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ABSTRACT 

Several studies indicate that low level laser therapy (LLLT) accelerates the healing process, however, for a determined 
pathology, dosimetry remains difficult to be established. To understand the tissue optical properties under different 
conditions is extremely relevant since the dose delivered to the target tissue is known to be critical. The skin 
pigmentation influence on the laser attenuation is not yet well established on different mice lineages or human ethnical 
groups, making the dose problematic. Along the same line, inflammatory processes may cause similar problems since the 
tissues in this condition change their optical properties due to inflammatory cell accumulation. This work evaluated the 
attenuation pattern of a HeNe laser (λ=632.8 nm) using ex vivo skin samples from Balb/C and C57BL/6 mice under 
inflammatory stages induced in their paw by local carrageenan inoculation. The samples were placed between two 
microscope slides, and a CCD camera was placed orthogonal to the beam path. The intensity distribution of the scattered 
light was photographed in grayscale and analyzed by ImageJ software. Our findings suggest that even slight differences 
of the epithelial pigmentation could result in a relevant dose loss delivered to the deeper tissues. The increase of the 
inflammatory cell density in the connective tissue indicated a highly scattering area also resulting in a dose loss for the 
deeper tissues when compared to control group. 
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1. INTRODUCTION 

Low level laser therapy (LLLT) was introduced as therapeutic modality due to the required low energy densities and to 
the high penetration of red and infrared lasers in biological tissue.  

The positive clinical results of LLLT are attributed to a sequence of cellular and molecular events. The determinant 
factors in photochemical, photophysical or photobiological response are the wavelength, energy density, power density, 
chromophore concentration and the optical properties of the treated tissue (mainly absorption and scattering), as well as 
its physiologic state. The primary mechanisms are explained by absorption of respiratory chain’s components of light 
quantum, signaling a cascade of events, which leads to the final effect1, for example, to wound healing2 and prevent 
surgical complications3,4 reducing the hospital stay needed also reducing the chances of opportunistic infirmary 
infections. 

Although several studies have been published, light dosimetry is not largely explored in literature. In fact, a few studies 
report optical properties of pathological tissues5-7.  

This study was developed to determine the relative attenuation coefficient of the light intensity in skin of black and 
albino mice as well as we measured light attenuation following inflammatory process. The technique of imaging the light 
distribution allows us to obtain a qualitative attenuation pattern for the light intensity that, once known, allows the 
understanding of several effects of light tissue interaction and consequently, the possibility of optimization of light 
parameters for LLLT. 
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2. MATERIALS AND METHODS 

2.1 Mice 

This study was carried out following the ethical principles elaborated by the Brazilian National Council of Animal 
Experimentation, an institution linked to the International Council of Laboratory Animals Science (ICLAS), based on 
international recommendations that seek the enhancement of behavior of animal experimentation, based in three 
fundamental principles: sensibility, good sense and good science. It is also approved by the Ethical Committee on 
Animal Research of the Institute for Energetic and Nuclear Research (IPEN). 

We used nine Balb/C and nine B57BL/6 adult (between 40 and 60 days old) female mice weighting from 20 g to 30 g, 
raised under ideal conditions of temperature with water and food ad libitum. According to Calabro et al.8 relevant skin 
optical differences can be found between gender variations of mice, what means that all animals must belong to the same 
sex. 

2.2 Carrageenan and oedema induction 

The oedema induction was performed through the inoculation of 50 µL of carrageenan (CGN) at 1% (10 mg of CGN 
diluted in 1 mL of saline solution 0.9%) (Sigma Chemical Co., St. Louis, MO, USA) in doses of 0.5 mg/paw injected in 
the basal area of left mice’s paw9, keeping the right paw healthy for the control group. Once the CGN inoculation is a 
fast and its symptomatology is comparable to an anesthetic application, sedation remained unnecessary. 

Carrageenan is a polysaccharide widely used for inflammatory induction on animal experimentation causing the 
formation of many inflammatory mediators such as histamine, bradykinin, prostaglandin and others10. The use of CGN 
as a irritating agent for oedema induction was first used in the 60’s by Winter et al.11 and became one of the most 
popular pharmacological compound for anti-inflammatory medication tests. 

The oedema volume increases until about the forth hour after CGN inoculation, reaching its peak, and decreases until the 
paw returns to its normal volume12. To understand the tissue optical properties during the volume increase, peak and 
decrease, samples were taken on the moments 2, 4 and 6 hours post CGN inoculation. The animals were divided into 
three groups containing the same number of members (NBalb/C=3 and NC57BL/6=3, per group) and euthanized on the 
moments mentioned above, before the samples acquisition. 

Skin samples were carefully taken with surgical scissors to preserve all tissue layers (epidermis, dermis, hypodermis and 
muscle). To standardize the samples and remove its borders imperfections 4 mm diameter punches were made.  

2.3 Experimental Setup 

The samples were disposed between two microscope slides and frontally irradiated by a 2 mm wide HeNe laser beam 
(Uniphase®, Manteca, CA, USA. Output power = 7 mW, λ=632.8 nm) (Fig. 1A) attenuated 99.75% by a neutral density 
filter resulting in a 17.5 µW light beam. A couple charged device (CCD) (Canon G10, 14.7 Mpx), placed 6 cm and 
orthogonal to the samples (Fig. 1B), captured the scattered light emitted from the samples profile. The first tissue layer 
on the laser beam path was always the epidermis. 
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