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Migraineis a disabling neurological disorder whosechallengingdiagnosisunderscoresthe need for objective
diagnostictools. CalcitoninGene-RelatedPeptide(CGRP)is an ideal targeting moleculefor migrainediagnosis,
as it is the main peptide involved in migraine attacks and is highly concentrated in biological fluids. In this
study,we proposean innovativecolorimetric biosensorfor detecting CGRPby exploiting the optical properties
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 Layer-by-Layer assembly, thereby conveying on a substrate the optical
features of each specific morphology. The resulting AuNP arrays are characterized by UV-Vis absorption
spectroscopy and Scanning Electron Microscopy, which identify gold nanorods (AuNRs)as the optimal
geometry for the subsequent functionalization 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
AuNRsarraybioactivation. Thisstepenablesan absorption spectroscopystudy to assessthe biosensor'sability
to detect the target peptide exploringa rangeof CGRPconcentration from 5 ng/mL to 50 µg/mL. Experimental
results allow to determine the concentration working range of the biosensor(5 ng/mL - 5 µg/mL), where the
AuNRsarrayexhibit an optical shift (ʀʨ) up to 10nm. Theanalysisallowsquantification with a detection limit of
1.65 µg/mL. Control experimentsare carried out to assessthe selectivity and the negativecontrol response. A
Large LanguageModel tool (Claudeby Anthropic) highlights a colorimetric difference barely visible to the
nakedeye(ʀ#in the rangefrom 1.2 to 2.3) betweenthe negativecontrol and the samplesexposedto CGRP. The
systemsetsthe foundation for a sensitive,fast, and low-cost diagnostic tool, suitable for point-of-careclinical
monitoring of migraine and treatment response,although further studies are required to addressselectivity
issues.
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BACKGROUND
The Diagnostic Gap in Migraine
Å Migraine affects >1 billion people worldwide, with major socio-economic impact.
Å Diagnosis relies almost exclusively on ICHD-3 clinical criteria and electronic 

diaries (ePROs).
Å Neuroimaging (CT, MRI) and EEG only exclude other pathologies, revealing no 

migraine-specific alterations.
Å An objective, rapid, quantitative diagnostic test is still lacking.

CGRP as a Biomarker
Å CGRP is the primary neuropeptide in migraine pathophysiology, released by trigeminovascular fibers 
Å Induces vasodilation and nociceptive hypersensitivity.
Å Concentration selectively increases during an attack in accessible fluids (tears, saliva), exceeding 

peripheral  blood levels.
Å Commercial ELISA kits fail to consistently detect its biologically active form.

Gold Nanoparticles and Plasmonic Biosensing
ÅAuNPs show a localized surface plasmon resonance 
(LSPR), strongly shape/size/environment-dependent.
ÅAntibody functionalization converts bio-recognition into a 
E=9KMJ9:D= KH=;LJ9D K@A>L Ӧʀʨӧӄ
ÅIdeal for Point-of-Care biosensors: miniaturizable, rapid, 
sensitive, low-cost.

Bio-activation  with Anti -CGRP Antibody
Å Antibody tested at 0.01 and 0.005 mg/mL.
Å Both concentrations produced a reproducible red-shift of 

the plasmonic band (23.5ӛ32 nm).
Å 0.005 mg/mL preferred: smaller FWHM increase suggests 

less aggregation and reduced non-specific antibody 
adsorption favoring a more ordered functionalization of the 
AuNRs.

Photothermal Analysis vs. CGRP Concentration
Å808 nm diode laser, 3280.61 mW/cm² power density, 1 min irradiation: T_max monitored across CGRP 
concentrations.
ÅNon-linear trend: T_max rises to a peak of 63.92 ẺC at low concentrations, then stabilizes between 48.63ӛ56.89 ẺC.
ÅT_max remains consistently below the blank (64.93 ẺC): this deviation qualitatively confirms AbӛCGRP binding, 
while the persistently high T_max values show that photothermal activity is manteined even after bio-
functionalization and peptide binding.

Selectivity and Colorimetric Analysis using LLM
Å'FL=J>=J=FLK ӦDQKGRQE=Ӆ ,-6ӧ K@GO ʀʨ ;GEH9J9:D= LG !%0. Ἅ K=D=;LANALQ KLADD H9JLA9Dӄ
ÅLLM-:9K=< ;GDGJAE=LJA; 9F9DQKAK Ӧ!D9M<=Ӆ FL@JGHA;ӧ AFLJG<M;=K ʀ# ӦJ9F?= ҏӄҐӛ2.1).
Åʀ# ;GJJ=D9L=K OAL@ ʀʨ AF L@= ҎӄҎҎғӛ5 µg/mL range (r = 0.973).
ÅOpens the way to a simplified, camera-based biosensor readout.

RESULTS

Å AuNRs (O.D. 0.8) identified as the optimal morphology: reproducible, uniform, aggregate-free.
Å Anti-CGRP bio-activation confirmed by a reproducible plasmonic shift (23.5ӛ32 nm).
Å Qualitative CGRP detection in the 0.005ӛ5 µg/mL range (LOD = 1.65 µg/mL); selectivity vs. interferents 

(lysozyme, NOX) still partial.
Å Photothermal and LLM-based colorimetric readouts: complementary, still qualitative.
Future work: improve selectivity, build a quantitative calibration curve, validate on real biofluids (saliva, 
tears).
This work lays the foundation for a solid-substrate plasmonic biosensor for migraine diagnosis, setting the 
stage for a future quantitative Point-of-Care platform for CGRP monitoring.
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Selection of optimal morphology: AuNRs
ÅThree AuNPs morphologies (AuBPs, AuNPLs, AuNRs) immobilized via Layer-by-Layer electrostatic assembly.
ÅAuBPs: poor immobilization, only a few isolated bipyramids even at optimal O.D.
ÅAuNPLs: better immobilization, but uncontrolled aggregation at higher O.D.
ÅAuNRs (O.D. 0.8): best reproducibility (10 substrates), uniform aggregate->J== <AKLJA:MLAGF Ἅ K=D=;L=< ?=GE=LJQӄ

CONCLUSIONS

CGRP Response and Limit of Detection
Å̍ ͒ШůĲċƚƨƖĲĬШċĦƖŸƚƚШ9]ÅÂШĦŸŰĦĲŰƣƖċƣŔŸŰƚШыΜЮΜΜΡт50 
µg/mL): overall non-linear trend, with a decreasing signal 
observed within a working range of 0.005т5 µg/mL.
Å*-" =KLAE9L=< MKAF? L@= ґʯ ;JAL=JAGF Ӧʯ ữ 1# G> L@= AFL=J;=HL
>JGE DAF=9J J=?J=KKAGF G> ʀʨ NKӄ Ө!%0.өӅ AFL=J;=HL ữ җӄҕғỴ 0.55 
nm) = 1.65 µg/mL.
Å 9K=DAF= Ӧ. 1 GFDQӅ ʀʨ ữ ҏҎӄғ FEӧ ;GF>AJEK IM9DAL9LAN=Ӆ FGL
yet quantitative, peptide recognition.


