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Abstract

Visible and near-infrared radiation is now widely employed in health science and technology. Pre-

clinical trials are still essential to allow appropriate translation of optical methods into clinical 

practice. Our results stress the importance of considering the mouse strain and gender when 

planning pre-clinical experiments that depend on light-skin interactions. Here, we evaluated the 

optical properties of depilated albino and pigmented mouse skin using reproducible methods to 

determine parameters that have wide applicability in biomedical optics. Light penetration depth 

(δ), absorption (µa), reduced scattering (µ's) and reduced attenuation (µ't) coefficients were 

calculated using the Kubelka-Munk model of photon transport and spectrophotometric 

measurements. Within a broad wavelength coverage (400–1400 nm), the main optical tissue 

interactions of visible and near infrared radiation could be inferred. Histological analysis was 

performed to correlate the findings with tissue composition and structure. Disperse melanin 

granules present in depilated pigmented mouse skin were shown to be irrelevant for light 

absorption. Gender mostly affected optical properties in the visible range due to variations in 

blood and abundance of dense connective tissue. On the other hand, mouse strains could produce 

more variations in the hydration level of skin, leading to changes in absorption in the infrared 

spectral region. A spectral region of minimal light attenuation, commonly referred as the “optical 

window”, was observed between 600 and 1350 nm.
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Light-based technologies have been widely employed in health sciences. Since skin is the most 

common optical barrier in non-invasive techniques, its optical properties must be very well known. 

Our study investigated the light interaction with skin of bother genders from albino and pigmented 

strains. Our findings show a band of minimal light attenuation, referred as the “optical window”, 

between 600 and 1350 nm. Heme-containing proteins and water are main absorbing components 

in mouse skin, while melanin and fatty acids are minimally important. Gender mostly affects 

mouse skin optical properties in the visible range due to variations in blood and dense connective 

tissue abundance, while strains can introduce variations in the hydration level of skin, leading to 

absorption divergences in the infrared spectral region.
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1. Introduction

Over the last few decades, light has been widely employed in life sciences. [1] Specifically 

in medicine and dentistry, light has become a powerful alternative approach for non-invasive 

therapy and diagnosis.[2,3] Hence many pre-clinical studies employ light either for detection 

of pathology or to induce biological responses. There is a need to clearly understand light-

tissue interactions as an important step before translation into clinical practice. [4] Mouse 

models have been widely employed in pre-clinical studies, even though the structure of 

mouse skin has some dissimilarities with human skin. Indeed, since many experimental 

approaches have first been tested in mice, some recent studies have explored the variation in 

the optical properties of mouse skin with respect to gender [5], strain and age [6], and 

pathological conditions, such as inflammatory processes.[7] Skin is the most important 

optical barrier in non-invasive optical techniques and in many cases it is the target tissue. 

Therefore, skin optics should be well characterized to optimize the use of light-based 

techniques.[8]
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Theoretical approaches have not succeeded in achieving a satisfactory modelling approach 

for such a complex tissue, even though many models have been tested with varying degrees 

of success.[9] Kubelka-Munk (KM) photon transport theory is a simple, useful and well-

accepted analytical model to provide a simple quantitative description of general tissue 

optics. It is a special case of the “many flux theory” describing two opposite distinguishable 

fluxes propagating in one dimension: one flux corresponding to the incident beam 

propagation, and the other to the resultant backscattering.[10,11] The main advantage of this 

model is its ability to be simply described by two differential equations, one corresponding 

to each flux, and the solutions are only dependent on the following parameters: sample 

thickness (D), the diffuse transmittance (Td) and the reflectance (Rd). The light fluxes are 

subject to both elastic scattering and single photon absorption events and the probability of 

occurrence of these events is directly proportional to the KM scattering (SKM) and 

absorption (AKM) coefficients, respectively.

