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SUMMARY: 37 

A protocol to prepare free-floating slice cultures from adult human brain is presented. The 38 

protocol is a variation of the widely used slice culture method using membrane inserts. It is 39 

simple, cost-effective, and recommended for running short-term assays aimed to unravel 40 

mechanisms of neurodegeneration behind age-associated brain diseases.  41 

 42 

ABSTRACT: 43 

Organotypic, or slice cultures, have been widely employed to model aspects of the central 44 
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nervous system functioning in vitro. Despite the potential of slice cultures in neuroscience, 45 

studies using adult nervous tissue to prepare such cultures are still scarce, particularly those from 46 

human subjects. The use of adult human tissue to prepare slice cultures is particularly attractive 47 

to enhance the understanding of human neuropathologies, as they hold unique properties typical 48 

of the mature human brain lacking in slices produced from rodent (usually neonatal) nervous 49 

tissue. This protocol describes how to use brain tissue collected from living human donors 50 

submitted to resective brain surgery to prepare short-term, free-floating slice cultures. 51 

Procedures to maintain and perform biochemical and cell biology assays using these cultures are 52 

also presented. Representative results demonstrate that the typical human cortical lamination is 53 

preserved in slices after 4 days in vitro (DIV4), with expected presence of the main neural cell 54 

types. Moreover, slices at DIV4 undergo robust cell death when challenged with a toxic stimulus 55 

(H2O2), indicating the potential of this model to serve as a platform in cell death assays. This 56 

method, a simpler and cost-effective alternative to the widely used protocol using membrane 57 

inserts, is mainly recommended for running short-term assays aimed to unravel mechanisms of 58 

neurodegeneration behind age-associated brain diseases. Finally, although the protocol is 59 

devoted to using cortical tissue collected from patients submitted to surgical treatment of 60 

pharmacoresistant temporal lobe epilepsy, it is argued that tissue collected from other brain 61 

regions/conditions should also be considered as sources to produce similar free-floating slice 62 

cultures. 63 

 64 

INTRODUCTION: 65 

The use of human samples in research is unequivocally a great option to study human brain 66 

pathologies, and modern techniques have opened new ways for robust and ethical 67 

experimentation using patient-derived tissue. Methods like organotypic/slice cultures prepared 68 

from adult human brain have been increasingly used in paradigms such as optogenetics1, 69 

electrophysiology2–5, plasticity6–9, neurotoxicity/neuroprotection10–13, cell therapy14, drug 70 

screening15–17, genetics and gene editing12,18–20, among others, as a strategy for better 71 

understanding neurological diseases during adulthood. 72 

 73 

The comprehension of mechanisms underlying human brain pathologies depends on 74 

experimental strategies that require a large number of subjects. Conversely, in the case of slice 75 

cultures, although access to human samples is still difficult, the possibility of generating up to 50 76 

slices from a single cortical sample partially circumvents the requirement of recruiting multiple 77 

volunteers by increasing the number of replicates and performed assays per collected tissue21. 78 

 79 

Several protocols for brain organotypic/slice cultures have been described, ranging from the 80 

classical oculo drafts22,23 to roller tube24–26, semi-permeable membranes interface27–30, and free-81 

floating slices31,32. Depending on the particularities of an experimental design, each technique 82 

has its own advantages and disadvantages. Short-term, free-floating slices cultures from adult 83 

human brains is in some cases advantageous over the method used by Stoppini et al.27, if 84 

considering the fact that although long-term cell survival in vitro is usually a major concern when 85 

evaluating a culture method, in many experiments only short periods of time in culture are 86 

needed12,31–35. Under these conditions, the use of free-floating cultures presents the advantage 87 

of being simpler and more cost-effective, as well as more accurately resembling the original 88 



human tissue condition than slices kept in culture over 2−3 weeks. 89 

 90 

Despite the potential of slice cultures to neuroscience, studies using adult nervous tissue to 91 

prepare such cultures are still scarce, particularly from human subjects. This article describes a 92 

protocol to use collected brain tissue from living human donors submitted to resective brain 93 

surgery to prepare free-floating slice cultures. Procedures to maintain and perform biochemical 94 

and cell biology assays using these cultures are detailed. This protocol has been proven valuable 95 

for analyzing viability and neuronal function in investigations on the mechanisms of 96 

neuropathologies linked to adulthood. 97 

 98 

PROTOCOL: 99 

 100 

Live adult brain tissues were obtained from patients undergoing resective neurosurgery for the 101 

treatment of pharmacoresistant temporal lobe epilepsy (Figure 1A). All procedures were 102 

approved by the Ethics Committee from the Clinics Hospital at the Ribeirão Preto Medical School 103 

(17578/2015), and patients (or their legal responsible person) agreed and signed the informed 104 

consent terms. Collection of the tissue was done by the neurosurgery team at the Epilepsy 105 

Surgery Center (CIREP - Clinics Hospital at the Ribeirão Preto Medical School, University of São 106 

Paulo, Brazil). 107 

 108 

1. Sterilization of materials 109 

 110 

NOTE: All material and solutions must be sterilized prior to use. 111 

 112 

1.1. Sterilize all surgical tools and vibratome slicing material (knife holder, specimen disk, buffer 113 

tray) in a dry sterilizing oven for 4 h at 180 °C. 114 

 115 

1.2. Sterilize temperature-sensitive material or equipment by UV or gamma irradiation. 116 

 117 

1.3. Sterilize media and solutions by autoclavation or filtration through 0.22 µm pore 118 

membranes. 119 

 120 

2. Preparation of solutions 121 

 122 

2.1. Prepare 15−20 mL of transport solution: 50% v/v Hanks’ balanced salt solution (HBSS), 50% 123 

v/v basal medium for maintenance of post-natal and adult brain neurons (Table of Materials), 124 

supplemented with 10 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (Hepes), 3 125 

mg/mL glucose, and 33 µg/mL gentamicin. 126 

 127 

NOTE: Transport solution must be refrigerated and oxygenated (bubbling with carbogen gas) for 128 

at least 20 min prior to sample collection. 129 

 130 

2.2. Prepare 300 mL of slicing solution (HBSS supplemented with 10 mM HEPES and 3 mg/mL 131 

glucose) and cool it down in a freezer to the point of initial crystal formation. 132 



 133 

2.3. Prepare 20 mL of culture medium: basal medium for maintenance of post-natal and adult 134 

brain neurons (Table of Materials) supplemented with 1% L-glutamine derivative (Table of 135 

