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Biomaterials contact directly or indirectly with the human tissues, making it important 48 
to evaluate its cytotoxicity. This evaluation can be performed by several methods, but a 49 
high discrepancy exists between the approaches used, compromising the reproducibility 50 
and the comparison among the obtained results. In this paper, we propose a protocol 51 
to evaluate biomaterial cytotoxicity using soluble extracts, which we use for dental 52 
biomaterials. The extract preparation is detailed, from pellet production to its extraction 53 
in a culture medium. The biomaterial cytotoxicity evaluation is based the following: 54 
metabolic activity using the MTT assay, cell viability using the Sulphorhodamine B (SBR) 55 
assay, cell death profile by flow cytometry, and cell morphology using May-Grünwald 56 
Giemsa. Additional to cytotoxicity evaluation, a protocol to evaluate cell function is 57 
described based on the expression of specific markers assessed by 58 
immunocytochemistry and PCR. This protocol provides a comprehensive guide for 59 
biomaterials cytotoxicity and cellular effects evaluation, using the extracts 60 
methodology, in a reproducible and robust manner.  61 
 62 
INTRODUCTION: 63 
Biocompatibility can be defined as the capacity of a material to integrate tissue and 64 
induce a favorable therapeutic response, free of local and systemic damages1–3. 65 
Biocompatibility evaluation is crucial for the development of any material intended for 66 
medical use. Therefore, this protocol provides a systematic and comprehensive 67 
approach for every researcher aiming to develop new biomaterials or studying new 68 
applications for existing biomaterials. 69 
 70 
In vitro cytotoxicity tests are widely used as the first phase for biocompatibility 71 
evaluation, using primary cell cultures or cell lines. The results constitute a first indicator 72 
of potential clinical application. Besides being vital for the biomaterial development, this 73 
testing is mandatory to comply with current regulations for market introduction, from 74 
EUA and EU regulators (FDA and CE certification)4,5–8. Moreover, standardized testing in 75 
biomedical research provides a significant advantage in terms of reproducibility and 76 
comparison of results from different studies on similar biomaterials or devices9. 77 
 78 
International Organization for Standardization (ISO) guidelines are widely used by 79 
multiple independent commercial, regulatory, and academic laboratories for testing 80 
materials in an accurate and reproducible manner. The ISO 10993-5 refers to the in vitro 81 
cytotoxicity assessment and the ISO 10993-12 reports to sampling preparation10, 11. For 82 
biomaterial testing, three categories are provided, to be selected according to the 83 
material type, contacting tissues, and the treatment goal: extracts, direct contact, and 84 
indirect contact8, 11–13. Extracts are obtained by enriching a cell culture medium with the 85 
biomaterial. For the direct contact tests, the biomaterial is placed directly on the cell 86 
cultures, and, in indirect contact, incubation with the cells is performed separated by a 87 
barrier, such as an agarose gel11. Appropriate controls are mandatory, and a minimum 88 
of three independent experiments should be performed5, 8, 10, 11, 14.  89 
 90 
It is critical to simulate or exaggerate clinical conditions to determine the cytotoxic 91 
potential. For extract testing, test the following: the material's surface area; the medium 92 
volume; the medium and the material pH; the material solubility, osmolarity and 93 
diffusion ratio; and the extraction conditions such as agitation, temperature, and time 94 



influence media enrichment11. 95 
 96 
The methodology allows the quantitative and qualitative evaluation of cytotoxicity of 97 
several pharmaceutical formulations, both solid and liquid. Several assays can be 98 
performed, such as neutral red uptake test, colony formation test, MTT assay, and XTT 99 
assay5, 10, 14.  100 
 101 
Most cytotoxicity assessment studies published use simpler assays, namely MTT and 102 
XTT, which provide limited information. Evaluating biocompatibility should not only 103 
involve the assessment of cytotoxicity but also bioactivity of a given test material2, as 104 
this protocol endorses. Additional evaluation criteria should be used when justified and 105 
documented. Thus, this protocol aims to provide a comprehensive guide, detailing a set 106 
of methods for the biomaterial cytotoxicity evaluation. Besides, the evaluation of 107 
different cellular processes, namely the type of cell death, cell morphology, cell function 108 
in the synthesis of specific proteins, and specific tissue production, are described. 109 
 110 
PROTOCOL: 111 
 112 
1. Pellet preparation 113 
 114 
1.1. Prepare the molds of polyvinyl chloride (PVC) by using PVC plates with circular-115 
shaped holes of known dimensions.  116 
 117 
NOTE: PVC moldings can be made of different sizes. Calculate the contact surface of PVC 118 
molds, using the formula A= 2πr(r+h) (r: radius of the cylinder; h: height of the cylinder). 119 
 120 
1.2. Prepare the biomaterial to be tested according to the manufacturer's 121 
instructions and as close as possible to the beginning of the experiment.  122 
 123 
NOTE: For the preparation of biomaterials paste/paste formulation, an adequate 124 
amount of base paste and catalyst are mixed manually with a mixing spatula. For other 125 
materials with liquid and powder formulations, manual spatulation or mechanical 126 
mixing with vibration should be performed, following the manufacturer's instructions or 127 
the adequate for new materials. For liquid materials, this step is not necessary. Start the 128 
protocol in step 2. 129 
 130 
1.3. Place the biomaterial on the molds with a spatula and let them set for the 131 
appropriate time.  132 
 133 
NOTE: The setting time and setting conditions of the biomaterials must follow the 134 
manufacturer's instructions or the adequate for new materials.  135 
 136 
1.4. After setting, remove the biomaterial’ pellets from the PVC molds and place 137 
them in a container (a 6 well plate or a Petri dish can be used). 138 
 139 
1.5. Sterilize the pellets by placing them under an ultraviolet light (UV) lamp for 20 140 
minutes for each side. 141 



 142 
2. Obtaining soluble extracts of biomaterials 143 
 144 
NOTE: All procedures should be performed under strict sterile conditions. 145 
 146 
2.1. Determine the necessary number of pellets by calculating the pellet surface area 147 
based on the formula described in 1.1.  148 
 149 
NOTE: As a reference value, the contact surface area of 250 mm2/mL11, 15 is achieved by 150 
adding 9 pellets (r 3 mm x h 1.5 mm) per mL of the medium.  151 
 152 
2.2. Prepare the soluble extracts (extract enriched with the biomaterial). 153 
 154 
2.2.1.  Place the pellets in a 50 mL tube and add the corresponding of the cell culture 155 
medium, appropriate for the cell cultures to be used. Place the tubes for 24 hours in the 156 
incubator at 37◦, in constant rotation. 157 
 158 
NOTE: Use the cell culture medium appropriate for the cell cultures.  159 
 160 
2.2.2.  After 24 hours, remove the tubes from the incubator. At this point, the extracts 161 
correspond to a concentration of 1/1 or 100%.  162 
 163 
2.2.3. Make dilutions of the extract by sequential addition of the cell culture medium 164 
in a 1:2 ratio. 165 
 166 
NOTE: No pH adjustment should be made to the media.  167 
 168 
2.2.3.1. Add 1 mL of culture media to 1 mL of 100% extract to obtain a 50% 169 
extract. Add 1 mL of culture media to 1 mL of 50% extract to obtain a 25% extract, and 170 
so on (Figure 1).  171 
 172 
NOTE: Use the concentrations found relevant for each compound.  173 
 174 

