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Figure S1. Change of TRGC with treatment time at different depths of 50 μm (A), 100 μm (B), 150 μm (C), and 200 μm (D), for porcine 

DM samples at 938 cm−1 impregnated by 50% aqueous glycerol solution. 

Figure S2. Change of the TRGC with treatment time at different depths of 50 μm (A), 100 μm (B), 150 μm (C), and 200 μm (D), for 

porcine DM samples at 1003 cm−1 impregnated by 50% aqueous glycerol solution. 
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Figure S3. Change of TRGC with treatment time at different depths of 50 μm (A), 100 μm (B), 150 μm (C), and 200 μm (D), for porcine 

DM samples at 1247 cm−1 impregnated by 50% aqueous glycerol solution. 

 

Figure S4. Change of TRGC with treatment time at different depths of 50 μm (A), 100 μm (B), 150 μm (C), and 200 μm 

(D), for porcine DM samples at 1270 cm−1 impregnated by 50% aqueous glycerol solution. 
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Figure S5. Change of TRGC with treatment time at different depths of 50 μm (A), 100 μm (B), 150 μm (C), and 200 μm (D), for porcine 

DM samples at 1665 cm−1 impregnated by 50% aqueous glycerol solution. 

 

We use Equation (2) for the diffusion coefficient described in[1–3], where C0 is the concentration of the agent under 

saturation conditions inside the tissue at depth x, D a is the diffusion coefficient of the agent. If we stay at a depth of 50 

µm, i.e., x = 50 µm, then at t = 0, C(t = 0) = 0 and C(t = ) = C0. A complex dependence with saturation and decrease over 

a short distance may be associated with some artifacts or complex behavior at the liquid-tissue interface. The decrease 

in the intensity of protein bands over time can be associated with the replacement of the water molecular shell of colla-

gen with glycerol molecules, and each glycerol molecule binding approx. 6 water molecules. Since the concentration of 

glycerol is high in the surface layers of the tissue, its effect can be significant. 

The Raman bands in the interval of frequencies from 1600 to 1700 cm−1 usually shows as a triplet bands, Raman 

band of predominance of proteins with high α-helix content at 1666 cm−1, Raman band at 1635 cm−1 is contributions 

from both α-helix and β-sheet, which is difficult to interpret, and Raman band at 1685 cm−1 can be assigned to non-

hydrogen bonded. For this reason, we treating as one band due to its dominance in this interval.[4] On other hand, the 

Raman band at 922 cm−1 assigned to the stretching vibration of C–C bond (νC–C) specific of proline residue ring, for 

this peak, no variation in intensity as function of hydration. In contrast, the Raman band at 938 cm−1 correspond to 

stretching vibration of skeletal C–C, the intensity increased with the hydration. For this reason, we chose this band.[5] 

Table S1. Results of the fitting data of the Figures S1, S2, S3, S4 and S5 for DM collagen at different depth and treatment times us-

ing the passive diffusion model. 

Depth µm (938 cm−1) Time (sec) C0 D (cm2/sec) R2 

50 90 21 3.0 × 10−6 0.967 
100 390 3.4 1.7 × 10−6 0.926 
150 390 starts with 60 1.2 9.4 × 10−6 0.949 
200 390 starts with 90 0.5 9.8 × 10−5 0.978 

Depth µm (1003 cm-1) Time (sec) C0 D (cm2/sec) R2 

50 90 27 2.5 × 10−6 0.947 

100 390 4.2 2.7 × 10−6 0.886 

150 390 starts from 60   2.3 6.5 × 10−5 0.537 

200 390 starts from 90   0.8 6.2 × 10−6 0.963 
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Depth µm (1247 cm−1) Time (sec) C0 D (cm2/sec) R2 

50  90 11 3.5 × 10−5 0.986 

100 390 2.4 5.9 × 10−6 0.918 

150 390 starts from 60  1.1 2.2 × 10−5 0.928 

200 390 starts from 90   0.5 8.1 × 10−6 0.949 

Depth µm (1270 cm−1) Time (sec) C0 D (cm2/sec) R2 

50 90 15 5.0 × 10−6 0.959 

100 390 1.5 4.6 × 10−5 0.835 

150 390 starts from 60   1.9 9.6 × 10−6 0.976 

200 390 starts from 90 0.6 1.1 × 10−5 0.964 

Depth µm (1665 cm−1) Time (sec) C0 D (cm2/sec) R2 

50 90 26 2.3 × 10−6 0.943 

100 390 3.1 4.3 × 10−6 0.919 

150 390 starts from 60 1.7 4.2 × 10−6 0.955 

200 390 starts from 120 0.6 2.5 × 10−5 0.990 

 

As can be seen from Figure S6, Despite of the partial overlap of the Raman spectrum of the dura mater 

(DM) and 50%-glycerol at specific Raman region. It is possible to recognise that partial overlap of the Raman 

bands are minimal and could be resolved, which are suitable to study the change in the Raman bands intensity 

in the DM. However, the obtained results can be potentially underestimated, as 50%-glycerol are partial 

overlap, where DM has protein-related Raman bands at 938, 1248 and 1270 cm−1. Nevertheless, this 

underestimation is more pronounced in the superficial depth, where the glycerol has maximum concentration. 

In deeper DM layers, where the glycerol concentration exists in much lower concentrations, it can be assumed 

that the contribution from the glycerol-related Raman band is significantly less compared to the protein-related 

band of the DM, thus substantially reducing the underestimation. 

Figure S6. Specific region of FP Raman spectra of control porcine DM at 50 µm depth (red) and 50%-glycerol (black) to recognise 

the areas where the overlap of the protein-related DM Raman bands at 938, 1248 and 1270 cm−1 are minimal. 
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