Materials), 2% supplement for neural culture (Table of Materials), 1% penicillin/streptomycin, 136 

and 0.25 µg/mL amphotericin B. 137 

 138 

3. Setting up the slicing apparatus 139 

 140 

NOTE: This protocol is ideally performed with the assistance of a colleague due to the logistics of 141 

sample collection in the surgical room. 142 

 143 

3.1. In a bucket of salt-added ice, let the slicing solution rest under carbogen mixture bubbling 144 

(95% O2, 5% CO2) for at least 20 min prior to use. 145 

 146 

3.2. Prepare a block of 3% agarose (approximately 2 cm x 2 cm x 2 cm) and superglue it to the 147 

vibratome specimen disk in order to create additional mechanical support to the tissue sample 148 

during slicing (Figure 1E). 149 

 150 

3.3. Set the vibratome for slicing: section thickness of 200 µm, frequency of vibration of 100 Hz, 151 

and speed of slicing between 0.05−0.15 mm/s. 152 

 153 

3.4. Add the slicing solution to the vibratome buffer tray and keep it refrigerated and oxygenated 154 

prior to receive the sample and throughout the slicing procedure. 155 

 156 

4. Sample collection 157 

 158 

NOTE: In this protocol, human neocortical tissue was collected in the surgical room and 159 

transported to the laboratory. 160 

 161 

CAUTION: When dealing with human samples, follow the appropriate safety protocols 162 

established by the Institution. 163 

 164 

4.1. Set up the transport apparatus (Figure 1C) that consists of: a portable gas cylinder with 165 

carbogen mixture connected to a pressure/flux valve that controls gas output connected to a 166 

silicon tubing that connects gas output to the transport vessel; a transport vessel, usually a 50 167 

mL conical centrifuge tube with perforated lid for gas input, containing the transport solution; 168 

and ice for sample cooling during transport. 169 

 170 

4.2. Collect and transport the specimen (Figure 1B) immediately to the lab. Submerse the 171 

specimen in cold transport solution (constantly bubbled with carbogen mixture). 172 

 173 

5. Slicing 174 

 175 

5.1. Transfer the specimen to a Petri dish (100 mm x 20 mm) containing slicing solution and, with 176 



fine surgical tools, carefully remove as much as possible of the remaining meninges in the sample 177 

(Figure 1D). 178 

 179 

5.2. Choose the best specimen orientation for producing slices with the particular characteristics 180 

of the experimental design, and with a no. 24 scalpel blade, trim a flat surface to be the base 181 

glued to the specimen disk. 182 

 183 

5.3. Using a disposable plastic spoon and delicate paintbrushes, collect the fragment from the 184 

Petri dish and dry excess solution using filter paper (dry by capillarity and avoid touching the 185 

tissue fragment with paper). 186 

 187 

5.4. Using superglue, attach the tissue to the vibratome specimen disk until it is firmly adhered 188 

to the disk and in contact with the agarose block (Figure 1E). 189 

 190 

5.5. Place the vibratome specimen disk (with tissue properly attached) in the vibratome buffer 191 

tray filled with slicing solution that must be bubbling during the whole process. 192 

 193 

5.6. Lock the knife holder in place with the razor blade firmly fixed. 194 

 195 

5.7. The slicing solution must cover both the specimen and the blade, only then start slicing 196 

(Figure 1F). 197 

 198 

5.8. Cut the specimen into 200 µm slices. 199 

 200 

NOTE: Although some vibratomes cut the specimens automatically, the close observation and 201 

minor adjustments in slicing speed during the process may help producing better slices. Discard 202 

initial irregular slices. 203 

 204 

5.9. Transfer the slices from the buffer tray to a Petri dish with slicing solution and trim loose 205 

edges and excess white mater to a proportion of around 70% cortex/30% white matter. 206 

 207 

6. Culture 208 

 209 

NOTE: Perform this step in a laminar flow cabinet under sterile environment. 210 

 211 

6.1. Add 600 µL of culture medium per well (in a 24 well plate) and incubate for at least 20 min 212 

at 36 °C and 5% CO2 prior to plating the slices. 213 

 214 

6.2. Plate one slice per well using a paintbrush (Figure 1G). 215 

 216 

6.3. If there are any unused wells in the plate, fill them with 400 µL of sterile water. 217 

 218 

6.4. Incubate the plate at 36 °C, 5% CO2. 219 

 220 



NOTE: First medium replacement must be done in between 8−16 h after plating depending on 221 

the size of the slice.  222 

 223 

6.5. Supplement 10 mL of the previously prepared culture medium with 50 ng/mL brain derived 224 

neurotrophic factor (BDNF). 225 

 226 

NOTE: During the first 8−16 h, the slices are incubated in 600 µL of medium to avoid nutrient 227 

deprivation and acidification, since medium consumption in this phase is accelerated. From the 228 

next step, the volume of medium per well is adjusted to 400 µL.  229 

 230 

6.6. Remove 333 µL of the conditioned medium from each well and add 133 µL of fresh BDNF-231 

supplemented medium. 232 

 233 

6.7. Repeat the process of medium replacement every 24 h by replacing one-third of the 234 

conditioned medium with fresh BDNF-supplemented medium. 235 

 236 

7. Evaluating health, morphology, and function in cultured slices 237 
 238 

NOTE: To induce cell death for the purpose of illustration in the representative results, some 239 

slices were submitted to a 24 h treatment with the oxidative stress inducer H2O2. Steps 0 and 240 

7.1.3 describe use of H2O2 to induce cell death. 241 

 242 

7.1. Cell viability 243 

 244 

NOTE: A simple, straightforward method to evaluate neurotoxic/neuroprotection in challenged 245 

slice cultures is the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay36, which 246 

measures the percentage of metabolic active cells under normal conditions compared to treated 247 

samples. 248 

 249 

7.1.1. In the laminar flow cabinet, replace one-third of the medium with fresh medium. 250 

 251 

7.1.2. From a 30% H2O2 stock solution, add a volume of H2O2 per well to reach the intended final 252 

concentration (30 mM or 300 mM). 253 

 254 

NOTE: H2O2 was added after the daily change of the medium to guarantee the proper supply of 255 

fresh nutrients prior to the challenge. 256 

 257 

7.1.3. Incubate the plate for 24 h at 36 °C, 5% CO2. 258 

 259 

NOTE: After H2O2 treatment (or other toxic stimulus of interest), the following steps describe cell 260 

viability determination by the MTT assay. 261 

 262 

7.1.4. Add 40 µL of MTT solution to a final concentration of 0.5 mg/mL to each well in the plate.  263 

 264 



7.1.5. Incubate the plate at 36 °C, 5% CO2 for 3 h. 265 

 266 

7.1.6. Wash the slices with phosphate-buffered saline (PBS) and transfer to a microtube. 267 

 268 

7.1.7. Carefully remove any remaining solution by pipetting. 269 

 270 

7.1.8. Weigh the microtubes containing the slices to determine the mass of each slice (this is key 271 

for normalizing the absorbance readings obtained). 272 

 273 

NOTE: If needed, samples can be frozen (-20 °C) at this stage for later processing. 274 