[Please place Figure 1 here.] 175 
 176 
3. Cell culture preparation 177 
  178 
3.1. Prepare a cellular suspension and plate it in an adequate cell container, such as 179 
a multiwell plate, according to the number of cells needed for the experiments.  180 
 181 
3.1.1. Start with a flask of the desired cells with 80% to 90% confluence.  182 
 183 
3.1.2. Discard the cell culture media, wash with phosphate-buffered saline solution 184 
(PBS) and detach the cells with trypsin-EDTA (1 to 2 mL for a 75 cm2 cell culture flask).  185 
 186 
3.1.3. Add the cell culture media (2 to 4 mL for a 75 cm2 cell culture flask) and centrifuge 187 
at 200 x g for 5 min.  188 



 189 
3.1.4. Suspend the pellet in a known volume of cell culture media.  190 
 191 
NOTE: This protocol is designed for the use of adherent cell cultures; however, simple 192 
adaptations can be made to work with suspension cell cultures.  193 
 194 
3.1.5. Count the cells in the hemocytometer and calculate the cell concentration of the 195 
cell suspension.  196 
 197 
3.1.6. Suspend the determined amount of cell suspension in culture medium and 198 
transfer to multiwell dishes. As a reference value for seeding density, consider 5 – 20 x 199 
105 cells/cm2.  200 
 201 
NOTE: The appropriated number of cells must be calculated according to the cell type 202 
and cell characteristics, namely cell doubling time. 203 
 204 
3.2. Incubate the cells for 24 hours to allow cell adhesion. 205 
 206 
3.3. After this period, administer the soluble extracts into the culture plates. 207 
 208 
3.3.1. Aspirate the cell culture medium. 209 
 210 
3.3.2.  Add the biomaterials’ extracts to each well, according to the sequence of 211 
concentrations, as described previously. Add fresh cell culture medium to the control 212 
wells. 213 
 214 
3.3.3.  Incubate the plates for 24 h or longer. 215 
 216 
NOTE: Negative controls must be performed in each assay, corresponding to untreated 217 
cells, maintained in the culture medium. The incubation times can be selected 218 
accordingly to the study goals. 219 
 220 
4. Evaluation of the metabolic activity 221 
 222 
4.1. After the step 3.3.3, aspirate the medium from the plates and wash each well 223 
PBS. 224 
 225 
4.2. Place, in each well, the adequate volume of 0.5 mg/mL 3-(4,5-dimethylthiazol-2-226 
yl)-2,5-diphenyltetrazole bromide (MTT) prepared in PBS, pH 7.4. 227 
 228 
4.3. Incubate the plates for 4 h or overnight in the dark at 37 ° C. 229 
 230 
4.4. To solubilize the obtained formazan crystals, add the adequate volume of 0.04 231 
M solution of hydrochloric acid in isopropanol to each well and stir plates for 30 minutes. 232 
 233 
NOTE: Adjust the amount of MTT and isopropanol according to the size of the wells. 234 
 235 



4.5. Stir and homogenize the contents of each well, if necessary, by pipetting up and 236 
down until no crystals are seen. 237 
 238 
4.6. Quantify the absorbance at a wavelength of 570 nm with a 620 nm reference 239 
filter, in the spectrophotometer. 240 
 241 
4.7. To calculate the metabolic activity, divide the absorbance of the treated cells by 242 
the absorbance of the control cultures. To obtain percentage values multiply by 100.  243 
 244 
5. Cell death evaluation  245 
 246 
NOTE: To perform this evaluation a minimum of 106 cells per condition should be used. 247 
 248 
5.1. Use centrifuge tubes properly identified. 249 
 250 
5.2. After soluble extracts incubation, described in step 3.3.3, collect the culture 251 
media to the respective tube. 252 
 253 
5.3. Detach the cells and add the suspension to the respective tubes.  254 
 255 
5.4. Concentrate the suspensions by centrifugation at 120 x g for 5 minutes. 256 
 257 
5.5. Wash the pellets with PBS. Remove the PBS by centrifugation at 1,000 x g for 5 258 
minutes. 259 
 260 
5.6. Add 1 mL of PBS and transfer the cell pellets to identified cytometry tubes. 261 
 262 
5.7. Remove the PBS by centrifugation at 1,000 x g for 5 minutes. 263 
  264 
5.8. Incubate with 100 µL of binding buffer (0.01 M HEPES, 0.14 mM NaCl and 0.25 265 
mM CaCl2)16, and allow the cells to rest for about 15 minutes for cell membrane 266 
recovery. 267 
 268 
5.9. Add 2.5 μL of Annexin-V Fluorescein isothiocyanate (FITC) and 1 μL of IP for 15 269 
minutes at room temperature in the dark. 270 
 271 
5.10. After incubation, add 400 μL of PBS and analyze it on the cytometer. For the 272 
analysis and quantification of the information use appropriate software. 273 
 274 
5.11. Present results as a percentage of living cells, apoptosis, late apoptosis/necrosis, 275 
and necrosis.  276 
 277 
6. Morphology evaluation 278 
 279 
6.1. Select the appropriate size of sterilized glass coverslips that fit inside the 280 
multiwell plate. 281 
 282 



6.2. Place each slide in a well using sterile tweezers. 283 
 284 
6.3. Distribute a cellular suspension at an adequate concentration into the wells and 285 
let overnight in an incubator at 37 °C in a humidified atmosphere with 95% air and 5% 286 
CO2. 287 
 288 
6.4. Expose the cell cultures to the extracts, as described in step 3.3. 289 
 290 
6.5. Aspirate the extracts. 291 
 292 
6.6. Let the coverslips dry at room temperature and then add a sufficient volume of 293 
May-Grünwald solution to cover the coverslips; incubate for 3 minutes. 294 
 295 
6.7. Remove the dye and wash with distilled water for 1 minute. 296 
 297 
6.8. Remove the water and add a sufficient volume of Giemsa solution to cover the 298 
coverslips for 15 minutes. 299 
 300 
6.9. Wash the coverslips in running water. 301 
 302 
6.10. Transfer the coverslips to a slide with forceps. 303 
 304 
6.11. Look under a microscope. Take the photographs with the chosen magnification.  305 
 306 
7. Cell function assessment through reverse transcription polymerase chain 307 
reaction (RT-PCR) 308 
 309 
NOTE: Accordingly, to the study goal, select the specific markers to be evaluated. As an 310 
example, alkaline phosphatase is presented as a gene of interest for odontoblasts 311 
activity evaluation. Other genes of interest can be seen in Table 1.  312 
 313 
7.1. Distribute 20,000 cells/cm2 of control medium, 30,000 cells/cm2 of biomaterials 314 
groups that slightly affect cell viability, and 50,000 to 100,000 cells/cm2 to biomaterials 315 
that drastically affect cell viability into cell culture flasks.  316 
 317 
NOTE: The adjustment of cell number depends on the cell type. 318 
 319 
7.2. Incubate with soluble extracts, as described in 3.3.  320 
 321 
7.3. Detach the cells to obtain a suspension as described in 3.1.2, 3.1.3, and 3.2.4. 322 
 323 
7.4. Wash approximately 2 million cells with PBS twice; for this centrifuge at 200 x g 324 
for 5 minutes at room temperature. 325 
 326 
7.5. Lyse the cells by suspending the pellet in 1 mL of RNA purification solution (e.g., 327 
NZYol), intense stirring, and successive pipetting. 328 
 329 