In the present work, we evaluated the optical behavior of freshly excised pieces of skin from 

male and female mice of two different strains: one albino strain (BALB/c) and another 

melanin pigmented strain (C57BL/6). Despite the fact that the melanin level is generally 

supposed to be low in C57BL/6 mice skin [6] it is recognized that skin pigmentation 

strongly influences the optical properties of tissues [12]. We analyzed a very broad spectral 

range (from 400 to 1400 nm), using the Kubelka-Munk model of photon transport and 

spectrophotometric measurements, to precisely describe the optical properties of mouse skin 

in terms of the optical coefficients µa, µ’s, µ’t and penetration depth (δ).

2. Materials & Methods

2.1. Animals

We used 4 to 6 weeks old healthy mice, 5 males and 5 females from each strain (C57BL/6 

and BALB/c), for ex vivo skin sampling. Before the experiments, all animals were 

individually housed in acrylic plastic isolators in a 12 h light/dark cycle and fed with 

granulated food and water ad libitum. All animal procedures, care, and handling were 

carried out according to the ethical principles of animal experimentation formulated by the 

Brazilian College for Animal Experimentation (COBEA) and were approved – protocol 

95/11 – by the local Ethics Committee on Animal Research and Care of IPEN/CNEN-SP.

Animals were euthanized by cervical dislocation, and hair excess on the dorsal region was 

carefully removed using an electric shaver. In order to minimize light interaction with any 

remaining fur, skin was depilated with a thioglycolate-based chemical (Veet Cream®, 

Reckitt Benckiser, Brazil). Samples were excluded if any sign of surface damage or 

inflammation was observable.

Samples were harvested from the dorsal region since this is a large region of skin with a 

homogenous structure, and is also the most frequently used region in mouse models. Skin 

from other regions such as the abdomen may have less homogeneous structures due to the 

presence of anatomical irregularities, appendages and other organs, such as mammary 

glands, that would negatively affect the precision of our interpretations. Skin pieces 

containing all tissue layers (i.e. from epidermis to subcutaneous tissue) of 2 x 2 cm were 
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then carefully detached from fascia and excised using surgical scissors. To provide 

mechanical support, each sample was positioned between two microscopy slides under 

minimal pressure as shown in Figure 1. Before the sample was positioned between the 

microscope glass slides, the epidermal surface was slightly moistened by a wet piece of 

cotton to minimize the effect of mismatched boundary conditions. Sample full thicknesses 

were measured by a hand caliper, subtracting the microscope slide thickness. To avoid 

possible artifacts due to sample compression or histological preparation, we used this 

thickness information to calculate the optical coefficients.

2.2. Spectroscopy analysis

Immediately after skin excision, spectroscopic measurements were carried out by a 

commercial spectrophotometer system (Cary 5000, Agilent, Australia) coupled to a single 

integrating sphere (Internal DRA-2500, Agilent, Australia). The spectra for transmittance 

and reflectance were measured at wavelengths ranging from 400 nm to 1400 nm. For 

experimental reproducibility, we avoided any sample folding and minimized the 

experimental time to avoid any sample deterioration due to possible dehydration and/or 

oxidation of tissue chromophores. Each measurement run took around 3 minutes of 

acquisition time. No tissue changes were visible after these measurements.

Transmittance measurements were obtained by placing the samples in front of the sample 

light beam (position “a”, in Figure 1) and the reflectance spectra were obtained by shifting 

the sample to position “b”. For total transmittance measurements we positioned samples on 

port “a”, and port “b” was closed to backscatter collimated transmittance. The sample beam 

was positioned at the center of the samples for reproducibility. During measurements, the 

rectangular sample beam dimensions were 1 cm high and <0.5 mm wide and the incident 

optical intensity <1 mW/cm2. Any thermal effects were considered negligible.

Since the fresh skin samples were placed between two microscopy slides (Figure 1), the 

Fresnel reflection provided from the air/glass/water/glass/air interfaces were subtracted for 

position “a” and “b” in a baseline calibration. For baseline calibrations, we used two 

microscope slides with a thin layer of water between the slides.

