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Materials and Methods 

Protocol for TEM image analysis in the mineral characterization 

The mineral particles were characterised using the following protocol in Fiji ImageJ, 

a modified version of Rice et al [1] : 

1. Open the digital images of same scale, convert to stack, and duplicate to create 

working copies. 

2. Transform to 8-bit images. 

3. Set the scale accordingly, then crop or remove the scale bar and other artefacts that 

may influence the particle size measurement. 

4. If necessary, correct with brightness/contrast or noise reduction, then apply 

threshold to have white particles on black background. Confirm that the 

transformation correlates to the particles, then save the changes. 

5. If there are agglomerations, use Watershed to separate the particles. Assess each 

image in the stack individually, until the transformation is satisfactory. 

6. Select the desired measurements, such as: Area, center of mass, bounding rectangle, 

shape descriptors, centroid, perimeter, fit ellipse, Feret’s diameter, stack position, 

display label, add to overlay. 

7. Analyse the particle size, and include in the settings show outlines, display results, 

include holes and exclude on edges. 

8. Save the resulting image stack file, and the results as a spreadsheet, which includes 

all measurements. 

 

Protocol for the image analysis of Calcein AM stained cells 

The images of human dermal fibroblasts stained with Calcein AM were analysed 

using the following protocol in Fiji ImageJ: 

1. Open the corresponding digital image, and duplicate to create a working copy. The 

image is the result of merging all acquired images from the same well. The merging 

was done with the integrated software in the Cell-IQ® imaging system. 

2. Transform to 8-bit. 

3. If necessary, correct with brightness/contrast or noise reduction, then apply 

threshold to have the cells in white and a black background. Confirm that the 

transformation correlates to the area of coverage of the cells, then save the changes. 

4. The percentage of coverage of the cells corresponds to the ratio between the amount 

of white pixels (cells) and the total amount of pixels of each image. 

 

Protocol for immunofluorescence staining 

Cells are grown and treated in 13 mm coverslips. After three days of interaction, cells 

are washed with PBS and fixated with 3% PFA in PBS for 20 minutes at room temperature. 

Then, the samples were washed three times with PBS (5 minutes/wash). For the staining, 

cells were blocked and permeabilised with 10% FBS, 0.3% Triton X-100 in PBS for 

15 minutes. Subsequently, the cells were left overnight at room temperature incubating 

with the primary antibody anti-vimentin (chicken, 1:2000, BioLegend) in 10% FBS in PBS. 

The following day, cells were incubated with the secondary antibody for vimentin (goat 

anti-chicken IgY (H+L), 1:2000, ThermoFisher Scientific) and Alexa Fluor 488 phalloidin 

(1:200, ThermoFisher Scientific) for actin staining in 10% FBS in PBS for one hour. After 

the incubation, cells were stained with DAPI (300 nM, ThermoFisher Scientific) in PBS 
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for 5 minutes, and washed twice with PBS (5 minutes/wash). At last, coverslips were 

mounted in microscope slides with Mowiol + DABCO. 

 

Protocol for MTT assay 

At each time point, 20 µL of a 5 mg/mL yellow solution of MTT tetrazolium salt in 

PBS was added to each well, and left incubating for three hours and 30 minutes. During 

the incubation period, the dissolved MTT was cleaved by mitochondrial enzymes and 

transformed into a water insoluble purple formazan. The cell culture media was carefully 

removed posterior to the formation of the formazan crystals. Then, the crystals were 

dissolved in 200 µL of dimethyl sulfoxide DMSO, and the plates were shaken for 

5 minutes. Lastly, absorbance of each well was measured in a plate reader at wavelength 

of 570 nm. Each biological replicate contained samples in triplicates. 

 

 

Protocol for LDH assay 

LDH assay is a colorimetric technique that quantifies cell damage or cytotoxicity by 

measuring the amount of LDH released to the cell culture media. LDH is an enzyme located 

in the cell cytosol, but as the plasma membrane is damaged the enzyme exits to the 

extracellular environment. Once outside the cell, enzymatic reactions can be utilised to 

generate a red formazan product proportional to the LDH released. The formazan product 

can be quantified by measuring the absorbance of the samples in a plate reader at 490 nm, 

and subtracting the background at 680 nm. The measurements and calculations were done 

according to the protocol for the Pierce LHD Cytotoxicity Assay Kit. Each biological 

replicate contained samples in triplicates. 

