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Immersion skin clearing using an aqueous urea solution: optical

coherence tomography data and molecular modeling
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Using optical coherence tomography, we obtained results from immersion optical clearing of human skin in vivo

using a 50% aqueous urea solution as the immersion agent. To assess the effectiveness of optical clearing, we

determined the rate of change of the light scattering coefficient using an averaged A-scan of the optical coherence

tomography signal in a dermal region at a depth of 350 to 700 µm. Molecular modeling using full-atom molecular

dynamics (GROMACS) methods determined the effect of a 50% aqueous urea solution on the spatial volume of a

collagen microfibril fragment. 5((GPH)12)3 Using HF/STO3G/DFT/B3LYP/6-311G(d) quantum chemistry methods,

the intermolecular interaction energy in a urea complex with a collagen peptide fragment ((GPH)3)2 was calculated.
The parameters of the regression equation relating the optical clearing efficiency to the intermolecular interaction

energy were refined. The thermodynamics of the hydrogen bonds formed during the interaction of urea with the

collagen peptide and water molecules was discussed.
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Introduction

The use of modern photomedicine and biomedical optics

technologies in the diagnosis and treatment of diseases faces

limitations associated with pronounced light scattering in

the skin and most biological tissues in the visible and near

infrared ranges. The scattering is mainly caused by the ran-

domly oriented heterogeneities of the refractive index that

occur at the boundaries of the macromolecule structures,

primarily, collagen fibers, with such heterogeneities being

crucial in the formation of the skin optical properties [1].

In particular, these limitations are overcome by introduc-

ing biocompatible molecular agents into the tissue, which

contribute to its optical clearing (OC) to some extent [1–
9]. Quite a lot of summarized studies such as analytical

reviews and monographs [10–14] have been devoted to

experimental in vivo, ex vivo and in vitro implementations

of the OC method on various types of biological tissues,

which indicates the relevance of the problem. In [15]
the researchers used optical coherence tomography (OCT)
to visualize and quantitatively assess transdermal vaccine

delivery. They demonstrated in real time how the OCT

method may be applied to observe the impregnation of

the vaccine microparticles into the skin. The paper [16]
outlines the method of enhancing the visualization depth

using OCT. The researchers used the method of optical

clearing (OC) of the outer skin to reduce the light scattering

and, thus, improve the quality and depth of the obtained

images. This facilitated the process of studying in detail the

tissues located deeper under the outer skin. Both studies

demonstrate how OCT can be effectively applied in studying

the skin processes, e.g., for studying the penetration of

substances and improving the quality of visualization.

Many papers describe interesting applications of the

method or prove its versatility and multimodality. For

example, the use of this method in forensic applications

for postmortem imaging of the perinatal dura mater and

superior sagittal sinus using OCT method was outlined

in paper [17]. The synergistic effect of an immersion

agent (PEG-400), two chemical permeability enhancers

of biological tissue (triazine and 1,2-propanediol) and

mechanical massage on the effectiveness of rat skin OC was
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evaluated in vivo by OCT methods in [18]. Urea is often

used as one of the components in a mixture of various

optical clearing agents (OCA) [11,19–21]. A mathematical

model was proposed in [22] to solve the inverse problem of

radiation transfer in biological tissues in order to determine

the scattering and absorption coefficients for OC, taking

into account the osmotic activity of OCA. Two approaches

for noninvasive investigation of local diffusion of immersion

OCA using OCT are described in [23]. The effect of model

diabetes mellitus on OC of the skin of a laboratory mice

was considered in paper [24] and a significant hindering

of OCA diffusion in glycated tissues was shown. The

mechanism of skin optical clearing was studied in [25] using

glycerol and radiopaque drug Omnipaquer (iohexol) as

OCA by imaging using auto-fluorescence with two-photon

excitation and second harmonic generation (SHG-imaging).

