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SUMMARY:  31 
This protocol describes a step-by-step workflow for immunofluorescent costaining of IBA1 and 32 
TMEM119, in addition to analysis of microglial density, distribution, and morphology, as well as 33 
peripheral myeloid cell infiltration in mouse brain tissue. 34 
 35 
ABSTRACT:  36 
This is a protocol for the dual visualization of microglia and infiltrating macrophages in mouse 37 
brain tissue. TMEM119 (which labels microglia selectively), when combined with IBA1 (which 38 
provides an exceptional visualization of their morphology), allows investigation of changes in 39 
density, distribution, and morphology. Quantifying these parameters is important in providing 40 
insights into the roles exerted by microglia, the resident macrophages of the brain. Under normal 41 
physiological conditions, microglia are regularly distributed in a mosaic-like pattern and present 42 
a small soma with ramified processes. Nevertheless, as a response to environmental factors (i.e., 43 
trauma, infection, disease, or injury), microglial density, distribution, and morphology are altered 44 
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in various manners, depending on the insult. Additionally, the described double-staining method 45 
allows visualization of infiltrating macrophages in the brain based on their expression of IBA1 and 46 
without colocalization with TMEM119. This approach thus allows discrimination between 47 
microglia and infiltrating macrophages, which is required to provide functional insights into their 48 
distinct involvement in brain homeostasis across various contexts of health and disease. This 49 
protocol integrates the latest findings in neuroimmunology that pertain to the identification of 50 
selective markers. It also serves as a useful tool for both experienced neuroimmunologists and 51 
researchers seeking to integrate neuroimmunology into projects. 52 
 53 
INTRODUCTION:  54 
 55 
Whether acute or chronic, neuroinflammation is tightly influenced by microglia, the resident 56 
macrophages of the brain. Visualizing microglia through immunostaining is valuable for the study 57 
of neuroinflammation with the use of light microscopy, a highly accessible technique. In 58 
homeostatic conditions, microglia are typically distributed in a nonoverlapping, mosaic-like 59 
pattern. They exhibit small somas that extend ramified processes1, which sometimes contact one 60 
another2. Microglial ramified processes dynamically survey the brain parenchyma, interacting 61 
with neurons, other glial cells, and blood vessels during normal physiological conditions3. 62 
Microglia are equipped with an arsenal of receptors that allow them to perform immunological 63 
tasks and respond to changes in the brain milieu, to cell death, or to tissue damage. In addition, 64 
they exert key physiological functions, notably in synaptic formation, maintenance, and 65 
elimination4,5.  66 
 67 
Among the available markers used to study microglia, ionized calcium binding adaptor molecule 68 
1 (IBA1) is one of the most widely used. IBA1 is a calcium binding protein that provides 69 
exceptional visualization of microglial morphology, including fine distal processes, as confirmed 70 
by electron microscopy6. This tool has been instrumental in characterizing microglial 71 
transformation, formerly called “activation”, in a vast array of animal disease models7–9. In the 72 
presence of neuroinflammation, the microglial response includes: microgliosis that is defined as 73 
an increase in cellular density, changes in distribution that sometimes result in clustering, 74 
enlargement of the cell body, as well as thickening and shortening of processes associated with 75 
more ameboid shapes10–13. 76 
 77 
Immunostaining is limited by the availability of antibodies directed against specific markers. 78 
Importantly, IBA1 is expressed by microglia but also by peripheral macrophages that infiltrate the 79 
brain14. While observation of IBA1-positive cells inside the brain has become a marker of 80 
microglia in this research field, peripheral macrophage infiltration has been reported under 81 
various conditions, even marginally in the healthy brain15–18. Consequently, the use of IBA1 alone 82 
does not allow selective visualization of microglia. In addition, macrophages adopt molecular and 83 
morphological features of resident microglia once they have infiltrated the brain, thus hindering 84 
differentiation19. This represents a challenge when investigating the function of both microglia 85 
and infiltrating macrophages.  86 
 87 
While microglia and peripheral macrophages have distinct origins (e.g., from the embryonic yolk 88 



   

sac and bone marrow, respectively20,21), there is an increasing number of findings indicating that 89 
the two cell populations exert different roles in the brain19. It is thus crucial to use methods that 90 
discriminate between these two populations without invasive manipulations (i.e., bone marrow 91 
chimeras or parabiosis) that can modulate their density, distribution, morphology, and function. 92 
TMEM119 has emerged as a microglia-specific marker across health and disease conditions22. 93 
When combined with IBA1, this marker becomes useful for differentiating these cells from 94 
infiltrating macrophages, which are TMEM119-negative and IBA1-positive. While it is 95 
developmentally regulated, TMEM119 is expressed as early as postnatal days 3 (P3) and 6 (P6), 96 
steadily increasing until reaching adult levels between P10 and P1422. IBA1 is expressed as early 97 
as embryonic day 10.5 (E10.5)23. The proposed double labeling protocol is thus useful to study 98 
these two populations throughout postnatal life. 99 
 100 
This protocol provides a step-by-step immunostaining procedure that allows discrimination 101 
between microglia and peripheral macrophages. It also explains how to conduct a quantitative 102 
analysis of microglial density, distribution, and morphology, as well as analysis of peripheral 103 
macrophage infiltration. While the investigation of microglia and peripheral macrophages is 104 
useful on its own, this protocol further allows localization of neuroinflammatory foyers; thus, it 105 
also serves as a platform to identify specific regions to investigate, with the use of 106 
complementary (yet, more time- and resource-consuming) techniques. 107 
 108 
PROTOCOL: 109 
 110 
All experimental procedures were performed in agreement with the guidelines of the 111 
Institutional Animal Ethics committees, in conformity with the Canadian Council on Animal Care 112 
and the Animal Care Committee of Université Laval. 113 
 114 
1. Immunostaining 115 