 275 

7.1.9. Homogenize the slices in 200 µL of isopropanol/HCl using a motorized pestle. 276 

 277 

7.1.10. Centrifuge at room temperature (RT) for 2 min at 2600 x g. 278 

 279 

7.1.11. Collect the supernatant and measure the absorbance at 540 nm. 280 

 281 

7.2. KCl-induced neuronal depolarization 282 

 283 

NOTE: Phosphorylation of the mitogen activated protein kinase (MAPK) signaling cascade protein 284 

ERK, followed by western blotting, can be used for the quantification of the neuronal response 285 

to KCl-induced depolarization37 . 286 

 287 

7.2.1. At the flow cabinet, replace the culture medium by 300 µL of HBSS previously equilibrated 288 

to 36 °C. 289 

 290 

7.2.2. Replace the HBSS with 300 µL of fresh HBSS previously equilibrated to 36 °C. 291 

 292 

7.2.3. Incubate the plate at 36 °C, 5% CO2 for 15 min. 293 

 294 

7.2.4. Replace the HBSS with either the fresh HBSS or with 80 mM KCl depolarizing solution (both 295 

at 36 °C) and incubate at 36 °C, 5% CO2 for 15 min. 296 

 297 

7.2.5. Transfer the slices from the plate to microtubes. At this step, slices can be stored at -20 °C 298 

for later processing. 299 

 300 

7.2.6. Prepare tissue extracts in 150 µL of radioimmunoprecipitation assay (RIPA) buffer (50 mM 301 

Tris-HCl; 150 mM NaCl; 1 mM EDTA; 1% nonionic surfactant; 0.1% sodium dodecyl sulfate; pH 302 

7.5). Centrifuge extracts at 4 °C for 10 min at 16000 x g, collect supernatant, and determine total 303 

protein concentration using the Bradford method. 304 

 305 

7.2.7. Load 30 µg of total protein onto a 12% sodium dodecyl sulfate polyacrylamide gel 306 

electrophoresis (SDS-PAGE). 307 

 308 



7.2.8. After electrophoresis, transfer the gel content to a nitrocellulose membrane. 309 

 310 

7.2.9. After blocking the membrane with 5% non-fat dry milk in TBS plus 0.1% Tween, incubate 311 

with mouse anti-pERK (1:1,000) for 16 h at 4 °C. After washing, incubate for 2 h at RT with rabbit 312 

anti-ERK1/2 (1:1,000). 313 

 314 

7.2.10. Incubate with the appropriate HRP-conjugated secondary antibody at RT for 1 h. 315 

 316 

7.2.11. Reveal with the preferred HRP substrate. 317 

 318 

7.3. Morphological evaluation 319 

 320 

NOTE: In addition to cell survival and functional evaluations, it is important to analyze tissue 321 

morphology. Be aware that resectioning the cultured slice is an important step to producing as 322 

much high-quality material as possible for morphological analysis. 323 

 324 

7.3.1. Fixing, cryoprotecting and resectioning the slices 325 

 326 

7.3.1.1. Transfer the slices from the wells with culture medium to a new 24 well plate containing 327 

PBS. 328 

 329 

7.3.1.2. Remove the PBS and add 1 mL of 4% paraformaldehyde (PFA). It is important that slices 330 

be kept flat prior to adding PFA. Incubate overnight at 4 °C. 331 

 332 

7.3.1.3. Carefully remove the PFA solution and add 1 mL of 30% sucrose solution. Incubate for 48 333 

h at 4 °C. 334 

 335 

7.3.1.4. Set the freezing microtome to -40 °C. 336 

 337 

7.3.1.5. Prepare a sucrose base on the microtome stage where the slices should be placed (Figure 338 

2A). Let it freeze completely and carefully cut some of the frozen sucrose to produce a flat surface 339 

on which the slice will be placed. 340 

 341 

7.3.1.6. Place each slice over a stretched plastic film and use a paintbrush to flat the tissue. 342 

 343 

7.3.1.7. Transfer the stretched slice to the frozen sucrose base in one single move. 344 

 345 

NOTE: It is not possible to move the slice once it is over the frozen sucrose base. Perform this 346 

transfer step carefully. 347 

 348 

7.3.1.8. Let the slice rest for 5−10 min for proper freezing. 349 

 350 

7.3.1.9. Cut the slice into 30 µm sections. 351 

 352 



7.3.1.10. Transfer the 30 µm sections to a Petri dish containing PBS. 353 

 354 

7.3.1.11. Proceed to the histology protocol more adequate to the experimental design. 355 

 356 

NOTE: The 30 µm sections can be readily used for free-floating immunohistochemistry, mounted 357 

onto microscopy slides for further histology or stored in antifreeze solution at -20 °C. 358 

 359 

7.3.2. Immunohistochemistry 360 

 361 

NOTE: Immunohistochemistry and immunofluorescence standard protocols vary among labs. For 362 

a detailed version of the protocol used here, refer to Horta et al.38. Primary antibodies used for 363 

immunostainings presented in Figure 2 include neuronal nuclei (NeuN), healthy mature neuron 364 

marker, glial fibrillary acidic protein (GFAP), astorcytes marker, ionized calcium binding adapter 365 

(Iba-1), and microglia marker. 366 

 367 

7.3.2.1. Incubate the slices in blocking solution (e.g., 2% normal donkey serum in PBS) for 40 min. 368 

 369 

7.3.2.2. Incubate overnight with primary antibody under mild agitation at 4 °C. 370 

 371 

7.3.2.3. After washing with PBS, incubate for 120 min with biotinylated secondary antibody 372 

under mild agitation at RT. 373 

 374 

7.3.2.4. After washing with PBS, incubate at RT for 120 min with avidin-peroxidase conjugate 375 

(Table of Materials). 376 

 377 

7.3.2.5. Reveal with DAB + 0.04% nickel ammonium. 378 

  379 

7.3.2.6. Mount the stained sections on gelatin coated microscopy slides and let them air dry. 380 

Dehydrate in ethanol, diaphanize in xylene, finish with mounting medium (Table of Materials), 381 

cover with a coverslip, and image. 382 

 383 

REPRESENTATIVE RESULTS: 384 

 385 

A critical aspect to evaluate the quality and health of cultured slices is the presence and typical 386 

morphology of the expected neural cell types, neurons, and glial cells. The typical architecture of 387 

the human cortical lamination was observed in a slice at DIV4, revealed by neuronal 388 

immunolabeling (Figure 2D). In addition, the expected presence of microglia and astroglia (Figure 389 

2B,C) was also observed. These results demonstrate that tissue architecture is not significantly 390 

affected either by the surgical procedure/sample processing or by the short-term period in vitro. 391 