The paper [26] is devoted to elucidating mechanisms of

OC of collagen tissue under normal conditions and under

glycation using multiphoton tomography. The findings of

studies of the dehydrating properties of OCA are presented

in [27] and it is noted that dehydration is only one of the

possible mechanisms leading to OC of biological tissues.

Another mechanism for reducing the scattering cross-section

of collagen fibers may be their reversible dissociation, which

is also directly related to the molecular interaction of OCA

and collagen [28]. Recently, a new approach has been

proposed in study [29] to achieve optical transparency

in biological tissues, which uses highly light-absorbing

substances to change the refractive index of the aquatic

environment. This leads to a significant reduction in light

scattering. The study showed that food-grade water-soluble

dyes such as tartrazine can make tissues transparent in the

red and near-infrared regions of the spectrum. This method

is based on increasing the real part of the refractive index

of an aqueous biological medium (blood plasma, interstitial

fluid, or cytoplasm) due to the phenomenon of anomalous

dispersion and was proposed and studied in detail [30–34],

where hemoglobin was used as an absorbing substance.

Studies in the field of the interaction of OCA with

biological tissues open the way to understanding the

physical and biophysical processes underlying OC at the

molecular level [3,6,28,35–39]. This, in turn, will make it

possible to find new effective OCA with specified properties

that are optimal for a specific type of biological tissue.

The present work is a continuation of the authors’ study

of the molecular mechanisms at the post-diffusion stage

of biological tissues OC [6,28,35–39] with an aqueous

solution of urea as an example. In addition, starting

with the study [38], the protocol of molecular modeling

based on the semi-empirical PM6 method was replaced

by the non-empirical Hartree-Fock (HF) method [40], since

a preliminary study found that the semi-empirical method

gives incorrect results for molecules with complex electronic

structure, such as iohexol.

Experimental methods and results

Skin optical clearing in vivo was carried out using 50%-

aqueous solution of urea. The aqueous solution of urea was

prepared by precise weighing: on a microanalytical balance

(DA-225DC with calibration (0.001 g), Bel Engineering,

Italy). The components of the solution were weighed and

then transferred to a volumetric flask for dissolution and

mixed thoroughly using a vortex mixer.

Refractive indices were measured using Abbe Atago DR-

M2 1550 multi-wavelength refractometer (Atago, Japan) at

589 and 930 nm wavelengths at a temperature of 25.0 ◦C.

The values of the refractive indices, molecular weights, and

osmolality of the urea solutions are given in Table 1.

The OCT method was used to evaluate the optical

clearing properties of the urea solution. In this work,

a spectral-domain OCT GAN930V2-BU (Thorlabs, USA)
with a central radiation wavelength of 930± 5 nm was

used; the longitudinal resolution in air is 6.2µm, and the

transverse resolution is 9.6µm; the size of the cross-scan

area — 2mm.

The study was conducted in accordance with the Dec-

laration of Helsinki and was approved by the Ethics

Committee of Saratov State Medical University named after

V.I. Razumovsky (� 11 dated August 7, 2022). The

measurements were performed on the back of the forearm.

Previously, the stratum corneum on this skin area was

removed using medical tape, which was applied in 2× 2 cm

squares to the marked area pressed by the thumb with

a force of 6N for 5 s. Three applications were made in

total. Two-dimensional scans (B-scans) of the study area

were recorded for 60 minutes with an interval of 3 minutes.

Five volunteers between the ages of 25 and 57, of both

sexes, participated in these measurements. A total of five

measurements were made for the aqueous solution of urea.

The recorded OCT signal, according to the single scatter-

ing model [24,41–44], is described by the expression

R(z ) ∼ exp(−µtz ), (1)

where the attenuation coefficient

µt = µs + µa , (2)

z — is the scan depth.