 116 
1.1. Select three mouse brain sections containing the region of interest (ROI) (i.e., the 117 
hippocampus) with the help of a brain atlas. Place the sections in a plastic multi-well plate and 118 
cover them with 350 µL of phosphate-buffered saline (PBS) (Table 1).  119 
 120 
NOTE: For optimal results, the brains should be perfused with 4% paraformaldehyde and cut to 121 
a thickness of 50 µm with a vibratome. For a 24 multi-well plate, each well can hold up to six 122 
sections. The recommended volume of solution for each well is 350 µL (for up to three sections) 123 
and 500 µL for wells containing six sections. For a higher number of sections, it is recommended 124 
to use a 12 multi-well plate. Make sure that the selected volume of solution for each well 125 
completely covers the tissue and allows the sections to float. The recommended volumes apply 126 
for every solution used in the rest of the protocol. 127 
 128 
1.2. Wash the samples by covering them with 350 µL of PBS and let them rest by placing the 129 
multi-well plate on top of a multipurpose shaker at room temperature (RT). Remove the PBS after 130 
5 min and replace it 5x with fresh PBS. 131 
 132 



   

NOTE: To remove the solutions, a transfer pipette is recommended. When pouring in any 133 
solution, make sure to place the tip of pipette against the well wall to protect tissue integrity. 134 
Also make sure to use a new pipette for each new solution. 135 
 136 
1.3. Remove PBS and add 350 µL of 10 mM sodium citrate buffer with pH = 6.0 (Table 1). 137 
 138 
1.4. Seal the multi-well plate with paraffin film and let it float on a previously preheated water 139 
bath for 40 min at 70 °C.  140 
 141 
1.5. Let the multi-well plate cool down for approximately 15 min. 142 
 143 
1.6. Remove the sodium citrate buffer and wash the sections in PBS as done in step 1.2. 144 
 145 
1.7. Remove PBS and add 350 µL of freshly made 0.1% NaBH4 (Table 1) and let incubate for 30 146 
min at RT. 147 
 148 
1.8. Remove the solution of 0.1% NaBH4 and wash the sections in PBS as done in step 1.2. 149 
 150 
1.9. Remove PBS and add blocking buffer (Table 1) for 1 h at RT on top of a multipurpose shaker. 151 
 152 
NOTE: Make sure to prepare doubled volumes of blocking buffer, as the same solution will be 153 
used in the next step. 154 
 155 
1.10. Remove the blocking buffer and replace by blocking buffer containing the mixture of 156 
primary antibodies (1:150 mouse IBA1 + 1:300 TMEM119). Seal the plate with paraffin film and 157 
let it incubate overnight at 4 °C. 158 
 159 
1.11. The next day, warm samples at RT for approximately 15 min. 160 
 161 
1.12. Wash the sections 5x for 5 min each in PBS with triton (PBST) (Table 1). 162 
 163 
1.13. Remove PBST and add blocking buffer containing the mixture of secondary antibodies 164 
(1:300 donkey anti-mouse Alexa 488 for IBA1; 1:300 goat anti-rabbit Alexa 568 for TMEM119) for 165 
1.5 h at RT. Starting from this point onward, protect the samples from light. 166 
 167 
1.14. Remove blocking buffer and wash the sections 5x as done in step 1.2, except this time with 168 
PBST. 169 
 170 
1.15. Remove the PBST and add 4′,6-diamidino-2-phenylindole (DAPI) [1:20000] for 5 min at RT. 171 
 172 
1.16. Remove DAPI and wash the sections 3x for 5 min each in phosphate buffer (PB). 173 
 174 
1.17. Mount the sections on a microscope slide. Let them dry while protected from light. 175 
 176 



   

1.18. When dried, add some drops of mounting fluorescence medium and cover with a coverslip, 177 
avoiding bubble formation. 178 
 179 
NOTE: Store the slides while protected from light, inside a histological slide box, at 4 °C. The 180 
samples can be preserved for several months. 181 
 182 
2. Imaging for density and distribution analysis  183 
 184 
2.1. With the help of a widefield epifluorescence microscope, use a low magnification and the 185 
DAPI channel to locate the ROI (i.e., the CA1 region of the hippocampus).  186 
 187 
2.2. Acquire images at 20x, using a numerical aperture (NA) of 0.5, with the DAPI, 488, and 568 188 
channels and filters, at a resolution of 0.3 µm/pixel. Capture a mosaic picture covering the ROI. 189 
Alternatively, take individual pictures that will be stitched into a larger image.  190 
 191 
NOTE: A mosaic image is a super image constituted by smaller images. Mosaic images are usually 192 
used to overcome the limited area of the field-of-view of high magnifications. Some software 193 
includes a mosaic function; nevertheless, images can also be manually stitched together with 194 
other photo editing software by stitching the individual images into one. Remember to add the 195 
scale information to the file. For this type of analysis, it is recommended to have at least 300 196 
microglial cells imaged per ROI/animal (corresponding to approximately 10−15 pictures for the 197 
hippocampus, for example), with a minimum of five animals per experimental condition. Figure 198 
1A-C shows the images of colabeled microglia. 199 
 200 
2.3. Save the image as a TIFF file. 201 

 202 
3. Imaging for morphology analysis 203 
 204 
3.1. Using a confocal or structured illumination microscope, use the DAPI channel to locate the 205 
ROI at low magnification.  206 
 207 
3.2. Using a 40x objective (i.e., NA 1.4 oil), locate an IBA1+/TMEM119+ cell inside the ROI. While 208 
live imaging, move in the Z-axis. As soon as the signal of the randomly selected microglia 209 
disappears, set this Z-level as the beginning of the Z-stack. Move along the Z-axis in the opposite 210 
direction until the signal of the microglia disappears and set that point as the end of the Z-stack. 211 
 212 
NOTE: Figure 2A−C shows images of IBA1+/TMEM119+ microglia. 213 
 214 
3.3. Create a Z-stack in all three channels (DAPI, 488, 568) using a 0.33 µm Z-interval and pixel 215 
size of 0.15 µm/pixel. Add the scale information to the file. 216 
 217 
NOTE: The recommended Z-interval depends on the resolving power of the objective (e.g., for a 218 
40x objective such as NA 1.4 oil, it is 0.33 µm). For morphology analysis, it is recommended to 219 
have at least 20 cells per animal with a minimum of five animals per experimental condition. 220 



   

