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Table S1. A histological semiquantitative scoring system for the evaluation of the degree of 

porosity and metachromatism of tissue samples. 

 

Points Changes in a sample (sample porosity* / sample 

metachromatism**) in each FOV (400×) 

Examples 

0 No change or weak focal changes in less than 25% 

of the sample area 

Figure 1 (A1-A2), Supplementary 

Figure S4 (C1-C2) 

1 Weak focal changes in more than 25-50% of the 

sample area 

Figure 1 (G1-G2), Supplementary 

Figure S4 (C3-C4) 

2 Pronounced focal or weak/pronounced diffuse 

changes in more than 25% of the sample area 

Figure 1 (D1-D2, E1-E2), 

Supplementary Figure S4 (A1-A4) 
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Figure S1. Histological study of native (A1-3) and decellularized ovine aortic roots under hematoxylin-

eosin staining. The cellular inclusions are pointed out with arrowheads for endothelial cells, arrows for 

fibroblasts and asterisks (*) for smooth muscle cells. Decellularization protocols included scCO2-assisted 

processing at the pressure of 15 MPa (B1-3) and 25 MPa (C1-3) with the use of ethanol as a co-solvent; 

combinations of alkaline treatment with scCO2-assisted processing at the pressure of 10 MPa (D1-3) and 15 

MPa (E1-3); detergents alone (F1-3) or with following scCO2 treatment at the pressure of 15 MPa (G1-3) and 

25 MPa (H1-3). In all decellularization protocols, the general structure of each cell type in such 

accumulations was preserved, but there were uneven signs of destruction of nuclei (karyopyknosis, 

karyorhexis and karyolysis) and cytoplasm in some cells. Scale bar = 40 µm. 
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Figure S2. The optical properties of collagen in aortic valve leaflets and walls of native (A1-4) and 

decellularized ovine aortic roots. Decellularization protocols included scCO2-assisted processing at the 

pressure of 15 MPa (B1-4) and 25 MPa (C1-4) with the use of ethanol as a co-solvent; combinations of alkaline 

treatment with scCO2-assisted processing at the pressure of 10 MPa (D1-4) and 15 MPa (E1-4); detergents 

alone (F1-4) or with following scCO2 treatment at the pressure of 15 MPa (G1-4) and 25 MPa (H1-4). The 



 
 

5 

collagen fibers appeared bright in fibrosa (F), ventricularis (V), spongiosa (S) of valve leaflets and in intima 

(I), media (M) and adventitia (A) of aortas. Picrosirius red staining, polarized-light microscopy. Dashed lines 

mark the areas where 400× images were acquired. 100× scale bar = 100 µm; 400× scale bar = 300 µm. 

 
Figure S3. NucBlueTM Fixed Cell Reagent-assisted confocal laser scanning microscopy of residual nuclei 

in aortic valve leaflets (A1-H1) and walls (A2-H2) of native (A1-2) and decellularized ovine aortic roots. 

Decellularization protocols included scCO2-assisted processing at the pressure of 15 MPa (B1-2) and 25 MPa 

(C1-2) with the use of ethanol as a co-solvent; combinations of alkaline treatment with scCO2-assisted 
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processing at the pressure of 10 MPa (D1-2) and 15 MPa (E1-2); detergents alone (F1-2) or with following 

scCO2 treatment at the pressure of 15 MPa (G1-2) and 25 MPa (H1-2). Scale bar = 100 µm. 

 

Figure S4. The content of glycosaminoglycans (GAGs) in aortic valve leaflets and walls of native (A1-4) 

and decellularized ovine aortic roots. Decellularization protocols included scCO2-assisted processing at the 

pressure of 15 MPa (B1-4) and 25 MPa (C1-4) with the use of ethanol as a co-solvent; combinations of alkaline 
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treatment with scCO2-assisted processing at the pressure of 10 MPa (D1-4) and 15 MPa (E1-4); detergents 

alone (F1-4) or with following scCO2 treatment at the pressure of 15 MPa (G1-4) and 25 MPa (H1-4). The 

GAGs had pink or purple color (metachromatism); there were prominent GAGs content in fibrosa (F) and 

media (M) in control group; in the same layers in other groups and in ventricularis (V), spongiosa (S), intima 

(I) and adventitia (A) in all groups the coloration was scarce. Toluidine blue staining. Dashed lines mark the 

areas where 400× images were acquired. 100× scale bar = 100 µm; 400× scale bar = 300 µm. 

 

 

Figure S5. The content of endotheliocytes, fibroblasts and smooth myocytes in aortic valve leaflets and 

walls of native (A) and decellularized ovine aortic roots. Decellularization protocols included scCO2-assisted 

processing at the pressure of 15 MPa (B) and 25 MPa (C) with the use of ethanol as a co-solvent; combinations 

of alkaline treatment with scCO2-assisted processing at the pressure of 10 MPa (D) and 15 MPa (E); 

detergents alone (F) or with following scCO2 treatment at the pressure of 15 MPa (G) and 25 MPa (H). 