Since the absorption coefficient µa of the skin is signif-

icantly less than the scattering coefficient µs in the range

of 930−100 nm [1], the absorption coefficient µa may be

neglected, so R(z ) can be approximated by the following

expression [46]:

R(z ) = A exp(−µs z ) + B, (3)

where A is the proportionality coefficient equal to P0a(z ),
P0 is the power of optical radiation incident on the skin

surface, a(z ) is the local back reflectance, which character-

izes the skin’s ability to scatter light back and is determined

by a local jump (fluctuation) in the refractive index, B is

Optics and Spectroscopy, 2025, Vol. 133, No. 12
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Table 1. Physical properties of urea solution

Immersion Chemical Molecular Refraction Refraction Osmolality,

agent formula weight,( g/mol) index index (Osm/kg H2O)
for λ = 589 nm for λ = 930 nm

Urea 50% CH4N2O 60.06 1.407 1.3981 16.67∗

aqueous solution

Note. ∗ Calculated value.

epidermis

dermis

1
2

Figure 1. Measurements of the scattering coefficient µs in the dermis area after applying an urea solution based on OCT signal distribution

analysis averaged over depth using a single scattering model: a — Image of a B-scan of the skin in vivo, according to a fragment of

which the OCT signal was averaged immediately after applying and after 55 min exposure; b —depth distribution of the averaged OCT

signals (thin curve) and the result of approximation according to the single scattering model (solid curves): 1 — right after applying the

50%-aqueous solution of urea, 2 — after 55min of exposure to urea, the vertical dashed straight lines denote the boundaries of the areas

(from 350 to 700 µm) where µs was evaluated, the arrows indicate the layers of the skin: epidermis and dermis.

the background signal. The selection of coefficients in the

above expression for approximating the experimental curve

makes it possible to estimate the scattering coefficient of

the object of study averaged over the selected segment of

the depth of the longitudinal scan z . The single scattering

model, often used in research, is an effective tool under

certain conditions, but its application requires awareness of

some limitations, associated, for instance, with the neglect

of diffuse photon propagation and heterogeneity of such

medium as the skin. When analyzing deeper layers of the

skin or when very precise quantification is needed, more

complex models allowing for multiple scattering may be

needed.

Fig. 1 illustrates OCT images (B-scan) of the skin right

after applying an aqueous solution of urea to it, and

averaged A-scan of OCT signal of the dermal layer of human

skin, as well as an approximating curve based on a single

scattering model (3). OCT signals in the form of A-scans

were averaged over the entire scan width of 2mm along

the skin surface. The scattering coefficient values were

determined in the area of the averaged A-scan at depths

from 350 to 700µm.

From the Figure 1, a, it can be seen that over time, the

image of the upper layers of the skin becomes darker, while

the deeper layers become slightly lighter, which indicates

that when affected by the urea solution upper layers of the

skin demonstrate a lower light scattering, and light passes

into the deeper layers, where it is reflected more intensely

from the heterogeneities, which provides information about

the deep-lying objects inside the tissue. Quantitatively, this

is well reflected in Fig. 1, b.

Numerical values of the scattering coefficient obtained

using an averaged A-scan in the dermis at depths from 350

to 700µm were used to evaluate the optical clearing

effectiveness (OCE) of the skin in vivo. The dependence

of the scattering coefficients under the action of the urea

solution on the observation time is shown in Fig. 2. It can

be seen that for the urea solution, the value of the scattering

coefficient µs over a long range of exposure times is well

described by the linear regression model (the correlation

coefficient R2 is 97%).
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Figure 2. Time dependencies of the scattering coefficient µs in

the dermal area (350−700 µm) of a human skin when exposed to

50%-urea solution in vivo. The linear approximation is marked

with a dashed line and expressed as an equation.

The values of the modulus of the average rate of decrease

in the scattering coefficient were used for a numerical

estimation of the OCE of human skin. This value is

the slope coefficient determined from the regression line

equations and numerically equal to 1.02 cm−1min−1.

