Propriedades opticas do tecido
bioldgico



Optica — “luz”

 Optica —regido entre 100 nma 1 um.

* Propagacao da luz no tecido

— Modelo classico: definicao matematica da
dinamica do transporte da luz (calculo de secao de
choque de espalhamento, absorcao...)

— Modelo quantico: conceito do “pacote de energia”
(fotons) — processos de transicao molecular
(absorcao, luminescéncia, espalhamento
Raman...)



Onda eletromagnética
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LASER

* Luz com caracteristicas especiais

* Monocromaticidade (cor Unica)
» Coeréncia (fétons em fase)
* Colimacao (ondas praticamente paralelas)




LASER

* Luz com caracteristicas especiais

Luz laser coerente

M  Monocromaticidade (cor Unica)

* Coeréncia (fétons em fase)
* Colimacao (ondas praticamente paralelas)

Luz LED nao-coerente




Lampada




Spectral Intensity [W/sr/nm/1000cd]
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Emissao espectral

Spectral Profiles of LEDs for Fluorescence Microscopy
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FOtons viajam e interagem com as
biomoléculas do tecido

Refletancia

Excitagdo especular Pele normal Carcinoma
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Propagacao da luz em tecido biologico

* Espalhamento
e Absorcao

e Transmissao



Refracao

Indice de refracdo: descreve as propriedades dpticas lineares
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Espalhamento

* Foétons “viajando” dentro do tecido: inclusoes
com diferentes n
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Secao de choque de espalhamento

espalhada pelo centro espalhador.
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FIGURE 2.5 The scattering cross section expresses the proportionality between the intensity of incident wave and
the amount of power scattered from it. (A) Before encountering the scatterer, the beam has a uniform power P, =
I,A where I, is the intensity of the beam and A is the cross-sectional area. (B) After encountering the particle, some
of the energy gets scattered out of the beam, and the beam intensity is no longer uniform. (C) The amount of power
scattered is equivalent to the power in a piece of the incoming beam with area 6, which is the scattering cross section.

Vo-Dinh, Biomed Phot Handbook, 2003

Expressa a proporcionalidade entre I, e a quantidade de poténcia

(diregdo de propagacdo da onda plana relativa
ao espalhador)

Luz incidente: onda plana (amplitude
uniforme em qualquer plano
perpendicular a direcdo de
propagacao, de pelo menos 1 ordem
de grandeza maior que a particula
espalhadora).
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FIGURE 2.6 The differential scattering cross section expresses the angular distribution of the scattered light relative

to the incident light. The incident photon travels along the direction § and the scattered photon exits in the §

direction.

Vo-Dinh, Biomed Phot Handbook, 2003
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Onde $' define o eixo do
cone de angulo solido df)
originado do espalhador.



Scattering Regimes

<N  Rayleigh Regime Rayleigh Scattering
* E.g.particles in the sky
+ Strongly wavelength dependent
* Mostly isotropic v

>N MieRegime
Mie Scattering Mie Scattering,

* Cells, water droplets (fog) Iargerparﬁcles
* Anisotropic: mostly
forward scattering

g=

—1...0 Backward scattering (anisotropic)
0 Unidirectional scattering (isotropic)

0...1  Forward scattering (anisotropic)

g for most biological tissues: ~ 0.9
(highly forward scattering)
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1
Mean free path: -
M,
Transport mean free path: #
u,-(1-g)

The scattering mean free path is the average distance between
scattering events (in biological tissues around 100 pm)

The transport mean free path can be thought of as the mean distance
after which a photon’s direction becomes random (in biological
tissues around 1 mm)



Absorcao

Coeficiente de absorcao

—
Geometrical o,: Effective absorption N: absorbers per
cross-section [cm?] cross-section [cm?] per unit volume [1/cm?3]
molecule
Ha= 0N

The absorption coefficient , is the total absorption cross-sectional area
per unit volume [cm?2/cm?3]

Lei de Beer-Lambert

. Slice area: A
Slice volume: A-dx
. Cross-sectional area
. in slice volume: p,-A-dx
dx

The relative change in intensity equals the total absorption cross-
sectional area in the slice divided by the slice area:

—dl _p,-A-dx

dx = [=[e""
Ji A lua 0




Meios turbidos

Snake light
%
Incident light |

S >
‘ N
(N Ballistic light

Diffusive light

Bacterial Cultures in Broth Media

a. Sterile (uninoculated broth) - note how clear the media is

b. Broth showing slight turbidity (some bacterial growth)

c. Broth showing significant turbidity (a lot of bacterial growth)
d. Broth that hasn't been agitated (shaken)



Paraffin




Cor x propagacao




Cor x propagacao




Atenuacao da luz — profundidade de
penetracao em tecidos biologicos

~

I(x) = I exp(-4xx)