The optical parameters AKM and SKM were determined using the one-dimensional, two-flux 

KM model. [10,13] The theoretical model provides rather simple mathematical formulations 

to extract the optical parameters from the measured values of Td and Rd.

(1)

(2)

Where D [cm] is the sample thickness and:
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(3)

(4)

The following equations were used to convert the KM coefficients into values of absorption 

coefficient (µa), reduced scattering coefficient (µ’s), reduced attenuation coefficient (µ’t) and 

penetration depth (5): [13.]

(5)

(6)

(8)

(7)

2.3. Histological analysis

After spectroscopy, skin samples were fixed in 10 % buffered formaldehyde and routinely 

processed for hematoxylin and eosin histological staining. Separate measurements of 

epidermis, dermis, adipose tissue, muscle, and connective tissue were performed in three 

different areas of the images in a standardized manner using ImageJ for quantifications [14]. 

Additional sections were prepared and stained with Lillie Stain (all reagents from Sigma, St. 

Louis, MO, USA) which is specific for melanin.[15] Three images were obtained (Leica 

Microsystems, Wetzlar, Germany) from each skin sample. Lillie stain showed melanin 

granules as a dark blue color. The quantification of the area of melanin granules present in 

the skin was also performed using ImageJ Software.

2.4. Statistical analysis

For group comparison of melanin content in skin of pigmented mice, samples were found to 

have an approximated normal distribution (Shapiro–Wilks test) and to have homogeneous 

variances (Levene’s test) thereby the unpaired t-Test was applied. To compare skin thickness 

among all groups, the one-way ANOVA test was used with Tukey post-hoc test. Groups for 

statistical analysis contained 5 independent measurements. Values are presented as averages 
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and standard error of the mean (SEM). Null hypotheses were rejected at lower than 0.05 

significance level.

3. Results and discussion

The mean thicknesses of each layer of the skin tissue as quantified by histological analysis 

are presented in table 1. For our optical coefficient calculations, we used the total fresh skin 

sample thickness, measured by hand caliper, to provide an overall estimative of the optical 

coefficients. Skin sample thickness of BALB/c males was 750 ± 30 µm and that of females 

520 ± 30 µm, while C57BL/6 males had a thickness of 540 ± 20 µm and females 540 ± 50 

µm. As shown by the literature, female mice possess a more abundant adipose layer 

compared to males, who, on the other hand, had an overall thicker dermis and greater 

amount of subcutaneous tissue especially in the BALB/c strain. These sex-related skin-

structure characteristics are also further inducible by administration of sex steroids or their 

respective inhibitors. [16] The epidermis and muscle layer thicknesses were statistically 

constant among the different groups.

The average diffuse transmittance and reflectance spectra of mice skin are presented in 

Figure 2. It was observed that male albino (BALB/c) mice had a lower transmittance and 

higher reflectance compared to other groups, especially between λ= 600 and 1300 nm. 

Albino males had a significantly thicker skin tissue due to a greater amount of connective 

tissue in the dermis (Table 1). Moreover, some differences can also be seen when comparing 

Figure 2a and Figure 2b regardless of gender and strain. The lower transmittance in the 400–

600 nm band is related to light absorption by various chromophores combined with strong 

Rayleigh and Mie scattering, while beyond 950 nm water becomes a dominant 

chromophore.[11,12,17,18,19]

To discriminate between the influence of absorption and scattering, the optical coefficients 

are shown in Figure 3. In general, a few major absorption peaks (Figure 3a) were observed 

throughout the spectra, demonstrating the influence of the main chromophores in skin. The 

light-scattering properties of all groups were inversely proportional to wavelength, giving a 

decay rate that resembles a Rayleigh-Mie scattering curve (Figure 3b).