Molecular modeling

The structures of the collagen mimetic peptide

((GPH)3)9 [46] and its shortened version ((GPH)3)2 (Fig. 3)
selected by us for modeling represent the largest part of the

regular domains of human collagen. Their spatial structure

was constructed according to the Protein Data Bank (PDB).
Hydrogen atoms were also added to the models, followed by

optimization of their geometric structure by the method of

molecular mechanics [47]. This model has some limitations

because of the absence of some other kinds of triplets,

e.g. Gly-Pro-Ala, Gly-Pro-Lys, that are also present in the

native collagen. In addition, the model is limited in the

length of the helix, which affects the stability and rigidity

characteristic of native collagen. The structure shown in

Fig. 3, a has a structurally molecular pocket about 10 x

15 angstrom in size which contains four functional groups:

two hydroxyl groups (O1H1, O2H2) and two carbonyl

groups (C3O3, C4O4) which form hydrogen bonds with

OCA molecules. Three of them are located in one chain,

and O1H1 group - on the other. The molecular modeling

protocol consists of the following steps.

Construction and analysis of molecular structures
of urea

The analysis of the considered urea molecule models

was performed at the initial stage, using DFT/B3LYP/6-

311+G(d,p) [48,49] method implemented in the Gaus-

sian program [50]. The urea molecule may have two

configurations: the first configuration with Cs symmetry

(Fig. 3, b) and the second one with C2 symmetry (Fig. 3, c).
The configuration with C2 symmetry has the lowest en-

ergy. The difference in energies makes 3.3 kJ/mol. To

increase accuracy and provide better convergence in all

calculations, stringent optimization criteria for geometry

(opt=tight), self-consistent field (SCF=Tight) and integral

grid (Int=UltraFine) were applied. The parameters of the

urea molecular models calculated at this stage were further

used in molecular dynamics and molecular docking. It

should be noted that the modeling considers that part of

the molecular process in which the immersion agent has

already begun to interact directly with collagen.

Classical molecular dynamics

The intermolecular interaction of the urea molecules with

collagen peptides was simulated at this stage using the

GROMACS [51] classical molecular dynamics with the

force field AMBER-03 [52]. The model scene consisted

of a three-dimensional cell with periodic boundaries. The

initial velocities of the atoms had a Maxwellian distribution

and were set using a random number generator from

the GROMACS package. During the simulation, the

Berendsen thermostat and barostat [53] were used to ensure

convergence of the thermodynamic parameters of the

system to the following values:T0 = 307K, P0 = 1 bar. The

recorded trajectories of molecular motion were processed

using GROMACS package and VMD (Visual Molecular

Dynamics) program [54]. An example of the intermolecular

interaction of the urea molecules with collagen peptide

((GPH)3)9 is shown in Fig. 4, a.

Also, the change in protein volume is an informative

parameter for establishing a correlation between the interac-

tion of urea with the protein collagen and OCE [55]. Within

the molecular modeling, the time dependence of changes in

the volume of collagen peptides under the action of urea

solution was investigated and two other commonly used

OCA, such as glycerol and iohexol, were compared [39]. A
fragment of collagen microfibril 5((GPH)12)3 was selected

as the structure of the collagen mimetic peptide for

modeling. For this peptide, the model scene consisted of

a cell with side sizes 5× 13× 5 nm, in the center of which

the collagen peptide was placed. The rest of the space

was filled with a 50%-urea aqueous solution (Fig. 4, b, c).
The modeling time step was chosen to be 0.0001 ps, and

the total modeling time was 1 ns. The system status was

recorded every picosecond.

At the next stage of modeling, using molecular docking

(AutoDockVina [56] program), the structures of hydrogen-

bound complexes of the collagen peptide model and urea

molecules were constructed. Ten most energetically stable

configurations of intermolecular complexes were selected

for the urea.

Optics and Spectroscopy, 2025, Vol. 133, No. 12
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a

b c

Figure 3. a — structure of the shortened collagen mimetic peptide ((GPH)3)2, improved by the HF/STO-3G method (the atoms of the

functional groups with which hydrogen bonds are formed are indicated). Two potential spatial structures of the urea molecule calculated

by method B3LYP/6-311G+(d,p): b — symmetry type Cs , c — symmetry type C2 (nitrogen and oxygen atoms are shown).