7.6. Incubate the samples for 5 minutes at room temperature. 330 
 331 
7.7. Add 200 µL of chloroform and shake the tubes by hand for 15 seconds. 332 
 333 
7.8. Incubate for 3 minutes at room temperature. 334 
 335 
7.9. Centrifuge lysates at 4 ° C for 15 min at 12,000 x g. During this centrifugation, 336 
two phases originate in the sample, leaving the RNA in the aqueous (upper) phase. 337 
 338 
7.10. Remove the aqueous phase to a new tube and add 500 µL of cold isopropanol to 339 
precipitate RNA. 340 
 341 
7.11. Incubate samples at room temperature for 10 minutes and centrifuge at 12,000 342 
x g for 10 minutes at 4 ° C. 343 
 344 
7.12. Remove the supernatant and wash the pellet with 1 mL of 75% ethanol by 345 
centrifugation at 7,500 x g for 5 minutes at 4 ° C.  346 
 347 
7.13. Dry the pellet at room temperature until ethanol evaporation. 348 
 349 
7.14. Suspend in RNase-free water. 350 
 351 
7.15. Quantify and determine the degree of purity of the samples using absorption 352 
spectrophotometry. Determine the purity of the RNA by the ratio of the results obtain 353 
with the wavelength 260 nm and 280 nm and use only samples with a purity ratio 354 
(A260/280) around 2.0.  355 
 356 
7.16. Store samples at -80 ° C. 357 
 358 
7.17. Proceed to perform RT-PCR following manufacturer's protocol17. 359 
 360 
8. Cell function assessment through protein identification 361 
 362 
NOTE: According to the study goal, select the specific proteins to be evaluated. As an 363 
example, dentin sialoprotein (DSP) is presented as a protein of interest for odontoblasts 364 
activity evaluation. Other proteins of interest can be seen in Table 1.  365 
 366 
8.1. Culture cells in coverslips and expose to the extracts; for this, repeat step 6.1 to 367 
6.5. 368 
 369 
8.2. Wash the cell cultures with PBS. 370 
 371 
8.3. Fix with 3.7% paraformaldehyde for 30 minutes at room temperature. 372 
 373 
8.4. Wash twice with PBS. 374 
 375 
8.5. Permeabilize with 0.5% Triton in PBS for 15 minutes. 376 



 377 
8.6. Block the peroxidase with 0.3% hydrogen peroxide in PBS for 5 minutes. 378 
 379 
8.7. Wash twice with PBS. 380 
 381 
8.8. Wash twice with 0.5% bovine serum albumin (BSA). 382 
  383 
8.9. Block cell cultures with 2% BSA for 45 minutes. 384 
 385 
8.10. Wash with 0.5% BSA in PBS. 386 
 387 
8.11. Incubate cultures with the primary antibody according to the select protein for 388 
60 minutes at room temperature. 389 

 390 
NOTE: This protocol uses the primary antibody DSP(M20) Antibody (1:100) and the 391 
secondary antibody Polyclonal Rabbit Anti-goat immunoglobulins/HRP (1:100). 392 
 393 
8.12. Wash five times with 0.5% BSA in PBS. 394 
 395 
8.13. Incubate with secondary antibody for 90 minutes at room temperature. 396 
 397 
NOTE: Make the antibody dilutions using 0.5% PBS in BSA. 398 
 399 
8.14. Wash five times with 0.5% BSA in PBS for 1 minute in each wash. 400 
 401 
8.15. Incubate cultures with a substrate and chromogen mixture at a concentration of 402 
20 µL chromogen/mL substrate for 25 minutes. 403 
 404 
8.16. Wash twice with 0.5% BSA in PBS. 405 
 406 
8.17. Counterstain with Hematoxylin for 15 minutes. 407 
 408 
8.18. Wash with a sequence of 0.037 mol/L ammonia and distilled water for 5 minutes 409 
to remove excess dye. 410 
 411 
8.19. Mount the coverslips on the slides. Use glycerol as the mounting medium. 412 
 413 
8.20. Allow drying overnight. 414 
 415 
8.21. Look under a microscope. Take the photographs with the chosen magnification. 416 
  417 
9. Mineralized formation assessment through alizarin red s assay 418 
 419 
9.1. Prepare an Alizarin Red S solution at a concentration of 40 mM18 Stir the solution 420 
for homogenization for 12 hours in the dark.  421 
 422 



NOTE: To prepare 100 mL of Alizarin Red S solution, solubilize 14.4 g of alizarin powder 423 
(Molecular weight: 360 g/mol) in ultrapure water, protected from light. For this solution, 424 
the pH value is critical and should be between 4.1 and 4.3. 425 
 426 
9.2. Incubate cell culture with soluble extracts, as described in 3.3.  427 
 428 
9.3. Wash cell cultures with PBS three times. 429 
 430 
9.4. Fix with 4% paraformaldehyde for 15 minutes at room temperature. 431 
 432 
9.5. Wash three times with PBS. 433 
 434 
9.6. Stain with Alizarin Red Staining solution for 20 minutes at 37 °C in the dark. 435 
 436 
9.7. After staining, wash the plates with PBS until complete dye removal. 437 
 438 
9.8. Look under a microscope. Take the photographs with the chosen magnification. 439 
 440 
9.9. Add an extraction solution, composed by 10% (w/v) acetic acid and 20% (w/v) 441 
methanol, to each well, and let stirring for 40 minutes at room temperature. 442 
  443 
9.10. Measure the absorbance at 490 nm wavelength on a spectrophotometer19. 444 
 445 
REPRESENTATIVE RESULTS:  446 
The representative results here refer to the study of dental biomaterials. The extract 447 
methodology allows to obtain a cytotoxicity profile and cell function after exposition to 448 
the dental materials, regarding effects on metabolic activity (Figure 2), cell viability, cell 449 
death profile and cell morphology (Figure 3), and specific proteins expression (Figure 4).  450 
 451 
The MTT assay is used to obtain a quick overview of the cytotoxicity of the materials in 452 
a quick and straightforward way. A comparison between two or more materials can be 453 
made (Figure 2), where a severe reduction of the metabolic activity, even when low 454 
(6.25%) and medium concentrations (50%), indicates higher toxicity (Figure 2a). At the 455 
same time, less cytotoxic materials present only lighter or no reduction (Figure 2b). 456 
Comparisons between different time points allow determining more immediate 457 
cytotoxic effects or at later stages.  458 
 459 
Effects on cell viability provide important information about viable cell reduction, which 460 
can compromise the tissues' capacity to recover after a damaging effect. The 461 
determination of the percentage of viable cells allows comparing material cytotoxicity; 462 
more cytotoxic materials induce higher cell death for the same concentration (Figure 3a 463 
and 3b). Reductions superior to 30% are critical and define materials at risk of low 464 
biocompatibility (Figure 3a). This information is completed with the cell death profile 465 
(Figures 3a and 3b). In the representative results, more cytotoxic materials are 466 
characterized by an accentuated decrease in cell viability and for a late apoptosis and 467 
necrosis cell death profile (Figure 3a), while less cytotoxic ones present less cell death 468 
and a more apoptotic and late apoptotic profile (Figure 3b).  469 



