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Introduction

Conditions that produce alteration in tear film’s components may lead to 
ocular surface damage

Alzheimer
+

Parkinson

«Roda M, Ciavarella C, Giannaccare G, Versura P. Biomarkers 
in Tears and Ocular Surface: A Window for Neurodegenerative 
Diseases. Eye Contact Lens. 2020 Mar;46 Suppl 2:S129-S134. 

doi: 10.1097/ICL.0000000000000663. PMID: 31658175.»

«Cennamo G, Montorio D, Morra VB, Criscuolo C, Lanzillo R, 
Salvatore E, Camerlingo C, Lisitskiy M, Delfino I, Portaccio M, 
Lepore M. Surface-enhanced Raman spectroscopy of tears: 

toward a diagnostic tool for neurodegenerative disease 
identification. J Biomed Opt. 2020 Aug;25(8):1-12. doi: 
10.1117/1.JBO.25.8.087002. PMID: 32767890; PMCID: 

PMC7406892.»



• ALS is a progressive degeneration of motoneurons
• Diagnosis is difficult and possible by body signs and 

EMG
• Blood biomarkers are assessed as prognosis factors 

(e.g. emoglobine, creatinine and urea)

Abnormal proteins aggregation 

(e.g.TDP-43) in neurons

Amyothrophic Lateral Sclerosis



Exploiting Raman Spectroscopy as an effective
technique to compare healthy and ALS tears in 

order to evaluate a possible difference

The purpose of this study

Raman investigations conducted in 

lab of Prof. Pezzoli
Department of Materials Science, 

University of Milano-Bicocca



Method

Acquisition time 60x5 sec. in 900-1800 cm-1

range on recurrent objects

Collection of tear samples by sterile glass 
capillary: 19 ALS and 20 HCs

NEuroMuscular Omnicentre (NEMO),     
ASST Grande Ospedale Metropolitano 

Niguarda, Milano

STORING AT 193 K

Controlled envirorment-ferning pattern 
formation on BaF2 

Department of Biotechnology and 
Biosciences, University of Milano-Bicocca

Horiba T64000 - 532 nm - 1 micron - 6mW 



Spectral peaks assignment
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“Naumann, D. FT-infrared and FT-Raman spectroscopy in biomedical 
research. Applied spectroscopy reviews 2001, 36(2-3), 239-298. 

https://doi.org/10.1081/ASR-100106157”

4 main peaks of interest aligned with 
literature and assigned according to chart

https://doi.org/10.1081/ASR-100106157


Application of Biotech MatLab routine for non linear background subtraction
+

Integral normalization to 1000 cm-1 of all spectra

Courtesy of Prof. Fabio Pezzoli



Differential Analysis

differential average spectra of the two classes 
identifying ALS-specific molecular markers:  

ALS patients demonstrate on average a marked 
reduction of the Raman band at ∼1000 cm-1

c

• The positive maximum at ∼1003 cm-1

in fern-like patterns due to overtake of 
urea in ALS patients

• Sign reversal in the external ring due to 
deficiency of phenylalanine vibrations



Multivariate Analysis

The PLS-DA analysis shows a high 
classification accuracy with a specificity and 

sensitivity of ∼100% 

Spectral components discriminating ALS from HCs: 
phenylalanine and amide I are the most important 

signatures for the classification

Analysis of PhD.Paolo Mereghetti



Conclusions

• Confirmation of the hypothesis: metabolic dysfunctions and
alterations of the whole protein structures and/or content
might play a crucial role in this neurodegenerative disease

• Detection of differences in biomarkers proved to be high in
sensitivity and specificity

• Interpretation on the origin of this possible
difference is still to be pursued
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Thank you for your attention!