In accordance with previous findings, it was shown that NeuN immunoreactivity was not altered 392 

between D0 and D432. Based on these results, the free-floating culture format, associated to the 393 

reduced thickness of the slice to 200 µm (compared to the widely used 300−400 µm when 394 

membrane inserts are used), contributed to better diffusion of oxygen and nutrients to inner cell 395 

layers in slices, which has been previously demonstrated to be critical to the health of cultured 396 



slices39,40. 397 

 398 

Quantification of cell death in slices is also a valuable approach in ex vivo models of 399 

neuropathologies, such as slice cultures (reviewed by Lossi et al.41). In a previous study, we used 400 

the MTT assay to determine cell death levels along the period in culture32. In addition to viability, 401 

that same study also showed that cultured slices (up to D4) preserved the capacity to release 402 

neurotransmitters upon KCl-induced depolarization32. Here, those findings were expanded by 403 

investigating the neuronal response to KCl-induced depolarization on ERK phosphorylation, a 404 

central kinase involved in processes such as synaptic plasticity and memory42,43. Interestingly, a 405 

clear increase in ERK phosphorylation was seen in KCl-treated slices at D4 (Figure 3A,B). 406 

 407 

Finally, the response of slices at DIV4 to a toxic challenge was evaluated with a known oxidative 408 

stress inducer, H2O2. The rationale was that the extent of cell death should be proportional to 409 

the level of cell viability in the cultured slices. As shown in Figure 3C, exposing the slices to 300 410 

mM H2O2 for 24 h led to a robust decrease in MTT reduction. Taken together, the massive cell 411 

death observed in DIV5 after the H2O2 challenge and the KCl-induced depolarization results 412 

indicate that the preserved general health of slices at DIV4 responds adequately to a toxic 413 

stimulus such as oxidative stress. 414 

 415 

FIGURE LEGENDS: 416 

 417 

Figure 1: Sample collection, transport, slicing, and culturing of cortical tissue from adult 418 

humans. The procedure starts at the surgical room with collection of cortical tissue from 419 

temporal lobectomy for the treatment of pharmacoresistant epilepsy (A,B). (C) Tissue fragment 420 

(n = 1) is immediately transferred to a tube containing ice-cold oxygenated transport medium 421 

(see below). (D) In the lab, meninges are removed using fine ophthalmic tweezers. Excess liquid 422 

is dried using filter paper, and the fragment is superglued (E) to the vibratome specimen disk with 423 

the white matter facing down and pial surface facing up. (F) Using a commercial shaving razor, 424 

the specimen is cut into 200 µm slices that are collected with a delicate paintbrush and 425 

transferred back to the Petri dish for further trimming of excess white matter and loose ends (not 426 

shown) prior to (G) plating and culturing in a free-floating format. (H) Slices cultures are kept 427 

viable for several days and can be used in a variety of experimental protocols. 428 

 429 

Figure 2: Morphological analysis of neural cells in slice cultures from adult human brain. Slices 430 

were fixed at the fourth day in vitro. (A,B,C) Representative steps of the sectioning procedure 431 

prior to immunohistochemistry. Tissue was digitally colored to improve visualization. (D) Normal 432 

distribution of neurons in cortical layers (Roman numerals). (E) Microglia and (F) astrocytes were 433 

also clearly observed (n = 1 slice per cell type labelling). All slices were obtained from tissue from 434 

a single donor. Scale bars = 100 μm. 435 

 436 

Figure 3: Functional and cell viability assays in adult human brain slice cultures. Neuronal 437 

activity was evaluated in slices at day in vitro 5 (DIV5) by KCl-induced depolarization and 438 

consequent increase in ERK phosphorylation. (A) A representative immunoblot result obtained 439 

with homogenates from one slice. Bands corresponding to phospho ERK (Perk) and total ERK 440 



(tERK) are indicated. (B) Quantification of pERK/tERK ratio in three independent slices from a 441 

single human donor. (C) Hydrogen peroxide (H2O2) toxicity was evaluated by the MTT assay in 442 

slices at DIV5. Optical density values obtained were normalized by the mass of each slice. Slices 443 

were challenged with H2O2 at the indicated concentrations (No H2O2; 30 mM H2O2; 300 mM H2O2) 444 

for 24 h. Images of representative slices after incubation with MTT are shown above the bars. 445 

Results are presented as average ± standard error from data obtained from three independent 446 

slices from a single donor.  447 

 448 

DISCUSSION: 449 

 450 

This protocol for producing free-floating, short-term slice cultures is an alternative method for 451 

culturing adult human neocortical slices. Such a protocol for slice cultures may be amenable for 452 

studies on (but not restricted to) optogenetics1,44,45, electrophysiology2–5, short-term 453 

plasticity46,47, long-term plasticity48,49, neurotoxicity/neuroprotection10–13, cell therapy14, drug 454 

screening15–17, cancer50,51, genetics, and gene editing12,18–20.  455 

 456 

The use of samples from adult human tissue is particularly important to understanding human 457 

neuropathologies, due to unique properties typical of the human brain lacking in slices produced 458 

from rodent nervous tissue52. Moreover, slice cultures from rodent brains are commonly 459 

prepared from neonatal, immature brains, which are highly plastic and contain migrating cells 460 

that may change the original slice cytoarchitecture to adapt to the in vitro environment26,53–55. 461 

Such plastic events lead to changes in circuitry that should be avoided when the goal is to mimic 462 

the in vivo condition, as stated by Ting et al.30: “We opted to focus on cultures of less than one 463 

week, where structural and functional properties are reasonably maintained with minimal 464 

perturbation, to be as comparable as possible to measurements obtained using gold-standard 465 

acute slice preparations”. Therefore, although a method devoted to short-term culturing may 466 

initially be seen as limited, long-term culturing is not needed to produce relevant results in many 467 

experimental designs32–35,56,57. 468 

 469 

Two critical steps of the protocol are the reduced thickness of the slices (200 µm) and 470 

supplementation of the culture medium with BDNF. In previous work32, we have shown 471 

preservation of cell viability up to 4 DIV and discussed the likely contribution of the reduction of 472 

slice thickness to 200 µm compared to the more often used 300−400 µm slices12,29. Basically, 473 

reducing slices thickness may contribute to a better oxygenation and nutrients uptake in free-474 

floating slices, decreasing the chances of core hypoxia and neurodegeneration31,32,57–61. In 475 

addition, it is recommended to keep tissue in cold, oxygenated media from the surgical room to 476 

the slicing step at the vibratome, considering the high demand for O2 by the adult human central 477 

nervous. Supplementation of medium with BNDF has been previously seen to slightly increase 478 

viability in adult human brain slices cultured free-floating32, in line with recommendations for 479 

medium supplementation with neurotrophic factors by other authors62,63. 480 

 481 

In conclusion, this protocol describes methods for preparing and running assays with short-term, 482 

free-floating slice cultures from adult human brains. This model should be amenable for 483 

investigations on the mechanisms of toxicity/neuroprotection relevant to age-associated brain 484 



diseases. The use of human resected tissue presents the advantage of preserving brain 485 

cytoarchitecture and local circuitry, adding translational power to obtained findings. Moreover, 486 

bursting the use of human-derived samples from neurosurgery in neuroscience may help reduce 487 

the need for animal experimentation. Although this protocol is centered around the use of tissue 488 

collected from patients submitted to neurosurgery for pharmacoresistant epilepsy treatment, it 489 

is suggested that tissue collected from other brain regions/conditions also be considered as 490 

sources for producing slice cultures in a simple and cost-effective way. 491 
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Flat Bottom with Lid
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Used for slicing of tissue; recommended same size or smaller
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p-cresol; homopolymer
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Equipped with Freezing Stage (BFS-10MP, Physiotemp), set to -40ºC
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manuscript and any errors in the submitted revision may be present in the published 

version. 