 470 
The information obtained from the cellular morphology evaluation (Figure 3c) 471 
complements the cell viability evaluation. Changes from the cell´s typical morphology 472 
can indicate an apoptotic or necrotic profile16. Also, additional information can be 473 
obtained from this protocol, like the observation of material particles (red arrows, 474 
Figure 3C). 475 
 476 
Specific markers, fundamental to cell function, affected by the extract exposure can be 477 
evaluated by several techniques, as immunohistochemistry, PCR, flow cytometry, 478 
blotting, or colorimetric assays (Table 1). Representative results of the DSP expression 479 
after exposure to extracts are shown in Figure 4a, and it can be seen that some materials 480 
(tricalcium silicates cements) stimulate the cells to increase protein expression. In 481 
contrast, others (calcium hydroxide cements) promote a significant decrease in protein 482 
expression, independently of viability loss. In both cases, the concentration of the 483 
extracts directly influences the protein expression. 484 
 485 
In the MDPC-23 cell line of the odontoblast phenotype, the formation of mineralization 486 
deposits is characteristic. The protocol for the mineralized deposits identification and 487 
quantification allows evaluating the specific function of this type of specialized cells. In 488 
the presented case, it was observed that besides being less cytotoxic, tricalcium silicates 489 
cement stimulates the cell function, once an increase in mineralized deposits was 490 
observed (Figure 4b). On the opposite, the more cytotoxic calcium hydroxide cement 491 
led to reduced mineral deposition due to cell impairment and death (Figure 4b). 492 
Additional to a qualitative evaluation, a quantitative determination can be performed 493 
(Figure 4c). 494 
 495 
FIGURE AND TABLE LEGENDS: 496 
 497 
Figure 1: Scheme of the preparation and dilutions of soluble extracts.  498 
 499 
Figure 2: Metabolic activity. Metabolic activity of MDPC-23 cells treated with calcium 500 
hydroxide cement [a)] and tricalcium silicate cement [b)] soluble extracts for 24, 72, and 501 
120 hours. The results are normalized to the control cell cultures, with a value of 100%. 502 
Significant differences are represented by *, where * means p<0.05, ** means p<0.01, 503 
and *** means p<0.001. Part of this Figure has been modified from a previous 504 
publication with permission from the publisher20. 505 
 506 
Figure 3: Cell viability, death profile, and cell morphology. Cell viability, cell death 507 
profile, and cell morphology in MDPC-23 cells subjected to treatment with calcium 508 
hydroxide and tricalcium silicate biomaterials at 6.25% and 50% concentration, after 120 509 
hours of exposure. a) and b) Results are plotted as the percentage of living cells in 510 
apoptosis, late apoptosis or necrosis, and necrosis. Significant differences with respect 511 
to control or between conditions are represented with *, where * means p <0.05, ** 512 
means p <0.01, and *** means p <0.001. c) Cells stained with May-Grünwald Giemsa 513 
after treatment with a 50% concentration of biomaterials soluble extracts. The control 514 
group represents cells in culture in DMEM with 10% FBS. Images in the left column were 515 
obtained with a magnification of 100x, and the images in the column on the right were 516 



obtained with a magnification 500x. Figure bars represent 100 µm. Part of this Figure 517 
has been modified from a previous publication with permission from the publisher20. 518 
 519 
Figure 4: DSP expression and mineralized nodule formation. a) MDPC-23 cells labeled 520 
by immunocytochemistry for the detection of DSP expression when subjected to 521 
treatment with calcium hydroxide and tricalcium silicate at concentrations of 50% and 522 
6.25% after 96 hours of incubation. b) Images from cultured MDPC-23 cells stained with 523 
Alizarin Red S stain when treated with calcium hydroxide and tricalcium silicate 524 
biomaterials at concentrations of 50% and 6.25% after 120 hours of incubation. All the 525 
photographs were obtained with a magnification of 100x. Both Figure bars represent 526 
150µm. c) Formation of calcium deposits from MDPC-23 cells treated with calcium 527 
hydroxide and tricalcium silicate after 120 hours of exposure. The results are the 528 
relationship between the absorbances obtained between the study condition and the 529 
control. Significant differences are represented by *, where * means p<0.05, ** means 530 
p<0.01, and *** means p<0.001. Part of this Figure has been modified from a previous 531 
publication with permission from the publisher20. 532 
  533 
Table 1: List of odontoblastic differentiation/function markers 47-79. This table provides 534 
a list of odontoblastic markers and detection methods; some of these markers are also 535 
expressed by other tissues. 536 
 537 
DISCUSSION: 538 
This protocol was designed taking into consideration the ISO 10993-5, which refers to 539 
the evaluation of in vitro cytotoxicity of biomaterials that contact with the tissues, to 540 
evaluate the biocompatibility and to contribute to studies reproducibility21. This is a 541 
growing concern in science, and many authors are already following these 542 
recommendations in the experimental design of their in vitro studies15, 22–28. 543 
 544 
The methodology proposed was selected to screen the most relevant aspects of cell 545 
biology. Thus, this protocol goes beyond the recommendations, once it provides a 546 
complete approach to evaluate cytotoxicity using common assays and a complementary 547 
evaluation, including several cell parameters from phenotype to function. This 548 
complementary evaluation is important to truly assess the biomaterials effect, once 549 
viability may not translate alterations at the level of gene and protein expression, cell 550 
cycle, or secretome. 551 
 552 
The extracts are advantageous, particularly in adherent cell lines, because there is no 553 
interference with cell attachment to the substrate and optimal culture conditions, in 554 
opposition to some direct contact approaches where materials are placed on the surface 555 
of the culture plate22, 28.  556 
 557 
Moreover, extracts allow cell exposure to different concentrations29, mimicking 558 
diffusion of substances in tissues, which simulates the clearance they undergo in vivo, 559 
particularly when they are applied in contact with extremely irrigated tissues. Direct 560 
contact tests may not accurately assess different concentrations, and indirect contact 561 
tests demonstrated potential difficulties with non-diffusion, incomplete diffusion 562 
through membranes, or reaction with agar. 563 



