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Applying Raman spectroscopy to biological
samples

—

~ Use multivariate analysis
Complex _
- Use 2D correlation analysis
Raman spectra of
biological samples
~ Increase power incident laser
Weak -
SERS

— Use statistical techniques



Applying Raman spectroscopy to biological
samples

Combining 2D correlation, multivariate analysis and SERS ...

 Diagnose: differentiating healthy and sick tissue

* Investigate and study the evolution of an biological process (illness)
or to find new biomarkers

*Quantify concentrations of different molecules and establish a model

!

Improve and expand the use of Raman spectroscopy for biomedical applications



Applying Raman spectroscopy to biological
samples

Dynamic measurement of local pH in
cancer living cells after Photodynamic

treatement

S. Balint, ICFO

Dynamic chemical composition of retina

during a neuroinflammation process

A.Taubes and P. Villoslada, Hospital Clinic, Barcelona




Outline

Methodology used

Surface Enhanced Raman spectroscopy (SERS)
2D correlation spectroscopy

Multivariate analysis

Biomedical applications

Dynamic measurement of pH in cancer living cells after Photodynamic treatement

Dynamic chemical composition of retina during a neuroinflammation process

Conlusion
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Methodology used

Surface Enhanced Raman spectroscopy (SERS)



Surface Enhanced Raman Spectroscopy

Incident light scattered light

sample
Rayleigh scattering
/ Surface enhanced Raman scattering

SERS active substrates: metallic structures, electrodes and colloid nanoparticles
(tens of nanometers in size)

Raman signal enhanced by a factor 10%-10'4

There are two contributions:
Electromagnetic enhancement

Chemical enhancement

'PCCHO0, 2008



Construction of the SERS probes

Micro sized silica bead covered with nano sized
silver colloid particles'-?

I Balint et al., J. Phys. ChemlC3, 2009
2 Balint, Rao, Marro et al.; JBiomedOpt 15,2010
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Methodology used

2D correlation spectroscopy



What is 2D correlation analysis?

Perturbation (mechanical, electrical,
chemical, magnetic,
l optical, thermal...)

Electro- tic prob
(”:CU\T;?HF)T\agne ICc probe___, System === Dynamic spectra

The procedure performs a quantitative comparison of patterns of spectral intensity
variations along the external variable observed at two different spectral variables.
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What is 2D correlation analysis?

Synchronous

Wavenumber [cm™]

1120 1300
Wavenumber [cm-1]

Balint S. et al; JRS,201 |

1480

Asynchronous
high
1480- . -
= - e
=
Tt - //‘:’, o 4
5 .
‘é 1300- *
SPUIME e w9
o a
> b5
S ...,%". = «al
§ ,,', -
= low 1120 1300 1480

Wavenumber [cm-1]

positive

negative



What is 2D correlation analysis?

Example of a band shifting
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Methodology used

Multivariate analysis



Principal component analysis (PCA)

Multivariate method for large multidimensional data sets

Differentiate similar groups of peaks from the whole experimental data.

PCA reduces the number of variables retaining the variation.
C
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Biomedical applications

Dynamic measurement of pH in cancer living cells after Photodynamic treatement



How can we study PDT?
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Construction of the pH sensors

The pH sensitivity is achieved mixing 10-3M pMBA with the SERS probes

OH

PMBA
(4-mercaptobenzoic acid)

SH
Micro sized silica bead
covered with silver
nanocolloid particles'

1Balint, J. Physical Chemistry C, 2009



Cell protocol

Glioblastoma (U-87 MG)
cancer cells




Cell protocol
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Calibration of pH probes

o
w

MWV\, oH = 45

_J/U\/m/\/\v pH =25
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The calibration was done by measuting the SERS spectra from the probes in
different solutions with pH values between 2 - 7.5

y
2D correlation analysis

y

Calibration curve was constructed of the PMBA marker band intensity versus pH



pH calibration curve

PMBA (4-mercaptobenzoic acid)
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pH calibration curve

PMBA spectra

Synchronous

Wavenumber [cm-1]
a
o
o

1120 1300
Wavenumber [cm-]

Balint S. et al; JRS,201 |

1480

o o o
[ [N [

Raman Intensity [ a.u.]

o
[=)

LA\

1200 1300 1400 1500
wavenumber [cm 1]

pH=6.5

pH = 4.5

pH =25

Asynchronous

high

1480- . -
:
Q et
2 1300 @
SEIME e mie
o
>

8 ~ <

= low 1120 1300 1480

Wavenumber [cm-1]

positive

negative



pH calibration curve
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Monitoring of pH changes in PDT treated

cells
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Monitoring of pH changes in PDT treated
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Morphological chances in the apoptotic
cell death
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Morphological changes in the apoptotic
cell death
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Morphological changes in the apoptotic
cell death
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Morphological changes in the apoptotic
cell death
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Morphological changes in the apoptotic
cell death
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Conclusion

e The use of 2D correlation spectroscopy is worthy to study the
dynamic process

e Local pH can be monitored with SERS — pMBA probes
* We detected local pH changes during emodin PDT treatment
e Cell recovery after low dosage (1.0 J/cmz) radiation

* Apoptotic cell death after high dosage (6.0 J/cm2) radiation
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Biomedical applications

Dynamic chemical composition of retina during a neuroinflammation process



Chemical composition of retina tissue under
neuroinflammation
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Chemical composition of retina tissue under
neuroinflammation
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Chemical composition of retina tissue under

neuroinflammation
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Applying Raman spectroscopy to biological

samples

Raman spectra of |
biological samples

Complex-

—

Weak -~

- Use 2D correlation analysis

~ Use multivariate analysis——> We reduced data dimensionality

in retina tissue diagnosis

Identified changes in dynamic spectra
of cancer cells

| o cidant |

Increased the signal to measure the
local pH in cancer cells

SERS

— Use statistical techniques

!

We have improve and extend the use of Raman spectroscopy

for biomedical applications



Acknoledgements

LA gy\\\’f‘ T
e

Laserlab
Europe

Fundacié Privada

CELLEX

Joan Seoane Suarez (ICREA, Spain) Hospital Vall d’Hebron (Barcelona)
provided the cells



ICFO?

Institut
de Ciencies
Fotoniques

SPIE/OSA«{

European Conferences on

Biomedical Optics




