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Migraineis a disabling neurological disorder whose challenging diagnosisunderscoresthe need for objective Selection of optimal morphology: AuNRs | - | |
diagnostictools. Calcitonin GeneRelatedPeptide (CGRPis an ideal targeting molecule for migraine diagnosis, Arhree AuNPs morphologies (AuBPs, AuNPLs, AuNRs) immobilized vialiyalyayer electrostatic assembly.
as it is the main peptide involved in migraine attacks and is highly concentrated in biological fluids. In this AAUBPs: poor immobilization, only a few isolated bipyramids even at optimal O.D.

A\UNPLs: better immobilization, but uncontrolled aggregation at higher O.D.

study, we proposean innovative colorimetric biosensorfor detecting CGRRy exploiting the optical properties o _ }
A\UNRs (O.D. 0.8): best reproducibility (10 substrates), uniform aggregate= = < AKLJA: MLAGF [JA

of gold nanoparticles (AuNPs) Indeed, AuNPsare well-suited optical transducersin colorimetric biosensors,
once functionalized with a biorecognition molecule to ensure specificity. In this work, AuNPsof various
morphologies including, nanorods, plates, and bipyramids, are immobilized on a glass substrate using
electrolyte-mediated electrostatic Layerby-Layer assembly, thereby conveying on a substrate the optical
features of each specific morphology. The resulting AuNP arrays are characterized by U\Vis absorption
spectroscopy and Scanning Electron Microscopy, which identify gold nanorods (AuNRs)as the optimal
geometry for the subsequentfunctionalization with a monoclonal antibody specific against CGRP(Ab) A
systematic investigation was performed to identify 0.005 mg/mL as the most suitable Ab concentration for
AuNRsrray bioactivation. Thisstep enablesan absorption spectroscopystudy to assesghe biosensor'sability
to detect the target peptide exploring a range of CGRRoncentration from 5 ng/mL to 50 ug/mL. Experimental
results allow to determine the concentration working range of the biosensor(5 ng/mL - 5 pg/mL), where the
AuNRsrray exhibit an optical shift (R faup to 10nm. Theanalysisallows quantification with a detection limit of
1.65 pg/mL. Control experimentsare carried out to assesshe selectivity and the negative control response A
Large LanguageModel tool (Claude by Anthropic) highlights a colorimetric difference barely visible to the
nakedeye(R #nthe rangefrom 1.2to 2.3) betweenthe negativecontrol andthe samplesexposedio CGRPThe
systemsetsthe foundation for a sensitive,fast, and low-cost diagnostictool, suitable for point-of-care clinical
monitoring of migraine and treatment response,although further studies are required to addressselectivity
ISsues
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The Diagnostic Gapin Migraine
B - A Migraineaffects>1billion peopleworldwide, with majorsocio-economicimpact.

o5 A Diagnosisreliesalmost exclusivelyon ICHB3 clinicalcriteria and electronic
o diaries(ePRO}%
ﬁ - A N_eurqimaging_ (CT, MR.I) and E&wy excludeother pathologies revealingno
migraine-specificalterations.
§ C A Anobijective, rapid, quantitative diagnostictest is still lacking.
Z
= CGRRasa Biomarker
A CGRBRsthe primary neuropeptidein migraine pathophysiology; releasedby trigeminovascularfibers
A Inducesvasodilationand nociceptivehypersensitivity.
A Concentration selectively increases during an attack in accessible fluids (tears, saliva), exceeding
peripheral blood levels
A CommercialELISAits fail to consistentlydetect its biologically active form.
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Gold Nanoparticles and Plasmonic Biosensing ot e S A OTL ATES adsorptionfavoringa moreorderedfunctionalization of the [
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Adeal for Pointof-Care biosensors: miniaturizable, rapid, — = _ - 2r CGRP Response and Limit of Detection
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| 1 ug/mL): overall nonlinear trend, with a decreasing signal
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A Anti-CGRmio-activation confirmed by areproducible plasmonicshift (23.%32 nm). yet quantitative, peptide recognition.
A Qualitative CGRBetection in the 0.00%5 pg/mLrange (LOD = 1.65 pgl); selectivityvs.interferents N 001 o 5 T 00

CGRP Concentration (pg/mL)

(lysozyme NOXH¥till partial.
A Photothermaland LLMbasedcolorimetric readouts. complementary, still qualitative.
Future work:improve selectivity, build a quantitativecalibration curve, validate orreal biofluids (saliva,
tears).
Thiswork laysthe foundation for asolid-substrateplasmonicbiosensorfor migraine diagnosis setting the
stage for a future quantitative Poinbf-Careplatform for CGRP monitoring.

Photothermal Analysis vs. CGRP Concentration

808 nm diode laser, 3280.61 mW/cm? power density, 1 min irradiation: T_max monitored across CGRP
concentrations.

ANonlinear trend: T_max rises to a peak of 63E2at low concentrations, then stabilizes between 48558.89EC.
A _max remains consistently below the blank (64.H3): this deviation qualitatively confirms ACGRP binding,
while the persistently high T_max values show that photothermal activity is manteined even after bio
functionalization and peptide binding.
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CGRP 1 pg/mL CGRP 5 pg/mL NOX 1 pg/mL NOX 5 pg/mL Lisozima 1 pg/mL
Substrate