The manuscript has been carefully revised as advised and all detected spelling or 

grammar issues have been addressed. 

2. Authors and affiliations: Please provide an email address for each author. 

The revised version of the manuscript presents all authors’ e-mail addresses. 

3. Please add a Summary section before the Abstract section to clearly describe the 

protocol and its applications in complete sentences between 10−50 words: “Here, we 

present a protocol to …” 

A summary section has been included as requested. 

4. Abstract: Please provide a more detailed overview of the method and a summary of 

its advantages, limitations, and applications. 

The abstract has been expanded to cover the suggestions.  

5. Introduction: Please expand to include the advantages of the presented method over 

alternative techniques with applicable references to previous studies, description of the 

context of the technique in the wider body of literature and information that can help 

readers to determine if the method is appropriate for their application. 

In the revised manuscript, “Introduction” has been significantly expanded, 

including additions of citations to key publications in the field missing in the 

original version. A comparison between previously published and our protocols 

has been added as requested.  

6. JoVE cannot publish manuscripts containing commercial language. This includes 

trademark symbols (™), registered symbols (®), and company names before an 

instrument or reagent. Please remove all commercial language from your manuscript 

and use generic terms instead. All commercial products should be sufficiently referenced 

in the Table of Materials. You may use the generic term followed by “(Table of Materials)” 

to draw the readers’ attention to specific commercial names. Examples of commercial 

sounding language in your manuscript are: Neurobasal A®, Leica, Glutamax®, etc. 

Manuscript is now free of commercial language. This is now restricted to the table 

of materials. For instance, Neurobasal A is now referred to as “basal medium for 

maintenance of post-natal and adult brain neurons”, and Glutamax has been 

replaced by “L-glutamine derivative”. 

7. Please include an ethics statement before the numbered protocol steps, indicating 

that the protocol follows the guidelines of your institution’s human research ethics 

committee. 

We have added the following ethics statement before the numbered protocol 

steps. 



“Live adult brain tissues were obtained from patients undergoing resective 

neurosurgery for the treatment of pharmacoresistant temporal lobe epilepsy (Fig. 

1A). All the procedures were approved by the Ethics Committee from the Clinics 

Hospital at the Ribeirão Preto Medical School (17578/2015) and the patients (or 

their legal responsible person) agreed and signed the informed consent term. The 

collection of the tissue was done by the neurosurgery team at the Epilepsy 

Surgery Center (CIREP - Clinics Hospital at the Ribeirão Preto Medical School, 

University of São Paulo, Brazil)”. 

8. Please adjust the numbering of the Protocol to follow the JoVE Instructions for 

Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. 

Please refrain from using bullets, dashes, or indentations. 

Topics are now in sequential numbers. 

9. Please revise the Protocol text to avoid the use of any personal pronouns (e.g., "we", 

"you", "our" etc.). 

Personal pronouns have been removed as suggested.  

10. Please revise the Protocol to contain only action items that direct the reader to do 

something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 

imperative tense in complete sentences wherever possible. Avoid usage of phrases such 

as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot 

be written in the imperative tense may be added as a “NOTE.” Please include all safety 

procedures and use of hoods, etc. However, notes should be used sparingly and actions 

should be described in the imperative tense wherever possible. 

Manuscript has been revised accordingly. 

11. Everything in the protocol (except for the introductory ethics statement) should be in 

a numbered step (in the imperative tense and with no more than 4 sentences), numbered 

header, or a “NOTE”. Please move the introductory paragraphs of the protocol to the 

Introduction, Results, or Discussion (as appropriate) or break into steps. 

Manuscript has been revised accordingly. 

12. Lines 83-92, etc.: The Protocol should contain only action items that direct the reader 

to do something. Please either write the text in the imperative tense as if telling someone 

how to do the technique (e.g., “Do this,” “Ensure that,” etc.), or move the solutions, 

materials and equipment information to the Table of Materials. 

We revised the manuscript accordingly. The Table of Materials has been carefully 

revised and expanded. 

13. Lines 93-94: Please describe how to remove pia mater and uneven edges in the 

imperative tense. 

In the revised manuscript we have attempted to better describe this procedure in 

the imperative tense, as requested. We believe though that this procedure will be 

more efficiently demonstrated in the video article.  

14. Please organize the sections/steps properly so that the protocol can be followed in 

chronological order. 



We have changed the order of appearance of some steps, in particular the initial 

steps of each protocol, where the preparation of solutions is now in a separate 

initial section. 

15. Please revise the Protocol steps so that individual steps contain only 2-3 actions per 

step and a maximum of 4 sentences per step. Use sub-steps as necessary. 

We revised the manuscript accordingly. 

16. Please apply single line spacing throughout the manuscript, and include single-line 

spaces between all paragraphs, headings, steps, etc. 

All text is now in single line spacing. 

17. After you have made all the recommended changes to your protocol (listed above), 

please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 

identifies the essential steps of the protocol for the video, i.e., the steps that should be 

visualized to tell the most cohesive story of the Protocol. Please highlight complete 

sentences (not parts of sentences). Please ensure that the highlighted part of the step 

includes at least one action that is written in imperative tense. Notes cannot usually be 

filmed and should be excluded from the highlighting. Please do not highlight any steps 

describing anesthetization and euthanasia. Please include all relevant details that are 

required to perform the step in the highlighting. For example: If step 2.5 is highlighted for 

filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then 

the sub-steps where the details are provided must be highlighted. 

The steps selected for the video article have been highlighted in yellow. 

20. Please add a Discussion section to explicitly cover the following in detail in 3-6 

paragraphs with citations: 

A Discussion section has been added following the all the Jove recommendations.  

21. JoVE article does not have a Conclusion section. Please move information in the 

Conclusion section to Results or Discussion (as appropriate). 

We revised the manuscript accordingly. 

22. Please remove the embedded figure(s) from the manuscript. All figures should be 

uploaded separately to your Editorial Manager account. Each figure must be 

accompanied by a title and a description after the Representative Results of the 

manuscript text. 

