of acute
neuroinflammation in traumatic brain injury. ] Control
Release. 2020;323:361-75.

Narmani A, Mohammadnejad J, Yavari K. Synthesis and
evaluation of polyethylene glycol-and folic acid-conjugated
polyamidoamine G4 dendrimer as nanocarrier. ] Drug Deliv
Sci Technol. 2019;50:278-86.

Kumbhar SA, Kokare CR, Shrivastava B, Gorain B, Choudhury
H. Preparation, characterization, and optimization of
asenapine maleate mucoadhesive nanoemulsion using
Box-Behnken design: In vitro and in vivo studies for brain
targeting. Int ] Pharm. 2020;586:119499.

Muniswamy VJ, Raval N, Gondaliya P, Tambe V, Kalia K,
Tekade RK. ‘Dendrimer-Cationized-Albumin’ encrusted
polymeric nanoparticle improves BBB penetration and
anticancer activity of doxorubicin. Int ] Pharm. 2019;555:
77-99.

Xiong S, Li Z, Liu Y, Wang Q, Luo J, Chen X, Xie Z, Zhang Y,
Zhang H, Chen T. Brain-targeted delivery shuttled by black
phosphorus nanostructure to treat Parkinson’s disease.
Biomaterials. 2020;260:120339.

Kudarha RR, Sawant KK. Hyaluronic acid conjugated albumin
nanoparticles for efficient receptor mediated brain targeted
delivery of temozolomide. ] Drug Deliv Sci Technol.
2021;61:102129.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Zhang S, Asghar S, Yang L, Hu Z, Chen Z, Shao F, Xiao Y.
Borneol and poly (ethylene glycol) dual modified BSA
nanoparticles as an itraconazole vehicle for brain targeting.
Int ] Pharm. 2020;575:119002.

Hernando S, Herran E, Figueiro-Silva J, Pedraz JL, Igartua M,
Carro E, Hernandez RM. Intranasal administration of
TAT-conjugated lipid nanocarriers loading GDNF for
Parkinson’s disease. Mol Neurobiol. 2018;55:145-55.

Md S, Bhattmisra SK, Zeeshan F, Shahzad N, Mujtaba MA,
Srikanth Meka V, Radhakrishnan A, Kesharwani P, Baboota S,
Ali J. Nano-carrier enabled drug delivery systems for nose to
brain targeting for the treatment of neurodegenerative
disorders. ] Drug Deliv Sci Technol. 2018;43:295-310.
Garcia-Pardo J, Novio F, Nador F, Cavaliere I, Suarez-Garcia S,
Lope-Piedra, ta S, Candiota AP, Romero-Gimenez J,
Rodriguez-Galvan B, Bové J. Bioinspired theranostic
coordination polymer nanoparticles for intranasal dopamine
replacement in Parkinson’s disease. ACS Nano.
2021;15:8592-609.

Rai DB, Medicherla K, Pooja D, Kulhari H.
Dendrimer-mediated delivery of anticancer drugs for colon
cancer treatment. Pharmaceutics. 2023;15:801.

Shen Z, Liu T, Li Y, Lau J, Yang Z, Fan W, Zhou Z, Shi C, Ke C,
Bregadze VI. Fenton-reaction-acceleratable magnetic
nanoparticles for ferroptosis therapy of orthotopic brain
tumors. ACS Nano. 2018;12:11355-65.

Gothwal A, Nakhate KT, Alexander A, Ajazuddin, Gupta U.
Boosted memory and improved brain bioavailability of
rivastigmine: targeting effort to the brain using covalently
tethered lower generation PAMAM dendrimers with
lactoferrin. Mol Pharm. 2018;15:4538-49.

Yan X, Xu L, Bi C, Duan D, Chu L, Yu X, Wu Z, Wang A, Sun K.
Lactoferrin-modified rotigotine nanoparticles for enhanced
nose-to-brain delivery: LESA-MS/MS-based drug
biodistribution, pharmacodynamics, and neuroprotective
effects. Int ] Nanomed. 2018;13:273-81.

Chatterjee B, Gorain B, Mohananaidu K, Sengupta P, Mandal
UK, Choudhury H. Targeted drug delivery to the brain via
intranasal nanoemulsion: available proof of concept and
existing challenges. Int ] Pharm. 2019;565:258-68.

Homayun B, Lin X, Choi HJ. Challenges and recent progress in
oral drug delivery systems for biopharmaceuticals.
Pharmaceutics. 2019;11:129.

Agrawal M, Saraf S, Saraf S, Antimisiaris SG, Chougule MB,
Shoyele SA, Alexander A. Nose-to-brain drug delivery: an
update on clinical challenges and progress towards approval
of anti-Alzheimer drugs. ] Control Release. 2018;281:139-77.
Rizeq BR, Younes NN, Rasool K, Nasrallah GK. Synthesis,
bioapplications, and toxicity evaluation of chitosan-based
nanoparticles. Int ] Mol Sci. 2019;20:5776.

Dong X. Current strategies for brain drug delivery.
Theranostics. 2018;8:1481-93.

Parida C, Malik GK, Mitra J. Preparation and characterization
of zinc oxide nanoparticle, its migration, and toxicity
evaluation. ] Food Process Preserv. 2022;46:e17064.
Ramachandran R, Krishnaraj C, Kumar VA, Harper SL,
Kalaichelvan TP, Yun S-I. In vivo toxicity evaluation of
biologically synthesized silver nanoparticles and gold
nanoparticles on adult zebrafish: a comparative study. 3
Biotech. 2018;8:1-12.

Shin SW, Song IH, Um SH. Role of physicochemical properties
in nanoparticle toxicity. Nanomaterials (Basel).
2015;5:1351-65.


http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0450
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0455
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0460
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0465
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0470
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0475
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0480
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0485
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0490
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0495
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0505
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0510
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0515
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0520
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0525
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0530
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0535
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0540
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0545
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0605
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0550
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0555
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0560
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0565
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0570
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0575
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0585
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0610
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0590
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0595
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600
http://refhub.elsevier.com/S1853-0028(25)00025-4/sbref0600

	Recent advancements in nanoparticle drug delivery systems to cure neurological disorders via the nasal route
	Introduction
	Overview of neurological disorders and their impact
	Need for effective drug delivery systems for neurological disorders
	Significance of the nasal route for drug delivery to the brain

	Types of nanoparticles for drug delivery
	Polymeric nanoparticles
	Lipid-based nanoparticles
	Inorganic nanoparticles
	Hybrid nanoparticles

	Mechanisms of drug transport across the nasal mucosa and applications
	Drug absorption through the nasal mucosa and subsequent transport to the CNS
	Olfactory and trigeminal pathways
	Factors influencing absorption efficiency
	Impact of nanoparticle surface functionalization

	Therapeutic applications
	Theragnostic nanoparticles for diagnosis and treatment
	Alzheimer's disease
	Parkinson's disease
	Epilepsy and acute CNS conditions
	Multiple sclerosis (MS)


	Challenges in nasal drug delivery for neurological disorders and clinical translation
	Blood–brain barrier (BBB) limitations
	Variability in nasal drug absorption
	Safety concerns and long-term effects
	Scalability and manufacturing complexities
	Regulatory barriers

	Strategies to overcome limitations
	Use of mucoadhesive agents and absorption enhancers
	Stimuli-responsive nanoparticles
	Hybrid nanoparticle systems
	Collaborative research and development

	Nanoparticle safety and toxicity evaluation
	Discussion
	Conclusion and future prospective
	Conflict of interest
	References


