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Fig. 1 View of the section of the tissue sample holder
I: tissue :-iilmple; 2 Lissue :-iulnplrf holder; 3: R.,= 6 mm;

4: Rp= 12 mm.
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Fig. 2 Experimental setup of a double integrating spheres

system for measuring the optical properties of biological tissue

I: laser; 2: attenuator; 3: attenuator; 4: mirror; 5: aperturel;

6: beam expander; 7: polarizer; 8: aperture Il; 9: intergrating sphere

I: 10: sample; [11: optical trap; [12: intergrating sphere II; /3:

optical trap; [4: detector system: 15: detector system; [6: bhaffle;
17 baffle.
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Fig. 3 Measurement method of specular reflectance and
collimated transmittance of biological tissue
3: baffle ;: 4: haffle ; 5:

sample: 6: intergrating spherell; 7: standard reference plate. 0= 37,

I': intergrating sphere [ : 2: sample ;
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Diffuse reflectance, specular reflectance, diffuse transmittance, collimated transmittance, total attenuation coefficient

of human normal bladder and human bladder cancer tissue at laser irradiation

Diffuse Specular

M nm T issue

reflectance reflectance

Diffuse

transmittance

Collimated Total attenuation

. T -1
transmittance coefficient/ em

532 normal bladder 0.357£0.017 0. 024 +0. 002 0.051 £0. 003 0. 022 +£0. 002 45.00£0. 12
532 bladder cancer  0.136%0.007 0.036+0.003  1.8x107°£0.01x107° 3. 1x 100°£0.02x 107 3. 1% 10°£0.02% 10°
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808  bladder cancer  0.311 20.014  0.033x0. 003 0. 082 £0. 005 8. 6x 100°+0.05% 107 ° 1. 1x 10°+0.01 = 10°

Table 2 Diffuse reflectance, specular reflectance, diffuse transmittance, collimated transmittance, total attenuation coefficient

of human normal bladder and human bladder cancer tissue at linearly polarized laser irradiation
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. - . -1
transmillance coellicient/ em
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Table 3  Refractive index of human normal bladder and human
bladder cancer tissue at laser and linearly polarized laser

irradiation
N nm Tissue n n
532 normal bladder 1.37£0. 01 1.39%0. 01
532 bladder cancer 1.48 £0. 02 1.48 0. 02
808 normal bladder 1.35%0. 01 1.37%0. 01
808 bladder cancer 1. 44 £0. 02 1.45%0. 02
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Table 4 Absorption coefficients, scattering coefficients, total attenuation coefficients, effective attenuation coefficients of human

normal bladder and human bladder cancer tissue in Kubelka Munk two flux model at laser and linearly polarized laser irradiation

Mnm T issue Al em™ ! Sewlem™ ! EJem™! E o em™! A gwlem™ " Sgylem”! E" Jem™! E" il em™!
532 normal bladder 10.2£0.06 17.6£0.09 27.8%0.14 21.5%£0.11 10.6%0.07 17.9%0.09 28.5£0.15 22.2%0.12
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808  bladder cancer 9.63%0.04 12.5%0.06 22.1%0.12 18.3%£0.09 9.52+0.04 12.2%0.06 21.7%0.10 18.0%0.09
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Figd4 Thei(x) ,j(x) , I(x) of human normal bladder tissue in Kubelka Munk two flux model are changed with tissue
thickness at 532 nm and 808 nm laser and their linearly polarized laser irradiation
Where i { x) represents forward scattered photon fluxes, j ( x ) represents backward scattered photon fluxes, [ {x ) represents total scattered photon
fluxes. The x represents the thickness of human normal bladder tissue, where x= 0. 132em. (a) A (x) and € (x ) represent the forward scattered
(b) E (x) and G (x) represent the forward
(e} K (x)and M (x)
(dy O {x) and
@ (x) represent the backward scattered photon fluxes of human normal bladder tissue at 532 nm and 808 nm linearly polarized laser irradiation
(e) S

respectively . ()

photon fluxes of human normal bladder tissue at 532 nm and 808 nm laser irradiation respectively.
scattered photon fluxes of human normal bladder tissue at 532 nm and 808 nm linearly polarized laser irradiation respectively.
represent the backward scattered photon fluxes of human normal bladder tissue at 532 nm and 808 nm laser irradiation respectively.
respect i\'t*.h-' . (x)and U (x) represent the total scattered phm(m fluxes of human normal bladder tissue at 532 nm and 808 nm laser irradiation
W (x)and ¥V (x) represent the total scattered |}}1n|l:|l fluxes of human normal bladder tissue at 532 nm and 808 nm |E||P.urly