All figures were removed from the manuscript, which now only contains the 

Figures legends. 

23. Figure 3: Please include a space between numbers and their corresponding units 

(30 mM, 300 mM). 

Figure 3 is now modified with spaces between numbers and units. 

24. Table of Materials: Please ensure that it has information on all relevant supplies, 

reagents, equipment and software used, especially those mentioned in the Protocol. 

Please sort the items in alphabetical order according to the name of material/equipment. 

Please remove trademark (™), registered (®) and copyright symbols. 



We updated the Table of Materials in order to provide all the information on 

relevant supplies and equipment. 

 

Reviewers' comments: 

Please note that novelty is not a requirement for publication and reviewer comments 

questioning the novelty of the article can be disregarded. Please note that the reviewers 

raised some significant concerns regarding your method and your manuscript. Please 

revise the manuscript to thoroughly address these concerns. Additionally, please 

describe the changes that have been made or provide explanations if the comment is 

not addressed in a rebuttal letter. We may send the revised manuscript and the rebuttal 

letter back to peer review. 

 

Reviewer #1: 

In the present study JoVE59845 Fernandes et al. give a detailed methodological protocol 

to culture human brain sections free-floating. This is a nice protocol to be published in a 

low impact journal. The use of adult tissue is important and exciting but the authors could 

have made more out of it. But there are some issues which must be considered before 

acceptance. 

1. The authors aim to suggest that this technique is related to organotypic brain slice 

cultures. This is wrong. The authors make thin 200 µm brain sections and culture them 

free-floating. This has nothing to do with the original protocol published by Gähwiler and 

Stoppinis groups and others.  

We agree with the reviewer that the classical concept of organotypic culture is 

associated with thicker slices cultured on membrane inserts. Based on this notion, 

in the revised version we have referred to our model as “slice cultures” instead of 

organotypic cultures. However, it seems important to mention here that there are 

some examples in the literature in which thinner slices were also termed as 

organotypic cultures (Verwer et al. 2002; González-Martínez et al. 2008; Mendes et 

al. 2018). 

I wonder why the authors did not culture on membrane inserts, as this would be clearly 

be more comparable with others. Instead they culture free-floating as acute short-term 

slices, which is not really a novel and innovative idea. 

In fact, we did use membranes inserts in earlier experiments. However, we have 

found no significant improvement in viability after 4 days in culture (see Mendes 

et al. 2018 for details). We concluded that the conditions we found in the protocol 

described here could be of interest to groups that, like us, routinely perform 

assays using short term cultures (some examples are given in the next answer), 

and therefore would not need to use membrane inserts in their cultures, what turns 

the procedure simpler and more affordable.  

2. I also must criticize the short culture period of 5 days; usually cultures for 2 weeks are 

more interesting and give more information. Such acute slice cultures only have limited 

information. 

We agree with the reviewer that long-term cultures are more informative when the 

aim is, for instance, to follow the long-term effects of drug treatments on 



synapses. However, we respectfully disagree with the reviewer’s point of view 

about the potential of long term cultures in general. There are several examples of 

relevant findings obtained using short-term organotypic cultures (e.g. Bruce, 

Malfroy, and Baudry 1996; Finley et al. 2004; Bsibsi et al. 2006; Schoeler et al. 2012; 

Mendes et al. 2018; Ting et al. 2018;). Importantly, in the later paper is stated: “We 

opted to focus on cultures of less than one week, where structural and functional 

properties are reasonably maintained with minimal perturbation, to be as 

comparable as possible to measurements obtained using gold-standard acute 

slice preparations”. Moreover, the following criticism to long term human brain-

derived cultures used in Eugène et al. (2014) is also present in Ting et al. (2018): 

“This is in contrast to recent work that explored optimal conditions for long-term 

cultures of human ex vivo brain slices for up to one month in vitro, with the earliest 

time point systematically examined being six days in vitro”. Part of this relevant 

discussion has been included in the revised manuscript (“Discussion”). 

3. I have no idea why the authors mention Alzheimer-associated Ab petide aggregates; 

this has nothing to do here. 

We have deleted the statement on Abeta aggregates, as requested. The original 

idea was to illustrate an application of the model. But we understand that the 

readers interested in AD pathology may refer to our previous paper (Mendes et al., 

2018) for details on the experiments using Abeta aggregates. 

4. The citing of references is limited, especially regarding brain slice cultures, the author 

miss many important reviews in this field. 

We have added new references in “Introduction” and “Discussion” sections. 

In summary, the authors must mention in Title and Abstract, that they made and used 

acute short-term cultures (5 days), and that these slices are not organotypic cultures in 

the classical sense. 

Title and Abstract have been changed according to the reviewer’s suggestions 

and now refer to our protocol as “short term slice cultures”. 

The authors should add 4 new paragraphs in Discussion where they discuss (a) 

comparison to classical organotypic brain slices, (b) problems for long-term culture > 

2weeks, (c) limits and outlook of their free-floating technique and (d) troubleshooting for 

the present protocol. 

A “Discussion” section has been added, which cover the topics suggested by the 

reviewer. 

 

Reviewer #2: 

Manuscript Summary: 

The paper by Fernandes et al summarises a protocol for short-term culturing of human 

ex vivo human brain tissue slices derived from surgical dissectates. The origin and 

handling of the tissue is first summarized, followed by details of material requirements 

for supporting tissue when transferred to the tissue culture lab, and for continued 

maintenance of the cultures. Description of a protocol for assessing the viability of the 

free-floating tissue slices using an MTT assay was described. Representative effects on 

viability of overnight exposure of slices to two doses of H2O2 were further summarised. 



Correlating tissue functionality with the ability of neurons to depolarize, the authors 

provided representative data which demonstrated that the 4d-old ex vivo slices were 

indeed able to depolarize when KCl was added to the cultures, as evidenced by 

increased expression of phosphorylated ERK in treated tissue samples. Finally, sample 

evidence of the structural integrity of cultured tissue was presented in the form of images 

of tissue stained for NeuN, Iba1 and GFAP. There is a clear need for robust protocols 

supporting the maintenance of human tissue samples in vitro, such that studies such as 

the one described are welcome. 

Major Concerns: 

The current protocol summary lacks depth. This reviewer didn't get the sense that the 

group had extensive experience of producing the cultured human tissue slices i.e. the 

authoritative voice was lacking.  

We agree and thank the reviewer for the criticism. The revised manuscript has 

been modified to follow the recommendations from the reviewer and the editorial 

staff regarding the communication of the protocol. 

More commentary on variation and limitations, including mention of expected yields 

would be helpful and more persuasive. Justification for each step in the protocol would 

also be useful. For example - did the authors compare the effects of oxygenated versus 

non-oxygenated solution on slice viability? 

Since JoVE instructs the authors to avoid discussing throughout the “Protocol” 

section, we opted to comment on limitations (including the effects of oxygenation) 

and potential of our method in the “Discussion” section. 