 221 
3.4. Save the file as a TIFF file. 222 
 223 
4. Density and distribution analysis 224 
 225 
4.1. Open FIJI/ImageJ with the nearest neighbor distance (NND) plugin installed. Open the 20x 226 
image. 227 
 228 
NOTE: Use a search engine with the keyword “Nearest Neighbor Distances Calculation with 229 
ImageJ” to find the installation instructions. The plugin Author is Yuxiong Mao. 230 
 231 
4.2. On the menu bar, select Analyze | Set measurements. Check Area, Centroid, and Perimeter. 232 
On the tab Redirect to, click and select the opened file (Figure 3K). 233 
 234 
4.3. If the scale is contained in the metadata of the file and not automatically set from the 235 
metadata, on the menu bar, select Analyze | Set scale, then enter the correct information (Figure 236 
3J).  237 
 238 
4.4. To set the scale manually based on a scale imprinted on the image, select the straight line 239 
tool (Figure 3E), place the cursor on the edge of the scale, and, while pressing the shift key, draw 240 
a line as close as possible to the scale on the image (Figure 3I).  241 
 242 
4.5. Select Analyze | Measure or press the M key on the keyboard to obtain the pixel length of 243 
the scale. A results window will pop up. Use the length and information imprinted at the scale to 244 
set the pixel/length unit. Make sure to insert the correct length unit. 245 
 246 
4.6. Select Image | Color | Do composite to create a composite image of all channels. 247 
 248 
NOTE: During image acquisition, FIJI/ImageJ will automatically create a composite in the RGB 249 
format. 250 
 251 
4.7. Draw a rough perimeter of the ROI with the freehand selection tool (Figure 3D). 252 
 253 
4.8. Enable the selection brush tool by double-clicking the oval tool on the tool bar and make 254 
sure that the Enable selection brush box is checked (Figure 3G). This tool will be used to delineate 255 
the ROI more precisely. Select an appropriate brush size between 200−400.  256 
 257 
4.9. Using the selection brush, adjust the perimeter to best fit the ROI. Press T on the keyboard 258 
to add to the ROI manager (Figure 3L). 259 
 260 
4.10. Select Analyze | Measure or press the M key, and a results window will pop up. Copy and 261 
paste the results on a datasheet, then save the information regarding the area (i.e., the area of 262 
the ROI; Figure 3R). 263 
 264 



   

4.11. After copying the area of the ROI, erase the information from the results window by clicking 265 
on it and pressing the Backspace key. 266 
 267 
4.12. Go to the ROI manager window (Figure 3L), right-click the ROI trace, change the name to 268 
match the image’s name, then save. 269 
 270 
4.13. Double-click the brush tool at the tool bar. Select the black color and a brush size of 10. 271 
Make sure that the option Paint of overlay is unchecked (Figure 3H). 272 
 273 
4.14. In the TMEM119 channel, carefully place a black dot on the center the soma for each 274 
TMEM119+ microglia. With the help of keyboard arrows, change to the IBA1 channel and place 275 
a white dot on the center of the cells that are not positive for TMEM119 (to mark infiltrating 276 
macrophages). Repeat the same procedure for all cells contained in the ROI. 277 
 278 
NOTE: It is important that all dots (black and white) are located in the same channel. The identity 279 
of the channel can be verified (red, blue, or green) by looking at the color of the image window 280 
labels. 281 
 282 
4.15. Select Image | Color | Split channel. A window for each channel will appear. Then, identify 283 
the channel that has the dot annotations and close the other two windows.  284 
 285 
4.16. Select Image | Type | 8-bit. Go to Image | Adjust and select Threshold (Figure 3O). To 286 
adjust the threshold, slide the button of the second bar, all the way to the left (threshold value = 287 
0) in both bars. 288 
 289 
NOTE: This will leave only the black dots on the image, appearing black.  290 
 291 
4.17. Select Analyze | Analyze particle (Figure 3N). The summary window will pop up and will 292 
give the number of points (Figure 3P). Copy and paste the information to the datasheet. 293 
 294 
4.18. Select Plugins | NND. The NND window will pop up (Figure 3Q). Copy/paste all the 295 
information to the datasheet. Each number represents the distance each microglia has to the 296 
nearest neighboring microglia.  297 
 298 
4.19. Go back to the threshold window and slide the first bar all the way to the right (threshold 299 
value = 255 in both bars), which will leave all the white dots visible, appearing white (Figure 3M). 300 
 301 
4.20. Select Analyze | Analyze particle. The summary window that provides the number of points 302 
will pop up (Figure 3P). Copy and paste the information to the datasheet. 303 
 304 

4.21. Go to the ROI manager select all the points, right-click, and save with the image’s name. 305 
This will allow saving of all the points in a zip file (Figure 3L). Select File | Save as, and save the 306 
file with a name that allows identification of the analyzed image. 307 
 308 



   

4.22. Obtain the density of microglia (for each image) by dividing the number of 309 
IBA1+/TMEM119+ double-positive cells by the area of the ROI.  310 
 311 
NOTE: The values for each picture can be averaged for each animal. The data can then be 312 
presented as mean ± standard error of the mean (SEM) of all the animals. 313 
 314 
4.23. Determine the NND by obtaining an average per picture of the NND values of all TMEM119+ 315 
cells.  316 
 317 
NOTE: The data can then be presented as mean ± SEM of all the animals. 318 
 319 
4.24. Calculate the spacing index using the formula: NND2 x density.  320 
 321 
NOTE: The data can then be presented as mean ± SEM of all the animals. The units for this 322 
measurement will be arbitrary units. 323 
 324 
4.25. Quantify microglial clusters by identifying cells that have an NND under 12 µm. 325 
 326 
NOTE: Here, 12 µm is selected, as it is the approximate distance between two directly juxtaposing 327 
microglial cells touching each another with arborizations. If there are more than three microglia 328 
that meet this condition, return to the image and verify whether these cells are part of one or 329 
multiple clusters.  330 
 331 
4.26. After confirming the number of clusters, write the number of clusters in the datasheet.  332 
 333 
NOTE: The number of clusters can be divided by the ROI area to obtain the density of cells/mm2 334 
for each animal. The data can then be presented as mean ± SEM of all the animals. 335 
 336 
4.29. To determine the percentage of peripheral myeloid cell infiltration, calculate the % of 337 
IBA1+/TMEM119- cells over the total number of myeloid cells (TMEM119+/IBA1+ + TMEM119-338 
/IBA1+) for each animal.  339 
 340 
NOTE: The data can then be presented as mean ± SEM of all the animals. 341 
 342 
5. Morphology analysis 343 
 344 
5.1. Open FIJI/ImageJ.  345 
 346 
5.2. Open the 40x image using Image J or FIJI. Select View stack with: Hyperstack and color 347 
mode: Composite, then press Ok. 348 
 349 
NOTE: All the other boxes should remain unchecked. 350 
 351 



