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The study is focused on application of optical clearing method with the purpose of improvement of diagnostic and treatment of diseases and pathologies by 

optical methods. The idea is to predict the development of pathology of internal organs based on measurements taken on external organs. To identify the most 

suitable optical clearing agent, the effective diffusion coefficient of several agents in human skin in vivo was quantified. 

• The decrease of skin diffuse reflectance was observed at application of each OCA in the studied spectral range  

• Aqueous 70% glycerol solution and aqueous 40% glucose solution showed higher values of skin diffusion coefficient and skin permeability coefficient 

for agents 

• Obtained data can be used to improve optical clearing method in order for diagnostic or treatment disease by optical methods 

MATERIALS AND METHODS 

CONCLUSION 
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Measurement of diffuse reflectance 

Object of study: human skin in vivo  

Optical clearing agents (OCAs):  

Aqueous 40% glucose solution 

Aqueous 60% glycerol solution 

Aqueous 70% glycerol solution 

Aqueous-alcoholic 50% fructose solution 

Equipment: USB4000-Vis-NIR spectrometer (Ocean Optics, USA), spectral range 450-950 nm 

RESULTS 

Figure 2. Spectra (a) and time dependences (b) of diffuse reflectance of human skin in vivo during 

exposure to aqueous-alcoholic 50% fructose solution 

Figure 3. Kinetics of the difference in the effective optical density 

values at the initial and current moments of time ∆A(t, λ) of the skin 

in vivo during the action of aqueous-alcoholic 50% fructose solution 

Characteristic diffusion time (τ), effective diffusion coefficient (D) of OCAs in the skin in vivo, effective skin permeability coefficient for OCAs (P) 

Data proccessing 
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Time, min

OCAs τ, min D, cm2/s P, cm/s 

Aqueous-alcoholic 50% fructose solution 4.4±1.9 (1.5±0.6)×10−6 (3.2±0.1)×10-5 

Aqueous 60% glycerol solution 4.3±0.3 (1.4±0.1)×10−6 (4.7±0.3)×10-5 

Aqueous 70% glycerol solution 1.9±0.2 (3.3±0.4)×10−6 (10.9±1.2)×10-5 

Aqueous 40% glucose solution 2.1±0.4 (3.2±0.7)×10−6 (10.6±2.2)×10-5 

a                    b 

Figure 1. Scheme of the eexperimental setup 

The measured reflectance spectra were used to determine the effective 

optical density of the skin at each measurement moment t of the diffuse 

reflectance R(t, λ) at certain wavelengths λ [1, 2]: 
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A(t, λ)  = – ln[R(t, λ)]. 

Then, the expression obtained using the Bouguer-Lambert-Beer law and 

Fick's second law for the difference between the effective optical density 

values at the initial A(t = 0, λ) and current A(t, λ) time moments was used: 

∆A(t, λ) = A(t, λ) – A(t = 0, λ)  C0[1–exp(–t/τ)], 

where            τ = (4z2/π2)/D, 

τ is the characteristic diffusion time for the case of one-way diffusion; z 

is the depth of the studied region, cm; D is the effective diffusion 

coefficient of agent molecules into the skin and water from the skin, 

cm2/s; C0 is the initial concentration of the agent in the skin, mol/L. The 

depth of the studied region was determined to be 300 μm [3]. 

To estimate the characteristic diffusion time of the agent in the skin, the time dependence of the 

optical density of the tissue was approximated by the equation: 

∆𝐴(𝑡, λ) = 𝐵[1– exp(– 𝑡/τ)] + 𝑦
0
. 

The skin permeability coefficient for OPA was estimated using expression: 
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