 564 
Tests providing a quantitative assessment are preferred, with cell viability reduction by 565 
more than 30% being considered cytotoxic11, 30. In the development of new biomaterials, 566 
if such reduction occurs, it determines the need for reformulation or abandonment. If 567 
encouraging results are achieved, further studies should be performed envisioning in 568 
vivo evaluation29, 31.  569 
 570 
In vitro tests should simulate or exaggerate the clinical conditions. Thus, the 571 
determination of appropriate surface volume ratios for extract preparation is critical. 572 
Surface to volume ratios of 1.25–6 cm2/mL were suggested. In the case of materials with 573 
surface irregularities like foams 0.1–0.2 g/mL or 6 cm2/mL are a starting point 15, 20 2. The 574 
ratio of 250 mm2 per mL of medium was used in representative results used in this 575 
protocol and other studies15, 20. 576 
 577 
Even if not used in this way in the clinics, the samples must be sterilized by methods that 578 
do not alter their properties. UV irradiation is frequently a good choice. This is of 579 
paramount importance to prevent microbial contamination of cell cultures11, 24, 32. 580 
 581 
Extraction media include cell culture medium with or without serum, physiological saline 582 
solution, dimethylsulfoxide, or purified water, selected according to the biomaterials 583 
chemical characteristics 11, 33. Aiming for cell culture studies, the use of the cell culture 584 
medium is preferred since it avoids further processing steps. The conditions for 585 
extraction should be adjusted to the experimental model. In the representative results 586 
shown in this protocol, the DMEM culture medium supplemented with FBS was used for 587 
24 ± 2 hours at 37 ± 1 °C. 588 
 589 
Some biomaterials may leave residues in the extraction media, which may negatively 590 
affect the cell cultures. While filtration and centrifugations should be avoided, a 591 
possibility is to allow the particles to sediment before using. Another issue is the pH that 592 
may suffer alteration after extraction. Since it is not recommended to perform further 593 
adjustments 11, the pH of the extracts must be measured, registered, and additional 594 
controls to isolate the pH effect must be included in the experimental design if 595 
necessary. 596 
 597 
While this protocol was described for adherent cell cultures, simple modifications can 598 
be performed to use suspension cultures. Similarly, besides using solid biomaterials, it 599 
is possible to adapt the procedure, essentially the extraction steps, to study liquids, gels, 600 
or foams 34–37.  601 
 602 
The preparation of cell cultures with appropriate density is critical, especially on cell 603 
cultures with high duplication rate31 . According to the recommended seeding density 604 
range of the cells used, if long-time incubations are planned, the reduction of the initial 605 
seeding density must be performed to avoid the problems associated with excessive 606 
confluence. In addition, highly cytotoxic materials may require higher initial seeding 607 
densities. 608 
 609 
Besides the advantages of the extract methodology, it is not the best choice for materials 610 



where the evaluation of cell adherence is relevant. In this case, the direct contact studies 611 
must be performed 38–41. Although this is a comprehensive approach, it is important to 612 
keep in mind it is an in vitro assessment, which does not totally reflect the in vivo 613 
conditions42.  614 
 615 
A biomaterial should only not cause damage to the tissue but stimulate some of the anti-616 
inflammatory and immunomodulant processes43–46. Thus, this protocol goes further, 617 
with the evaluation of cellular mechanisms, including cell viability and cell death profile, 618 
as well as other mechanisms of protein synthesis. The evaluation performed should 619 
allow concluding on the biomaterial bioactivity in living tissues, besides cytotoxicity. 620 
 621 
With the explosion of new materials for medical applications, not only for dentistry but 622 
also for orthopedics, surgery, ophthalmology, cardiology, etc., the initial screenings 623 
should be made systematically. This protocol might be an important tool for researchers 624 
aiming to develop and characterize novel biomaterials. 625 
 626 
ACKNOWLEDGMENTS: 627 
We thank the following for support: GAI 2013 (Faculdade de Medicina da Universidade 628 
de Coimbra); CIBB is funded by National Funds via FCT (Foundation for Science and 629 
Technology) through the Strategic Project UIDB/04539/2020 and UIDP/04539/2020 630 
(CIBB). to Jacques Nör, University of Michigan Dental School, for providing the cell line 631 
MDPC-23. 632 
 633 
DISCLOSURES: 634 
The authors have no competing financial interests or other conflicts of interest. 635 
 636 
REFERENCES: 637 
1. Williams, D.F. On the mechanisms of biocompatibility. Biomaterials. 29 (20), 638 
2941–2953 (2008). 639 
2. Bruinink, A., Luginbuehl, R. Evaluation of biocompatibility using in vitro methods: 640 
interpretation and limitations. Advances in Biochemical Engineering/Biotechnology. 641 
126, 117–152 (2012). 642 
3. Wataha, J.C. Principles of biocompatibility for dental practitioners. The Journal 643 
of Prosthetic Dentistry. 86 (2), 203–9, doi: 10.1067/mpr.2001.117056 (2001). 644 
4. Mishra, S. FDA, CE mark or something else?-Thinking fast and slow. Indian Heart 645 
Journal. 69 (1), 1–5 (2016). 646 
5. Barbeck, M. et al. Balancing Purification and Ultrastructure of Naturally Derived 647 
Bone Blocks for Bone Regeneration: Report of the Purification Effort of Two Bone Blocks. 648 
Materials. 12 (19), 3234 (2019). 649 
6. Ruzza, P. et al. H-Content Is Not Predictive of Perfluorocarbon Ocular 650 
Endotamponade Cytotoxicity in Vitro. ACS Omega. 4 (8), 13481–13487 (2019). 651 
7. Coelho, C.C., Araújo, R., Quadros, P.A., Sousa, S.R., Monteiro, F.J. Antibacterial 652 
bone substitute of hydroxyapatite and magnesium oxide to prevent dental and 653 
orthopaedic infections. Materials Science and Engineering: C. 97, 529–538 (2019). 654 
8. Jung, O. et al. Improved In Vitro Test Procedure for Full Assessment of the 655 
Cytocompatibility of Degradable Magnesium Based on ISO 10993-5/-12. International 656 
Journal of Molecular Sciences. 20 (2), 255 (2019). 657 



9. Ruzza, P. et al. H-Content Is Not Predictive of Perfluorocarbon Ocular 658 
Endotamponade Cytotoxicity in Vitro. ACS Omega. 4 (8), 13481–13487 (2019). 659 
10. ISO, I.O. for S. ISO 10993-12:2012 - part 12: Sample preparation and reference 660 
materials (2012). 661 
11. ISO, I.O. for S. ISO 10993-5:2009 Biological evaluation of medical devices - part 662 
5: Tests for in vitro cytotoxicity. (2009). 663 
12. Srivastava, G.K. et al. Comparison between direct contact and extract exposure 664 
methods for PFO cytotoxicity evaluation. Scientific Reports. 8 (1), 1425 (2018). 665 
13. Pusnik, M., Imeri, M., Deppierraz, G., Bruinink, A., Zinn, M. The agar diffusion 666 
scratch assay--A novel method to assess the bioactive and cytotoxic potential of new 667 
materials and compounds. Scientific Reports. 6, 20854 (2016). 668 
14. Spiller, K.L. et al. The role of macrophage phenotype in vascularization of tissue 669 
engineering scaffolds. Biomaterials. 35 (15), 4477–88 (2014). 670 
15. Zhou, H. et al. In Vitro Cytotoxicity Evaluation of a Novel Root Repair Material. 671 
Journal of Endodontics. 39 (4), 478–483 (2013). 672 
16. Bordron, A. et al. The binding of some human antiendothelial cell antibodies 673 
induces endothelial cell apoptosis. Journal of Clinical Investigation. 101 (10), 2029–2035 674 
(1998). 675 
17. Palmini, G. et al. Establishment of Cancer Stem Cell Cultures from Human 676 
Conventional Osteosarcoma. Journal of Visualized Experiments. (116), doi: 677 
10.3791/53884 (2016). 678 
18. Gregory, C.A., Grady Gunn, W., Peister, A., Prockop, D.J. An Alizarin red-based 679 
assay of mineralization by adherent cells in culture: comparison with cetylpyridinium 680 
chloride extraction. Analytical Biochemistry. 329 (1), 77–84 (2004). 681 
19. Cai, S., Zhang, W., Chen, W. PDGFRβ+/c-kit+ pulp cells are odontoblastic 682 
progenitors capable of producing dentin-like structure in vitro and in vivo. BMC Oral 683 
Health. 16 (1), 113 (2016). 684 
20. Paula, A. et al. Biodentine Boosts, WhiteProRoot MTA Increases and Life 685 
Suppresses Odontoblast Activity. Materials. 12 (7), 1184 (2019). 686 
21. Chander, N.G. Standardization of in vitro studies. Journal of Indian Prosthodontic 687 
Society. 16 (3), 227–8 (2016). 688 
22. Cavalcanti, B.N., Rode, S. de M., França, C.M., Marques, M.M. Pulp capping 689 
materials exert an effect on the secretion of IL-1β and IL-8 by migrating human 690 
neutrophils. Brazilian Oral Research. 25 (1), 13–8 (2011). 691 
23. Chang, S., Lee, S.-Y., Ann, H.-J., Kum, K.-Y., Kim, E.-C. Effects of calcium silicate 692 
endodontic cements on biocompatibility and mineralization-inducing potentials in 693 
human dental pulp cells. Journal of Endodontics. 40 (8), 1194–200 (2014). 694 
24. Daltoé, M.O., Paula-Silva, F.W.G., Faccioli, L.H., Gatón-Hernández, P.M., De Rossi, 695 
A., Bezerra Silva, L.A. Expression of Mineralization Markers during Pulp Response to 696 
Biodentine and Mineral Trioxide Aggregate. Journal of Endodontics. 42 (4), 596–603 697 
(2016). 698 
25. Elias, R. V, Demarco, F.F., Tarquinio, S.B.C., Piva, E. Pulp responses to the 699 
application of a self-etching adhesive in human pulps after controlling bleeding with 700 
sodium hypochlorite. Quintessence International. 38 (2), e67-77 (2007). 701 
26. Huang, G.T.-J., Shagramanova, K., Chan, S.W. Formation of odontoblast-like cells 702 
from cultured human dental pulp cells on dentin in vitro. Journal of endodontics. 32 (11), 703 
1066–73 (2006). 704 