polarized laser irradiation respectively.
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Fig 5 Thei(y) ,j(y) ., I(y) of human bladder cancer tissue in Kubelka Munk two flux model are changed with tissue
thickness y at 532 nm and 808 nm laser and their linearly polarized laser irradiation
Where {_3'} represents forw ard scattered phntml fluxes, J (_\'J represents backw ard seattered |1|1r|lr||| ”ux(-!ﬁ. ! (_p') represents total scattered |}|1||In||
fluxes. The y represents the thickness of human bladder cancer tissue, where y= 0.210em. (a) B {y) and I} {y) represent the forward scattered
photon fluxes of human bladder cancer tissue at 532 nm and 808 nm laser irradiation respectively. (b) F (y) and H (y) represent the forward
scattered photon fluxes of human bladder cancer tissue at 532 nm and 808 nm linearly polarized laser irradiation respectively. (¢) L (y) and N (y)
represent the backward seattered photon fluxes of human bladder cancer tissue at 532 nm and 808 nm laser irradiation respectively. (d) P (y) and R
(y) represent the backward scattered photon fluxes of human bladder cancer tissue at 532 nm and 808 nm linearly polarized laser irradiation
respectively. (e) T (y) and V {y) represent the total scattered photon fluxes of human bladder cancer tissue at 532 nm and 808 nm laser irradiation
respectively. (f) X (y) and Z (y) represent the total scattered photon fluxes of human bladder cancer tissue at 532 nm and 808 nm linearly polarized laser

irradiation respectively.
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Optical Properties of Human Normal Bladder and Bladder Cancer Tissue at 532 nm
and 808 nm Laser and Their Linearly Polarized Laser Irradiation In vitro™

]}**

WEI Hua Jiang"?, XING Da"™ , WU GueYong”, GU HuarMin", JIN Ying"
(Y Institute of Laser Life Science, South China Normal University, Guangzhou 510631, China;
¥ Physics Department of Guangdong College of Pharmacy, Guangzhou 510224, China;
3 First Affiliated Hospital of Sun Yat-sen University of Medical Sciences, Guangzhou 510080, China)

Abstract A double integrating-spheres system, basic principle of measuring technology of ray radiation, optical
model of biological tissues were used for the study. Optical properties of human normal bladder and bladder
cancer tissues at 332 nm and 808 nm laser and their linearly polarized laser irradiation were studied. T he results
of measurement showed that attenuation of light intensities in human bladder cancer tissue were obviously bigger
than one of human normal bladder tissue at a certain wavelength of laser or the linearly polarized laser
irradiation. Attenuation of light intensities in human bladder cancer tissue at 532 nm and 808 nm laser was
slightly bigger than one of human normal bladder tissue at the linearly polarized laser irradiation. Attenuation of
light intensities in human bladder cancer tissue at 532 nm and 808 nm laser and their linearly polarized laser
irradiation was obviously bigger than one of human normal bladder tissue at 532 nm and 808 nm laser and their
linearly polarized laser irradiation. Refractive index of human normal bladder or human bladder cancer tissue at a
certain wavelength of laser and its linearly polarized laser irradiation had not obvious distinction. Refractive index
of human normal bladder tissue was obviously bigger than one of human normal bladder tissue at 532 nm and
808 nm laser. Optical properties of all of human normal bladder tissue and bladder cancer tissues in Kubelka
Munk two flux model at a certain wavelength of laser or its linearly polarized laser irradiation had prominent
distinetion ( P< 0.01). Optical properties of a certain of tissue at 532 nm and 808 nm laser and their linearly
polarized laser irradiation had either prominent distinction ( P < 0.01). Optical properties of human normal
bladder tissue at a certain wavelength of laser and its linearly polarized laser had obvious distinction. And optical
properties of human bladder cancer tissue at a certain wavelength of laser and its linearly polarized laser
irradiation had not prominent distinction. Attenuation of all of the forward scattered photon fluxes i (x), the
backw ard scattered photon fluxes j (x ), the total scattered photon fluxes / (x ) of human bladder cancer
tissue at 532 nm and 808 nm laser and their linearly polarized laser irradiation is obviously bigger than one of
human normal bladder tissue. And that light intensities of their forward scattered photon fluxes i (x ) was

obviously bigger than one of their backward scattered photon fluxes j (x).
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