Methods of quantum chemistry

At this stage, structural optimization of all complexes of

((GPH)3)2 . . .-urea obtained by molecular docking was car-

ried out using HF/STO3G method, followed by refinement

of the electronic energy using a single SCF (self-consistent
field) procedure using B3LYP/6-311G(d) method. The total

electronic energy of the collagen peptide ((GPH)3)2 and

urea was calculated using a similar procedure. Further, the

association energy was found by the formula

1E = Ecompl − EGPH − 2EM, (4)

where Ecompl — total electronic energy of the complex

((GPH)3)2-urea, EGPH — total electronic energy of collagen

peptide ((GPH)3)2, EM — total electronic energy of the

urea molecule. Fig. 5 shows the inter-molecular complex

((GPH)3)2 . . .(urea)2 distinguished by maximal association

energy. As can be seen from Fig. 5, urea molecules form

a hydrogen bond with each other through amino groups,

therefore, the energy of formation of this hydrogen bond

was additionally calculated using the same method, which

turned out to be 15.7 kJ/mol. This energy was subtracted

from the energy of the association of urea with the collagen

peptide.

For a more detailed study of the interaction of the

urea molecule with collagen and with water molecules,

six additional intermolecular complexes were analyzed, the

structure of which is shown in Fig. 6. These studies

were carried out using wB97XD [57] functional tailored for

the analysis of non-valence interactions. In this case, the

extended basis set 6-311+G(d,p) was used to eliminate the

error associated with HF/STO-3G method and, accordingly,

with the interpretation of the results.

As can be seen from Fig. 5, the urea molecule on

the right forms hydrogen bonds with only one chain,

so this part of the chain was cut out and GPH. . .urea

complex was considered, the structure of which is shown

in Fig. 6, a. To determine how urea competes with water

Optics and Spectroscopy, 2025, Vol. 133, No. 12
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a

b

c

Figure 4. a — fragments of spatial structures of the hydrogen-bound collagen peptide complex ((GPH)3)9 with urea molecules. Spatial

distribution of urea molecules around the collagen peptide 5(GPH12)3, obtained in the framework of full-atomic molecular dynamics in

two different projections: b — at the start of observation, c — after 1 ns.

molecules strongly bound to collagen, we examined the

complex GPH. . .H2O (Fig. 6, b). To analyze how strongly

urea binds water molecules and affects the destruction of

the water structure, accordingly, two different models of

monohydrates were considered (Fig. 6, c, d) and the first

urea hydrate shell was constructed (Fig. 6, e), and the water

dimer was also considered (Fig. 6, f).

The intermolecular interaction energies were calculated

taking into account the Basis Set Superposition Error

(BSSE) [58]. We calculated the enthalpy of association

of all six complexes for the temperatures T = 0 and

T = 310.15K using formula

1H
0
T = 1E + 1ZPE + BSSE + 1Hterm, (5)

where 1E is the difference of total electronic energies

of the complex and monomers, 1ZPE is the difference

of zero vibrational energies, BSSE is the superposition

error, 1Hterm is the thermodynamic correction found by the

formulae [55]. The equilibrium constant KT was found by

the formula

KT = exp
(

−
1G0

RT

)

, (6)

where 1G0 is the Gibbs free energy change, R is the gas

constant, T is the temperature. The numerical values of

these parameters are given in Table 2.

Discussion of the results

Experimental data (Fig. 7) show that a 50%-solution

of urea is a fairly effective OCA for human skin and

has OCE comparable to solutions of ribose and sucrose.

The obtained value is in good agreement with the linear

regression relationship between OCE and the energy of

intermolecular interaction.

Molecular modeling performed using all-atom molecular

dynamics shows that two urea molecules can fit into the

Optics and Spectroscopy, 2025, Vol. 133, No. 12
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1.76

1.84

2.01

1.71

1.83

Figure 5. Fragment of molecular model of collagen peptide complex ((GPH)3)2 with two molecules of urea improved by HF/STO-3G

method. The dashed lines in the figure show intermolecular hydrogen bonds. The atoms involved in the formation of hydrogen bonds and

the lengths of hydrogen bonds (in angstroms) are indicated).