   

5.3. Select Image | Stacks | Z project. The Z-Projection window will open. Include all slices, from 352 
the first through last slice. The number will vary depending on the slice number of each image. 353 
Select Projection type: Max intensity and press Ok. 354 
  355 
5.4. Click on the new window with the Z project. Select Image | Colors | Split channels. Conduct 356 
the traces on the images of the IBA1 channel. 357 
 358 
NOTE: The other channels (TMEM119 and DAPI) can be kept open and consulted as needed 359 
during the microglial morphology analysis. 360 
 361 
5.5. On the menu bar, select Analyze | Set measurements. Check the Area, Centroid, and 362 
Perimeter. On the tab Redirect to, select the opened file (Figure 3K). 363 
 364 
5.6. Set the scale as described in steps 4.3 and 4.4. 365 
 366 
5.7. Select Analyze | Measure or press the M key to obtain the pixel length of the scale. A results 367 
window will pop up. Use the length and information imprinted at the scale to set the pixel/length 368 
unit. Make sure to insert the correct distance unit. 369 
 370 
5.8. To measure the soma size in the IBA1 channel, draw a rough perimeter of the soma with the 371 
freehand selection tool (Figure 3D). 372 
 373 
5.9. Enable the selection brush tool by double-clicking the oval tool on the tool bar, followed by 374 
checking Enable the selection brush box (Figure 3G). Select a selection brush size between 10−20 375 
(Figure 3B).  376 
 377 
5.10. Using the selection brush, adjust the trace to best fit the soma. Zooming in will enable 378 
precision during this step (Figure 2I). 379 
 380 
5.11. Press the T key to add the soma trace to the ROI manager (Figure 3L). 381 
 382 
5.12. Select Analyze | Measure or press the M key. A results window will pop up. Copy and paste 383 
the results on a datasheet (Figure 3R). 384 
 385 
5.13. To save the information regarding the soma area, go to the ROI manager window, right-386 
click on the ROI, change the name to match the image’s name, specify that the trace is for soma, 387 
then save the file. 388 
 389 
5.14. To measure arborization area in the IBA1 channel, click on a microglial process extremity 390 
with the polygon selection tool, which will start the polygon shape (Figure 3C). 391 
 392 
5.15. Following the tips of the microglial processes, go around the microglia by clicking at the tips 393 
of each process extremity to form a polygon that best represents the area covered by the 394 
microglial arborizations (Figure 2D−H). 395 



   

 396 
NOTE: Make sure that the polygon connects all the microglial process extremities. The lines 397 
forming the polygon should never intersect. When clicking around a microglial process tip, be 398 
careful to avoid cutting off any part of the process. It is sometimes useful to add points. The 399 
number of points forming the polygon is not directly linked to the number of distal processes and 400 
thus is not relevant for the study. 401 
 402 
5.16. To close the polygon, click on the starting point of the polygon. 403 
 404 
5.17. Press the T key to add the trace to the ROI manager (Figure 3L). Select Analyze | Measure 405 
or press the M key. A results window will pop up. Copy and paste the results on a datasheet 406 
(Figure 3R). 407 
 408 
5.18. To save the information regarding the arborization area, go to the ROI manager window, 409 
right-click the ROI, change the name to match the image’s name, specify for arborization, then 410 
save the file. 411 
 412 
5.19. Determine the soma area by averaging all soma areas for each animal.  413 
 414 
NOTE: The data can be presented as mean ± SEM of all the animals. 415 
 416 
5.20. Determine arborization area by averaging all the arborization areas for each animal.  417 
 418 
NOTE: The data can be presented as mean ± SEM of all the animals. 419 
 420 
5.21. Calculate the morphology index by using the formula soma area/arborization area for each 421 
microglial cell and average per animal.  422 
 423 
NOTE: The data can be presented as mean ± SEM of all the animals. 424 
 425 
REPRESENTATIVE RESULTS:  426 
 427 
Figure 1 shows the co-labeling of microglia using IBA1 and TMEM119 in a coronal section of the 428 
dorsal hippocampus imaged at 20x by fluorescence microscopy. A successful staining reveals 429 
microglial cell bodies and their fine processes (Figure 1A−C). This staining allows determination 430 
of microglial density and distribution and identification of microglial clusters (Figure 1I) and 431 
infiltrating macrophages (Figure 1F). 432 
 433 
Figure 2 shows IBA1+/TMEM119+ microglia (Figure 2A−C) in a stepwise example of the microglial 434 
arborization tracing procedure (Figure 2D−H), as well as an example of cell body tracing (Figure 435 
2I), both imaged at 40x by confocal microscopy. 436 
 437 
FIGURE AND TABLE LEGENDS:  438 
 439 



   

Figure 1: IBA1 and TMEM119 double staining of mouse brain tissue for density, distribution, 440 
clustering, and peripheral myeloid cell infiltration analysis. (A−C) Typical microglial distribution 441 
in the hippocampus of a C57BL/6 adult mouse. (D−F) Microglia identified as IBA1+/TMEM119+ 442 
and infiltrating macrophage identified as IBA1+/TMEM119 (white arrow) in the amygdala of a 443 
male mouse. (G−I) Cluster of two microglia (white square) in the hippocampus of a mouse. 444 
 445 
Figure 2: IBA1 and TMEM119 staining for microglial morphology analysis. (A−C) Microglia. (D–446 
I) Step-by-step example of arborization tracing with the IBA1 channel using the polygon tool in 447 
FIJI/ImageJ. (J) Example of microglia soma tracing with the IBA1 channel using the freehand 448 
selection tool in FIJI/ImageJ. 449 
 450 
Figure 3: FIJI/ImageJ interface and tools for microglial density, distribution, clustering, 451 
morphology, and peripheral myeloid cell infiltration analysis. (A–R) Compilation of all tools, 452 
menus, and windows used for the density, cluster, and morphology analyses. 453 
 454 
Table 1: Solutions used for immunostaining. 455 
 456 
DISCUSSION:  457 
 458 
This protocol can be divided in two critical parts: quality of the staining and analysis. If the staining 459 
is not optimal, it will fail to represent microglial cells adequately, thus affecting the density, 460 
distribution, and morphology measurements. In addition, the proportion of infiltration peripheral 461 
myeloid cells may be underestimated. This is an optimized version of the staining protocol, but 462 
there are several factors that may result in suboptimal images. Even though the perfusion of the 463 
animal is not included in this protocol, if brain fixation is not well-executed, the quality of the 464 
staining will be compromised. Additionally, sufficient perfusion is required to ensure the absence 465 
of macrophages inside of blood vessels that may interfere with the study.  466 
 467 
With regards to immunostaining, the most critical details include the quality of buffers, blocking 468 
step, proper storage of antibodies, and brain sample handling. The proper preparation of buffers 469 
and their storage has a direct influence on quality of the staining. Unless specified, some buffers 470 
can be stored for long periods, but the use of any buffer that shows signs of contamination should 471 
be avoided. If buffers are prepared days or weeks in advance, the pH of every solution before use 472 
should be verified.  473 
 474 
Additionally, regarding immunostaining, the presence of background staining remains one of the 475 
most common problems. Background staining makes it difficult to analyze microglia, especially 476 
their morphology, and hence will bias the results. To prevent background, it is important that the 477 
blocking step is done correctly. The storing conditions of the antibodies also have direct effects 478 
on their efficacy. It is advised to strictly follow the storage guidelines provided by the company 479 
as well as avoid frequent thawing-freezing cycles. Finally, during the whole process, it is critical 480 
to pay attention to the physical integrity of the brain sections. It is important to use caution 481 
during each manipulation (buffer changes, washes, and mounting), especially if the experimenter 482 
is not experienced with this procedure. It is advised to avoid leaving the samples without any 483 