The absorption peaks centered at 425 nm and 552 nm are due to absorption by heme-

containing proteins present in blood and muscle (Figure 3a). Oxyhemoglobin (O2Hb) and 

deoxyhemoglobin (Hb), as well as oxymyoglobin (O2Mb) and deoxymyoglobin (Mb) are 

the major chromophores in the visible wavelength range. Interestingly, as Hb has four heme 

prosthetic groups while Mb has only one heme group, the molar extinction coefficient of Hb, 

is in general, four times greater than that of Mb in the 400–600 nm range. The overlapping 

of the two inseparable O2Hb/O2Mb and Hb/Mb absorption bands centered at 414 nm and 

436 nm resulted in the 425 nm peak, and the combination of the three absorption bands at 

542 nm, 554 nm and 576 nm resulted in a peak centered at 552 nm [17,18]. It is likely that in 

healthy living mice, oxygenated proteins O2Hb/O2Mb would be predominant (95–100% O2 

saturation in blood), which would diminish the importance of the Hb/Mb absorption peaks. 

This hypothesis is corroborated by the diffuse reflectance spectra of Caucasian human skin 

reported by Zonios et al.[19] In their study, it was demonstrated that if skin is subjected to 
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hypoxic conditions, the distinguishable 542 nm and 576 nm absorption peaks decreased in 

intensity and a new peak centered at 552 nm became evident. Anderson and Parrish also 

verified that sections of human dermis, free of blood and without a muscle layer, had no 

indication of absorption peaks in these regions. [12] It must be noted that these peaks are the 

most intense in the visible spectrum (400–700 nm). In our study, those peaks were 

significantly higher (~100%) in males than females, regardless of strain. Since the muscle 

layer had an approximately constant volume among all groups, male mice may possess 

higher blood content throughout the skin. Riboflavin, flavoproteins and free porphyrins 

could not be detected in our data.[20]

The absorption bands with peaks at 970 nm, 1190 nm and above 1300 nm occur due to water 

absorption by resonant molecular vibrations at the O-H bond.[21,22] Above 1350 nm, the 

water absorption increases strongly and becomes the dominant chromophore. Albino mice 

had more intense infrared absorption suggesting they had a more hydrated skin. As a 

consequence of greater absorption by water, albino mice presented the lowest light 

penetration depth in the best wavelengths for light transmission (1100–1300 nm) in the 

analyzed spectral region. The minor peak at 1205 nm is due to the presence of lipids.[22,23] 

In fact, females showed a slightly more pronounced 1205 nm peak (Figure 3a), in agreement 

with the histological analysis that showed that they had more adipose tissue compared to 

males (Table 1).

Melanin possesses a high molar extinction coefficient in the ultraviolet region that 

continuously decays in intensity when moving towards the visible and infrared wavelengths.

[24,25] In histology analysis, melanin granules (Figure 4) were found to be restricted to the 

vicinity of the hair follicles, leaving most of the C57BL/6 skin unpigmented. Yet, no 

statistically significant difference was found in the presence of melanin between the genders 

(p=0.27). Nevertheless, the low amount of melanin granules coating the basal epidermal 

region did not present any appreciable influence in our absorption coefficient data. This fact 

suggests that melanin is not an important chromophore in depilated skin of C57BL/6 mice.

Both male and female C57BL/6 pigmented mice had on average the same skin thickness 

(540 ± 20 µm and 540 ± 50 µm, respectively); however, the tissue layers were present in 

different proportions. The higher abundance of dense connective tissue in males, with 

anisotropic layers of collagen, contributed to the increased scattering properties of skin from 

male mice compared to their female counterparts (Figure 3b). [26] It is known that purified 

fibrous proteins, such as collagen and keratin, are highly scattering materials.[27] Therefore, 

it can be deduced that connective tissues have stronger scattering properties than adipose 

tissues due to greater presence of collagen fibers and other fibrous proteins.[28,29] Further 

studies with isolated tissue layers are necessary to deeply elucidate this interesting finding, 

but Calabro et al. also identified gender as a significant source of variation in optical 

reflectance measurements in mouse skin in vivo and found that variations in the thickness of 

the dermal layer and in the collagen density were the key variables to explain this 

observation.[5] Their findings in respect to reflectance and scattering are in good agreement 

with our observations even though their absorption coefficients differ from ours. This 

divergence may be explained by disparities of measurement methods. Since the vascular 

plexus mostly permeates the deeper regions of the highly light-scattering dermis layer, 
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methods based only on diffuse reflectance measurements may be negatively affected by the 

variable dermis thickness. On the other hand, the KM model has the limitation of presenting 

a reduced precision if absorption predominates (i.e. µa/µ’s is not <<1). [9,10]