Some modifications are required in order to turn the protocol described into a 'go to' 

reference for those who wish to maintain human organotypic slice cultures. 

 

1. Abstract 

The abstract is too vague. Only one third of max word count is used. More detail of results 

obtained should be provided. 

We have expanded the abstract as suggested. 

2. Authors did not follow recommended guidelines 

a. Summary is missing 

A summary has been added as recommended. 

b. There is no proper discussion section. There is no mention of critical steps or 

limitations etc? 

A Discussion section has been added, in which critical steps, advantages and 

limitations are commented, as suggested. 

c. The recommended guidelines for the materials description were not followed. In its 

present format, the summary of materials is confusing and unusable. 

While preparing the revised manuscript we have made use of the JoVE template, 

which we believe allowed us to efficiently address all reviewers' criticisms 

concerning formatting of the text. The Table of Materials originally submitted got 



confusing due to misformatting during the process of conversion to PDF. 

Nevertheless, we have both added information and optimized formatting in the 

revised Table. 

3. What is the role of the carbogen gas in the slice culture solution? Is O2 level critical at 

all time-points? Was this tested? 

We opted to include the use of carbogen gas during transport and slicing based 

on some examples in the literature that support the advantages of oxygenation in 

help supporting neuronal viability. Considering how much oxygen is necessary in 

brain normal physiology (20% of total oxygen consumption or the normal pressure 

of oxygen in the cerebral cortex 27 ± 6 mmHg in the cerebral cortex (Zhang, K. 

2011)) it is imperative that the tissue remain well oxygenated after loss of blood 

support to avoid cell loss by hypoxia. In 1991, Stoppini, L. executed 

electrophysiological tests in cultured slices keeping the tissues embedded in 

solution enriched with gas containing 95% O2 and 5% CO2 (carbogen gas), thus 

demonstrating the survival of these tissues for long hours outside the culture and 

also the ability to return these tissues to culture also currently used during 

preparation (Douglas, H. A.  2011) or to incubate the slices (Verwer, R.W.H. 2002). 

Additionally, in a recent review, Jones et al., (2016) are categorical in the 

advantages of this step in the protocol: “It is therefore essential that the collection 

aCSF remains chilled and continually carbogenated (95% O2/5% CO2) to ensure 

that the tissue does not become anoxic”. Part of this important discussion has 

been included in the revised manuscript (Discussion section). 

4. Line 88 - specify size/type of scalpel blades - what shape is the blade? 

The scalpel blade used in our protocol is a number 24. This commentary was 

added to the revised text 

5. What kind of plastic spoon? (line 89) 

We have used a disposable dessert spoon. This information has been added in 

the revised text. 

6. Need for sterilization of instruments isn't mentioned? Also - presumably all solutions 

should also be sterile? 

We have now added detailed instructions on sterilization of both media/solutions 

and tools/equipment. 

7. Lines 93-94 - is pia matter removed while viewing under a dissecting microscope? 

Why is it important to remove this prior to slicing? 

No. Dissection was done with the naked eye, but we believe it would be of some 

help if a stereomicroscope is available. In fact we have modified the revised 

manuscript and provided a better description of this procedure as follows: “with 

fine surgical tools, carefully remove as much as possible of the meninges left in 

the sample”. Regarding the need of removing meninges, we have seen in our 

preliminary experiments that slicing tissue still containing meninges produces 

slices highly irregular in thickness. This step should be detailed shown in the 

video article. 

8. In general, it would be helpful to explain the reasoning behind a particular protocol 

detail. 



We have added notes throughout the protocol providing relevant information and 

the rationale behind some protocol steps. Moreover, some details not covered in 

the “Protocol” section are commented in “Discussion”. 

9. Line 145 - supposed to be 37 degrees C? The use of a temperature that is one degree 

lower than standard temperature used in cell culture facilities is puzzling. Can authors 

justify choice of this temperature? 

It is common sense to culture adult brain slices at 36°C (Gähwiler 1981; Stoppini 

L, Buchs A, and Muller D 1991; Noraberg et al. 2005) or even lower temperatures 

in between 32-35°C (O’Connor et al. 1997; Verwer et al. 2002; Douglas et al. 2011). 

We should keep in mind here that the main goal in a brain tissue culture is to 

maintain cells alive, rather than stimulate proliferation or exacerbated responses 

to injury. 

10. Total volume info not consistent? - see lines 157-158. Line 158 - should that read 

'remove 133 ul'? 

We agree with the referee that this was not clear in the original text. We have 

modified the manuscript as follows: “Note: In the first medium replacement, the 

initial volume of 600 µL is adjusted the final volume of 400 µL that will be 

maintained throughout the days in vitro with daily medium refreshment. Therefore: 

6.6. Remove 333 µL of the conditioned medium and add 133 µL of fresh BDNF-

supplemented medium; 6.7. Repeat the process of medium replacement every 24 

h by removing 1/3 of conditioned medium and adding an equal volume of fresh 

BDNF-supplemented medium”. 

11. No source information has been provided for the cell viability or depolarization assays 

i.e. supplier info or antibody detail. Control conditions not mentioned etc. Same comment 

applies to the immune protocol. 

The revised manuscript brings detailed information about the antibodies used in 

the study (in the revised Table of Materials). Detailed information on cell viability 

or depolarization assays, or on immunostaining can be found in our original 

publication (Mendes et al., 2018). 

12. Normalisation of data according to slice weight is not properly explained. Data should 

be presented as MTT/ug tissue, or something similar. 

To make normalization by mass clearer to the readers, we have added the 

following statement in the Legend for Fig. 3: “(Optical density values obtained on 

spectrophotometric measurements, in triplicates, were normalized by the mass of 

each slice)”. 

13. How were microglia and astrocytes observed? - Stained images are presented - but 

no protocol for staining is given. 

Neurons, microglia and astrocytes were observed under a light microscopy in re-

sectioned slices submitted to standard DAB-Nickel immunostaining. Antibodies 

used are listed in the revised Table of Materials. Since we found that preparing the 

thin sections (from the 200m cultured slices) for immunostaining is more critical 

than the immunostaining itself (which should work with any established protocol 

once nice sections are obtained), we opted to not include details on our staining 

protocol (which can be found in our previous publication; Mendes et al., 2018). 



14. No info on 'n' numbers for any of the assays? Variability in slice conditions etc? How 

reproducible is the data presented? 

15. If possible, the authors should indicate the variability is slice quality, from prep to 

prep. How consistent is the data? 

On this protocol article, ‘n’, which refers to the number of donors and of 

slices/condition tested, is now presented in the legend for the Figures. In our 

previous paper (Mendes, et al., 2018), we have obtained viability and functional 

data using tissue from more than 30 subject donors. Therefore, variability between 

culture batches can be depicted from those data. It seems important to make clear 

that the protocol described here has been established after collecting/culturing 

tissue from dozens of subjects. 