27. Jafarnia, B. et al. Evaluation of cytotoxicity of MTA employing various additives. 705 
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology. 107 706 
(5), 739–744 (2009). 707 
28. Paranjpe, A., Smoot, T., Zhang, H., Johnson, J.D. Direct contact with mineral 708 
trioxide aggregate activates and differentiates human dental pulp cells. Journal of 709 
Endodontics. 37 (12), 1691–1695 (2011). 710 
29. Spagnuolo, G. et al. In vitro cellular detoxification of triethylene glycol 711 
dimethacrylate by adduct formation with N-acetylcysteine. Dental Materials. 29 (8), 712 
e153–e160 (2013). 713 
30. Murray, P.E., García Godoy, C., García Godoy, F. How is the biocompatibilty of 714 
dental biomaterials evaluated? Medicina Oral, Patologia Oral y Cirugia Bucal. 12 (3), 715 
E258-66 (2007). 716 
31. Hanks, C.T., Wataha, J.C., Sun, Z. In vitro models of biocompatibility: a review. 717 
Dental Materials. 12 (3), 186–93 (1996). 718 
32. Eid, A.A. et al. In Vitro Biocompatibility and Oxidative Stress Profiles of Different 719 
Hydraulic Calcium Silicate Cements. Journal of Endodontics. 40 (2), 255–260 (2014). 720 
33. Nocca, G. et al. Effects of ethanol and dimethyl sulfoxide on solubility and 721 
cytotoxicity of the resin monomer triethylene glycol dimethacrylate. Journal of 722 
Biomedical Materials Research Part B: Applied Biomaterials. 100B (6), 1500–1506 723 
(2012). 724 
34. Abuarqoub, D., Aslam, N., Jafar, H., Abu Harfil, Z., Awidi, A. Biocompatibility of 725 
Biodentine with Periodontal Ligament Stem Cells: In Vitro Study. Dentistry Journal. 8 (1), 726 
17 (2020). 727 
35. Coelho, A.S. et al. Cytotoxic effects of a chlorhexidine mouthwash and of an 728 
enzymatic mouthwash on human gingival fibroblasts. Odontology. 108 (2), 260–270 729 
(2020). 730 
36. Wang, M.O. et al. Evaluation of the In Vitro Cytotoxicity of Cross-Linked 731 
Biomaterials. Biomacromolecules. 14 (5), 1321–1329 (2013). 732 
37. Tyliszczak, B., Drabczyk, A., Kudłacik-Kramarczyk, S., Bialik-Wąs, K., Sobczak-733 
Kupiec, A. In vitro cytotoxicity of hydrogels based on chitosan and modified with gold 734 
nanoparticles. Journal of Polymer Research. 24 (10), 153 (2017). 735 
38. Widbiller, M. et al. Three-dimensional culture of dental pulp stem cells in direct 736 
contact to tricalcium silicate cements. Clinical Oral Investigations. 20 (2), 237–46 (2016). 737 
39. Pintor, A.V.B. et al. In Vitro and In Vivo Biocompatibility of ReOss in Powder and 738 
Putty Configurations. Brazilian Dental Journal. 29 (2), 117–127 (2018). 739 
40. Pellissari, C.V.G. et al. In Vitro Toxic Effect of Biomaterials Coated with Silver 740 
Tungstate or Silver Molybdate Microcrystals. Journal of Nanomaterials. 2020, 1–9 741 
(2020). 742 
41. Collado-González, M. et al. Cytotoxicity and bioactivity of various pulpotomy 743 
materials on stem cells from human exfoliated primary teeth. International Endodontic 744 
Journal. 50, e19–e30 (2017). 745 
42. Paula, A. et al. Direct Pulp Capping: Which is the Most Effective Biomaterial? A 746 
Retrospective Clinical Study. Materials. 12 (20), 3382 (2019). 747 
43. Williams, D.F. There is no such thing as a biocompatible material. Biomaterials. 748 
35 (38), 10009–10014 (2014). 749 
44. Schuh, J.C.L. Medical device regulations and testing for toxicologic pathologists. 750 
Toxicologic Pathology. 36 (1), 63–9 (2008). 751 