All skin samples analyzed in this study had low attenuation coefficients between 600 and 

1350 nm, resulting in this spectral region having the highest values for light penetration 

depth (Figure 3c,d). This wavelength range is traditionally referred in the literature as the 

“optical window” due to minimal absorption and scattering by the major biologic tissue 

components (e.g. heme-proteins, melanin, water, collagen, etc.).[29,28,12] From the lower 

wavelengths up to 600 nm the different groups had pronounced variation in the reduced 

attenuation coefficient levels. In general, from 400 nm to 600 nm, absorption is an important 

component in light-skin interactions, while for the optical window region (600–1350 nm) 

scattering predominates until absorption predominates again above 1350 nm due to the 

intense absorption peaks of water.

Although it is a common assumption that wavelengths in the infrared region of the optical 

window are better suited to optimize the transmission of light in biological tissues, our 

results show that only a slight increase in transmittance (<10 %) was detected as 

wavelengths increased from 650 to 1350 nm, and no statistical significant difference was 

observed (Figure 2b). This same level of variation was observed between experimental 

groups, at the same wavelength. Therefore, the light transmittance in mouse skin depends, 

on both the wavelength and the composition of tissue present in the different experimental 

groups. Thus, it can be suggested that the dosimetry relevant to light-based diagnosis and 

therapy targeting subcutaneous tissues, depends more on the light attenuation due to 

different structural features of skin rather than on which precise wavelength is used.

This study provides a solid basis for the optical properties of mice skin among different 

genders and strains, continuously measured over an extended spectral region. Researchers 

and technologists can consult our data to provide a basis to design successful animal 

experimentation. We achieved sufficient precision to distinguish differences among optical 

properties of male and female mice in pigmented and albino strains. Other investigations 

using diverse data acquisition and treatment strategies are in good agreement with our results 

[5,6,30]. Calabro et al. carried out in vivo experiments using elastic scattering spectroscopy 

and Monte Carlo simulations and also identified gender and strain as significant sources of 

variation in the optical properties of mouse skin. The thickness of the dermal layer and the 

blood content were invoked to explain the variations. Even though they only analyzed a 

single wavelength (550 nm), the calculated optical coefficients were distributed in a 

statistically similar manner to the values we obtained and similar divergences were observed 

between gender and strains, providing corroboration of our analysis.[5]

We must point out that sample preparation is very critical for experimental reproducibility 

and for comparison with in vivo measurements. Sample freshness is a good example of how 

variations may arise. As far as we know, the impact of sample freshness has never been 

quantified or reported, but some important points can be inferred. 1) The use of glass slides 

to position the samples, as we did, can cause mismatched boundary conditions due to 

Fresnel reflection, which is especially critical for the KM model. We minimized this effect 

Sabino et al. Page 8

J Photochem Photobiol B. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



by moistening the sample surface to reduce refractive index changes. 2) The hydration level 

of the tissue can cause high variations in both, absorption and scattering, since water is an 

important tissue chromophore in the infrared region, and it fills the gaps in between tissue 

microstructures, producing a more homogeneous distribution of refraction index values 

within the tissue. 3) The oxygenated proteins HbO2 and MbO2 rapidly become 

deoxygenated after blood flow is interrupted in the tissue changing their absorption spectra 

over time [19]. Within longer periods, the inactivation of a NADH-dependent enzyme – 

methemoglobin reductase – permits Fe+2 present in the heme molecule to be oxidized to 