Table 2. Thermodynamic parameters of intermolecular complexes (in units of kJ/mol) and equilibrium constants calculated using BSSE

method wB97XD/6-311+G(d,p)

Intermolecular complex BSSE 1ZPE 1E 1H
0
0 1H

0
310.15 T1S K310.15

GPH. . . H2O 7.5 9.7 −51.7 −34.5 −37.0 −42.3 1.3E−01

GPH. . . urea 4.4 3.3 −51.2 −43.5 −41.3 −42,3 6.8E−01

Dimer H2O 3.4 10.0 −26.4 −13.0 −15.4 −28.0 7.6E−03

13.22± 0.121 15.454± 0.0742

[59] [60]
Urea. . . H2O

3 2.7 9.7 −45.6 −33.2 −35.6 −37.3 5.2E−01

Urea. . . H2O
4 3.5 6.6 −31.8 −21.6 −21.6 −32.0 1.8E−02

Urea. . . (H2O)7 35.05 72.9 −316.4 −208.6 − − −

−29.86

Note. 1 Original experimental value 1105± 10 cm−1 is transformed into kJ/mol. 2 The value is obtained using active thermochemical tables. 3 Structure

of urea monohydrate (Fig. 7, c). 4 Structure of urea monohydrate(Fig. 7, d). 5 Parameter BSSE was calculated using the partial BSSE method, when the

values calculated for each water molecule are added together. 6 The value expressed as one water molecule.

molecular pocket of a collagen peptide at a time and form

dimeric structures (Fig. 4, a). Urea molecules interact with

collagen by forming four hydrogen bonds. The first urea

molecule (left in Fig. 5) forms one hydrogen bond with

the proton of the hydroxyl group of hydroxyproline of one

chain, and the second with the carbonyl group of proline

of the other chain. The second urea molecule forms bonds

with the proton of the hydroxyl group of hydroxyproline

and with the carbonyl group of glycine of the same chain.

In addition, urea molecules form a hydrogen bond between

themselves through amino groups.

From the analysis of the data given in Table 2, it can

be seen that collagen interacts more intensely with urea

than with water molecules. The enthalpy of association of

collagen with urea (−41.3 kJ/mol) is more negative than

with water (−37.0 kJ/mol), which indicates a more ener-

getically beneficial binding to urea. Also, the equilibrium

constant for the urea complex is (0.68) higher than for the

water complex (0.13), which indicates a greater stability of

the urea complex. Thus, urea greatly competes with water

molecules, substituting it in the vicinity of collagen. This

can lead to the displacement of water molecules from the

hydrate shell of collagen, disrupting its structure, which is

consistent with the well-known denaturing effect of urea.

The enthalpy of association of the urea monohydrates −35.6

and −21.6 kJ/mol has a modulus less than GPH. . .urea

complex. The complete first hydrate shell of the urea

molecule, according to the simulation, has seven water

molecules. The addition of the water molecule to any

structural position leads to the formation of a bridge of a

water molecule that is no longer directly bound to the urea

molecule and belongs to the second hydrate shell. The

Optics and Spectroscopy, 2025, Vol. 133, No. 12
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Figure 6. Molecular models of complexes wB97XD/6-311G+(d,p): a — urea with a chain of three amino acid residues proline,

hydroxyproline and glycine (GPH); b — GPH. . .H2O; c, d — urea. . .H2O; e — the first hydrate shell of the urea molecule; f — water

dimer. The dashed lines show hydrogen bonds. The lengths of the hydrogen bonds (in angstroms) and the atoms involved in the formation

of the hydrogen bond are indicated.