 

Buffer recipes 

Lysis buffer: 25 mM Hepes pH 8.0, 100 mM NaCl, 5 mM 0.5 M EDTA pH 8.0, 0.5% 

Triton X-100, 20 mM β-glycerophosphate, 20 mM P-nitrophenyl phosphate, 100 µM 

ortovanadate, in dH2O, with the supplements 1× complete (mini) protease inhibitor 

(Roche), 0.5 mM PMSF and 1 mM DTT. 

HEPES-buffered saline solution (HBSS): 118 mM NaCl, 4.6 mM KCl, 10 mM 

glucose, 1 mM CaCl2 and 20 mM HEPES, pH 7.4 
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Figure A.1. 

FTIR spectra for the mineral CCCARB before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for calcium carbonate: 712 

(calcite, ν4), 848, 873 (calcite, O-C-O bending band), 1400 (calcite, CO3
2- stretching band, 

ν3), 1796, and 2512 cm-1 [2-6].  
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Figure A.2. 

FTIR spectra for the mineral CCOBIND before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for calcium carbonate: 712 

(calcite, ν4), 848, 871 (calcite, O-C-O bending band), 1164, 1400 (calcite, CO3
2- stretching 

band, ν3), 1794, and 2513 cm-1 [2-6]. 
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Figure A.3. 

FTIR spectra for the mineral CCHC90 before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for calcium carbonate: 712 

(calcite, ν4), 848, 873 (calcite, O-C-O bending band), 1397 (calcite, CO3
2- stretching band, 

ν3), 1794, and 2512 cm-1 [2-6]. 
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Figure A.4. 

FTIR spectra for the mineral CCOMYA before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for calcium carbonate with 

phosphate groups: 561 (H2PO4
2-), 713 (calcite, ν4), 848, 875 (calcite, O-C-O bending 

band), 961(H2PO4
2-), 1025 (H2PO4

2-), 1112 (H2PO4
2-), 1418 (calcite, CO3

2- stretching band, 

ν3), and 1794 cm-1 [2-6]. 
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Figure A.5. 

FTIR spectra for the mineral CS2H2O before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for calcium sulphate 

dihydrate: 596 (S-O bending vibration, ν4), 665 (S-O bending vibration, ν4), 1004 (S-O 

bending vibration), 1080 (S-O stretching vibration, ν3), 1619-1682 (doublet due to the 

deformation vibrations of the OH groups in calcium sulphate dihydrate) and 3390-3509 

(water) cm-1 [3,6,7]. 
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Figure A.6. 

FTIR spectra for the mineral CSANAL before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for calcium sulphate 

dihydrate: 596 (S-O bending vibration, ν4), 667 (S-O bending vibration, ν4), 1003 (S-O 

bending vibration), 1100 (S-O stretching vibration, ν3), 1618-1682 (doublet due to the 

deformation vibrations of the OH groups in calcium sulphate dihydrate), and 3396-3495 

(water) cm-1 [3,6,7]. 
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Figure A.7. 

FTIR spectra for the mineral CSINDUS before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for calcium sulphate β-

hemihydrate: 597 (S-O bending vibration, ν4), 658 (S-O bending vibration, ν4), 1007 (S-

O bending vibration), 1088-1100 (S-O stretching vibration, ν3, the split in the band 

suggests that each S-O bond from the sulphate anion is facing a different environment), 

and 3549-3605 (water) cm-1 [3,6]. 
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Figure A.8. 

FTIR spectra for the mineral CS325M before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for calcium sulphate 

dehydrate: 592 (S-O bending vibration, ν4), 620 (S-O bending vibration, ν4), 672 (S-O 

bending vibration, ν4), 1007 (S-O bending vibration), 1088-1100 (S-O stretching vibration, 

ν3) cm-1 with no traces of water bands [3,6]. 
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Figure A.9. 