   

liquid solution when changing solutions or buffers, solutions for the subsequent step should be 484 
ready to pour into the well beforehand. The multi-well plate should be correctly sealed with 485 
paraffin film during the overnight step to avoid evaporation that may lead the samples to dry. 486 
 487 
Quantitative analysis of microglial density, distribution, and morphology has several advantages 488 
over qualitative reports. To prevent bias, the researcher performing the analysis should be 489 
blinded to the experimental condition. Thus, it is suggested to have different people perform the 490 
analysis and change the name of the files (while keeping the original and new names in a key 491 
sheet). The new names should have no hints of the experimental condition. The entire analysis 492 
can be done on these blinded files, and the original image identity is revealed only after the 493 
compilation of data and prior to statistical analysis. Although blinding is already practiced by 494 
experienced researchers, it remains valuable advice for those performing this type of analysis for 495 
the first time. 496 
 497 
Controlling for the brain region is done during brain section selection and tracing of the ROI 498 
during analysis. Make sure to use sections from the same range of Bregma levels across animals. 499 
The same ROI should be used for the density, distribution, and morphology analyses. For density 500 
and distribution analyses, it is particularly important to be precise when drawing the ROI in 501 
FIJI/Image J. The use of a brain atlas is strongly recommended for both section selection and ROI 502 
tracing. The use of DAPI also facilitates the identification of neuroanatomical landmarks. To avoid 503 
variance, it is recommended to reject microglia that are only partially located in the ROI, as they 504 
may differ among their microenvironment. When marking microglia for density analysis, the DAPI 505 
channel can be used as a selection criterion. By only counting microglia that contain DAPI-stained 506 
nuclei, all considered microglia are in the same plane, reducing the personal bias during selection.  507 
 508 
Since measurements for the NND, spacing index, and cluster analysis are based on the locations 509 
of dots marking individual cells, and since the distances are calculated by FIJI/ImageJ, it is 510 
important to be consistent when placing these dots. Make sure to strictly place the dots in the 511 
center of the cell body, which is determined visually. Additionally, the size of the dots should 512 
remain consistent throughout the analysis. This will contribute to a better representation of the 513 
spatial distribution of the microglial population. For cluster analysis, 12 µm was selected as a 514 
distance threshold based on our previous analyses. Nevertheless, if there are four or more 515 
different cells with an NND below 12 µm, all these cells could take part of a single cluster or 516 
represent two clusters of two cells. This made it necessary to return to the images and confirm 517 
the actual number of clusters. 518 
 519 
Unlike density and distribution, in which the ROI is determined by neuroanatomical features 520 
using a brain atlas, the selection of microglial cells for morphology analysis is based on the ability 521 
to analyze the cell. All the cells that can be analyzed should be selected for analysis in a Z-stack 522 
before moving to another Z-stack to prevent selection bias. Reasons for excluding cells include 523 
issues with the immunostaining or tissue cutting, processing (e.g., tearing), or mounting (e.g., 524 
bubble formation). Ideally, brain sections with such issues should be systematically excluded 525 
from imaging and analysis. It is also important to note that the staining for TMEM119 and IBA1 526 
does not show 100% overlap (Figure 2A−C). Because TMEM119 does not allow visualization of 527 



   

process continuity (as well as IBA1), this makes it difficult to assess where one cell ends and where 528 
another one starts. Thus, the morphology analysis is done using the IBA1 channel. Additionally, 529 
all traces and dots should be saved and visualized for future revision, allowing for increasing 530 
transparency and reproducibility of results.  531 
 532 
This protocol provides valuable information regarding microglia and infiltrating macrophages. 533 
Examples of its applications include detecting signs of neuroinflammation through changes in 534 
microglia in different brain regions, studying the anti-inflammatory effects of a compound, and 535 
studying factors that interfere with the proper function of microglia. Considering that this 536 
protocol allows detection of infiltrating macrophages in the brain and differentiation of these 537 
cells from microglia, additional applications include: determination if the recruitment of 538 
macrophages occurs in a particular insult or with the use of other techniques (i.e., genetic tools), 539 
and confirming and studying the consequences of the absence of peripheral macrophages in the 540 
brain during insult. Keep in mind that fluorescence microscopy on its own is not sufficient to 541 
confirm infiltration inside the brain parenchyma. When IBA1+/TMEM119- cells are observed near 542 
the ventricles or perivascular space, higher spatial resolution techniques such as electron 543 
microscopy are required to confirm their localization within the parenchyma. While changes in 544 
density, distribution, and morphology are good indicators of microglial and macrophage roles, 545 
this approach is most powerful when combined with functional investigations.  546 
 547 
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B: Selection brush tool
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D: Freehand tool
E: Line tool
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M: ROI with marked microglia
N: Analyze particles menu
O: Treshold menu
P: Summary window
Q: Nearest neighbor distance window
R: Results menu