Fe+3 and this oxidized form can accumulate in sufficient amounts to cause further changes in 

absorption. 4) Any irritation or damage to the skin while shaving or depilating the mice 

would affect results negatively. [7]

A limitation of the KM model is that it could introduce some imprecision to our calculation 

of coefficients since it assumes matched boundary conditions (i.e., the same refractive index 

between propagating media) and that scattering is predominant over absorption. [9, 11, 13] 

However, it has been demonstrated that the KM coefficients can provide acceptable 

approximations for µs’ µa, and δ (equations 5–8), if scattering is predominant. [9, 11, 13] As 

a precautionary measure, we minimized mismatched boundary conditions by moistening the 

skin surface to exclude air from the interface and create a gradually increasing refractive 

index between samples and glass (Nbiological tissues 1.35–1.45, Nwater = 1.33 and Nglass = 

1.46). Overall, our results suggest that KM can provide a reliable analytical model of photon 

transport to obtain optical properties of ex vivo biological tissues analyzed spectroscopically 

with a single integrating sphere. All major absorption peaks were clearly distinguished and 

scattering curves behaved, as expected, with continuous exponential decays as a function of 

wavelength and presented minor deformations in regions of high absorption peaks (Fig. 

3a,b). Other robust theoretical models generally require complex computational simulations 

(e.g. Monte Carlo simulations) to report optical properties of turbid media in terms of the 

same optical coefficients (µs’ µa and δ). [9, 11]

The edge loss at the ports of integrating spheres could also affect our absorption coefficients, 

producing higher values than actually expected. These edge losses are wavelength dependent 

and are most important where absorption is minimal but scattering is still relevant, as in the 

optical window. Since our samples were not inserted into the sphere, light scattering at 90° 

degrees could attenuate transmission and be mistakenly interpreted as absorption. We tried 

to compensate for this problem using a small beam diameter (<0.5 mm) to keep the lateral 

propagation width (1/(µa +µs’)) much smaller than the integrating sphere port diameter (~20 

mm). Theoretically, this artifact could deviate the measured µa up to values as much as 10-

fold higher than the true µa. In fact, in the optical window region our absorption results 

exceeded up to 7 times the measurements made by Jacques using rats (rather than mice), 

while our reduced scattering values were 4 to 10 times lower [11, 30]. But alternatively, such 

differences may also be explained due to greater abundance of light-scattering fibrous 

proteins in the thicker epidermis and dermis of rats, when compared to thinner skin of mice, 

illustrating the diversity of tissue optics in different animal models.

Fluorescent molecular probes and genetically engineered bioluminescent microorganisms 

and cancer cells have been widely used in studies to non-invasively monitor biological 
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phenomena in vivo and, in fact, much relevant knowledge has been developed based on 

these techniques. [31,32] However, the emission wavelengths of bioluminescence are 

commonly between 400 and 600 nm where, according to our data, high absorption and 

diffuse scattering occurs in the skin tissue. Curtis et al. reported, that as C57BL/6 mice age, 

the melanin concentration in the skin increases affecting optical bioluminescence 

quantitation. [6] Indeed, when a weak bioluminescent emission is located underneath any 

tissue this may lead to low signal detection and relatively more blurred images are obtained 

decreasing the accuracy of the technique. The same situation can be observed in 

fluorescence optical imaging where short wavelength fluorescent probes are employed for 

observing subcutaneous targets. [6, 31, 32]

With regard to optical techniques involving signal detection or imaging in deep tissues, such 

as optical coherence tomography or multiphoton fluorescence microscopy, our study showed 

interesting findings. For all evaluated wavelengths, female mice exhibited higher light 

penetration depths compared to their male counterparts, with females from C57BL/6 strain 

always showing the greatest values (average ± SEM, Figure 3d). The difference in 

penetration depth between pigmented and albino males reaches up to 500 µm, and to 700 µm 

when comparing females from both strains. This affirmation is valid for λ= 1100 nm, which 

is the wavelength that presented the highest δ (Figure 3d), and also is in the spectral range of 

many biomedical light sources, whose emission is designed for deep penetration. [1, 4, 28] 