16. Why was DIV4 chosen for experimentation? 

17. Did authors ever track viability of slices at time-points before or after DIV4? This 

detail would be of great interest to the readers. 

In our previous study (Mendes, et al., 2018) we have found no significant reduction 

in viability up to DIV4. Since that article motivated the invitation to submit this 

JoVE article, we decided to keep using DIV4 as a reference. However, we have 

already obtained data showing partially preserved viability at time points after 

DIV4 (e.g. DIV9). This information has been included in the revised manuscript 

(“Discussion”). Data on viability and tissue integrity at time points earlier than 

DIV4 can also be found in Mendes et al. (2018). 

18. There is no discussion of adequate oxygenation in floating slice cultures. Most 

current slice culture protocols exploit well inserts, creating a medium-air interface. Can 

authors explain advantages of using floating slices over well inserts? 

Although we agree with the reviewer that in most studies the slice culture 

protocols use inserts, there are also relevant studies relying on free-floating 

culturing protocols. For instance, Verwer et al., (2002) successfully maintained 

adult brain slices from post-mortem patients in a free-floating culture for up to 50 

days. Free-floating cultures were also used in other studies (L. Wu et al. 2008; H.-

M. Wu et al. 2014). 

19. Inherent variability in the system should be discussed. 

Variability has been already discussed in a previous answer. 

20. Although authors state that 200um thickness is better than the thicker slices used by 

others, they have produced no evidence to support this statement. Were different slice 

thicknesses analysed for viability? 

The impact of different thickness to culture healthy has been discussed in our 

previous article (Mendes et al., 2018). There we argue that preservation of cell 

viability up to 4 DIV in our free floating cultures is likely a consequence of the 

reduction in the thickness of the slices to 200 µm, compared to often used 300-

400 µm slices (Sebollela, Freitas-Correa et al. 2012; Eugene, Cluzeaud et al. 

2014), which may have a positive impact on diffusion of O2 and nutrients through 

the tissue”. This is in conformity with (Masamoto and Tanishita 2009; 

Hadjistassou, Bejan, and Ventikos 2015) for oxygen consumption and maximum 



diffusion distance for O2 in nervous tissue. A commentary on this matter has 

been added to the “Discussion” section in the revised MS. 

 

Reviewer #3: 

Manuscript Summary: 

The authors describe a very interesting and relevant technique establishing a protocol to 

culture and prepare adult human brain slice cultures. However, at the current stage I 

cannot recommend publication in Jove. 

Major Concerns: 

In the current manuscript the discussion section is missing: The critical steps in the 

protocol, modifications and troubleshooting of the method, limitations of the method, the 

significance of the method with respect to existing/alternative methods, future 

applications or directions of the method are not proper discussed. Further important 

publications like Eugene et al 2014, establishing adult human brain slices surviving up 

to 4 weeks and more, Jung et al, 2002; Chaichana et al, 2007; Gonzalez-Martinez et al, 

2007 are not mentioned 

We thank the reviewer for the constructive criticism and suggestions. In the 

revised manuscript we have expanded “Introduction” and added a “Discussion” 

section. In both sections we have added citations to important publications 

missing in the original submission including those mentioned by the reviewer. 

Figure 2: Pictures of cortical lamination, where neurons, astrocytes and microglia are 

stained should be included for day 1, 2, 3 and 5 in small and higher magnification. 

Without it one cannot judge morphology and organotypic structure. 

In the current manuscript we focus to show the longest time point in vitro, 

assuming that morphology/structure at earlier time points should be equal or even 

better preserved. Nonetheless, readers may refer to our previous publication 

(Mendes et al., 2018) for more details on this regard.  

Microglia cells look highly activated in the image, possibly impacting experimental 

outcomes. Please discuss this issue. 

We agree with the reviewer that in the field presented, some cells display a 

morphology resembling activation. However, this was not observed in the entire 

slice. In fact, in other fields the microglial morphology observed was considerably 

different. In the present work we have chosen to include that field since the goal 

was to unequivocally demonstrate the presence of this cell type in cultured slices 

at DIV4. A comprehensive analysis of the microglia status along the period in 

culture is currently under investigation in our Lab, including its possible 

relationship with the patient donor medical condition. 

Since pia mater consists of a one- to two-cell-thick layer of leptomeningeal cells, how did 

the authors removed specifically only the pia mater and nothing else? Were membrana 

limitans gliae superficialis and molecular layer etc removed too? 

We thank the reviewer for raising this important issue. This procedure was poorly 

and erroneously described in the original manuscript. In the revised manuscript 

we have modified the text to “Transfer the specimen to a Petri dish containing 



slicing solution and, with fine surgical tools, carefully remove as much as possible 

of the remaining meninges in the sample”. 

Why the authors chose day 5 for KCl and H2O2 treatment, since the text stated that 

viability and organotypic structure were only examined up to day four? No images of 

slices at day 5 are present.  

How is the NeuN morphology, release of neurotransmitter on day 5? If the slices already 

degenerate at day 5, huge damage would be obvious. 

H2O2 treatment started at DIV4 and lasted 24h. The result presents the difference 

between treated and control (untreated) slices at DIV5. Therefore, the observed 

H2O2-induced toxicity clearly indicates that control slices preserved (at least 

partially) its viability and functionality at DIV5. Nonetheless, it seems important to 

mention here that we have analysed viability at longer time points (e.g. DIV9), and 

observed high percentage of viability, although some degree of cell death was also 

detected. 

Further assays for cell viability, like PI uptake would improve the statement, since MTT 

assay alone is highly unspecific. 

Although we agree that it could be interesting to compare our MTT data with an 

alternative viability determination assay, we also reinforce that MTT assay has 

been widely employed to evaluate in vitro viability (Tobita, Izumi, and Feinberg 

2010; Paterniti et al. 2013) being considered even more sensitive than the LDH 

assay (Mewes, Franke, and Singer 2012). 

Minor Concerns: 

Do the authors know how the slices change after treatment with BDNF? and how would 

it impact the studies on the mechanisms of neuropathologies linked to adulthood? 

We previously showed in Mendes et al (2018) a slight positive effect of BDNF 

addition on the viability of slices cultured in free floating. Regarding a possible 

protective effect of BNDF, we think this is a relevant topic that needs to be 

considered in a case-to-case manner. We may say though that we have tested NGF 

as an alternative survival factor and got promising results. This opens the 

possibility of customization of medium supplementation according to the toxic 

stimulus under investigation. We have included this discussion in the revised 

manuscript (“Discussion”). 

The table (unnumbered) is chaotic and listing is unstructured, the product names are not 

mentioned. General formatting is chaotic and some spelling mistakes are present. 

We have revised and updated the Table of Materials. 

 