G: Selection brush menu
H: Brush tool menu
I: Example of scale setting
J: Set scale menu
K: Set measurements menu
L: ROI manager
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Solutions

Blocking buffer

Citrate buffer

NaBH4 

PB

PBS

PBST

TBS

Tris HCl
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Preparation

0.5% gelatin + 5% natural goat serum + 5% natural donkey serum + 0.01% Triton X-

100 in TBS [0.05 M]

1.92 g of citric acid [10 mM], 500 µL of Tween 20 [0.05% (v/v)], 700 mL of ultrapure 

water, adjust pH = 6.0 with NaOH [10 N], fill up to 1 L with ultrapure water 

[0.01% w/w] Disolve 0.01 g of NaBH4 in 10 mL of ultrapure water, the solution 

should be well mixed. This solution creates bubble; release pressure by opening 

the cap after mixing

[100 mM] Disolve 23.48 g of Na2HPO4 and 4.8 g of NaH2PO4·H2O in 1 L of ultrapure 

water, then fill up to 2 L, adjust pH = 7.4

[50 mM] Disolve 5.87 g of Na2HPO4, 1.2 g of NaH2PO4·H2O, 9 g of NaCl in 500 mL of 

ultrapure water, fill up to 1 L with ultrapure water, adjust pH = 7.4

PBS + 0.01% Triton X-100

Dilute Tris HCl [0.5 M] with ultrapure water 1:10 [0.05 M], take 1 L of Tris HCl [0.05 

M] and add 8.75 g of NaCl

[0.5 M] 950 mL of ultrapure water, add 78.8 g of Tris buffer hydrochloride 

(C4H11NO3Cl) adjust pH = 8 and fill up to 1 L



Name of Material/Equipment Company
Catalog Number

Comments/Description

Alexa Fluor 488 donkey anti-

mouse Invitrogen/Thermofisher
A21202

Alexa Fluor 568 goat anti-rabbit Invitrogen/Thermofisher
A11011

Biolite 24 Well multidish Thermo Fisher 930186
Bovine serum albumin EMD Millipore Corporation 2930

Citric acid Sigma-Aldrich C0759-500G
DAPI Nuceleic acid stain Invitrogen/Thermofisher MP 01306
Fine Brush Art store

Fluoromount-G Southern Biotech 0100-01

Gelatin from coldwater fish skin Sigma-Aldrich 
G7765

Microscope coverglass Fisher Scientific 1254418
Microslides positively charged VWR 48311-703
Monoclonal mouse Anti-IBA1 Millipore MABN92

Na2H2PO4·H2O BioShop Canada Inc.
SPM306, SPM400

Na2HPO4 BioShop Canada Inc. SPD307, SPD600

NaBH4 Sigma-Aldrich 480886

NaCl Fisher Scientific S642500

Normal donkey serum (NDS)

Jackson ImmunoResearch laboratories 

Inc.
017-000-121

Normal goat serum (NGS)

Jackson ImmunoResearch laboratories 

Inc.

005-000-121

Parafilm-M Parafilm PM-999
Rabbit monoclonal Anti-

TMEM119 Abcam
ab209064

Reciprocal Shaking bath model 25 Precision Scientific
-

Transfer pipette
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Tris buffer hydrochloride BioShop Canada Inc. TRS002/TRS004
Triton-X-100 Sigma-Aldrich T8787
Tween 20 Sigma-Aldrich P7949-100ML
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Editorial comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammar issues. The JoVE  JoVE editor will not copy-edit your manuscript and 
any errors in the submitted revision may be present in the published version. 
 

2. Title: Please revise to be more concise. 

We have come up with a more precise title. Thank you for the suggestion. We have come up 
with a more precise title: “Immunofluorescence staining using IBA1 and TMEM119 for 
microglial density, morphology and peripheral myeloid cell infiltration analysis in mouse 
brain » 

. 

 
3. Please revise the Protocol (2.4, 2.5, 3.1, 3.2, etc.) 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.” 

The objective of the protocol is to show the immunostaining process, as well as the 
quantitative analysis techniques. Nevertheless, in order to perform density/infiltration and 
morphology analysis it is required to have pictures with certain characteristics. I have added 2 
sections with some of the guidelines for the images. I understand these are not real 
instructions or steps, but we consider these guidelines will result useful for the readers.Thank 
you for the clarification. The whole protocol has been revised to address this issue. 

 
4. Please add more details to your protocol steps. Please provide all volumes and 
concentrations used throughout. For actions involving software usage, please provide all 
specific details (e.g., button clicks, software commands, any user inputs, etc.) needed to 
execute the actions. There should be enough detail in each step to supplement the actions 
seen in the video so that viewers can easily replicate the protocol. Please ensure you answer 
the “how” question, i.e., how is the step performed? Alternatively, add references to published 
material specifying how to perform the protocol action. See examples below. 

The volume for solutions and the specific steps can be easily adjusted to each lab’s need. 
Nevertheless, I have added cues to determine the appropriate volume and quantities and help 
the users determine what is more adequate for them.We have addressed this point and made 
the corresponding modifications. 
 

5. 1.1: Please specify the region of interest of this article. 
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We have specified the regions of interest for example purposes and added a note that this 
protocol can  is able to be used within any other brain region.  

1.1 Select three mouse brain sections containing the region of interest, for instance the 
hippocampus, with the help of a brain atlas. Place the sections in a plastic multi-well plate and 
cover them with 350 µLl phosphate buffered-saline (PBS) (Table 1).  

This protocol is not restricted to any particular brain region and can be used across the brain. 
We consider that naming a particular brain region would cause the readers to think it can only 
be used for that specific brain region. Nonetheless, your comment is appreciated as it means 
that this particular matter was not clear. We have added a note to make that clear. 

 
6. 1.2: How many sections are placed in each well? How many wells are in the well plate? 
How is the washing actually done? Is the PBS removed after each wash? 

 
These important pieces of information are now clarified on lines 142-152, while  as well as the 
washing step clarifications have been introduced in all the washes steps.page X.   

 

 

We ha added cues to help the user determine the best configuration regarding amount of 
sections, best type of plate and clarified the washing step process and the removal of the 
solution prior to solution change.  
 
7. 1.3: Please provide the composition of sodium citrate buffer and the volume added. 