Supposing the investigated target of analysis is located beneath the skin, researchers should 

perhaps choose the C57BL/6 strain over albino mice, since the differences in penetration 

depth can occasionally be larger than their skin thickness (Table 1). Therefore, the reported 

optical coefficients can be used to facilitate development and optimize the outcomes of many 

biophotonics technologies used in therapeutics, surgery, diagnosis and luminescence 

detection in biomedicine. However, we also propose that investigations on differences 

between the optical properties of skin from mouse and other animal models, or between 

human skin, using the same methods, could be an interesting approach to facilitate 

development of translational biophotonic technologies based on tissue optics.

4. Conclusion

This study used easily reproducible methods to report comprehensive fundamental 

measurements of light interactions with mice skin with wide applicability in biophotonics. 

Within a broad wavelength range (400–1400 nm) all main optical properties of visible and 

near infrared radiation could be inferred. Optical property differences between males and 

females of pigmented and albino strains were found to be significant. Gender mostly affects 

mouse skin optical properties in the visible range due to variations in blood and dense 

connective tissue abundance, while pigmented and albino strains can introduce more 

variations due to the hydration level of the skin, leading to absorption variations in the 

infrared spectral region. Melanin, however, only accumulates in small quantities around hair 

follicles and does not introduce major optical variations. Our results stress the importance of 

considering the mouse strain and gender to plan pre-clinical experiments that are dependent 

on light-skin interactions.
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• We present µa, µ's, µ't and δ of albino and pigmented mice skin from both 

genders, from 400 to 1400 nm;

• Dense connective tissues are more abundant in males and present strong 

scattering;

• Males present stronger absorption by heme-proteins indicating higher blood 

content;

• Albino mice present more intense infrared absorption due to higher water 

content;

• Melanin in depilated pigmented mouse skin is irrelevant for light absorption.
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Figure 1. 
Schematic diagram of the commercial spectrometer system coupled to a single integrating 

sphere. To provide mechanical support, each sample was placed in between two glass 

microscopy slides. The transmittance spectra were obtained by placing the sample at 

position “a” with port “b” closed, and reflectance spectra were acquired shifting the sample 

to position “b”. For all measurements, the sample beam was directed in the epidermis-

dermis direction.
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Figure 2. 
Average and SEM of (a) diffuse reflectance and (b) diffuse transmittance versus wavelength.
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Figure 3. 
Average and SEM of (a) Absorption, (b) reduced scattering, (c) reduced attenuation 

coefficients and (d) penetration depth versus wavelength. The maxima penetration depth at 

(d) represents the “optical window” for light penetration into depilated mice skin.
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Figure 4. 
Photomicrograph of the (a) transversal and (b) longitudinal aspect of a primary hair follicle 

stained with Lillie’s stain. Note the hair follicle (HF) and melanin granules (arrows) seen as 

round black structures. (c) Melanin concentrations in male and female C57BL/6 mice skin 

presented in arbitrary units of melanin granule area, averages and standard errors (n=5 per 

group). Scale bar corresponds to 20 µm.
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Table 1

Mean and SEM values of the thickness of epidermis, dermis, adipose tissue and muscle layer quantified by 

histology.

BALB/c C57BL/6

Female Male Female Male

Epidermis 12.08 ± 3.14 10.19 ± 3.29 13.08 ± 3.50 12.53 ± 3.97

Dermis 156.65 ± 55.23 343.44 ± 100.09 162.02 ± 15.12 226.33 ± 36.86

Adipose tissue 168.01 ± 52.31 40.17 ± 9.65 189.37 ± 64.14 103.05 ± 61.24

Muscle 91.68 ± 21.95 90.47 ± 51.96 83.34 ± 27.14 90.53 ± 18.23
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