Differences between the groups were analyzed by Kruskal–Wallis test followed by post-hoc Dunn’s test. 

Middle horizontal line in each box with whiskers (Tukey) represents the median, dots represent extreme 

points. *p <0.05, **p <0.005, ***p<0.001, ****p <0.0001 vs. native sample (A).  
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Figure S6. The density of collagen and elastin in aortic valve leaflets and walls of native (A) and 

decellularized ovine aortic roots. Decellularization protocols included scCO2-assisted processing at the 

pressure of 15 MPa (B) and 25 MPa (C) with the use of ethanol as a co-solvent; combinations of alkaline 

treatment with scCO2-assisted processing at the pressure of 10 MPa (D) and 15 MPa (E); detergents alone 

(F) or with following scCO2 treatment at the pressure of 15 MPa (G) and 25 MPa (H). Differences between 

the groups were analyzed by one-way Brown-Forsythe ANOVA followed by Dunnett's T3 post-hoc test (for 

collagen in fibrosa, spongiosa, intima, adventitia and elastin in ventricularis, intima) or Kruskal–Wallis test 

followed by post-hoc Dunn’s test (for collagen in ventricularis, media and elastin in fibrosa, spongiosa, 

media, adventitia). Middle horizontal line in each box with whiskers (Tukey) represents the median, dots 

represent extreme points. *p <0.05, **p <0.005, ***p<0.001, ****p <0.0001 vs. native sample (A). 

 

Figure S7. Toluidine blue-assisted metachromatism of aortic valve leaflets and walls of native (A) and 

decellularized ovine aortic roots scored with score 0 – none, score 1 – weak, score 2 - pronounced. 

Decellularization protocols included scCO2-assisted processing at the pressure of 15 MPa (B) and 25 MPa 
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(C) with the use of ethanol as a co-solvent; combinations of alkaline treatment with scCO2-assisted 

processing at the pressure of 10 MPa (D) and 15 MPa (E); detergents alone (F) or with following scCO2 

treatment at the pressure of 15 MPa (G) and 25 MPa (H). Differences between the groups were analyzed by 

Kruska–Wallis test followed by post-hoc Dunn’s test. Middle horizontal line in each box with whiskers 

(Tukey) represents the median, dots represent extreme points. *p <0.05, **p <0.005, ***p<0.001, ****p <0.0001 

vs. native sample (A).  

 
Figure S8. The porosity of aortic valve leaflets and walls of native (A) and decellularized ovine aortic roots 

scored with score 0 – none, score 1 – weak, score 2 - pronounced. Decellularization protocols included 

scCO2-assisted processing at the pressure of 15 MPa (B) and 25 MPa (C) with the use of ethanol as a co-

solvent; combinations of alkaline treatment with scCO2-assisted processing at the pressure of 10 MPa (D) 

and 15 MPa (E); detergents alone (F) or with following scCO2 treatment at the pressure of 15 MPa (G) and 

25 MPa (H). Differences between the groups were analyzed by Kruskal–Wallis test followed by post-hoc 

Dunn’s test. Middle horizontal line in each box with whiskers (Tukey) represents the median, dots represent 

extreme points. *p <0.05, **p <0.005, ***p<0.001, ****p <0.0001 vs. native sample (A). 

 

Figure S9. The gross appearance of native (A) and decellularized ovine aortic roots. Decellularization 

protocols included scCO2-assisted processing at the pressure of 15 MPa (B) and 25 MPa (C) with the use of 

ethanol as a co-solvent; combinations of alkaline treatment with scCO2-assisted processing at the pressure 

of 10 MPa (D) and 15 MPa (E); detergents alone (F) or with following scCO2 treatment at the pressure of 15 

MPa (G) and 25 MPa (H).  
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Figure S10.  Mapping the local Young's modulus of ovine aortic roots decellularized in a 0.5% SDS/0.5% 

SD detergent solution (A1-4) and after the subsequent processing in scCO2 medium (T = 37 ⁰C, P = 25 MPa, 

t = 3 h) (B1-4) using atomic force microscopy. 

       
Figure S11. The experimental setup (1 - cylinder with CO2, 2 - pump, 3 - reactor thermostat, 4 - regulating 

valve thermostat, 5 - reactor, 6 - fine adjustment valve). 
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Figure S12. Schematic representation of the sample preparation for uniaxial tensile testing. 



 
 

12 

 

Figure S13. Characterization of the human umbilical cord multipotent mesenchymal stromal cells by 

flow cytometry. The cells (passage 4) were stained for the specific surface markers as described in Materials 

and Methods section. Expanded cells demonstrated the expression of CD44, CD105, CD90, CD73 and were 

negative for CD45, CD34, CD11b, CD19 and HLA-DR (green). Isotype controls conjugated with PE (blue) 

was run for the comparison. 