 

 

The composition of allfor al solutions is now detailed in Thas been added in table 1 and is 
referenced every time a new solution is mentionedrequired. The volume required is also now 
explained  has also been take care of in a accordingly by adding the note on lines 146-152 
and an precise volume is provided used in every step(page X)regarding volume. 

 
8. 1.6: Is the sodium citrate buffer removed before adding PBS? 

 

Yes, and Thethe clarification has been added done accordingly. 
 
9. 1.7: Please specify the incubation temperature. What volume of NaBH4 is added? 
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TYes, and the clarification has been added done accordingly to the step. 

 
10. 1.8: Is the NaBH4 removed before washing the sections? 

 

TYhes, and the clarification has been added  done accordingly. 
 
11. 1.9: Please provide the composition of blocking buffer. What volume is added? 

 

The clarification has been added done accordingly. The composition of blocking buffer is now 
provided in Ton table 1 and is referenced in the protocol. 

 
12. Line 169: Please list an approximate volume to prepare. 

 
The volume required depends on the number of wells that the person has. We have added 
specified the volume required as well as added a note a note that helps the reader to 
determine the volume required for each step and help them determine the volume they 
require. 

 
13. 1.12: Is the blocking buffer removed before washing? 

 

The clarification has been added done accordingly. 

 
14. 1.15: What volume/concentration of DAPI is added? 

 

The concentration has been added accordingly, [1:20000]. Thank you for pointing out thisthis 
out. 

 
15. 1.16: Is DAPI removed before washing? 

 
The clarification has been addeddone accordingly. 

 
16. 2.2: How to create a mosaic picture? Is a software used? 

 



 

We have added a definition of mosaic picture as well as provided  the two2 options to 
generate obtain one. Most modern microscope software will include a mosaic feature. 
Nevertheless, we have described the manual stitching option. 

 

 

 
17. 4.9: Please specify the brush size used. 

 

The brush size depends on the size of the brain region and is not crucial for the process. We 
have added some extra clarification.We have provided a range to help the reader select an 
appropriate selection brush size. 

 
18. 4.22: Please specify the threshold selected. 
 

 

The clarification has been added done accordingly in both steps referring to threshold. 

4.18 Go to image>type and select 8-bit. Go to image>adjust and select threshold (Figure 3O). 
To adjust the threshold, slide the button of the second bar, all the way to the left, threshold 
value: 0 in both bars. This will leave only the blacks dots on the image, appearing white.  
 
4.21 Go back to the threshold window, slide the first bar all the way to the right (threshold 
value 255 in both bars, this will leave all the white dots visible, appearing white (Figure 3M)). 

. 
 
19. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 
actions and maximum of 4 sentences per step. 

 

Thank you for the suggestion. comment. We have now combined the shorter steps, 
particularly those inon the analysis section that describecontains easy software instructions. 

20. After you have made all the recommended changes to your protocol section (listed 
above), please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text 
(including headers and spacing) to be featured in the video. Bear in mind the goal of the 
protocol and highlight the critical steps to be filmed. Our scriptwriters will derive the video 
script directly from the highlighted text. 
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This protocol includes the staining part, a small section with image requirements and 2 
analysis: density and morphology. In our experience, we have noticed that there are a groups 
that manage good immunostainings but don’t know how to analyze. Our main goal is to teach 
the analysis part but also show the immunostaining in case they have never done one. 2.75  
pages for video might be a little limited for our objectives. The immunostaining section 
contains several washing steps which increases the length of the text. Additionally, for the 
analysis part we have followed your suggestions and combined the shorter steps. We hope 
this clarification and the performed modification could result in a video that contains the 
staining and the analysis part.A more restricted number of steps hasve been highlighted to 
adapt to the video format. 

 
21. Please highlight complete sentences (not parts of sentences). Please ensure that the 
highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the 
next. The highlighted text must include at least one action that is written in the imperative 
voice per step. Notes cannot usually be filmed and should be excluded from the highlighting. 

Thank you for the suggestion. Complete sentences have been selected to aid in the scripting 
process. 
 

22. 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. 
 
Corrected. All steps with their respective notes have been highlighted accordingly. 
  

Noted. 

 
23. Figure 2 and Figure 3: Please reference them in the protocol as they show the protocol 
not the results. 

 

The changes have been made done accordingly. 

 
24. Please remove the solutions information from Table of Materials. Please compile them in 
Table 1 and reference Table 1 when these solutions are used. 

 

The new table has been done and will be uploaded with the resubmission. 

 
25. For in-text references, the corresponding reference numbers should appear as 
superscripts after the appropriate statement(s) in the text (before punctuation but after closed 
parenthesis). The references should be numbered in order of appearance. 
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The modifications have been done accordingly. 

 
Reviewers' comments: 
Reviewer #1:  

Manuscript Summary: 
The paper describes a step by step protocol for staining, imaging and analysis of resident vs 
non-resident brain macrophages. The protocol will be of interest to scientists studying 
microglia. Below are some comments regarding this article 

 

Thank you for your positive feedback. We have taken in consideration all your comments as 
detailed below.  and integrated them in this manuscript. 

 
Minor Concerns: 
1) The paper would benefit from more editing as there were typos, grammatical mis-steps. 

 

We apologize for the oversight and Thank you for pointing this out. We have thoroughly 
revised the manuscript and worked on this issue. 

 
2) Description of Solutions appears to be cut off. Please correct this. 

 

Thank you for pointing this out. We have now included created a table detailing all with the 
solutions.. 

 
 

 

3) For the lay reader, why is 0.1% NaBH4 used on line 163? 

 

The reason for using NaBH4 is to reduce autofluorescence which improves the overall quality 
of the image. This explanation has been added.  

 
4) For imaging starting on line 198, please include the NA for all objectives used and pixel 
sample size for x,y,z. What excitation/emission filters used, laser lines if confocal? Also, when 
referring to a "fluorescent microscope" (line 200), which one is used: widefield or confocal? 

We have specified the type of microscope and added the NA for all objectives used, as well 
as the pixel size as it follows: 

2.2 Acquire images at 20X, numerical aperture (NA) 0,5, using the DAPI, 488 and 568 
channel and filters, pixel size 0.3 µm/pixel. 
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3.2 Using the 40X objective, NA 1,4 oil, locate an IBA1+/TMEM119+ cell inside your ROI. 
While in live imaging, move in the Z-axis. As soon as the signal of the randomly selected 
microglia disappears, set this Z-level as the beginning of the Z-stack. Move in the Z-axis in 
the opposite direction until the signal of the microglia disappears and set that point as the end 
of the Z-stack. 
 