.
X

I=Leg™

Where:
I = the intensity of photons transmitted across some distance x
I, = the initial intensity of photons

s = a proportionality constant that reflects the total probability of a photon being
scattered or absorbed

p = the linear attenuation coefficient

x = distance traveled

UUUUUU



Table 1

In vivo optical properties at commonly used treatment wavelengths for PDT

Tissue

Bladder

Bowel
Small

Large

Diaphragm

Heart

7. (nm)

532

630

650
760

420

Ma (cm_l) us’ (cm_l) Experimental Method References

0.27-0.71
0.28-0.76

0.09-0.14

0.07-0.09

0.02-0.50
0.11-0.17

0.078-0.089

0.037-0.110
0.031-0.10
0.096-0.29
0.60-0.86
0.070-0.10

0.068-0.102

0.19-0.21
0.12-0.18

0.03-1.55

0.12-0.18

1.28-3.30
2.5-6.37

12.5-15.8

11.9-14.1

8.95-10.05

10.11-10.42

9.65-21.7

17.56-75.06

5.22-90.80

3
4

1.15-156  21.6-304

0.16-1.36  1.07-83.81
0.49-0.88 21.14-2252

Pericardium 3 0.13-033

Prostate 3 0.05-1.0
0.14-0.61
0.09-0.72
0.09-0.72

0.11-16

0.05-1.11
051-0.64 224577
0.16-023  6.80-9.84

I Time of flight absorption spectroscopy
IFrequency Resolved Spectroscopy

3CW Ab sorption Transmittance Spectrsocopy
4CW Absorption Reflectance Spectroscopy







Star Trek - Tricorder




LNES (HNL N B S BN S Suun Sune BN AEN BEne Suny S Sune Sume e BN S e e SEN SN B S SENS Suu Sume Seae BESL S S

\1ﬂ<<-<< T | AL AL ) (AL ) WAL

,"’, -m
\ = NE
\ L o8
) mo00
/ 3TIS
' L |
\\ I _ -
i BN
"’
L
e — ~
/
3 v
b .....w
w \-\\a}.\.
m \ AM /:
= 1 1
J / NI
P |
.

¥
A
i='~.

=
=
3
3
—
s
-
=
2

P PP PR M PP TP B PP R R

100
10

1
0.1

32UBQIOSqE 3A1RIRY

0.01

1000 1200 1400 1600 1800

wavelength (nm)

400 600 800




- 400 600 800 1000 1200

Wavelength [nm]

Figure 16. The absorption spectrum of a tissue (B = 0.002, § = 0.75, f, fibrous = 0.30) that varies
its water content from 0 by 0.1 to 0.7 as the fat content varies from 0.7 by 0.1 to 0, such that
fat + water = 0.7. Magenta lines are for high fat, low water, and the fat signature is clearly present
at 930 nm (arrow ). The blue lines are for low fat, high water (W = 0.3), and the fat signature is
less obvious. (Based on the fat spectrum of van Veen eral (2004).)
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L. Shi et al., J Biophotonics 2015.



FLUORESCENCIA
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FLUOROPHORES

BIOMOLECULES / CELL
LOCALIZATION

EXCITATION
Peak position range

EMISSION
Peak position range

Aromatic
AminoAcid
Residues

Proteins
A= Phe+Tyr; B= Trp+Phe+Tyr

240 — 280 nm

280 — 350 nm

Collagen
Elastin
Cytokeratins

Extracellular matrix
Connective tissue
Epithelia

330 — 340 nm
350, 420 nm
280, 325 nm

400 - 410 nm
420, 510 nm
495, 525 nm

Reduced Pyridine
Nucleotides

NAD(P)H
(Cofactors in metabolism)
mitochondria / cytoplasm

330 — 380 nm

440 nm (bound)
462 nm (free)

Flavins
Flavin Nucleotides

Riboflavin, FMN, FAD
(Coenzymes of Flavoproteins)
mitochondria / cytoplasm

350 — 370 nm
440 — 450 nm

480 - 540 nm

Porphyrins
(Zinc-
Protoporphyrin)

Prosthetic group of proteins
Hemoglobin Myoglobin
Cytochrome

Erythroid cells

405 nm
500 - 600 nm

630, 670 nm

Lipofuscins
Lipopigments

Pigments
(cell catabolism / cell age)
cytoplasm

uv
400 — 500 nm

Vitamins

Vitamin A
Vitamin B6 & Precurors

370 — 380 nm
290 — 310 nm /375 — 395 nm

490 -510 nm
375 -395 nm /400 - 500 nm

Lipids

Arachidonic Acid
Phospholipids

330, 350 nm
430 - 440 nm

470 -480 nm
520 -570 nm

Catecholamines
Serotonin

Neurotransmitters

280 — 290 nm
305, 360 (dimer), 420 (trimer) nm

320 - 340 nm
350, 440 (dimer), 520 (trimer) nm

G. Bottiroli and AC. Croce — The autofluorescence spectroscopy of cells and tissues as a tool for biomedical
diagnosis. In: Lasers and current optical techniques in biology. G. Palumbo and R. Pratesi Eds.
Comprehensive Series in Photosciences, vol. 5. The Royal Chemical Society, London. 2004.