45. Pizzoferrato, A. et al. Cell culture methods for testing Biocompatibility. Clinical 752 
Materials. 15 (3) (1994). 753 
46. Pereira Paula, A.B. et al. Direct pulp capping: what is the most effective therapy? 754 
– systematic review and meta-analysis. Journal of Evidence Based Dental Practice. doi: 755 
10.1016/j.jebdp.2018.02.002 (2018). 756 
47. Caiaffa, K.S. et al. Effect of analogues of cationic peptides on dentin 757 
mineralization markers in odontoblast-like cells. Archives of Oral Biology. 103, 19–25 758 
(2019). 759 
48. Fujiwara, S., Kumabe, S., Iwai, Y. Isolated rat dental pulp cell culture and 760 
transplantation with an alginate scaffold. Okajimas Folia Anatomica Japonica. 83 (1), 761 
15–24 (2006). 762 
49. Nakashima, M. et al. Stimulation of Reparative Dentin Formation by Ex Vivo Gene 763 
Therapy Using Dental Pulp Stem Cells Electrotransfected with Growth/differentiation 764 
factor 11 (Gdf11). Human Gene Therapy. 15 (11), 1045–1053 (2004). 765 
50. Narayanan, K. et al. Differentiation of embryonic mesenchymal cells to 766 
odontoblast-like cells by overexpression of dentin matrix protein 1. Proceedings of the 767 
National Academy of Sciences of the United States of America. 98 (8), 4516–4521 (2001). 768 
51. Kim, H.-J., Yoo, J.H., Choi, Y., Joo, J.-Y., Lee, J.-Y., Kim, H.J. Assessing the effects of 769 
cyclosporine A on the osteoblastogenesis, osteoclastogenesis, and angiogenesis 770 
mediated by the human periodontal ligament stem cells. Journal of Periodontology. doi: 771 
10.1002/JPER.19-0168 (2019). 772 
52. Bou Assaf, R. et al. Healing of Bone Defects in Pig’s Femur Using Mesenchymal 773 
Cells Originated from the Sinus Membrane with Different Scaffolds. Stem Cells 774 
International. 2019 (2019). 775 
53. He, W. et al. Lipopolysaccharide enhances decorin expression through the toll-776 
like receptor 4, myeloid differentiating factor 88, nuclear factor-kappa B, and mitogen-777 
activated protein kinase pathways in odontoblast cells. Journal of Endodontics. 38 (4), 778 
464–469 (2012). 779 
54. Xiong, Y. et al. Wnt Production in Dental Epithelium Is Crucial for Tooth 780 
Differentiation. Journal of Dental Research. 98 (5), 580–588 (2019). 781 
55. Haruyama, N. et al. Genetic evidence for key roles of decorin and biglycan in 782 
dentin mineralization. Matrix Biology. 28 (3), 129–136 (2009). 783 
56. Sreenath, T. et al. Dentin Sialophosphoprotein Knockout Mouse Teeth Display 784 
Widened Predentin Zone and Develop Defective Dentin Mineralization Similar to Human 785 
Dentinogenesis Imperfecta Type III. Journal of Biological Chemistry. 278 (27), 24874–786 
24880 (2003). 787 
57. Yang, Y., Zhao, Y., Liu, X., Chen, Y., Liu, P., Zhao, L. Effect of SOX2 on odontoblast 788 
differentiation of dental pulp stem cells. Molecular Medicine Reports. 16 (6), 9659–9663 789 
(2017). 790 
58. Tao, H. et al. Klf4 Promotes Dentinogenesis and Odontoblastic Differentiation via 791 
Modulation of TGF-β Signaling Pathway and Interaction With Histone Acetylation. 792 
Journal of Bone and Mineral Research. 34 (8), 1502–1516 (2019). 793 
59. Massa, L.F., Ramachandran, A., George, A., Arana-Chavez, V.E. Developmental 794 
appearance of dentin matrix protein 1 during the early dentinogenesis in rat molars as 795 
identified by high-resolution immunocytochemistry. Histochemistry and Cell Biology. 796 
124 (3–4), 197–205 (2005). 797 
60. Hao, J., Zou, B., Narayanan, K., George, A. Differential expression patterns of the 798 



dentin matrix proteins during mineralized tissue formation. Bone. 34 (6), 921–932 799 
(2004). 800 
61. Tompkins, K., Alvares, K., George, A., Veis, A. Two related low molecular mass 801 
polypeptide isoforms of amelogenin have distinct activities in mouse tooth germ 802 
differentiation in vitro. Journal of Bone and Mineral Research. 20 (2), 341–349 (2005). 803 
62. Zhai, Y. et al. Activation and Biological Properties of Human β Defensin 4 in Stem 804 
Cells Derived From Human Exfoliated Deciduous Teeth. Frontiers in Physiology. 10 805 
(2019). 806 
63. Bègue-Kirn, C., Ruch, J.-V., Ridall, A.L., Butler, W.T. Comparative analysis of 807 
mouse DSP and DPP expression in odontoblasts, preameloblasts, and experimentally 808 
induced odontoblast-like cells. European Journal of Oral Sciences. 106 (S1), 254–259 809 
(1998). 810 
64. Kikuchi, H., Suzuki, K., Sakai, N., Yamada, S. Odontoblasts induced from 811 
mesenchymal cells of murine dental papillae in three-dimensional cell culture. Cell and 812 
Tissue Research. 317 (2), 173–185 (2004). 813 
65. Li, X., Yang, G., Fan, M. Effects of homeobox gene distal-less 3 on proliferation 814 
and odontoblastic differentiation of human dental pulp cells. Journal of Endodontics. 38 815 
(11), 1504–10 (2012). 816 
66. Chen, S. et al. Differential regulation of dentin sialophosphoprotein expression 817 
by Runx2 during odontoblast cytodifferentiation. Journal of Biological Chemistry. 280 818 
(33), 29717–29727 (2005). 819 
67. Narayanan, K., Gajjeraman, S., Ramachandran, A., Hao, J., George, A. Dentin 820 
matrix protein 1 regulates dentin sialophosphoprotein gene transcription during early 821 
odontoblast differentiation. Journal of Biological Chemistry. 281 (28), 19064–19071 822 
(2006). 823 
68. Buchaille, R., Couble, M.L., Magloire, H., Bleicher, F. A substractive PCR-based 824 
cDNA library from human odontoblast cells: identification of novel genes expressed in 825 
tooth forming cells. Matrix Biology. 19 (5), 421–30 (2000). 826 
69. Miyazaki, T., T Baba, T., Mori, M., Komori, T. Collapsin Response Mediator Protein 827 
1, a Novel Marker Protein for Differentiated Odontoblasts. Acta Histochemica et 828 
Cytochemica. 51 (6), 185–190 (2018). 829 
70. Yokoi, M., Kuremoto, K. ichi, Okada, S., Sasaki, M., Tsuga, K. Effect of attenuation 830 
of fibroblast growth factor receptor 2b signaling on odontoblast differentiation and 831 
dentin formation. In Vitro Cellular and Developmental Biology - Animal. 55 (3), 211–219 832 
(2019). 833 
71. Tohma, A. et al. Glucose Transporter 2 and 4 Are Involved in Glucose Supply 834 
during Pulpal Wound Healing after Pulpotomy with Mineral Trioxide Aggregate in Rat 835 
Molars. Journal of Endodontics. doi: 10.1016/j.joen.2019.10.003 (2019). 836 
72. Sueyama, Y., Kaneko, T., Ito, T., Kaneko, R., Okiji, T. Implantation of Endothelial 837 
Cells with Mesenchymal Stem Cells Accelerates Dental Pulp Tissue 838 
Regeneration/Healing in Pulpotomized Rat Molars. Journal of Endodontics. 43 (6), 943–839 
948 (2017). 840 
73. Petersson, U., Hultenby, K., Wendel, M. Identification, distribution and 841 
expression of osteoadherin during tooth formation. European Journal of Oral Sciences. 842 
111 (2), 128–136 (2003). 843 
74. Couble, M.L. et al. Immunodetection of osteoadherin in murine tooth 844 
extracellular matrices. Histochemistry and Cell Biology. 121 (1), 47–53 (2004). 845 