3.3 Create a Z-stack, in all 3 channels (DAPI, 488, 568), using a 0.33 µm Z-interval, pixel size 
0.15 µm/pixel. 

 
 
5) Line 341, what is rationale for NND under 12µm? 

 

We have defined clusters using this distance threshold  this way taking in consideration the 
average NND in homeostatic conditions, which approximates near 40 µm.  and 12 µm thus 
represents representing ¼ of that distance. This is a result mainly of experimental 
observations. We have defined 12 µm as it is the approximate distance betweenof 2 directly 
juxtaposing microglial cells touching one another with their arborizations bodies. 

6) Figure 1, please remove the upper arrowhead since it actually points to a 
TMEM119+/IBA1+ cell, it is just dim in the green channel. However, the bottom arrowhead 
appears to truly represent a IBA1+/TMEM119- cell. 

 

Thank you for pointing this out, we have decided to change the image to avoid any confusion. 
Figure 1D-F.  we have removed the upper arrowhead as suggested. this observation. 
 
7) Figure 1, For showing microglial clusters, wouldn't a nuclear (DAPI) image be needed to 
identify the soma? 

 

Thank you for this suggestion. We have now replaced the images to include DAPI (Figure 1G-
I). 

 
8) Note that some references in text are not in reference list (Tay et al, 2017) 

We apologize for the oversight and have corrected the reference list.  

Thank you for this observation. 
 
Minor edits: 
Line 67, 68, 75, 77: "allows one to" 
Line 156, 159: "plaque" should be "plate" 
Line 175 suggest "warm up" rather than "temperate" 
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All of these corrections have been implemented. suggestions have been included. Thank you. 

 

 

Query is it really PBS with 0.01% Triton X-100 or 0.1% as commonly used? 

It is indeed 0.01% Triton.n 

 

 

Line 190: probably just say "let dry protected from light" (overnight is really arbitrary) 

The sentence was reworded as suggested. This suggestion has been taken in account. 

 

Line 202: What is a "mosaic picture" 
 
The definition of mosaic picture has been included in the manuscript: “a mosaic image is a 
super image constituted by smaller images. Mosaic images are usually used to overcome the 
limited area of the field of view of high magnifications. Some software include a mosaic 
function, nevertheless images can also be manually stitched together with other photo editing 
software (Lines 218-221) “ (page X).. 
 

Line 24225: Tthe recommended Z-intervalz-distance depends on the resolving power of the 
objective. Please just state that for your objective (include NA), that you recommend 0.33um 

 
Thank you for pointing this out. We have corrected the manuscript accordingly. 
 
Reviewer #2:  

Ibanez et al., authors of the manuscript, "Double immunofluorescence staining against IBA1 
and TMEM119, followed by the analysis of microglial density, distribution and morphology, as 
well as peripheral myeloid cell infiltration in mouse brain tissue," provide a comprehensive 
immunohistology protocol to effectively examine microglia and myeloid cells. These methods 
will be a valuable contribution to the field as they will encourage a uniform approach to 
examine microglia and myeloid cells in the brain. Overall, I have a few minor suggestions to 
improve the manuscript. 

Thank you very much for the positive feedback. We appreciate your suggestions and have 
made the corresponding modifications as detailed below. 

 
1) The authors note that infiltrating macrophages in the brain express IBA1, but they should 
elaborate noting that macrophages infiltrating the brain will adopt some molecular and 
morphological features of resident microglia (warranting differentiation with TMEM119). 
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Thank you for this suggestion. This will certainly be useful for readers. We have addressed 
this in this sentence: “In addition, macrophages adopt molecular and morphological features 
of resident microglia, once they have infiltrated the brain, thus hindering their differentiationAs 
a consequence, the use of IBA1 alone does not allow to visualize microglia selectively. In 
addition, once they have infiltrated,  infiltrating macrophages often adopt will adopt some 
molecular and morphological features of resident microglia, thus hindering their 
differentiation” 
 
2) A further consideration is the extent to which macrophages infiltrate the brain or reside at 
the blood-brain interface. For instance, in Fig.1 the cells noted as IBA1+/TMEM119- appear to 
be in perivascular spaces (Fig.1A) and near ventricles (Fig.1C-E). It is unclear how to 
determine if these cells have infiltrated the brain. The authors should discuss this limitation. 

Thank you for your observation. We have addressed this by discussing it in lines 564-567 by 
adding “Keep in mind that, fluorescence microscopy on its own is not sufficient to confirm 
infiltration inside the brain parenchyma. When , for IBA1+/TMEM119- cells are observed near 
the ventricles or and perivascular space, higher spatial resolution  other techniques such as 
flow cytometry and electron microscopy are required to confirmfor their localization within the 
parenchymathis”.Thank you for this observation. We certainly agree that You are right a lot of 
the infiltrating macrophages are generally located will be near ventricles and near 
perivascular spaces. Nevertheless, cells will be also found in the parenchyma. If the 
perfusion, is well done it will get rid of cells inside the blood vessels. We have added that 
clarification in the discussion. 

 
3) From our experience IBA1 and TMEM119 immunolabeling work well without incubation of 
sodium borohydride or sodium citrate buffer (perhaps rationale is warranted). Also, we 
typically use antibody dilutions of 1:1000 for IBA1 overnight, may be a consideration to add a 
range of titers for antibodies.  

Thank you for your suggestion and sharing your experience. In our hands, NaBH4 helps to 
reduce the autofluorescence, while and sodium citrate enhances the buffer to increase the 
specific signal thus improving the image quality. We however added a note that the protocol 
can work without. For the concentration of IBA1 antibody, in our experience this was the 
concentration that worked best for this particular IBA1 brand of antibodyies and also with this 
particular combination of antibodies. We nevertheless added a note that more diluted 
concentrations up to 1:1000 can also work. 

 
4) The authors should verify that all citations are included in the References section, it 
appears that the group of references (Yakasaki et al, 2014; Wohleb et al, 2012; Shemer et al, 
2018; Geissmann et al, 2010) are not listed. 

We apologize for the oversight. The reference section is now updated. 

 Thank you for this observation, it has been taken care of. 

 
5) May consider shortening the title. 

Thank you for this suggestionExcellent idea, the title  is now shorterhas been changed. 
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