FTIR spectra for the mineral TDKEM before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for titanium dioxide, 

specifically the peak in 487, and the absorptions at 600-700 cm-1. Titanium dioxide lacks 

absorption bands in the mid-IR region, therefore the peaks in 1035, and 1637 cm-1 may 

refer to additives. As for the band in 3377 cm-1, it is possibly due to water molecules [3,4]. 

  



 

 

13 

 

 

Figure A.10. 

FTIR spectra for the mineral SYC807 before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for silica: 456 (O-Si-O 

bending vibrations), 799 (Si-O-Si symmetric stretching vibrations), 974 (silanol groups), 

1075 (Si-O stretching band), 1635 (water molecules bending vibrations), and 3420 (water 

molecules stretching vibrations) cm-1 [3,8]. 
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Figure A.11. 

FTIR spectra for the mineral DECE209 before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for amorphous silica with 

impurities: 448 (O-Si-O bending vibrations), 796 (Si-O-Si symmetric stretching 

vibrations), 1058 (Si-O stretching band, amorphous silica), 1635 (water molecules bending 

vibrations), and 3381 (water molecules stretching vibrations) cm-1 [3,8]. 
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Figure A.12. 

FTIR spectra for the mineral DEDF525 before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for amorphous silica: 450 (O-

Si-O bending vibrations), 795 (Si-O-Si symmetric stretching vibrations), 1046 (Si-O 

stretching band, amorphous silica), 1634 (water molecules bending vibrations), and 3391 

(water molecules stretching vibrations) cm-1 [3,8]. 
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Figure A.13. 

FTIR spectra for the mineral SYSM405 before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for silicate-containing 

mineral: 450 (O-Si-O bending vibrations, silicate ν4), 788 (Si-O-Si symmetric stretching 

vibrations), 1035 (Si-O stretching band, silicate), 1636 (water molecules bending 

vibrations), and 3421 (water molecules stretching vibrations) cm-1 [3,6,8]. 
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Figure A.14. 

FTIR spectra for the mineral ZEIMER before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for silicate-containing 

mineral: 450 (O-Si-O bending vibrations, silicate ν4), 793 (Si-O-Si symmetric stretching 

vibrations), 1020 (Si-O stretching band, silicate), 1628 (water molecules bending 

vibrations), and 3412 (water molecules stretching vibrations) cm-1 [3,6,8]. 
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Figure A.15. 

FTIR spectra for the mineral TAC15 before (No Aut) and after (Aut) autoclaving, and after 

one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in complete 

DMEM (CM). Absorption bands are characteristic for talc: 450-506 (O-Si-O bending 

vibrations, silicate ν4), 985-1050 (Si-O stretching band, silicate), and 3660-3675 (O-H 

stretching band, talc) cm-1 [3,6,8]. 
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Figure A.16. 

FTIR spectra for the mineral KAINT57 before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for kaolin: 460-529 (silicate 

ν4), 911-1114 (Si-O absorption band split due to the layered structure of kaolin: some 

bonds are perpendicular, others are in-plane), and 3619-3687 (O-H stretching band, 

kaolinite) cm-1 [3,6]. 
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Figure A.17. 

FTIR spectra for the mineral KABSHX before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for kaolin: 456-526 (silicate 

ν4), 911-1113 (Si-O absorption band split due to the layered structure of kaolin: some 

bonds are perpendicular, others are in-plane), and 3619-3687 (O-H stretching band, 

kaolinite) cm-1 [3,6]. 
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Figure A.18. 

FTIR spectra for the mineral KABSLX before (No Aut) and after (Aut) autoclaving, and 

after one (D1) and three (D3) days of immersion in serum-free DMEM (SF), and in 

complete DMEM (CM). Absorption bands are characteristic for kaolin: 456-526 (silicate 

ν4), 911-1114 (Si-O absorption band split due to the layered structure of kaolin: some 

bonds are perpendicular, others are in-plane), and 3619-3687 (O-H stretching band, 

kaolinite) cm-1 [3,6]. 
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Figure A.19. 