75. Buchaille, R., Couble, M.L., Magloire, H., Bleicher, F. Expression of the small 846 
leucine-rich proteoglycan osteoadherin/osteomodulin in human dental pulp and 847 
developing rat teeth. Bone. 27 (2), 265–70 (2000). 848 
76. Salmon, B. et al. Abnormal osteopontin and matrix extracellular 849 
phosphoglycoprotein localization, and odontoblast differentiation, in X-linked 850 
hypophosphatemic teeth. Connective Tissue Research. 55 (SUPPL. 1), 79–82 (2014). 851 
77. Liao, C., Ou, Y., Wu, Y., Zhou, Y., Liang, S., Wang, Y. Sclerostin inhibits odontogenic 852 
differentiation of human pulp-derived odontoblast-like cells under mechanical stress. 853 
Journal of Cellular Physiology. 234 (11), 20779–20789 (2019). 854 
78. Deng, X. et al. The combined effect of oleonuezhenide and wedelolactone on 855 
proliferation and osteoblastogenesis of bone marrow mesenchymal stem cells. 856 
Phytomedicine. 153103 (2019). 857 
79. Choi, H., Kim, T.H., Yun, C.Y., Kim, J.W., Cho, E.S. Testicular acid phosphatase 858 
induces odontoblast differentiation and mineralization. Cell and Tissue Research. 364 859 
(1), 95–103 (2016). 860 
 861 



Figure 1 Click here to access/download;Figure;Figure 1.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1255813&guid=882faca8-4d64-4cbb-b1c5-8804b7a26ea3&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1255813&guid=882faca8-4d64-4cbb-b1c5-8804b7a26ea3&scheme=1


Figure 2 Click here to
access/downloa

https://www.editorialmanager.com/jove/download.aspx?id=1255814&guid=5b800abb-7125-40ee-889f-284108579cc5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1255814&guid=5b800abb-7125-40ee-889f-284108579cc5&scheme=1


Figure 3 Click here to
access/download;Fi

https://www.editorialmanager.com/jove/download.aspx?id=1255815&guid=5078eaba-b14e-4ebf-bc04-b3ddda1f6d49&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1255815&guid=5078eaba-b14e-4ebf-bc04-b3ddda1f6d49&scheme=1


Figure 4 Click here to
access/download;Figure

https://www.editorialmanager.com/jove/download.aspx?id=1255816&guid=b6fd2401-4f8c-4ca3-adb6-c93fe1377f5d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1255816&guid=b6fd2401-4f8c-4ca3-adb6-c93fe1377f5d&scheme=1


Gene or Protein Method References

Colorimetric 47 48

Immunocytochemistry 20 49 

Northern Blot 50
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Runt‐related transcription 

factor 2 (Runx2)

Enamelysin/Matrix 

Metalloproteinase-20 (MMP-

20)

Nestin

Osteoadherin (OSAD)

Osteopontin (OPN)

Osteocalcin (OCN)



Name of Material/ Equipment Company Catalog Number Comments/Description

Absolute ethanol Merck Millipore 100983 

Accutase Gibco A1110501 StemPro Accutas Cell Dissociation Reagent

ALDH antibody Santa Cruz Biotechnology SC166362

Annexin V FITC BD Biosciences 556547

Antibiotic antimycotic solution Sigma A5955

BCA assay Thermo Scientific 23225 Pierce BCA Protein Assay Kit

Bovine serum albumin Sigma A9418

CaCl2 Sigma 10035-04-8 

CD133 antibody Miteny Biotec 293C3-APC Allophycocyanin (APC)

CD24 antibody BD Biosciences 658331 Allophycocyanin-H7 (APC-H7)

CD44 antibody Biolegend 103020 Pacific Blue (PB)

Cell strainer BD Falcon 352340 40 µM

Collagenase, type IV Gibco 17104-019

cOmplete Mini Roche 118 361 700 0

DAB + Chromogen Dako  K3468

Dithiothreitol Sigma 43815

DMEM-F12 Sigma D8900

DNAse I Roche 11284932001

DSP (M-20) Antibody,  1: 100 Santa Cruz Biotechnology LS-C20939

ECC-1 ATCC CRL-2923 Human endometrium adenocarcinoma cell line

Epidermal growth factor Sigma E9644

Hepes 0.01 M Sigma MFCD00006158

Fibroblast growth factor basic Sigma F0291

Giemsa Stain, modified GS-500 Sigma MFCD00081642 

Glycerol Dako  C0563 

Haemocytometer VWR HERE1080339

HCC1806 ATCC CRL-2335 Human mammary squamous cell carcinoma cell line

Insulin, transferrin, selenium Solution Gibco 41400045

May-Grünwald Stain MG500 Sigma MFCD00131580 

MCF7 ATCC HTB-22 Human mammary adenocarcinoma cell line

Methylcellulose AlfaAesar 45490

NaCl JMGS 37040005002212

Polyclonal Rabbit Anti-goat immunoglobulins / HRP, 1: 100Dako G-21234

Poly(2-hydroxyethyl-methacrylate Sigma P3932

Putrescine Sigma P7505

RL95-2 ATCC CRL-1671 Human endometrium carcinoma cell line

Sodium deoxycholic acid JMS EINECS  206-132-7

Sodium dodecyl sulfate Sigma 436143

Substrate Buffer Dako 926605

Tris JMGS 20360000BP152112

Triton-X 100 Merck 108603

Trypan blue Sigma T8154

Trypsin-EDTA Sigma T4049

𝛃-actin antibody Sigma A5316
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Rebuttal letter 

 

Dear Editor,  

 

After consideration of the comments and suggestions of the last round of reviews to the 

manuscript 61512, we point the following items: 

 

1. The title was altered according to the suggestions translation a more broad approach than 

the previous one, considering dental biomaterials only. Moreover, a few alterations were 

made through the text to reflect this change. 

 

2. It was necessary to alter the affiliation section due to the new guidelines of our institution.  

 

3. The introduction was deeply revised and reorganized to include the aspects pointed in the 

comment: 

“Please revise the Introduction to include all of the following: a) A clear statement of the 

overall goal of this method b) The rationale behind the development and/or use of this 

technique c) The advantages over alternative techniques with applicable references to previous 

studies d) A description of the context of the technique in the wider body of literature e) 

Information to help readers to determine whether the method is appropriate for their 

application.”  

 

4. Regarding the protocol section, we have doubts about how to proceed. We think the 

current comments are not in accordance with the previous revision round and JoVE 

instructions.  

Several comments ask to be more specific regarding cell lines used, materials tested and so on, 

but this is not compatible with a protocol aiming to provide a guideline to evaluate 

biomaterials concerning several medical specialities.  

We consider the version of the protocol we are submitting now to be following the title 

providing a way to evaluate biomaterials for medical use. Further specificities will limit the 

scope of the protocol. 

 

5. Regarding the comment about lines 811-818 “Significance with respect to 
biomaterials?” we ask for clarification. What do you mean with this comment? 
 
6. Limitations were included in the discussion section in the last round of reviews. Please 
see lines 924-927. 
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Dear Editor-in-chief 

 

We are pleased to submit the revised version of the manuscript entitled 

“Evaluation of dental biomaterials cytotoxicity through soluble extracts” to be 

considered to publication in JOVE, as well as the answers to the questions 

posed by the editor and the reviewers.  

We thank the questions and suggestions made, which allows us to substantially 

improve the manuscript, making it more complete and more explicit. The 

rebuttal letter refers to all the performed changes; besides, the main document 

is marked to easier visualization. 

As we previously stated, we believe this protocol provides a comprehensive 

guide for dental biomaterials evaluation using the extracts methodology, 

allowing to determine its cytotoxicity and cellular effects in a reproducible and 

robust approach, which can be of great utility to all researchers working in the 

dental materials field. 

We look forward to hearing from you and the reviewers, and we hope the 

manuscript now achieves the standards of Jove. If further improvements are 

needed, we are available for that. 

Kind regards,     

 

Anabela Baptista Paula 
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