enthalpy per water molecule is −29.8 kJ/mol, which is also

less than that for GPH. . .urea complex. This means that

when interacting with collagen, urea may partially lose its

hydration shell. The bond between free water molecules is

much weaker than the interactions considered, so urea easily

destroys the water structure. That is, the urea molecule,

having proton donors and acceptors during the formation

of hydrogen bonds, is able to integrate into the water

network and destroy it. This leads to an increase in the

mobility of water molecules and a decrease in the overall

order of the water structure. Water becomes less structured

which impact its properties. This allows the urea molecules

Optics and Spectroscopy, 2025, Vol. 133, No. 12
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to approach the surface of the collagen. Further, urea

competes with water for the formation of hydrogen bonds

with collagen. Since urea can form stronger hydrogen bonds

with some parts of collagen, it displaces water molecules

from the hydrate shell. This initially leads to an increase in

the volume of collagen due to reversible dissociation (the
distance between the microfibrils becomes larger). This

conclusion is confirmed by the results of modeling shown in

Fig. 8, a. Further, at significant concentrations (from 25, %

and higher) and more significant interaction times (on the

order of hundreds of nanoseconds), collagen denaturation

(unfolding of the triple helix of microfibrils) occurs. It

should be noted that when a 50% aqueous solution of urea

is applied to the skin, units of percent penetrate into the

dermis area. Therefore, no collagen denaturation occurs.

With this in mind, the simulation times for plotting the graph

in Fig. 8 were taken small. The data presented in Fig. 8

are qualitative in nature and show how different immersion

agents affect the volume of collagen.

From Fig. 8 it can be seen that as a result of the

destruction of the aqueous structure, an increase in the

volume of collagen occurs, which is also illustrated in

Fig. 4, b, c. That is, the process of reversible dissociation of

collagen microfibrils occurs. These structural changes affect

the reduction of the refractive index of collagen by lowering

the collagen concentration; the difference with the refractive

index of the intercellular fluid mixed with the immersion

agent becomes less, which accordingly is benign for the

skin treatment process.

Conclusion

Based on experimental in vivo data, the OCE of human

skin was determined with the use of 50% aqueous urea

solution. The complex molecular modeling of the interaction

of urea with a model collagen peptide showed that the

obtained parameters for urea are in good consistency with

the linear regression between the energy of intermolecular

interaction and the OCE of human skin. This allows the

regression equation to be used for predictive purposes. Urea

forms more stable complexes with collagen than water,

and can effectively displace water from the hydrate shell

of collagen, disrupting the structure of hydrogen bonds

and leading to reversible dissociation of collagen structures

and, consequently, to a lower refractive index. Thus, the

faster the diffusion process takes place and the greater the

energy of the immersion agent’s association with collagen,

the higher the OCE. The urea molecule has a stable

hydrate shell, but its interaction with collagen (based on

the simulation results) turns out to be thermodynamically

more beneficial than maintaining a complete hydrate shell.

With the help of the conducted research, the value of

the parameters of the linear regression equation has been

clarified.

The findings of the study serve the basis for the

development of new non-invasive techniques for improving

visualization of dermal and hypodermal structures in clinical

practice. In particular, the technique can be useful:

in dermatology — for more accurate diagnosis of skin

neoplasms and inflammatory processes using OCT; in laser

therapy and cosmetology — to increase the depth of laser

radiation penetration while minimizing scattering; when

monitoring microcirculation and the state of the collagen

matrix in the assessment of wound healing, fibrosis and

age-related skin changes.

The use of urea as a component of the clearing agent

is attractive because it is already used in dermatological
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preparations (including medical creams and ointments) and

has a known safety profile for external use.

Despite the demonstrated effectiveness, the use of highly

concentrated urea solutions has a number of limitations.

These may include potential skin irritation: with prolonged

exposure or hypersensitivity, irritation or hyperemia may de-

velop, especially if the integrity of the skin is compromised.

The effect of OC is temporary and depends on the degree

of tissue hydration, agent concentration, and exposure time.

Individual skin features: thickness, collagen density, and

hydration vary from patient to patient, which requires a

personalized approach to choosing the right concentration

and exposure time.
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