Representative live cell images of untreated human dermal fibroblasts (CONTROL) and 

treated with minerals from Group 1: CCHC90, CCOBIND, CCOMYA, and TAC15. Cells 

were stained with Calcein AM, and images were taken at day 1 (D1), day 3 (D3), day 5 

(D5). 
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Figure A.20. 

Representative live cell images of untreated human dermal fibroblasts (CONTROL) and 

treated with minerals from Group 2: DECE209, SYSM405, CCCARB, ZEIMER, and 

KAINT57. Cells were stained with Calcein AM, and images were taken at day 1 (D1), day 

3 (D3), day 5 (D5). 
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Figure A.21. 

Representative live cell images of untreated human dermal fibroblasts (CONTROL) and 

treated with minerals from Group 3: CSANAL, CS2H2O, CSINDUS, and CS325M. Cells 

were stained with Calcein AM, and images were taken at day 1 (D1), day 3 (D3), day 5 

(D5). 
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Figure A.22. 

Representative live cell images of untreated human dermal fibroblasts (CONTROL) and 

treated with minerals from Group 4: TDKEM, SYC807, and DEDF525. Cells were stained 

with Calcein AM, and images were taken at day 1 (D1), day 3 (D3), day 5 (D5). 
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Figure A.23. 

Representative live cell images of untreated human dermal fibroblasts (CONTROL) and 

treated with minerals from Group 5: KABSHX, and KABSLX. Cells were stained with 

Calcein AM, and images were taken at day 1 (D1), day 3 (D3), day 5 (D5). 
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Table A.1. 

Values for the cell and mineral seeding according to the well size. The calculations were 

done so that a ratio of approximately 14700 cells/cm2, and 300 µg mineral/cm2 was 

maintained. Ci represents the initial concentration of the minerals, and Cf the final 

concentration after addition to the cells. These concentrations were the ones utilized in the 

experiments unless stated otherwise. 

 

Plate Growth 

area 

[cm2] 

Cell seeding 

[cells/well] 

Vol. cell 

seeding 

[mL] 

Ci 

[µg/mL] 

Vol. 

mineral 

seeding 

[mL] 

Cf 

[µg/mL] 

96-well 0.34 5000 0.1 1000 0.1 500 

24-well 1.90 28000 0.5 1116 0.5 558 

6-well 9.60 141000 2.0 1410 2.0 705 
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Table A.2. 

Average percentages of viability/metabolic activity obtained from the MTT assay after one 

(D1), three (D3), and five days (D5) of interaction between the minerals and human dermal 

fibroblasts. The values of Diff refers to the difference between the respective mineral-

treated sample, and the untreated samples (CTRL). SEM is the standard error of the mean. 

 

Sample D1 

[%] 

Diff SEM D3 

[%] 

Diff SEM D5 

[%] 
Diff SEM 

CTRL 100 - - 100 - - 100 - - 

CCCARB 64 -36 12 81 -19 11 133 33 13 

CCOBIND 71 -29 7 94 -6 2 147 47 12 

CCHC90 126 26 7 155 55 16 138 38 16 

CCOMYA 123 23 14 90 -10 26 89 -11 10 

CS2H2O 98 -2 9 154 54 8 172 72 9 

CSANAL 58 -42 10 83 -17 7 97 -3 18 

CSINDUS 88 -12 15 91 -9 13 97 -3 14 

CS325M 53 -47 7 77 -23 9 114 14 18 

TDKEM -170 -270 21 -56 -156 15 -52 -152 4 

SYC807 137 37 19 165 65 20 133 33 22 

DECE209 91 -9 7 74 -26 10 70 -30 9 

DEDF525 82 -18 7 60 -40 6 64 -36 9 

SYSM405 113 13 8 111 11 8 117 17 15 

ZEIMER 63 -37 10 59 -41 15 86 -14 26 

TAC15 66 -34 13 79 -21 2 103 3 9 

KAINT57 83 -17 16 90 -10 5 130 30 10 

KABSHX 73 -27 15 59 -41 2 71 -29 14 

KABSLX 91 -9 21 59 -41 6 67 -33 5 
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Table A.3. 

Average percentages of cytotoxicity/cell damage obtained from the MTT assay after one 

(D1), three (D3), and five days (D5) of interaction between the minerals and human dermal 

fibroblasts. The values of Diff refers to the difference between the respective mineral-

treated sample, and the untreated samples (CTRL). SEM is the standard error of the mean. 

 

Sample D1 

[%] 

Diff SEM D3 

[%] 

Diff SEM D5 

[%] 
Diff SEM 

CTRL 14  6 5  2 21  4 

CCCARB 17 3 8 4 -1 0.6 27 7 6 

CCOBIND 6 -8 7 2 -4 0.5 11 -10 2 

CCHC90 7 -7 2 1 -4 0.8 5 -15 3 

CCOMYA 9 -6 3 3 -2 0.8 18 -3 3 

CS2H2O 15 1 7 8 3 3 31 10 7 

CSANAL 24 10 8 6 1 1 52 31 6 

CSINDUS 12 -2 4 5 0 1 42 22 5 

CS325M 14 0 7 3 -2 0.1 15 -5 1 

TDKEM 3 -12 7 1 -4 0.7 13 -7 3 

SYC807 -3 -17 3 1 -4 1 -6 -26 2 

DECE209 6 -8 3 7 1 1 13 -8 8 

DEDF525 6 -8 3 6 1 1 15 -6 6 

SYSM405 6 -8 3 3 -2 1 5 -16 4 

ZEIMER -5 -19 4 -4 -9 1 -14 -35 1 

TAC15 12 -2 6 11 5 3 23 2 3 

KAINT57 10 -4 4 9 3 1 13 -8 0.7 

KABSHX 9 -5 4 13 7 1 46 25 4 

KABSLX 6 -9 3 14 8 1 63 43 7 
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Table A.4. 

Average percentages of cell coverage obtained from the image analysis of Calcein AM live 

cell imaging after one (D1), three (D3), and five days (D5) of interaction between the 

minerals and human dermal fibroblasts. The values of Diff refers to the difference between 

the respective mineral-treated sample, and the untreated samples (CTRL). SEM is the 

standard error of the mean. 

 

Sample D1 

[%] 

Diff SEM D3 

[%] 

Diff SEM D5 

[%] 
Diff SEM 

CTRL 48  4 85  3 96  0.7 

CCCARB 45 -3 0.7 81 -4 4 95 -2 0.4 

CCOBIND 46 -2 2 81 -3 4 98 2 0.6 

CCHC90 42 -6 4 77 -7 2 99 3 0.3 

CCOMYA 46 -3 2 82 -3 3 98 2 0.8 

CS2H2O 45 -3 1 80 -4 3 98 2 0.5 

CSANAL 44 -4 2 81 -3 1 98 2 0.9 

CSINDUS 43 -5 3 79 -6 2 98 2 0.3 

CS325M 41 -7 3 78 -7 0.3 99 2 0.2 

TDKEM 43 -5 2 80 -5 2 76 -20 6 

SYC807 39 -9 4 73 -11 5 80 -16 4 

DECE209 40 -8 5 82 -2 3 98 2 0.2 

DEDF525 28 -20 5 53 -32 8 71 -25 10 

SYSM405 43 -5 4 87 2 1 98 1 0.4 

ZEIMER 36 -12 4 75 -10 3 96 0 1 

TAC15 36 -12 5 79 -5 4 97 1 0.8 

KAINT57 39 -9 3 76 -9 0.2 96 0 0.6 

KABSHX 42 -6 4 72 -12 2 69 -27 8 

KABSLX 39 -9 2 67 -17 4 62 -34 11 
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Video A1 (separate file) 

Live cell imaging video of untreated control of HDFs from day one to five of 

experiments. Images were taken every 15 min. 

 

Video A2 (separate file) 

Live cell imaging video of HDFs treated with CCCARB from day one to five of 

experiments. Images were taken every 15 min. 

 

Video A3 (separate file) 

Live cell imaging video of HDFs treated with ZEIMER from day one to five of 

experiments. Images were taken every 15 min. 

 

Video A4 (separate file) 

Live cell imaging video of HDFs treated with KAINT57 from day one to five of 

experiments. Images were taken every 15 min. 
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